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1.0 INTRODUCTION 

King County monitors sediment levels in the Snoqualmie River channel as part of an in-
channel sediment monitoring program in order to evaluate the effects of sedimentation on 
flooding (King County 2006). Channel monitoring reaches include the Snoqualmie River 
along Carnation reach (Figure 1) and the Snoqualmie River along Fall City reach (Figure 2).   
 
Monitoring in-channel sediment levels is accomplished by surveying channel elevations at 
specific locations and repeating the surveys through time. Survey data have been collected, 
typically in cross-section configuration, in the Carnation and Fall City reaches three to four 
times since the late 1990s (Table 1). A few of the cross sections surveyed in the years listed 
in Table 1 also were surveyed by the U.S. Army Corps of Engineers in circa 1965. 
 
Table 1. Snoqualmie River in-channel sediment monitoring reaches and survey years 

Reach: description RMs 1997 2004 2011 2015 
Snoqualmie along Carnation: D/S of 
Chinook Bend to U/S of Tolt River 

18.70 to 
23.88 

X X X  

Snoqualmie along Fall City: D/S of 
Fall City to U/S of Raging River 

30.84 to 
34.85 

X X X X 

D/S: Downstream. U/S: Upstream. RMs: River Miles.   X: Survey data collected 

 
Cross sections at as many as 53 locations have been surveyed in the Snoqualmie River 
along Carnation reach through about five river miles from River Mile (RM) 18.70 to RM 
23.88 (Figure 1). Cross sections at as many as 52 locations have been surveyed in the 
Snoqualmie River along Fall City reach through four river miles from RM 30.84 to RM 34.85 
(Figure 2). All cross sections were surveyed in 2011 along both reaches and most were 
surveyed in 2015 along Fall City (see appendices for details). 
 
The purpose of this memorandum is to provide results of in-channel sediment monitoring 
on the mainstem Snoqualmie River for use in King County’s sediment management 
program. This memo includes a description of channel monitoring methods and 
information on the setting and context of this investigation. Results include channel cross-
section surveys, changes through time in average channel elevations, sediment volume 
estimates, comparison of elevations along bathymetric surfaces and gravel bar surfaces, 
and an evaluation of changes at the U.S. Geological Survey (USGS) gage near Carnation. A 
discussion and summary closes this memo. 
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Figure 1. Snoqualmie River along Carnation with surveyed cross section locations 
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Figure 2. Snoqualmie River along Fall City with surveyed cross section locations 
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2.0 METHODS 

 
Descriptions of methods are organized based on modes of data collection and analysis. 

2.1 Channel Surveys  

2.1.1 Cross Sections 

All surveys collected elevation data referenced to an established vertical and horizontal 
datum, but the specific methods varied somewhat through the different monitoring years. 
In 1965 and 1997, land survey methods, i.e., a survey instrument and survey rod, were 
used to collect data along a cross-section line. Subsequent surveys collected bathymetric 
(underwater) riverbed elevations using a combination of single-beam sonar and survey-
grade GPS. In some cases, the bathymetric data surveyed by sonar and GPS were collected 
along a specified cross-section line. In other cases, the bathymetric data were collected in a 
scatter of points at sufficient density to construct a digital surface and elevation data were 
extracted from the digital surface along a specified cross section. Ground elevations for the 
out-of-water part of a cross section were determined from LiDAR or from photogrammetry. 
Bathymetric data and ground elevation data were combined to construct the full channel 
cross section.   
 
The year and the method by which each channel cross section was surveyed are 
summarized in Table A-1 (Appendix A) for the Carnation Reach and Table B-1 (Appendix 
B) for the Fall City Reach. Elevations from 1965 were converted to the present-day vertical 
datum by the equation NAVD1988 = NGVD1929 + 3.58 feet. 
 
Some of channel monitoring cross sections in the Snoqualmie River were originally 
established for hydraulic modeling related to a Flood Insurance Mapping Study (Northwest 
Hydraulic Consultants 2006). These cross sections are now resurveyed to monitor channel 
changes. Because a higher density of cross sections is necessary for channel monitoring 
than typically is used for hydraulic modeling, other cross sections have been added. But 
cross section density may need to be quite high in order to avoid missing channel changes 
due to erosion or deposition (e.g., Raven et al. 2009); such a density can exceed constraints 
of time and cost. To balance considerations, cross sections are spaced variably, with higher 
density where the channel is more complex or greater change is anticipated (as per Lane et 
al. 2008). This approach should be adequate to monitor the dimensions of geomorphic 
features of interest, as recommended by the National Oceanic and Atmospheric 
Administration (NOAA) (2004).  
 
NOAA (2004) recommends cross-section spacing at one-half the channel width, although 
that density is intended to characterize salmonid habitat changes following sediment 
removal operations. Cross-section spacing in the two Snoqualmie monitoring reaches 
varies from less than one-half channel width (e.g., at mouths of Tolt and Raging Rivers and 
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Chinook Bend) to greater than three channel widths (e.g., 2004 flood study cross sections 
in a straight channel segment) depending on the year of survey and location.   
 
Potential errors when comparing channel cross sections come from various sources. 
Sources of error based on ground and bathymetric surveys include survey instrumentation, 
variability of elevation at each point due to channel irregularities, mismatched cross-
section locations from year to year, and extraction of elevation data along a cross-section 
line from a digital bathymetric surface. Sources of error in elevations obtained by LiDAR 
include those that occur during data acquisition, calibration by ground survey and other 
functions inherent to laser technology (Watershed Sciences, Inc. 2011). The vertical 
accuracy of 2011 LiDAR acquired along the Tolt and Snoqualmie Carnation areas was 
reported as 2.5 cm (approximately 1 inch), with the caveat that “statements of statistical 
accuracy apply to fixed terrestrial surfaces only and may not be applied to areas of dense 
vegetation or steep terrain” (Watershed Sciences, Inc. 2011). Because overbank portions of 
a cross section typically support dense vegetation and may be steep, elevation errors in 
those areas can be significant. Latterell et al. (2015) assumed a potential error of +/- 1 foot 
along the lower Tolt River when evaluating digital surfaces generated from the same LiDAR 
used in this study. Potential errors from comparing cross sections may be increased when 
data were collected using different survey methods from year to year.  
 
Considering the various potential sources, Czuba et al. (2010) estimated a cumulative error 
of +/- 2 feet when comparing cross sections at a given location. Both Prych (1988) and 
Czuba et al. (2010) caution against focusing on changes at an individual cross section and 
recommend that changes should exceed the cumulative potential error along a river 
segment at three or more cross sections before concluding that aggradation or degradation 
has occurred in a particular area. Cumulative potential errors and the approaches and 
recommendations from previous similar studies were taken into consideration when 
interpreting the channel monitoring results in this study. 

2.1.2 Elevation Changes at Cross Sections 

The average channel elevation of each cross section was calculated by integrating the 
surveyed elevation data collected from one river bank to the other and dividing the integral 
by the cross section width, following the methods of Prych (1988) and Czuba et al. (2010). 
Cross-section width was measured as the distance between the tops of each riverbank 
because the top of bank is more readily identified than some other feature along the 
riverbank or toe (Prych 1988) and because the resulting value is based on the full active 
channel, which is relevant for evaluation of channel effects on flooding. The method used to 
calculate average channel elevation in this study is illustrated in a cross-section graphic 
from Czuba et al. (2010) in Figure C-1 (Appendix C).   
 
The thalweg is the lowest point of the river channel at a given location. Change in thalweg 
elevation at each cross section was calculated between surveys. 
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2.1.3 Sediment Volumes and Rates 

Changes in in-channel sediment volumes were calculated using the average-end area 
computation method, making use of the average channel elevations calculated at each cross 
section (as per Czuba et al. 2010). At each cross section, the vertical difference in average 
channel elevations from one survey year to the next was multiplied by channel width to 
determine a change in cross-sectional area between surveys. Changes in cross-sectional 
areas were averaged at adjacent cross sections and a change in volume was obtained by 
multiplying by the channel length between each pair of adjacent cross sections. Total net 
change in volume in each monitoring reach was the summation of all such calculations. 
Average annual rates of deposition (or erosion) were calculated as the net volume divided 
by the number of years between surveys. 
 

