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1 INTRODUCTION AND OVERVIEW 

1.1 PURPOSE AND SCOPE OF THIS STUDY 
This study is a retrospective evaluation to document effects of the 2008 Cedar Rapids levee 
setback project on the Cedar River channel. This study seeks to quantify changes within the 
project reach related to channel migration, the establishment of off-channel and in-stream 
habitat, the extent of scour and deposition within the project reach, and the change in 
vegetation within the floodplain over time. Natural riverine processes are assumed to create 
habitat features favored by salmonids and other aquatic species within the Cedar River. 
Measuring changes in physical characteristics and natural process rates of the river due to 
project actions is one way of evaluating project effectiveness and will help inform future 
project design.  

In addition to this study, a state-wide habitat restoration monitoring effort by the Salmon 
Recovery Funding Board (RCO 2013), vegetation and wood assessments by King County, 
and a geomorphic study performed by the USGS (Magirl et al. 2012), help to inform the 
overall effects of the project. The main purpose of this study is to document changes in 
riverine processes that have occurred post-project construction, but which are not 
documented in other technical reports.  

1.2 PROJECT AREA 
The Cedar Rapids levee setback project area is a 34-acre area located between River Mile 
(RM) 7.25 and 7.75 of the Cedar River in central King County, Washington (Figure 1). The 
project is bound to the south by State Route (SR) 169 (Maple Valley Highway) and to the 
north by SE Jones Road. It drains an approximately 460-square-kilometer watershed from the 
foothills of the Cascade Mountain range, to its mouth along the shores of Lake Washington, 
within the city of Renton (Magirl et al. 2012). The upper portions of the watershed are owned 
and managed by the City of Seattle.  

1.3 HISTORIC RIVER MANAGEMENT EFFORTS 
Flows within the river have been managed since the turn of the 20th century when the City of 
Seattle installed a diversion dam at Landsburg, at approximately RM 29. The City manages 
flows from the upper watershed by a dam on Chester Morse Reservoir. The river channel 
from Landsburg to the city of Renton is largely within unincorporated King County. Starting 
in the early 20th century, the river channel was incrementally straightened and armored to 
prevent channel migration and reduce the impacts of flooding. Levees and revetments 
generally provide flood control by confining floodwaters within raised berm structures, and 
by constraining channel migration, or both. In the Cedar River, levees and revetments are 
primarily barriers to channel migration.  

Much of the Cedar River is constrained by levees and revetments installed during the 1960s 
and 1970s by King County to reduce overall risks associated with flood damage (Collins et 
al. 2003). Levees can alter in-stream habitat conditions and are therefore considered to be one 
of the major stressors of aquatic systems (Karr et al. 1986). As a result of the bank armoring, 
the Cedar River channel narrowed by over 50 percent from an average of 47 meters in 1936 
to 23 meters in 1989, and became progressively single-threaded during this timeframe 
(Magirl et al. 2012). Channel migration rates between 1936 and 2011 were less than one 
meter per year throughout most of the Cedar River’s length in armored reaches during this 
period (Magirl et al. 2012). 
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King County is responsible for managing the river to reduce flood hazards and restore 
salmonid habitat, much of which was damaged or eliminated as a result of channelization and 
bank armoring that occurred in the 20th century. Over the past two decades King County’s 
approach to river management has shifted from a former sole focus on flood control to a 
multiple objective strategy that includes flood hazard reduction, habitat and floodplain 
restoration, water quality protection, and recreational use of rivers. These management efforts 
are documented in the 1993 Flood Hazard Reduction Plan (King County Department of 
Public Works 1993), the 1998 Lower Cedar River Basin and Nonpoint Pollution Action Plan 
(King County 1998), and the 2006 King County Flood Hazard Management Plan (FHMP) 
(King County 2006).  

Studies undertaken from the 1990s through the early 2000s, documented that the river 
channel had been significantly simplified compared to its historic condition. While the City 
of Seattle’s flow management strategy of the upper watershed is unlikely to change, several 
of these studies identified opportunities to setback or remove channel confining flood control 
facilities in order to allow the river to reclaim portions of its historic floodplain. Through this 
action, the Cedar River would re-establish the dynamic riverine processes that lead to an 
increase in flood storage by using a greater extent of the floodplain to hold flood waters, and 
to the establishment of off-channel salmonid rearing and refuge habitat (Perkins 1994, FEMA 
2002, Collins et al, 2003).1 This management strategy was further strengthened and 
prioritized by the 2005 Water Resource Inventory Area (WRIA) 8 Salmon Recovery Plan, 
which identified the loss of off-channel rearing and refuge habitat as a limiting factor in 
salmonid recovery.  

In 2008 King County constructed the Cedar Rapids Levee Setback and Floodplain restoration 
project (hereafter 2008 Cedar Rapids project), which is the focus of this study. This project 
had been recommended as a high priority action in the 2005 WRIA 8 Chinook Salmon 
Conservation Plan (WRIA 8 Steering Committee 2005), and was also identified as a high 
priority project in the Lower Cedar River Basin and Nonpoint Pollution Action Plan (King 
County 1998), the King County Flood Hazard Reduction Plan (King County Department of 
Public Works 1993), and the King County Flood Hazard Management Plan (King County 
2006). The 2008 Cedar Rapids project was intended to maintain existing flood risk 
management levels while restoring ecological riverine processes through the project reach.  

1.4 PROJECT BACKGROUND 
King County constructed the initial Cedar Rapids levee setback and floodplain restoration 
project in 2008 and it was one of the first setback levee projects to be implemented within the 
Cedar River. The Belmondo reach was used informally as a reference site by the project 
design team because it is an unconfined reach upstream of the project site, and was thought to 
represent potential conditions post-setback levee removal within the Cedar Rapids project 
reach (King County Water & Land Resources Division 2013). 

                                                      
1 The 1994 study by Sue Perkins, The Shrinking Cedar River: Channel Changes Following Flow Regulation and 
Armoring, was followed by similar studies (2002 FEMA Flood Study, as a part of which full transects were 
measured across the river floodplain in a variety of locations and showed little change in channel width over time 
due to confinement). This study was also followed by a 2003 study by Brian Collins, Amir Sheikh, and Charles 
Kiblinger, Historical River Channel Location Data for the Cedar River, RM 0 – RM 22, King County Washington, 
prepared for King County Water & Land Resources Division, which further documented the reduction of the 
active floodplain as a result of river armoring in the 20th century. This is not an exhaustive list of studies, but 
points to the research that was done to support King County’s actions to manage the river for both flood protection 
and fish habitat restoration. 
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The overall goal of the 2008 Cedar Rapids project, as described in the Salmon Recovery 
Funding Board (SRFB) grant application, was: 

To restore natural channel functions, improve in-stream, off-channel, and riparian 
habitat for fish and wildlife, and maintain existing flood protection for homes and 
infrastructure near the project site.  

Additional information on the goals, objectives, and anticipated monitoring of the 2008 Cedar 
Rapids project are included in Appendix A as part of the project’s stewardship plan. The 
project stewardship plan included a project monitoring component; however, project funding 
for monitoring was diverted to unanticipated flood damage repairs in 2009 and 2010. 

Plan Sheet 5, reproduced here as Figure 2 (King County 2008) shows the channel within the 
project reach as it existed in 2008. Following project installation, significant flooding during 
2009 led to the failure of several log clusters that had been installed as part of the 2008 
project. Several log clusters were moved downstream by the force of the flood flows. 
Therefore, King County replaced a majority of the log clusters installed in 2008, with 
engineered log jams (ELJs) in 2010. Plan Sheet 3, reproduced for this report as Figure 3 
(Herrera 2009) shows the location of the 2010 project repairs. The 2010 ELJs were designed 
in such a manner as to withstand anticipated future flood flows. A detail of the ELJs installed 
in 2010 is included as Plan Sheet 5, reproduced for this report as Figure 4 (Herrera 2009).  

In 2011 and 2012, King County conducted a third project within the study reach to reinforce 
and extend the levee setback along the right bank of the Cedar River, further downstream, on 
a newly acquired residential property along Jones Road. Appendix C includes a complete 
project history of the 2008 Cedar Rapids project, and discussion of flood damages and 
responses. 

1.5 STUDIES IN THE PROJECT AREA 
The 2009 Cedar Rapids Floodplain Stewardship Plan (Appendix A) documents King 
County’s proposal to the SRFB for monitoring and maintenance of the Cedar Rapids project 
site. At the time that the 2008 Cedar Rapids project was implemented, King County did not 
have a standardized monitoring program for evaluating the effectiveness of river restoration. 
The Stewardship Plan calls for regular maintenance inspections and plant establishment care 
as well as a suite of monitoring activities to be performed by King County and other entities 
as part of river-scale and project-specific monitoring efforts.  

River-scale monitoring efforts included biennial aerial photographs and LiDAR data 
collection, a 2009–2011 Cedar River Large Wood Study conducted by King County, as well 
as annual Chinook and sockeye salmon spawner surveys conducted by a collaborative team 
of staff from Seattle Public Utilities, Washington Department of Fish and Wildlife, and King 
County. In addition, King County staff conducted a vegetation assessment in planted areas 
and gravel bars in the project area. Results of spawner surveys are described in annual reports 
published by the Washington Department of Fish and Wildlife, which are available at 
http://wdfw.wa.gov. Results of the large wood study and vegetation assessment are 
summarized in Appendix B. The project was also included in the SRFB state-wide 
monitoring effort, and monitored for in-stream habitat and juvenile fish in 2005, 2006, 2009, 
2011, and 2013 (RCO 2013). 