2.2 Changes in Bathymetric and Gravel-bar Surface 

Elevations 

Bathymetric data were collected in both 2004 and 2011 using the same or similar methods. 
Channel-bottom elevations were collected from a watercraft using a seamless combination 
of single-beam sonar and survey-grade GPS. The bathymetric data were collected in cross-
section configuration at spacing that ranged from about 60 feet to 120 feet in 2004 and at 
spacing of 50 feet to 100 feet in most areas in 2011. Bathymetric data met industry 
standards for accuracy and were reported to one one-hundredth of one foot. 
 
Elevations of exposed gravel-bar surfaces were derived photogrammetrically from aerial 
orthophotos in 2004 and from LiDAR data in 2011 and 2015. See Section 2.1.1 regarding 
LiDAR elevation accuracies.   
 
A digital elevation model was constructed for each bathymetric or gravel-bar surface. The 
volume between surfaces from different years was derived from GIS. That volume was 
divided by the plan-view area of the surfaces to produce an average change in elevation for 
each pair of compared surfaces. 

2.3 Specific Gage Analysis 

Documentation of temporal changes in gage height relative to a selected reference 
discharge at a stream gage can be used to infer trends in channel bed elevation (Juracek 
and Fitzpatrick 2008). This method, called a specific gage analysis, allows use of long-term, 
continuous stream-gage data to evaluate changes in in-channel deposition or erosion at or 
near the stream gage. A specific gage analysis was used to document channel degradation 
resulting from gravel extraction in certain Washington state rivers (Collins and Dunne 
1989) and a variation on the specific gage analysis was used to identify channel 
aggradation as the cause of increased flooding along the Skokomish River (Stover and 
Montgomery 2001). Caveats for these analyses include that gage height changes may result 
from factors other than channel bed elevation changes, such as changes in channel width or 
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other hydraulic controls. Selection of a reference discharge that stays within riverbanks 
likely focuses the evaluation on flows that most directly reflect in-channel changes. 
 
One type of specific gage analysis calculates gage shifts at the stream gage through the 
period of record. A gage shift is the difference between the gage height measured at the 
time of each historical discharge measurement and the gage height that would be predicted 
at that time based on the most recent rating curve. Such a specific gage analysis was 
conducted for this investigation based on the methods of Anderson and Konrad (2016) and 
Slater et al. (2016), using gage height and discharge data from the Snoqualmie River near 
Carnation USGS gage (12149000) just downstream of Stossel Bridge at RM 21.85.   Only 
discharges of 10,000 cfs (approximate return period of 1.01 years (King County 2016)) or 
less were used in this analysis as they do not result in significant overbank flows at this 
location. 
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3.0 SETTING 

3.1 Monitoring Reach Characteristics  

Multiple glaciations over the past 2.5 million years have shaped the landscape and river 
valleys of the Puget Sound lowlands in ways that are relevant to this study. Three main 
different river valley types or settings have been identified in this area based on history 
with and response to glaciation (Collins and Montgomery 2011). A glacial valley, such as 
the Snoqualmie River valley, was formed by direct contact and scour by glaciers. A post-
glacial valley, such as the Tolt and Raging River valleys, has incised through glacial and 
non-glacial sediments since retreat of the last glaciation some 13,000 years ago. The Tolt 
and Raging River alluvial fans within the Snoqualmie River glacial valley were formed by 
sediment that was eroded and delivered by the post-glacial Tolt and Raging rivers.   
 
The characteristics of these valley types strongly influence the sediment regime of the 
Snoqualmie River through the Carnation and Fall City monitoring reaches. The geologically 
young post-glacial Tolt and Raging rivers drain sediment-rich basins and have relatively 
steep river channels that deliver coarse sediment to their alluvial fans and the Snoqualmie 
River in its broad, low-gradient glacial valley. The Raging River is a main source of coarse 
sediment that would affect the Snoqualmie along Fall City Reach, along with influx from 
Tokul Creek and the Snoqualmie River upstream of the Falls; the Tolt River is the main 
source of coarse sediment that would affect the Snoqualmie along Carnation Reach (Booth 
et al. 1991). Natural topography in both the Snoqualmie along Carnation and Fall City 
reaches favor sediment deposition, including the relatively straight Tolt and Raging River 
channels that cross their steep alluvial fans to join the broader, less steep Snoqualmie River 
Valley. 
 
Confinement by levees of the lower Tolt and Raging rivers have narrowed and kept 
relatively straight each of these channels, likely making them more efficient at delivering 
coarse sediment to the Snoqualmie River than channels on an unaltered alluvial fan. The 
Snoqualmie River channel also is confined by bank armoring or major infrastructure on 
one or both river banks along more than 75 percent of the Carnation Reach and over 90 
percent of the Fall City Reach (Figure 1 and Figure 2). Channel confinement of the 
Snoqualmie River in these depositional locations likely results in more pronounced vertical 
accumulation of sediment than in an unconfined channel that can accommodate deposition 
with lateral channel adjustments. 
 
Within the depositional setting of these two Snoqualmie River monitoring reaches, the 
amount of sediment movement and deposition varies largely as a function of flood events 
on the Snoqualmie, Tolt and Raging rivers. The magnitude and approximate return period 
of peak annual flows have varied markedly among the three monitoring periods bracketed 
by years in which monitoring surveys were conducted (Table 2). The largest peak flows 
occurred during the 2004 to 2011 monitoring period, particularly in November 2006 and 
January 2009. Peak flows during the other two monitoring periods were much lower, 
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Table 2. Flood characteristics of the Snoqualmie River, Tolt River and Raging River 
during three monitoring periods.  
 CARNATION REACH 

 Snoqualmie near Carnation Tolt near Carnation 

 USGS gage 12149000 USGS gage 12148500 

  Approximate  Approximate 

Monitoring Largest Return Largest Return 

Period Peak Flow(s) Period Peak Flow(s) Period 

Date (cfs) (years) (cfs) (years) 

1997–2004     

December 1999 * * 11,800 10-20 

November 2003 * * 11,100 10-20 

2004–2011     

November 2004 * * 9,060 5-10 

January 2005 49,400 5-10 * * 

November 2006 71,800 25-40 10,500 10 

January 2009 82,900 50-100 13,800 40 

January 2011 51,600 5-10 * * 

2011–2015     

January 2015 53,900 10 9,340 5-10 

 

 FALL CITY REACH 

 Snoqualmie near Snoqualmie Raging River near Fall City 

 USGS gage 12144500 USGS gage 12145500 

  Approximate  Approximate 

Monitoring Largest Return Largest Return 

Period Peak Flow(s) Period Peak Flow(s) Period 

Date (cfs) (years) (cfs) (years) 

1997–2004     

October 2003 * * 2,970 5-10 

2004–2011     

November 2006 55,000 10-20 4,520 25-40 

January 2009 60,700 10-20 3,490 10 

2011–2015     

January 2015 50,100 5-10 * * 

Notes: 
* Periods and gage locations that had an annual peak flow with a return period of less than 5 years. 
 
especially on the Snoqualmie River. Table 2 was left blank for periods and gage locations 
that had an annual peak flow with a return period of less than 5 years. Return periods are 
reported as a range if the magnitude of a particular flood event fell between calculated 
flood frequency quantiles (King County 2016). Variability in flood flows and in sediment 
inputs can result in sediment transport and deposition rates that vary widely from year to 
year (e.g., Nelson 1971). 
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3.2 Historical Context 

One historical response to sediment accumulation has been to dredge the affected channel. 
Archival information indicates that King County dredged the lower Tolt and Raging Rivers 
as early as the 1930s and parts of the Snoqualmie River within the Carnation and Fall City 
monitoring reaches in subsequent years (Table 3). River alluvium was excavated in these 
areas not only to combat flooding but also to be used as fill material in constructing the 
lower Raging River levees (125,000 cubic yards in the late 1930s; Sisler and Laufer 1939), 
the lower Tolt River levees (late 1930s to 1940, suggested by aerial photos), and some of 
the Snoqualmie River levees near Stossel Bridge.  
 