In recent years, a number of studies related to developing performance standards, metrics, 
and measurement techniques have been undertaken in the Cedar and other County rivers, and 
include both biological and geomorphological monitoring parameters (USGS 2012). The U.S. 
Geological Survey (USGS) published a series of reports and proposed an analytical 
framework of key biological and geomorphological parameters for analysis of river 
restoration projects based on data collected from the Cedar River (Magirl et al. 2012). The 

http://wdfw.wa.gov/
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USGS suggested six broad categories into which both biologic and geomorphic parameters 
could be organized. The study further sought to identify 14 key geomorphic parameters for 
future monitoring (Magirl et al. 2012). This work continues to evolve, and sets an important 
context for on-going river restoration project effectiveness monitoring along the Cedar River. 

1.6 STUDY APPROACH AND EXPECTATIONS 
The approach used in this study is a simplified adaptation of an approach to measuring river 
restoration effectiveness, as developed by King County for another project on the middle 
Green River (Latterell 2008). The approach was modified for this study based on limited pre- 
and post-project data availability. While some baseline data were collected by King County 
to document site conditions before the project was implemented, flooding immediately post-
construction precluded collecting high quality as-built bathymetric data. The details of the 
baseline data are discussed in Section 2 of this report. This study is based on best available 
data including aerial photographs, LiDAR elevations, bathymetry, and surveyed cross-
sections within the project reach. These data can be used to explore and compare many 
important aspects of the pre- and post-restoration condition at the project site.  

King County has provided several specific study goals tied to study objectives to measure the 
outcome of restoration efforts (see Table 1 in Section 2 for details). The goals focus on 
measuring changes within three primary categories within the riverine environment: 
1) channel processes (the movement and rate of channel migration, and the rate of scour and 
erosion within the channel); 2) changes in aquatic edge habitat (the type and extent of off-
channel rearing and refuge habitat available to aquatic species pre- and post-project); and 
3) changes in floodplain vegetation (area and type) within the riparian zone. 
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2 METHODS 

2.1 STUDY ANALYSIS METHODS 
Baseline data were collected from aerial photographs, LiDAR elevation, bathymetry, and 
cross-sections in an effort to monitor pre- and post-project conditions. While not all the data 
are comparable year to year and location to location, the data nonetheless allow for a 
quantification of changes to the channel, the movement of sediment and water through the 
channel, and vegetative changes within the riparian corridor since the project was completed 
in 2008. Table 1 lists the available data sets, metrics, and limitations. 

Table 1. Data Sets Available for Cedar Rapids Post-Project Assessment 

Data 
Years Available 

(source) 
Features Delineated to Calculate 

Metrics Limitations 
Aerial 
Photographs 

2007, 2009, 2010, 
2011 

 Channel thalweg  
 Channel migration direction 
 Bank and edge habitat 
 Riparian habitat1 

Seasonal differences 
in flows and in 
photographs create 
challenges to 
accurately delineate 
channel boundaries 
and floodplain 
vegetation types. 

LiDAR 
Elevations 

2002, 2010, 2011  Scour and deposition above 
bankfull depth 

 Number, length, and area of 
side channels 

 Length and width and area 
calculations of channel edge 
habitat2 

2010 and 2011 data 
are high resolution; 
2001 is lower 
resolution; a 
countywide survey 
pre-dates some pre-
project flooding. 

Bathymetry 
and Cross-
Sections 

Bathymetry: 2010, 
2011 

 
Cross-Sections: 2008  

 

 Cross-sectional area 
 Scour and deposition below 

bankfull depth 
 Number and area of side 

channels 
 Thalweg heterogeneity 
 Change in thalweg length 

No pre-project 
bathymetry. 

1  Riparian habitat for this study includes forest, understory (which includes shrub and herbaceous ground cover), bare ground 
(cleared by river and flooding processes) and cleared ground (where cleared ground was intentionally cleared for project or 
staging areas). 

2  Channel edge habitat, for the purposes of this study, includes primary channel, secondary mainstem channels, side channels, 
backwaters, bar edges, bank edges, and pools and ponds within the floodplain. 

The geographic information system (GIS) program, ArcGIS (ESRI version 10.1), was used to 
delineate and quantify changes using the available data listed in Table 1. The GIS-based 
analysis methods are provided in Appendix D. 

2.2 STUDY GOALS AND OBJECTIVES  
This study measures and quantifies the effects of the 2008 Cedar Rapids project on channel 
processes, aquatic edge habitat, and riparian processes that lead to vegetation establishment in 
the floodplain. Study goals and objectives are specified in Table 2.  
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Table 2. Study Goals and Objectives  

Category  Goal Objective 
Channel 
Processes 

C12 Lateral channel migration will increase. Quantify channel migration rates. 

 C2 Increased scour and deposition will 
cause streambed and floodplain 
heterogeneity to increase. 

Map changes in streambed and floodplain 
elevation with maps generated from 
LiDAR and bathymetric surveys.  

Aquatic 
Edge 
Habitat 

A3 Channel width, length, branching, and 
associated edge habitat will increase.  

Quantify channel dimensions and 
changes in aquatic edge habitat from 
aerial photographs and elevation data.  

Riparian 
Habitat 

R1 Floodplain vegetated patches will 
erode. 

Quantify change in vegetation patch size 
and change in vegetation community 
composition and cover (forest, shrub, 
bare ground) based on comparison of 
digitized aerial photographs from 2007, 
2009, 2010, and 2011. 

 

The study objectives in Table 2 were evaluated by determining the metrics provided in 
Table 3 using existing data sets. New field data were not collected for this study.  

Table 3. Evaluation Metrics 

Category Evaluation Metric (Indicators) Unit 
C1 Median channel movement rate/bank retreat for each 

mechanism and direction (e.g., channel migration to the 
right) 

m/yr-1 

C2 Deposition rate and extent m3 km-1yr-1, ha2 km-1yr-1 
 Scour rate and extent m3 km-1yr-1, ha2 km-1yr-1 
 Change in streambed heterogeneity along thalweg and 

entire bankfull channel 
bankfull water depth 

A3 Primary channel 
Secondary mainstem channels 

m km-1, ha km-1 

m km-1, ha km-1 

 Side channels m km-1, ha km-1 

 Backwaters m km-1, ha km-1 

 Bar edge m km-1, ha km-1 

 Bank edge m km-1, ha km-1 

 Pools and ponds (various types) No. km-1, ha km-1 
 Spring brooks No. km-1, ha km-1 
 Channel width m 

R1 Erosion rate for each vegetated patch type m, ha km-1 
 Average area for each vegetated patch type ha km-1 

Units: m = meter; m3 = square meter; ha = hectare; km = kilometer; m/yr = meters per year 

                                                      

2 These metrics (C1, A3, R1) are generally based on metrics used in Latterell (2008). The metrics were 
simplified for the purposes of this study, and a new metric, C2, was developed for this study. 
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Pre- and post-project conditions were assessed using baseline data provided by King County, 
as detailed in Table 1 and methods for channel processes, riparian processes, and aquatic 
habitat generally as described in Latterell (2008), and metrics listed in Table 3.  Aquatic Edge 
Habitats were defined following Hauer et al. (2007).  For the purposes of this study, riparian 
habitats were defined as forest, understory (which includes shrub and herbaceous ground 
cover), bare ground (cleared by river and flooding processes), and cleared ground (where 
cleared ground was intentionally cleared for project or staging areas). The amount and type of 
riparian vegetation recruited to the river channel affects the habitat structure, complexity, and 
function of in-stream habitats, together with other inputs from upstream and manmade 
alterations. Therefore, this metric measures the change in riparian vegetation patch size and 
community composition in an attempt to understand how these changes may be affecting in-
stream habitat complexity over time. Changes in forest, understory (shrub and herbaceous), 
and bare ground are quantified using aerial photography. Cleared ground was delineated and 
quantified separately from bare ground because it was cleared for project construction 
purposes rather than through riverine processes. Variability in aerial images may result in 
some inconsistencies in “year to year” habitat area delineations. The season and time of day 
during the aerial image photographing process affects shadow lengths and shadow angles, 
which can impact analysis. Images taken during different seasons affect the amount and 
density of leaf cover of both the overstory (forest) and understory (shrub and herbaceous 
ground cover). Additionally, photograph resolution or quality may affect the analysis, 
although the delineations were performed at a specific scale throughout the delineation 
process to attempt to mitigate the impacts that could occur from differing image resolution or 
quality. All habitat areas were digitized on aerial photographs for data years 2007, 2009, 
2010, and 2011, in order to evaluate change in vegetative composition and cover type over 
time within the study area. 
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3 RESULTS 

3.1 CHANNEL PROCESSES 

3.1.1 Channel Migration (C1) 
Figure 5 shows the channel migration from 2007 to 2009 and Table 4 quantifies the migration 
rates by direction and mechanism during this period. Channel migration was measured at 
200-foot intervals along the river reach, beginning at the upstream end, following project 
methods adapted from Latterell (2008). As indicated in Table 4, the channel migrated to the 
left by 40.2 m in the upper reaches of the project site from 2007 to 2009. Channel avulsion, 
by 48 m in the central portion of the project reach, occurred following the January 9, 2009 
flood event. An avulsion is defined as the river channel moving wholesale across a defined 
bar, resulting in a new primary channel. Appendix E provides photographic evidence of this 
flood event. 

Table 4. Channel Migration Rates 2007 to 2009 

Direction Mechanism Median Distance (m) Median Rate (m yr-1) 
Left Lateral migration 40.170 20.085 
Right Avulsion 47.983 23.991 

 
Lateral migration 8.095 4.048 

  Indeterminant 1.946 0.973 

 

During November 2008 and again in January 2009, the Cedar River experienced heavy 
flooding. During the January 9, 2009 flood, the U.S. Geological Survey (USGS) gauge 
12119000 at Renton recorded a peak flow of 9,390 cubic feet per second (cfs) and a water 
height of 16.27 feet3. This was the second highest flood of record since 1945 at this gauging 
station (USGS 2013). The January 9, 2009 flood was exceeded only by the Thanksgiving Day 
Flood of November 24, 1990, when a gauge height of 17.13 feet and a flow rate of 10,600 cfs 
were recorded at this gauging station.  