Well-documented dredging operations and other factors relevant to sedimentation in the 
channel monitoring reaches are summarized in Table 3. Anecdotal information also is 
described in this section. Dredging activities not only in the Snoqualmie River but its major 
contributors of coarse sediment, the Tolt and Raging Rivers, are relevant because of the 
potential effects of such extractions on historical in-channel sediment trends. 
 
Anecdotal information from local residents suggests that the U.S. Army Corps of Engineers 
dredged the Snoqualmie River near Carnation in 1932 and that King County crews dredged 
this part of the river in 1949-50 (Foley 1987a). Approval of countywide river improvement 
bonds in 1960 and in 1964 funded preparation of a county flood control plan and river and 
flood control improvement projects, including dredging and bank armoring.   
 
The depositional areas in the Snoqualmie River at the mouths of the Tolt River and Raging 
River are described in a Special Report on the Tolt River (Thomas and Winters 1963) and 
the King County Flood Control Plan (Thomas and Winters 1964) as natural dams that 
impede flood flows and aggravate flooding in the Snoqualmie River valley. Both documents 
refer to these depositional areas at and for some distances downstream of the respective 
confluences as the “Tolt River Delta” and the “Raging River Delta,” and call for ongoing 
dredging to alleviate flooding in the affected areas. 
 
In 1961, King County dredging operations removed 200,000 cubic yards from the Tolt 
River Delta in the area shown in Figure C-2 of Appendix C (present-day RM 21.5 to RM 
22.8; Thomas and Winters 1963). It appears that the right bank levee in this area upstream 
of Stossel Bridge and the left bank levee in this area downstream of Stossel Bridge were 
constructed or augmented in the 1960s using excavated river gravel as fill in the levee 
prisms. In 1963, King County crews excavated about 20,000 cubic yards from the lower 
Raging River from the Preston-Fall City Bridge downstream to the mouth and from the 
gravel bar at the Raging River mouth in the Snoqualmie River, i.e., in the Raging River Delta 
(Perkins et al. 1994, based on King County Engineering Department surveys and plans). 
Other similar excavations may have occurred in the lower Raging River and the Raging 
River Delta in the 1960s but are not well-documented.  
 
In 1968, King County crews excavated about 46,000 cubic yards from the lower Tolt River 
from approximate RM 0.25 to the mouth and the right bank gravel bar at the mouth of Tolt 
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River in the Snoqualmie River (King County 1968). Anecdotal information indicates that 
the county stockpiled excavated dredge spoils behind the right bank lower Tolt River levee 
at this location during the 1960s, which suggests ongoing excavations in that decade. While 
the purpose of this dredging was flood control, the dredge spoils were said to have been 
used as fill material for county road construction projects. Aerial photo evidence is 
consistent with stockpiling activity at that location. 
 
There is an anecdotal reference in King County files to the cumulative removal of up to a 
million cubic yards from the Snoqualmie River along Carnation (Foley 1987b), apparently 
in the 1960s, but no specific volumes, locations, or time periods are documented. Available 
information indicates that no gravel removal operations occurred in the Snoqualmie River 
along Fall City or Carnation or the Tolt or Raging Rivers after the late 1960s.    
 
Average annual influxes of sediment to the monitoring reaches are described in Sections 
4.1.1 and 4.2.1. Unique sediment influxes that likely exceeded average inputs include a left-
bank landslide into the Snoqualmie River near RM 22.6 in the early 1930s, and Tolt River 
avulsions in 1989-90 and 2009 estimated to have contributed approximately 60,000 cubic 
yards and 50,000 cubic yards, respectively, to the Snoqualmie River (Section 4.1.1). 
Historical peak flows on the Snoqualmie at Carnation that equaled or exceeded a 10-year 
return period also are listed in Table 3 because of the potential for these events to mobilize 
and move coarse sediment. 
 
The King County Flood Hazard Management Plan (King County 2006, 2013) recommends 
that the county implement a sediment management program in areas where sedimentation 
may increase flood hazard. That program includes two parts: (1) monitoring of in-channel 
sediment levels to inform management decisions, and (2) sediment management actions. 
Actions may include gravel removal, dredging, levee setback, home elevation or acquisition 
of affected properties, or some combination thereof. The in-channel sediment monitoring 
results reported in this memo were produced by the King County sediment management 
program. 
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Table 3. Timeline of events and processes relevant to sedimentation in Snoqualmie 
River along Carnation and along Fall City.  
 
 
 
Years 

Floods, 
Snoqualmie 
near   
Carnation(A)  

 
Channel 
Modifica- 
tions 

Dredging, 
Snoqualmie 
Along Carnation  

 
Dredging, 
Lower Tolt 

 
Dredging, 
Lower 
Raging 

 
 
 
Other 

Late 
1800s to 
1900s 

 Widespread  
debris 
removal (B) 

    

Early 
1930s 

2 floods > 10-yr     Landslide 
into Snoq at 
RM 22.6 

1938-39  L. Raging 
banks 
armored 

  125,000 cy 
from RM 0 to 
RM 1.5 (C) 

 

1940  L. Tolt 
levees 
completed 

 Levees likely 
built using Tolt 
dredged  
sediment 

  

1960      River 
improvement 
bond 

1961   200,000 cy from 
”Tolt River Delta”(D) 

   

1963   “Raging River Delta” 
excavation extends 
into Snoq. R (E) 

 20,000 cy 
from RM 0 to 
RM 0.5 (E) 

 

Mid-
1960s 

 Widespread 
Snoq. bank 
armoring 

   River 
improvement 
bond 

1968    46,000 cy nr 
mouth (F) 

  

Late 
1960s 

  
End of known dredging 

 

1986 Approx 15-yr      

1989-90      Tolt R 
avulsions 

Nov 1990 Approx 25-yr      

Feb 1996 Approx 20-yr      

Nov 2006 Approx 40-yr      

Jan 2009 Approx 90-yr     Tolt R 
avulsion 

Table 3 Footnotes: 
A. Snoqualmie River near Carnation USGS gage 12149000 
B. Collins and Sheikh (2002) 
C. Sisler and Laufer (1939). King County Road Engineer Fifth Annual Report 
D. Thomas and Winters (1963).  King County Engineering Dept Special Report on Tolt River Basin.   
E. Perkins et al. 1994, based on King County Engineering Dept surveys and plans 
F. King County (1968). King County Engineering Dept. project files 
Table 3 Abbreviations: 
RM=River Mile; nr=near; cy=cubic yards; yr=year; R=River; Snoq=Snoqualmie River; L=lower 
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4.0 RESULTS 

4.1 Snoqualmie River along Carnation  

4.1.1 Channel Surveys 

Cross Sections 
 
Cross-section surveys and calculated average channel elevations from 1965, 1997, 2004 
and 2011 through the Carnation Reach are compared in Figure A-1 of Appendix A.  
Longitudinal profiles of the average channel elevations, shown in Figure A-2, are similar in 
their overall shapes and channel slopes from year to year. Topographic features 
identifiable in profile include the adverse channel slope upstream of the Tolt River, the 
consistent channel slope downstream through Chinook Bend Project Area (with a local low 
at Stossel Bridge) and a gentler channel slope downstream of Chinook Bend. The 
longitudinal profiles of thalweg elevations (Figure A-3) have overall shapes that are similar 
to, but more irregular than, the average channel elevation profiles.   
 
Only the data points in longitudinal profiles in Appendix A and Appendix B report actual 
surveyed elevations; connecting lines between data points show inferred elevations. 
 
Elevation Changes at Cross Sections 
 
Changes in average channel elevations were calculated at seven cross sections during the 
1997 to 2004 period and 29 cross sections during 2004 to 2011 (Table 4, Figure 3).  From 
1997 to 2004, average channel elevations increased at most cross sections by amounts 
ranging from negligible to almost 2 feet, and decreased by about 1 foot at two cross 
sections near Stossel Bridge. From 2004 to 2011, average channel elevation increased at 
most cross sections by amounts ranging from 0.1 foot to over 2.5 feet, and decreased at less 
than half of the cross sections in amounts ranging from negligible to more than 1.5 feet. 
 
For the 2004 to 2011 period, the reach-averaged deposition was about 0.6 feet, which 
equals almost 0.1 feet/year through this 7-year monitoring period. 
 