The November 2008 flood initiated channel widening and lateral migration, including 
relocation and dislocation of some of the log structures installed during the 2008 Cedar 
Rapids project. The January 9, 2009 flood resulted in further mobility of the log structures, 
several of which floated downstream as far as the Williams Avenue North Bridge at RM 1.6; 
in addition, river flow expanded in the side channels and across the floodplain.  

As previously noted, in 2012 USGS findings documented changes in channel migration on 
the Cedar River between 1936 and 2011 at 1m/year in armored reaches, as compared to 
8m/year in unarmored reaches (Magirl et al, 2012). Channel migration rates between 2007 
and 2009 support these findings, documenting a significant increase in channel migration 
post-project. 

                                                      

3 USGS 12119000 Cedar River at Renton, WA, data available on-line at: 
http://nwis.waterdata.usgs.gov/wa/nwis/peak?site_no=12119000&agency_cd=USGS&format=html 
The January 9, 2009 flood is exceeded only by the 1991 Thanksgiving Day Flood of November 24, 
1991 with a recorded gauge height of 17.13 feet, and a flow rate of 10,600 cfs at this gauging station. 

http://nwis.waterdata.usgs.gov/wa/nwis/peak?site_no=12119000&agency_cd=USGS&format=html
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Figure 5.
Channel Migration Rate (C1) 

2007 to 2009

Orthophoto Date:  Summer 2007

Channel Migration Mechanism (2007 to 2009)
Avulsion
Lateral Migration
Indeterminant
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Figure 6 shows channel migration between 2009 and 2010, and Table 5 quantifies and 
summarizes the migration rates by direction and mechanism during this timeframe. Between 
2009 and 2010, the channel migrated left a median distance of 2.8 m at a rate of 1.4 m/yr-1. 
The median distance of right channel migration during this timeframe was 2.3 m, with a 
median rate of migration of 1.4 m/yr-1. 

Table 5. Channel Migration Rates between 2009 and 2010 

Direction Mechanism Median Distance (m) Median Rate (m/yr-1) 

Left 
Lateral 
migration 2.796 1.398 

  Switching 3.561 1.780 

Right 
Lateral 
migration 2.309 1.155 

  Indeterminant 0.601 0.301 
 

Figure 7 shows channel migration between 2010 and 2011, as well as the avulsion that 
occurred during this timeframe. The avulsion, which is quantified in Table 6, moved the 
channel 76.214 m toward the right bank during a flood event on January 18, 2011. During 
that flood event the gauging station recorded a peak flow of 5,870 cfs, with the gauge reading 
at 13.41 feet (USGS 2013).  

Table 6. Channel Migration Rates 2010 to 2011 

Direction Mechanism Median Distance (m) Median Rate (m/yr-1) 
Left Avulsion 1.931 0.966 

  
Lateral 
migration 9.764 4.882 

Right Avulsion 76.214 38.107 

 

Lateral 
migration 2.197 1.099 

  Switching 6.189 3.094 

 

Figure 8 shows channel migration, including the above-mentioned avulsion between 2010 
and 2011, set against a 2011.  

The 2008 Cedar Rapids project appears to have effectively restored riverine processes related 
to channel migration, allowing the channel within the project reach to migrate across the 
floodplain in response to flow conditions. This can be seen by looking at channel migration 
over a longer timeframe, as shown in Figure 9, which maps channel migration between 1936 
and 2011. The levee and revetment, historically present between RM 7.2 and 7.6 were very 
effective at constraining the active channel, particularly between 2002 and 2007. The 
formerly constrained river reach is visible between 2002 and 2006 in Figure 9 (2002, 2005, 
and 2006). Setting back the Ricardi Levee on the right bank and the Riverbend Revetment, 
which was also reconfigured into a levee on the left bank, has increased the rate of channel 
migration, as shown in Figure 9. The expanded channel migration zone, following levee 
setback at Cedar Rapids, is clearly visible during 2009, 2010, and 2011. 
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Figure 6.
Channel Migration Rate (C1) 

2009 to 2010

Orthophoto Date:  Spring 2009

Channel Migration Mechanism (2009 to 2010)
Avulsion
Lateral Migration
Switching
Indeterminant
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Figure 7.
Channel Migration Rate (C1) 

2010 to 2011 with March 2010 Orthophoto

Orthophoto Date:  March 2010

Channel Migration Mechanism (2010 to 2011)
Avulsion
Lateral Migration
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Figure 8.
Channel Migration Rate (C1) 

2010 to 2011 with Summer 2011 Orthophoto

Orthophoto Date:  Summer 2011

Channel Migration Mechanism (2010 to 2011)
Avulsion
Lateral Migration
Switching



 