Of the nine cross sections from 1965 within this reach, only three match 1997 cross 
sections and so are not included in the Figure 3 comparison plot. But a profile view (Figure 
A-2) indicates that 1965 average channel elevations are similar to the average channel 
elevations in all of the more recent years throughout this reach except near Stossel Bridge.  
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Table 4. Summary of changes in average channel elevation in the Snoqualmie along 
Carnation reach.  

 
Monitoring 
Period 

 
Elevation 
Change 

No. of 
Cross 
Sections 

Approximate 
Range of Change 
(feet) 

Reach 
Average 
(feet) 

Reach 
Average 
(ft/yr) 

1997-2004 Increase 
Decrease 
Total 

5 
2 
7 

Negligible to <2.0 
-0.8 to -1.0 
 

 
 
Insufficient 

 
 
Insufficient 

2004-2011 Increase 
Decrease 
Total 

17 
12 
29 

0.1 to > 2.5 

Negligible to -1.5 
 

 
 
0.6 

 
 
<0.1 

“Insufficient”: Insufficient cross-section data for reach-average calculations. 

 
From 1997 to 2004, thalweg elevations decreased at six of seven cross sections in amounts 
ranging from negligible to more than 2 feet (Figure 4). From 2004 to 2011, thalweg 
elevation increased at most cross sections, with most increases ranging from about 1 to 4 
feet up to a maximum of almost 8 feet. Thalweg elevations from 1965 are similar to the 
highest elevations of all other years through this reach except near Stossel Bridge (Figure 
A-3). 
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Figure 3. Change in average channel elevations in the Snoqualmie River along 
Carnation during 1997 to 2004 and 2004 to 2011 periods. 

 
Figure 4. Change in thalweg elevations in the Snoqualmie River along Carnation 
during 1997 to 2004 and 2004 to 2011 periods. Note different vertical scale from 
Figure 3.  
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Sediment Volumes and Rates 
 
The Tolt River is the main source of coarse sediment to the Carnation Reach (Booth et al. 
1991). Previous studies using various analytical methods indicate that long-term average 
annual rates of Tolt River coarse sediment basin yield and Carnation Reach deposition 
range from 3,000 cy/yr to 4,000 cy/yr, including results based on sediment discharge 
sampling (Nelson 1971), sediment transport modeling (Booth et al. 1991), and a basin-
scale sediment budget (Parametrix Inc., et al. 2001).  
 

Spacing between the cross sections surveyed in both 1997 and 2004 ranged from about 
1,000 feet to nearly a river mile, so the data are insufficient to calculate a credible sediment 
volume for this period. The total net volume of deposition from 2004 to 2011 period was 
about 123,000 cubic yards, at an average annual rate of 18,000 cy/yr (Table 5). The 
confidence in these calculations is low to moderate, because some segments have closely 
spaced cross sections and other segments have less densely spaced cross sections. Aerial 
photos indicate that some in-channel changes were not captured by the cross section 
surveys.  
 
Table 5. Carnation Reach sediment volumes and rates during 2004 to 2011. 

Time Period River Miles Volume (cy) Rate (cy/yr) Confidence Level 
1997–2004 21.40 – 23.88   Insufficient Data 
2004–2011 20.49 – 22.79 123,000 18,000  Low to Moderate 
 

Sediment deposition volumes and rates calculated in the Carnation Reach for 2004 to 2011 
far exceed average annual rates of Tolt River coarse basin yield. This extensive deposition 
likely results from the large flood events in November 2006 and January 2009 on both the 
Tolt and Snoqualmie Rivers. The deposition volume for this reach and period (Table 5) also 
far exceeds the deposition volume computed by sediment modeling to occur during a 100-
year flood (about 17,000 cy; Booth et al. 1991). Additional sources of sediment from the 
Tolt River unique to this period may have affected deposition in the Snoqualmie River. 
Lateral channel migration into the floodplain along the Tolt River from RM 0 to RM 0.2 
associated with the lower Tolt River floodplain reconnection project completed by King 
County in 2010 probably mobilized up to 10,000 cubic yards of coarse sediment directly to 
the Snoqualmie Carnation Reach. Channel expansion and floodplain adjustments following 
a large avulsion in January 2009 at approximate Tolt RM 1.8 to RM 3.3 eroded sufficient 
floodplain alluvium to deliver about 50,000 cubic yards of coarse sediment to the 
Snoqualmie River by 2011 (per bedload travel rates by Beechie 2001). The total from these 
two unique sources alone does not account for all of the deposition volume estimated for 
this reach and period, but may not be far off when inherent inaccuracy of the volume 
calculations are considered.  
 



 Snoqualmie River 1997 to 2015 In-Channel Sediment Monitoring 

King County River and Floodplain Management Section     17 March 2017 

4.1.2 Changes in Surface Elevations 

Digital surfaces created from bathymetric survey data in 2004 and 2011 were compared 
and digital surfaces from aerial imagery in 2004, 2011, and 2015 were compared to 
calculate changes in surface elevations. 
 
2004 to 2011 
Gravel-bar surfaces 
 
Gravel-bar surface elevations in 2004 were compared to those in 2011, although areas 
exposed in both years are somewhat limited because of the difference in flow levels in the 
two sets of aerial imagery. Resulting changes in surface elevations range mostly from zero 
to 3 feet and higher, as depicted in Figure D-1 and Figure D-2, Appendix D. The average 
change in gravel-bar surface elevation is 2.1 feet (Table 6), which is over three times the 
full-reach average of 0.6 foot (Table 4) calculated from cross sections in this period. This 
difference in calculated elevation changes may result from more deposition occurring on 
gravel bars than across the full channel width and reach length. 
 
Bathymetric surfaces 
 
Bathymetric data were collected at sufficient density to create digital surfaces in two 
segments of the Carnation Reach. One river segment (RM 22.09 to 22.84) includes about 
three-quarters of a river mile in the area upstream of Stossel Bridge along the McElhoe- 
Pearson levee (Figure D-1). Deposition in this segment and period had an average change 
in elevation of 2.4 feet (Table 6), indicating deposition at four times the full-reach average 
change (0.6 feet) calculated at cross sections. A greater than average amount of deposition 
may have resulted here because this is where the river widens and becomes less steep than 
just upstream, conditions that promote deposition. 
 
Table 6. Carnation Reach comparisons of surface elevations, 2004 to 2011 and 2011 
to 2015. 

 
 
Time  Period 

 
 
Surface 

 
 
River Miles 

Average 
Change in  
Elevation (ft) 

Approx. 
Average Rate 
(ft/yr) 

2004–2011 Gravel bars  20.49 – 23.79  2.1 0.3 
2004–2011 Bathymetry 22.09 – 22.84  2.4 0.3 
2004–2011 Bathymetry 23.51 – 23.88  0.2 <<0.1 
2011–2015 Gravel bars 20.49 – 23.79 -0.4 -0.1 

 
 
A second river segment (RM 23.51 to 23.88) includes from the Tolt-MacDonald Park 
footbridge to upstream of the Tolt River mouth (Figure D-2). Average deposition depth in 
this segment and period was 0.2 feet (Table 6), which is one-third of the full-reach average 
from cross sections. Less than average deposition may have resulted because this segment 
is relatively narrow, straight and steep.  
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Comparison of all digital surfaces during 2004 to 2011 indicates deposition throughout 
most of the Carnation Reach, consistent with findings from change in elevations calculated 
at individual cross sections and averaged over this reach (Section 4.1). 
 

2011 to 2015 
Gravel-bar surfaces 
 
No bathymetric or cross-section survey data were collected in 2015. Visual examination of 
changes in elevation of gravel-bar surfaces in the Carnation Reach indicates that most 
gravel bars showed less than +/- 1 foot change through this time period, which is depicted 
as no color shading in Figures D-3 and Figure D-4. A few gravel bars show a mix of areas 
that experienced deposition, erosion, and little change (e.g., the large left-bank bar near RM 
22.5). There are a few local areas of marked erosion (e.g., the small left-bank bar near RM 
20.85). 
 
The calculated average change in gravel-bar surface elevations of -0.4 feet indicates net 
erosion of gravel bars through the reach in this period. The combination of graphically 
depicted and calculated gravel-bar elevation differences from 2011 to 2015 suggests large 
areas of little change with some localized areas of erosion. 