Approximate Active Channel
1936-2011 Historic CMZ
USGS 2002 CMZ
USGS 2005 CMZ
USGS 2006 CMZ
USGS 2009 CMZ
USGS 2010 CMZ
USGS 2011 CMZ
River Reach Limit

0 150 300

Feet

¯

Pr
ep

are
d f

or 
Kin

g C
ou

nty
 by

 Pa
ram

etr
ix,

 In
c.:

 U
:\B

ell
\Pr

oje
cts

\C
lie

nts
\15

21
-K

ing
 C

nty
\24

7-1
52

1-1
09

 C
ed

ar 
Ra

pid
s L

ev
ee

\99
Sv

cs
\G

IS\
PH

60
0_

LiD
AR

-G
IS\

Fig
6_

C2
_C

ha
nn

elM
igr

ati
on

Zo
ne

s_
20

13
12

31
.m

xd
, 1

2/3
1/2

01
3.

Approximate Active Channel
1936-2011 Historic CMZ
USGS 2002 CMZ
USGS 2005 CMZ
USGS 2006 CMZ
USGS 2009 CMZ
USGS 2010 CMZ
USGS 2011 CMZ
River Reach Limit

Orthophoto Date:  Summer 2011

Figure 9.
Channel Migration Zones 1936 - 2011



 



Cedar Rapids Post-Project Channel Change Evaluation  
King County Water and Land Resources Division 

 

December 2013 3-15 

3.1.2 Scour and Erosion (C2) 
Another way to assess river restoration is by measuring the rate of scour and sediment 
deposition within the mainstem channel before and after the 2008 Cedar Rapids project. 

LiDAR elevation maps from 2002, 2010, and 2011 were analyzed to evaluate river scour and 
deposition within the project reach. Although no pre-project bathymetry was available, cross-
sections were available for 2008, and bathymetric data were collected for 2010 and 2011.  

Figure 10 shows scour and deposition based on LiDAR elevation and bathymetry between 
2002 and 2010. Because no bathymetric data were available for 2002, the volume estimates 
from this calculation (shown in Table 7) do not account for any in-river changes, other than 
differences in river surface elevations. It should be noted that accuracy of LiDAR elevations 
for the river surface may have also been affected by the reflectivity of the water surface. It 
should also be noted that while Table 7 contains data for an eight year timeframe (between 
2002 to 2010), while Table 8 compares scour and deposition rates for a one year timeframe 
(from 2010 to 2011).  

Table 7. Scour and Deposition Rates 2002 versus 2010 

Type 
Volume 

(m3) Rate (m3 km-1 yr-1) 
Volume 

(ha) Rate (ha km-1 yr-1) 
Scour 56,420 12,671 4.708 1.057 
Deposition 6,811 1,530 0.916 0.206 

Note: Study area axis length of 0.557 km used for rate calculation 

Table 8. Scour and Deposition Rates 2010 versus 2011 

Type 
Volume 

(m3) Rate (m3 km-1 yr-1) 
Volume 

(ha) Rate (ha km-1 yr-1) 
Scour 14,208 25,528 1.387 2.492 
Deposition 9,665 17,366 1.500 2.694 
Note: Study area axis length of 0.557 km used for rate calculation 

Figure 11 shows scour and deposition based on LiDAR elevation and bathymetry for 2010 
versus 2011. Because of the nature of the LiDAR data collected (e.g., different capture dates 
and methods, different vegetative conditions, and inherent variation between “actual” X, Y, 
and Z values and those captured during the survey), there are differences in elevations 
between the two data layer pairs (2002 vs. 2010 and 2010 vs. 2011) in places where no 
elevation change has actually occurred. Elevation changes in the range of -1 foot to 1 foot 
likely capture this “noise,” along with any real elevation changes in that range. Because of 
this “noise,” elevation changes within this range were not included in the calculation of scour 
and deposition rates. Table 8 displays rates of scour and deposition within the study area 
between 2010 and 2011.  
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Figure 10.

Scour and Deposition (C2) 
2002 versus 2010 LiDAR Elevation Data

Orthophoto Date:  March 2010

Note: Elevation changes between -1' and 1' are not 
shown. Elevation changes within this range may be 
more likely due to differences in data sets used rather 
than actual elevation changes over time.
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Figure 11.

Scour and Deposition (C2) 
2010 versus 2011 LiDAR Elevation Data

Orthophoto Date:  Summer 2011

Note: Elevation changes between -1' and 1' are not 
shown. Elevation changes within this range may be 
more likely due to differences in data sets used rather 
than actual elevation changes over time.