4.1.3 Specific Gage Analysis 

The specific gage analysis conducted for this study calculated gage shifts through time at 
the Snoqualmie River near Carnation USGS gage (12149000). A gage shift is the difference 
between the gage height measured at the time of each historical discharge measurement 
and the gage height that would be predicted at that time based on the most recent rating 
curve (Section 2.3). This analysis calculated gage shifts that range from about 2 feet lower 
than to about 1.5 feet higher than the present-day gage height, with much variability 
through the full period of record (Figure 5). Trends in gage shift within the period of record 
include an abrupt rise to an extreme high during the 1930s, variability around a value of -
0.5 feet from the 1940s to early 1960s, a drop to a value around -1.5 feet during the mid-
1960s to the mid-1980s, and gradual and variable increases to the present-day gage shift of 
approximately zero. Combined gage shifts through the full period of record at this gage 
result in a net increase of approximately one foot. 
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Figure 5. Shifts in gage height relative to present-day conditions at the Snoqualmie 
near Carnation USGS gage (12149000).  The moving average includes measurements 
during approximately 1 year. 

 
Interpretations of this specific gage analysis are offered with recognition of the caveats 
described in Section 2.3. From 1997 to 2015 there was a net change in gage shift values of 
approximately 0.1 vertical feet, with variability through the three individual monitoring 
periods evaluated in this memo (Table 7). If gage shifts represent in-channel changes in 
sediment levels at or near the gage, both a 0.6-foot increase from 2004 to 2011 and a 0.2-
foot decrease from 2011 to 2015 generally would be consistent with reach-scale trends. 
With few cross sections surveyed in 1997 and 2004, there is insufficient data to identify a 
reach-scale trend that could be compared to channel changes at or near this USGS gage. 
 
Distinctive gage shifts in two other periods may be associated with specific events. The 
gage shifts with a net increase of 2.5 feet during the mid-1930s may have resulted from an 
influx of sediment from a relatively large left-bank landslide into the Snoqualmie River 
channel about 0.7 miles upstream of the gage in 1932 (Seattle Daily Times. 1932; Figure C-
3), plus two sizable floods early in that decade. The gage shifts with a net decrease of about 
1.5 feet starting in the mid-1960s may have resulted from channel dredging that occurred 
in the early 1960s (Section 3.2) as close as 600 feet downstream of and as close as 1800 
feet upstream of this USGS gage (Figure C-2).  
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Table 7. Gage shifts and rates of shift at the Snoqualmie near Carnation USGS gage 
(12149000) through the full period of record and during channel monitoring 
periods.  

 
 
Time Period 

 
Gage Shift  
(feet) 

Average 
Shift Rate 
(feet/year) 

1931–1997  0.9 <<0.1 
1997–2004 -0.3 <<0.1 
2004–2011  0.6    <0.1 
2011–2015 -0.2  <-0.1 
   
1997–2015  0.1 <<0.1 
1931–2015  1.0 <<0.1 

 

4.2 Snoqualmie River along Fall City 

4.2.1 Channel Surveys 

Cross Sections  
 
The Snoqualmie River along Fall City surveyed cross sections and calculated average 
channel elevations from 1965, 1997, 2004, 2011 and 2015 are plotted in Figure B-1 
(Appendix B). Longitudinal profiles of the average channel elevations (Figure B-2) indicate 
that the profiles are very similar in overall shape and channel slope from year to year in 
this reach. Topographic features identifiable in profile include the adverse channel slope 
upstream of the Raging River, the gravel bar at the mouth of the Raging River, a consistent 
channel slope downstream to the Upper Carlson area, a local high along a large gravel bar 
(along RM 32) and a gentler channel slope downstream. The longitudinal profiles of 
thalweg elevations in this reach (Figure B-3) are much more irregularly shaped than the 
average channel elevation profiles, including a distinctly low elevation at RM 31.57, located 
in a tight meander curve (Figure 2).   
 
Elevation Changes at Cross Sections 
 
Changes in average channel elevations were calculated at five cross sections during the 
1997 to 2004 period, 22 cross sections during 2004 to 2011, and 46 during 2011 to 2015 
(Table 8, Figure 6). From 1997 to 2004, average channel elevations decreased at most cross 
sections by amounts ranging from less than 0.5 feet to more than 1.5 feet. From 2004 to 
2011, average channel elevation increased at most cross sections by amounts ranging from 
negligible to over 3.5 feet, and decreased at a few locations in amounts ranging from 
negligible to almost 1 foot. From 2011 to 2015, average channel elevations decreased at the 
vast majority of cross sections, in amounts ranging from negligible to more than 1 foot, and 
increased by less than 0.5 feet at some of the cross sections.  
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For the 2004 to 2011 period, the reach-averaged deposition was 0.7 feet, which equals 0.1 
feet/year through the 7-year period. For the 2011 to 2015 period, the reach-averaged 
change was about -0.3 feet, or less than -0.1 feet/year through the 4-year period. 
 

Table 8. Summary of changes in average channel elevations in the Snoqualmie along 
Fall City reach, 1997 to 2004, 2004 to 2011, and 2011 to 2015. 
 
Monitoring 
Period 

 
Elevation 
Change 

No. of 
Cross 
Sections 

Approximate 
Range of Change 
(feet) 

Reach 
Average 
(feet) 

Reach 
Average 
(ft/yr) 

1997–2004 Increase 
Decrease 
Total 

1 
4 
5 

0.5 
-0.5 to -1.5 

 
 
Insufficient 

 
 
Insufficient 

2004–2011 Increase 
Decrease 
Total 

17 
5 
22 

Negligible to 3.5 
Negligible to -1.0 
 

 
 
0.7 

 
 
0.1 

2011–2015 Increase 
Decrease 
Total 

9 
37 
46 

Negligible to <0.5 
Negligible to -1.0 

 

 
 
-0.3 

 
 
<-0.1 

“Insufficient”: Insufficient cross-section data for reach-average calculations. 

 
Thalweg elevations decreased from 1997 to 2004 at all five cross sections, with decreases 
ranging up to 3 to 5 feet (Figure 7). From 2004 to 2011, thalweg elevations increased at 
half of the cross sections by as much as 3 to 6 feet and decreased at half of the cross 
sections by as much as 3.5 feet. From 2011 to 2015, thalweg elevations decreased at about 
two-thirds of the cross sections, in amounts ranging from negligible to over 4 feet. Most of 
the increases that did occur in thalweg elevation during this period were less than 0.5 feet, 
with maximal decreases by as much as 3 and 4 feet at two cross sections. 
 
Although many of the decreases in average channel elevations from 2011 to 2015 are less 
than one-half foot, erosion is indicated at about 80 percent of the cross sections (Table 8) 
and there were pervasive decreases in thalweg elevations.  It is appropriate to conclude 
that reach-wide erosion occurred in the 2011 to 2015 period in this monitoring reach. 
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Figure 6. Change in average channel elevations in the Snoqualmie River along Fall 
City during 1997-2004, 2004-2011 and 2011-2015 periods.  

 
Figure 7. Change in thalweg elevations on the Snoqualmie River along Fall City 
during 1997-2004, 2004-2011 and 2011-2015 periods. Note different vertical scale 
from Figure 6.  



 Snoqualmie River 1997 to 2015 In-Channel Sediment Monitoring 

King County River and Floodplain Management Section     23 March 2017 

There were five cross sections surveyed in the Fall City Reach in 1965. At three cross 
sections, the 1965 average channel elevations (Figure B-2) and thalweg elevations (Figure 
B-3) are similar to the elevations in surveys of more recent years. The other two cross 
sections surveyed in 1965 were at the SR202 Bridge and that bridge was relocated 
between 1965 and 1997. Comparison of the 1965 channel or thalweg elevations to 
subsequent years should recognize the potential influence of different channel widths and 
hydraulic conditions associated with the change in cross section location.  
 
Sediment Volumes and Rates  
 
Just over half of the average annual coarse sediment entering the Snoqualmie along Fall 
City Reach comes from the Raging River and just under half comes from upstream of the 
Raging; most of the latter is contributed by Tokul Creek and some comes from above 
Snoqualmie Falls (Booth et al. 1991). Previous studies estimate long-term average annual 
deposition rates in the Snoqualmie Fall City Reach at about 1,000 cy/yr (Booth et al. 1991; 
Perkins et al. 1994).   
 
A credible sediment volume could not be calculated for the Fall City Reach from 1997 to 
2004 because of the few and sparsely spaced cross sections available for comparison. The 
calculated total net volume of deposition from 2004 to 2011 period was approximately 
110,000 cubic yards (Table 9), or an average annual rate of about 16,000 cy/yr. The 
confidence in these calculations is low to moderate because the 2004 cross-section spacing 
is relatively sparse for channel monitoring purposes. The total net change in sediment 
volume from 2011 to 2015 was -55,000 cy or about -14,000 cy/yr in this 4-year period. 
Confidence in the calculated changes in sediment volumes and rates is moderate due to 
relatively adequate spacing of channel cross sections.  
 
Table 9. Fall City Reach sediment volumes and rates, 2004 to 2011 and 2011 to 2015. 
Time Period River Miles Volume (cy) Rate (cy/yr) Confidence Level 
1997–2004    Insufficient Data 
2004–2011 31.94 – 34.72 110,000 16,000 Low to Moderate 
2011–2015 31.99 – 34.72 -55,000 -14,000 Moderate 
 
Sediment volumes and rates calculated for 2004 to 2011 are far greater than the long-term 
average annual coarse deposition rates in this reach, and the deposition volume for this 
reach and period also far exceeds the deposition volume computed by sediment modeling 
to occur during a 100-year flood (about 8,000 cy; Booth et al. 1991). Extensive deposition 
likely is due to large flood events in November 2006 and January 2009 on both the Raging 
and Snoqualmie rivers, and probably on Tokul Creek although it is ungauged. Any sediment 
influxes from Tokul Creek or upstream of the Falls would have been transported efficiently 
to the Fall City Reach due to the high transport capacity between Tokul Creek and Fall City 
(Booth et al. 1991). No unique sediment sources (e.g., avulsion or landslide) are obvious on 
the Raging River, Tokul Creek or upstream of Snoqualmie Falls in this period. 
 



 Snoqualmie River 1997 to 2015 In-Channel Sediment Monitoring 

King County River and Floodplain Management Section     24 March 2017 

Net erosion from 2011 to 2015 may have resulted from minor to no influx of sediment 
from the tributary sources combined with flows on the Snoqualmie River (in January 2015) 
adequate to rework and mobilize deposition from the previous period. Even without high 
confidence in calculated sediment volumes through all three monitoring periods, the 
relative magnitudes and positive or negative trends should be representative. 
 

4.2.2 Changes in Bathymetric and Gravel-bar Surface 

Elevations 

Digital surfaces created from bathymetric survey data collected in 2004 and 2011 were 
compared and digital surfaces from aerial imagery in 2004, 2011 and 2015 were compared 
to calculate changes in gravel-bar surface elevations. Average change in elevations and 
approximate rates of change are summarized in Table 10. 
 
Table 10. Fall City Reach digital surface comparisons and average change in 
elevation. 
 
 
Time period 

 
 
Surface 

 
 
River Miles 

Average 
Change in  
Elevation (ft) 

Approx. 
Average Rate 
(ft/yr) 

2004–2011 Gravel bars 31.4 – 34.3 1.3 <0.2 
2004–2011 Bathymetry 31.46 – 31.67 1.1 <0.2 
2004–2011 Bathymetry 34.03 – 34.45 0.5 <0.1 
2011–2015 Gravel bars 31.94 – 33.5 0.1 <<0.1 
 
2004 to 2011 
Gravel-bar surfaces 
 
As along Carnation, the area in which gravel-bar surfaces were exposed in both 2004 and 
2011 is limited due to the difference in flows at the time of aerial imagery acquisition 
(Figures D-5 and D-6). The river segment of RM 31.4 to RM 34.3 approximately matches the 
extents of surveyed cross sections in this period. The average change in gravel-bar surface 
elevations of 1.3 feet (Table 10) is almost twice the full-reach average change in elevations 
calculated from surveyed cross sections (0.7 feet). This difference in calculated elevation 
changes may be due in part to the limited gravel-bar area in which this calculation was 
made, plus the possibility that more deposition occurs on gravel bar surfaces than across 
the full channel. 
 
Bathymetric surfaces 
 
One bathymetric segment (RM 31.46 to RM 31.67) is located downstream of the Upper 
Carlson project area, along a deep pool at a tight meander (Figure D-5). There was an 
average change in elevation of 1.1 feet within this segment and period.  Although this 
change is almost double the full-reach average change in elevation calculated from cross 
sections, it is consistent with changes in average channel elevation calculated at the two 
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cross sections located within this bathymetric segment. These greater than average 
changes may result from deposition within the deep pool at this location.  
 
A second bathymetric segment (RM 34.03 to RM 34.45) includes from downstream of the 
SR 202 Bridge to just upstream of the Raging River (Figure D-6). There was an average 
elevation change of 0.5 feet along this bathymetric segment in this period, which is close to 
the full-reach average (0.7 feet) and similar to elevation changes at individual cross 
sections within this bathymetric segment (Figure 6). 
 
2011-2015 
Gravel-bar surfaces 
 
The channel segment from RM 31.94 to RM 33.5 is based on 2015 LiDAR data (collected for 
Upper Carlson project), which include a middle portion of the Fall City Reach (Figure D-7). 
Figure D-7 illustrates that about five gravel bars of varying size are available to evaluate in 
this segment and the vast majority of their surface elevation changes did not exceed +/- 1 
foot (i.e., no color shading) in this period. The average change in elevation calculated from 
these gravel-bar surfaces (0.1 feet; Table 10) suggests no significant change in this river 
segment and period. An elevation change of 0.1 feet on exposed gravel bars is not 
inconsistent with the full-reach average change in elevation of -0.3 feet calculated from 
entire cross sections (Table 8), because more deposition may have occurred on gravel-bar 
surfaces than across the full channel and conditions in this relatively shorter river segment 
may differ from the full reach.   
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5.0 DISCUSSION AND SUMMARY 

 
Snoqualmie River along Carnation 
 
From 1997 to 2004, changes in the in-channel sediment levels were minor to moderate 
and include both increases and decreases in average channel and thalweg elevations. 
These changes either are less than the cumulative potential error of survey methods or 
within natural fluctuations in sediment deposition typical of such areas. 
 
Most of the Carnation Reach was depositional in 2004 to 2011. Widespread and consistent 
increases in sediment levels observed by different modes of channel monitoring indicate 
that aggradation exceeded cumulative potential errors through most of this reach. 
Extensive deposition during this period likely results from the large flood events in 
November 2006 and January 2009 on both the Tolt River and Snoqualmie River at 
Carnation, but the deposition far exceeds what would be expected based solely on Tolt 
River basin coarse sediment yields. Deposition also may have been affected by sediment 
sources unique to this period, including lateral channel migration along lower Tolt River 
floodplain reconnection project near the Tolt River mouth and channel expansion and 
adjustment following a large avulsion near Tolt RM 2. 
 
Differences in gravel bar surface elevations from 2011 to 2015 throughout this reach plus 
local channel-geometry changes at the USGS gage both suggest that sediment level changes 
in this period range from insignificant to minor erosion. If that is true, the overall character 
of elevation changes from either 1997 or 2004 to 2015 is reach-wide aggradation, largely 
the result of pervasive deposition observed in 2004 to 2011. 

 
The few available 1965 average channel and thalweg elevations are similar to elevations 
from the more recent surveys. Reach-scale conclusions based on sparsely spaced 1965 
data are not offered in this memo, but a 1989 resurvey of these same 1965 cross sections 
was interpreted by Booth et al. (1991) as indicating that no significant change in sediment 
levels had occurred in the years between surveys through most of the Snoqualmie River 
downstream of Snoqualmie Falls. If nothing else, the 1965 data might be used as historical 
context and an indication that recent channel elevations appear to be in the same range as 
channel elevations from up to five decades earlier, both in the Carnation and Fall City 
reaches. 