Change in Elevation within Active Channel
2011 - 2010 (feet)

<= -14
> -14 to <= -13
> -13 to <= -12
> -12 to <= -11
> -11 to <= -10
> -10 to <= -9
> -9 to <= -8
> -8 to <= -7
> -7 to <= -6
> -6 to <= -5
> -5 to <= -4
> -4 to <= -3
> -3 to <= -2
> -2 to <= -1
> 1 to <= 2
> 2 to <= 3
> 3 to <= 4
> 4 to <= 5
> 5 to <= 6
> 6 to <= 7
> 7 to <= 8
> 8 to <= 9
> 9 to <= 10
> 10
Approximate Active Channel
River Reach Limit



 



Cedar Rapids Post-Project Channel Change Evaluation  
King County Water and Land Resources Division 

 

December 2013 3-21 

Figure 12 shows the location of cross-section surveys completed by King County in 2008 in 
plan view. The LiDAR elevation and bathymetry data from 2010 and 2011, including profiles 
of the floodplain for 2010 and 2011, were superimposed onto the 2008 cross-sections. The 
cross-sections shown in Figures 13 through 18 demonstrate the degree of scour and 
deposition within the channel reach since 2008. Additional cross-sectional figures that 
display the width of the entire floodplain are included in Appendix F. 

Note that the difference in the rates of scour and deposition between Table 7 (2002 vs. 2010) 
and Table 8 show a change in the rate of scour from 1.057 km/year (over an 8 year 
timeframe) to 2.492 km/year from 2010 to 2011 (a one year timeframe), and from 0.206 
km/year of deposition between 2002 vs. 2010 to 2.694 ha km-1 yr-1 between 2010 and 2011. 
These tables, and the accompanying graphics, document a lack of channel movement 
between 2002 and 2008, and a significant increase in the rate of scour and deposition between 
2010 versus 2011, as compared to the 2002 to 2008 pre-project implementation timeframe. 

3.2 AQUATIC EDGE HABITAT (A3) 
Aquatic habitat is a significant determinant of the quantity and quality of suitable 
salmonid habitat in riverine ecosystems (Johnson and O'Neill, 2001). The structure and 
abundance of aquatic habitat affect how and where materials are distributed in the channel 
and in the broader riparian area. For purposes of this study, aquatic edge habitat was 
defined as the primary channel, secondary mainstem channels, side channels, backwaters, 
bars, ponds and spring brooks, and measurements of these features were carried out using 
a simplified version of methods developed by King County to assess a habitat restoration 
project on the Green River (Latterell, 2008). Spring brooks are channelized areas that 
seasonally lack a complete surface water connection with the river, but continue to have 
water flowing through them in one direction (Hauer et al. 2007).  Only the surface water 
portions of the spring brooks were delineated to determine the area of this aquatic habitat. 
The minimum, maximum, average, and median channel widths were measured at stations 
spaced at 100-foot intervals as shown in Figure 19, and the areas of aquatic habitat types 
were measured throughout the project reach using aerial photographs. A summary of the 
minimum, maximum, average and median widths for years 2007, 2009, 2010 and 2011 are 
included in Table 9. Details of these measurements for each 100-foot station are included in 
Appendix G for all years. Aquatic edge habitat areas for 2007 are identified on Figure 19, and 
are quantified in Table 10. Four aquatic edge area habitat types existed in the project reach in 
2007. 

Table 9. Aquatic Edge Habitat—Summary of Channel Widths 2007 to 2011 

Summary Statistic 2007 2009 2010 2011 
Number of 100-foot Splits 19 18 18 18 
Minimum Width (m) 14.980 19.305 21.051 19.728 
Maximum Width (m) 32.215 189.059 217.567 237.827 
Average Width (m) 21.161 69.996 66.506 95.874 
Median Width (m) 18.658 52.375 53.141 75.627 

Note: Channel width was measured every 100 feet along the channel thalweg. 
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Figure 12.
Scour and Deposition (C2) 

Plan View for Cross Section Profiles

Orthophoto Date:  2011



 



Figure 13
Section A-A





Figure 14
Section B-B





Figure 15
Section C-C





Figure 16
Section D-D





Figure 17
Section E-E





Figure 18
Section F-F
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Orthophoto Date:  Summer 2007

Figure 19.
Aquatic Habitat/Edge Characteristics (A3) 

2007
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As shown in Table 10, prior to construction, aquatic habitat within the project reach was 
fairly uniform, and only eight instances of four aquatic habitat types—primary channel, 
bar, second channel and pond—totaling 13,939 m2, the great majority of aquatic habitat 
consisted of the primary channel, present within the largely single-thread channel 
constrained by the Ricardi levee on the right bank and the Riverbend Upper revetment on 
the left bank. 

Table 10. Aquatic Edge Habitat in 2007 

Area Habitat Type Number of Features Area (m2) Area (ha) Area (ha km-1) 
Primary Channel 1 13,939 1.394 2.504 

Bar 4 672 0.067 0.121 

Secondary Channel 2 179 0.018 0.032 

Pond 1 997 0.100 0.179 
 

As shown in Table 11 and in Figure 20, in 2009, several months after construction and 
two large flood events, 10 instances of five habitat types—primary channel, bar, 
secondary channel, side channel and backwater—were present totaling 38,392 m2, a 2.4-
fold increase over the habitat area measured in 2007. The majority of the habitat present 
in 2009 consisted of the primary channel, but bar habitat, secondary channel habitat, and 
side channel habitat expanded substantially compared to the year before, and a backwater 
habitat was observed for the first time following construction. 