 
Snoqualmie River along Fall City 
 
From 1997 to 2004, net erosion occurred in average channel elevations at almost all of the 
cross sections surveyed. With few cross sections surveyed in both years and mostly minor 
changes observed, no trends in sedimentation are identified in this reach during this 
period. 
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From 2004 to 2011, deposition occurred at most of the surveyed cross sections and most of 
the average-channel elevation changes were close to or greater than 1 foot deep. Overall 
changes in sediment levels likely exceed potential errors and indicate that aggradation 
occurred through much of the Fall City reach during this period. Raging River flood flows 
likely were large enough to deliver sediment to the Snoqualmie River, whose flows were 
sufficient to distribute that sediment within in this monitoring reach. Sediment deposition 
in this reach and period far exceed what would be expected as average annual inputs from 
the Raging River, Tokul Creek and Snoqualmie River upstream of the Falls. Other sediment 
sources unique to this period are not obvious. 
 
From 2011 to 2015, it is appropriate to conclude that degradation occurred through most 
of this reach because decreases were evident in the vast majority of monitoring data 
collected by different methods. Such a trend is consistent with the occurrence of no Raging 
River flows large enough to deliver much sediment to the Snoqualmie River combined 
with at least one (January 2015) Snoqualmie River event large enough to erode and 
transport available in-channel sediment. Relevant channel changes unique to this period 
include the 2014 completion of the Upper Carlson levee removal project (approximate RM 
32.4 to RM 32.7), which resulted in local channel expansion and deposition. Local channel 
adjustments to this project are still occurring. 
 
These monitoring data suggest that the net, reach-wide changes in in-channel sediment 
levels from either 1997 or 2004 to 2015 were relatively minor and likely within natural 
fluctuations of sediment transport and deposition. Though absolute elevation changes 
were greater in 2004 to 2011 than in 2011 to 2015, the former period is about twice as 
long as the latter period; also, the rates of deposition and erosion from each of these two 
periods approximately cancel out each other. This interpretation is made more compelling 
if the 2004 to 2011 deposition at RM 31.57 to RM 30.84 is disregarded, which would be 
justifiable because that particular river segment differs from upstream areas in its basic 
morphology of channel slope, sinuosity, etc. 

 
Summary of results for both monitoring reaches 
 
From 1997 to 2004, channel changes did not exceed cumulative potential errors or were 
within natural variability in both monitoring reaches. From 2004 to 2011, significant 
sediment deposition in both reaches likely resulted from large flood flows plus sediment 
sources unique to that period. From 2011 to 2015, erosion dominated the Fall City Reach, 
consistent with flows that were minor on Raging River and moderate on the Snoqualmie 
River. Although full-channel cross section monitoring did not occur in the Carnation Reach 
in 2011 to 2015, comparison of gravel-bar surface elevations and USGS gage data suggest 
no significant change in that period.  Taken together, data from 1997 to 2015 suggest that 
there has been net aggradation in the Carnation Reach through the past 18 years and that 
net changes in the Fall City reach are relatively minor and within natural variability.   
 
The general similarity between the few 1965 elevations and the more recent elevations 
provides no evidence of pervasive, consistent increases or decreases in in-channel 
sediment levels in either of these two monitoring reaches since 1965. 
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Next steps 
 
In work completed by others, hydraulic modeling of a hypothetical scenario with 2 feet of 
aggradation in these same two river reaches was conducted as part of an evaluation of 
factors affecting flooding in the Snoqualmie River Basin (Watershed Sciences & 
Engineering et al. [WSE] 2016). That hypothetical scenario was informed by the results of 
this channel monitoring effort. The modeling completed by WSE (2016) indicated a 
maximum increase in the 10-year and 100-year water surface elevations of 0.8 foot and 0.4 
foot, respectively, with reach-wide average increases of less than 0.2 foot in both events. 
Both the in-channel monitoring results provided in this memo and the modeled hydraulic 
responses of a hypothetical aggradation scenario (WSE 2016) will be evaluated as part of 
the King County river and floodplain management program, per the King County Flood Plan 
(King County 2006, 2013). Periodic in-channel sediment monitoring will continue in the 
Snoqualmie along Carnation and Snoqualmie along Fall City monitoring reaches as part of 
the King County sediment management program.  
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Appendix A: Snoqualmie Along Carnation 

Table A-1. Snoqualmie along Carnation cross section survey years and methods. 
 
Figure A-1. Snoqualmie River along Carnation cross-section plots with average 

channel elevations. 
Figure A-2.  Longitudinal profile of average channel elevations in the Snoqualmie 

River along Carnation in 1965, 1997, 2004 and 2011.    
Figure A-3.  Longitudinal profile of thalweg elevations in the Snoqualmie River along 

Carnation in 1965, 1997, 2004 and 2011.    
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Table A-1 Snoqualmie along Carnation cross section survey years and methods 

 

 
 
 

 
 
 
 
 
 

RM 1965 1997 2004 2011 RM 1965 1997 2004 2011

18.70 BP BL Stossel Br

18.76 BL 21.89 LS BP BL

18.85 BL 21.93 LS BP BL

19.00 LS BP BL 22.09 BP BL

19.09 BL 22.17 BL

19.21 BL 22.23 LS BL

19.30 BP BL 22.27 BP BL

19.38 BL 22.30 LS BL

19.47 BL 22.36 BL

19.58 BP BL 22.41 LS BL

19.67 BL 22.45 BP BL

19.74 BL 22.50 LS BL

19.82 BP BL 22.55 BL

19.89 BL 22.63 BL

19.97 BL 22.71 LS BP BL

20.07 LS BP BL 22.84 BP BL

20.27 BP BL 22.96 LS BL

20.49 BP BL 23.00 BP BL

20.71 BP BL 23.11 BL

20.85 LS LS BL 23.21 LS LS BP BL

20.93 BP BL 23.32 BL

21.23 LS BL 23.51 LS BP BL

21.28 BP BL 23.61 BP BL

21.40 LS BP BL 23.70 LS BP BL

21.71 LS BL 23.75 BP BL

21.81 BL Tolt River

21.87 LS BP BL 23.79 BP BL

Stossel Br 23.88 LS LS BP BL

Notes

Cross section was surveyed in a given year if the table cell has any of the abbreviations below:

LS: Land survey

BP: Bathymetry - Photogrammetry

BL: Bathymetry - LiDAR
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-1. Snoqualmie along Carnation cross sections 
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Figure A-2. Longitudinal profile of average channel elevations in the Snoqualmie River along Carnation in 1965, 1997, 2004 and 2011. 
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Figure A-3. Longitudinal profile of thalweg elevations in the Snoqualmie River along Carnation in 1965, 1997, 2004 and 2011. 
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APPENDIX B. SNOQUALMIE RIVER ALONG FALL CITY 
 
Table B-1: Snoqualmie along Fall City cross section survey years and methods. 
 
Figure B-1. Snoqualmie River along Fall City cross-section plots with average channel 

elevations. 
Figure B-2.  Longitudinal profile of average channel elevations in the Snoqualmie 

River along Fall City in 1965, 1997, 2004, 2011 and 2015.    
Figure B-3.  Longitudinal profile of thalweg elevations in the Snoqualmie River along 

Fall City in 1965, 1997, 2004, 2011 and 2015.    
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 Table B-1: Snoqualmie along Fall City cross section survey years and methods 

 
 
 
 
 
 
 
 
 
 
 

RM 1965 1997 2004 2011 2015 RM 1965 1997 2004 2011 2015

30.84 BP BL SR 202 Bridge

31.15 LS BP BL 34.16 LS BP BL BL

31.57 BP BL 34.19 LS BL BL

31.67 BP BL 34.22 BP BL BL

31.75 BP BL 34.24 LS BL BL

31.94 BP BL 34.27 LS BL BL

31.99 BL BL 34.32 LS BL BL

32.04 BL BL Raging River

32.09 BL BL 34.36 BP BL BL

32.14 BP BL BL 34.40 BL BL

32.19 BL BL 34.44 BP BL BL

32.23 BL BL 34.51 BL BL

32.28 BL BL 34.59 BL BL

32.32 BL BL 34.65 BL BL

32.36 BL BL 34.72 BP BL BL

32.40 BL BL 34.79 BL BL

32.44 BL BL 34.85 BL BL

32.51 BL BL Notes

32.57 BP BL BL Cross section was surveyed in a given year if the table

32.63 BL BL cell has any of the abbreviations below:

32.68 BL BL LS: Land survey

32.74 BP BL BL BP: Bathymetry - Photogrammetry

32.80 BL BL BL: Bathymetry - LiDAR

32.86 BL BL

32.92 LS LS BP BL BL

33.00 BL BL

33.09 LS BP BL BL

33.16 BL BL

33.24 BL BL

33.34 BL BL

33.43 LS BP BL BL

33.53 LS LS BP BL BL

33.71 BP BL BL

33.85 LS BL BL

33.88 BP BL BL

34.02 BP BL BL

34.14 LS LS BP BL BL

SR 202 Bridge
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Figure B-1. Snoqualmie along Fall City cross sections 
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Figure B-1. Snoqualmie along Fall City cross sections 
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Figure B-1. Snoqualmie along Fall City cross sections 

 



Snoqualmie River 1997 to 2015 In-Channel Sediment Monitoring                 Appendix B 

King County River and Floodplain Management Section       55 March 2017 

 

 

 

 
Figure B-1. Snoqualmie along Fall City cross sections 
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Figure B-1. Snoqualmie along Fall City cross sections 
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Figure B-1. Snoqualmie along Fall City cross sections 

 



Snoqualmie River 1997 to 2015 In-Channel Sediment Monitoring                 Appendix B 

King County River and Floodplain Management Section       58 March 2017 

 

 

 

 
Figure B-1. Snoqualmie along Fall City cross sections 
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Figure B-1. Snoqualmie along Fall City cross sections 
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Figure B-1. Snoqualmie along Fall City cross sections 
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Figure B-1. Snoqualmie along Fall City cross sections 
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Figure B-1. Snoqualmie along Fall City cross sections 
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Figure B-1. Snoqualmie along Fall City cross sections 
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Figure B-1. Snoqualmie along Fall City cross sections 
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Figure B-2. Longitudinal profile of average channel elevations in the Snoqualmie River along Fall City in 1965, 1997, 2004,  2011, and 2015. 
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Figure B-3. Longitudinal profile of thalweg elevations in the Snoqualmie River along Fall City in 1965, 1997, 2004,  2011, and 2015. 
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Appendix C: Miscellaneous 
 
 
Figure C-1: Example cross section with average channel elevations. Source: Czuba et  
               al. (2010; their Figure 3). 
Figure C-2. Excerpt of map showing location of “Tolt River Delta Dredging” conducted 

in 1961. Source: Thomas and Winters (1963; their Sheet 1). 
Figure C-3: Transcription of Seattle Daily Times article dated March 21, 1932 that 

describes a landslide into the Snoqualmie River and associated flooding near 
Carnation, WA.  Source: Seattle Daily Times (March 21. 1932) 
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Figure C-1: Example cross section with average channel elevations. Source: Czuba et 
al. (2010; their Figure 3). 
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Figure C-2. Excerpt of map showing location of “Tolt River Delta Dredging” conducted 
in 1961. Source: Thomas and Winters (1963; their Sheet 1). 
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Seattle Daily Times     Monday, March 21, 1932 
 
Flood Halted on Snoqualmie by Cool Winds 

 
Fifty Men Work to Relieve Situation Caused by Huge Earth Slides; Three Farm Homes Are 
Abandoned 
 

With three ranch homes near Carnation deserted by frightened families, the 
Snoqualmie River was dropping slightly today as a cooler temperature halted the melting 
of snows in the mountains and rains ceased. 

A huge landslide Friday sent thousands of tons of earth and rocks thundering into the 
stream, damming it until the rain waters cut a new channel. Several small blasts of 
dynamite were set in a cottonwood hillock in the new course of the stream to give it more 
leeway and save other farmlands from flooding. 
 

Fifty Men at Work 

County Commissioner Jack Earley, who returned from the scene of the slide late 
yesterday after directing the work of fifty men in relieving the flood situation, said weather 
conditions would aid in stopping the flood menace.  

“If it gets no warmer,” he said, “and no heavy rains fall, the river can be kept in bounds. 
The stream cut into a section of highway on the road between Carnation and Tolt 
yesterday, and we believed for a time that the wooden bridge there would be swept away.” 

Widening of the channel with the dynamite charges, however, relieved the threat, he 
said. 
 

McElhoe Farm Flooded 

The foaming waters today still swirled along twelve acres of land owned by Howard 
McElhoe, submerged under the new channel, and the home of his brother, Forrest, was 
deserted by McElhoe, his wife and four children. They moved their furniture, livestock and 
other possessions. The families of Conrad Naslund and E.J. Barry, Carnation ranchers, 
whose farmlands were flooded by the dammed river, also moved to safer territory. 
 

Cooler, Probably Rain 

Shifting winds, which are expected to become easterly and southeasterly tonight and 
tomorrow, brought slightly lower temperatures to Seattle and the state today and erased 
the possibilities of more rain in Seattle tomorrow. Partly cloudy weather is forecast. 

Seattle’s minimum temperature, which has been hovering near 50 recently, dropped 
this morning to 41. In eastern Washington the mercury also declined, but did not touch the 
freezing point. The lowest reading was 35 in Wenatchee. 

Snoqualmie Pass still is closed to heavy travel and probably will be for at least ten days. 

 
Figure C-3: Transcription of Seattle Daily Times article dated March 21, 1932 that 
describes a landslide into the Snoqualmie River and associated flooding near 
Carnation, WA. (Seattle Daily Times. March 21. 1932).  Article transcribed due to 
poor quality of original.
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Appendix D: Comparison of Surfaces  
 
Figure D-1: Snoqualmie River along Carnation, elevation changes from 2004 to 2011 
Figure D-2: Snoqualmie River along Carnation, elevation changes from 2004 to 2011 
Figure D-3: Snoqualmie River along Carnation, elevation changes from 2011 to 2015 
Figure D-4: Snoqualmie River along Carnation, elevation changes from 2011 to 2015 
Figure D-5: Snoqualmie River along Fall City, elevation changes from 2004 to 2011 
Figure D-6: Snoqualmie River along Fall City, elevation changes from 2004 to 2011 
Figure D-7: Snoqualmie River along Fall City, elevation changes from 2011 to 2015 
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Figure D-1.  Snoqualmie River along Carnation elevation changes on gravel bar and 
bathymetric surfaces from 2004 to 2011. Gravel bar areas exposed in both 2004 and 2011 
are outlined in black. Bathymetric surfaces are not outlined.  
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Figure D-2.  Snoqualmie River along Carnation elevation changes on gravel bar and 
bathymetric surfaces from 2004 to 2011. Gravel bar areas exposed in both 2004 and 2011 
are outlined in black. Bathymetric surfaces are not outlined.  
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Figure D-3.  Snoqualmie River along Carnation elevation changes on gravel bar surfaces 
from 2011 to 2015.  Gravel bar areas exposed in both 2011 and 2015 are outlined in black. 
No bathymetric data were collected in 2015.  
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Figure D-4.  Snoqualmie River along Carnation elevation changes on gravel bar surfaces 
from 2011 to 2015.  Gravel bar areas exposed in both 2011 and 2015 are outlined in black. 
No bathymetric data were collected in 2015. 



Snoqualmie River 1997 to 2015 In-Channel Sediment Monitoring                Appendix D 

 

King County River and Floodplain Management Section       77                                                            March 2017 
 

 
Figure D-5.  Snoqualmie River along Fall City elevation changes on gravel bar and 
bathymetric surfaces from 2004 to 2011. Gravel bar areas exposed in both 2004 and 2011 
are outlined in black. Bathymetric surfaces are not outlined.  
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Figure D-6.  Snoqualmie River along Fall City elevation changes on gravel bar and 
bathymetric surfaces from 2004 to 2011. Gravel bar areas exposed in both 2004 and 2011 
are outlined in black. Bathymetric surfaces are not outlined.  
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Figure D-7.  Snoqualmie River along Fall City elevation changes on gravel bar surfaces 
from 2011 to 2015.  Gravel bar areas exposed in both 2011 and 2015 are outlined in black. 
There were no areas of overlap in bathymetric data collected in 2011 and 2015. 