Table 11. Aquatic Edge Habitats in 2009 

Area Habitat Type Number of Features Area (m2) Area (ha) Area (ha km-1) 
Primary Channel 1 22,468 2.247 4.037 
Bar 5 10,605 1.060 1.905 
Secondary Channel 2 1,379 0.138 0.248 
Side Channel 1 1,327 0.133 0.238 
Backwater 1 2,313 0.231 0.416 
Note: Study area axis length of 0.557 km used for rate calculation   

As shown in Table 12, and in Figure 21, in 2010, a total of 10 instances of the same five 
habitat types observed in 2009 were present. The total habitat area, 37,158 m2, decreased 
slightly compared to the year before. Backwater habitat substantially decreased compared 
to the amount measured in 2009, but for the first time the area of the primary channel was 
exceeded by the total area of the other four habitat types. 

Table 12. Aquatic Edge Habitats in 2010 

Area Habitat Type Number of Features Area (m2) Area (ha) Area (ha km-1) 
Primary Channel 1 17,521 1.752 3.148 
Bar 7 17,866 1.787 3.210 
Secondary Channel 2 1,893 0.189 0.340 
Side Channel 2 1,343 0.134 0.241 
Backwater 1 535 0.054 0.096 
Note: Study area axis length of 0.557 km used for rate calculation   
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Orthophoto Date:  Spring 2009

Figure 20.
Aquatic Habitat/Edge Characteristics (A3) 

2009
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Orthophoto Date:  March 2010

Figure 21.
Aquatic Habitat/Edge Characteristics (A3) 

2010
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As shown in Table 13 and Figure 22, a total of 17 instances of six habitat types including 
one new habitat, spring brook, totaling 49,138 m2, was present, a 3.1-fold increase over the 
total habitat area measured in 2007. Bar habitat was more extensive than any other habitat 
type, but substantial amounts of secondary channel side channel and backwater habitat 
were also present. 

Table 13. Aquatic Edge Habitats in 2011 

Area Habitat Type Number of Features Area (m2) Area (ha) Area (ha km-1) 
Primary Channel 1 15,878 1.588 2.853 
Bar 9 24,929 2.493 4.479 
Secondary Channel 3 2,963 0.296 0.532 
Side Channel 1 1,624 0.162 0.292 
Backwater 1 2,756 0.276 0.495 
Spring Brook 2 988 0.099 0.177 
Note: Study area axis length of 0.557 km used for rate calculation   

 

Summary statistics for aquatic edge habitat measurements represented by the number of 
1 0 0 -foot splits, and channel widths in 2007, 2009, 2010 and 2011 are presented in Table 
9. The number of 1 00-foot splits remained relatively unchanged following construction, 
but channel widths increased dramatically after the channel constraints were set back. 
Taken together, the habitat measurements indicate that the total quantity, complexity and 
availability to salmonids and other biota of aquatic edge habitat approximately tripled as a 
result of setting back channel constraints and allowing recruitment of vegetation, sediment 
and wood within the project reach. 
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Riparian Processes (R1) 

Figures 23 through 26 show the extent of floodplain vegetation present in 2007, 2009, 2010, 
and 2011, respectively. Forest, understory (including both shrub and herbaceous vegetation), 
and bare ground are also quantified for each year in Tables 14, 15, 16, and 17. Emergency 
repairs, wood structure removals, and removals of naturally recruited wood occurred between 
2008 and 2011, and additional ELJ installation occurred in 2010 and 2011. For the purpose of 
this analysis, the areas cleared for staging purposes have been categorized as ‘cleared’ and 
not included in area vegetation community area calculations for that year, even though these 
areas will become densely vegetated in the future. 

Table 14. Floodplain Vegetation 2007 

Habitat Type Number of Patches 
Area 
(m2) 

Area 
(ha) 

Average Area 
(ha) 

Average Area 
(ha km-1) 

Forest 31 60,152 6.015 0.194 0.349 
Understory 31 56,606 5.661 0.183 0.328 
Bare Ground 17 6,706 0.671 0.039 0.071 
Pond 1 831 0.083 0.083 0.149 

Note: Study area axis length of 0.557 km used for rate calculation 
   

Table 15. Floodplain Vegetation 2009 

Habitat Type Number of Patches 
Area 
(m2) 

Area 
(ha) 

Average Area 
(ha) 

Average Area 
(ha km-1) 

Forest 21 64,658 6.466 0.308 0.553 
Understory 25 23,004 2.300 0.092 0.165 
Bare Ground 20 24,223 2.422 0.121 0.218 

Note: Study area axis length of 0.557 km used for rate calculation 
   

Table 16. Floodplain Vegetation 2010 

Habitat Type Number of Patches 
Area 
(m2) 

Area 
(ha) 

Average Area 
(ha) 

Average Area 
(ha km-1) 

Forest 15 72,205 7.221 0.481 0.865 
Understory 11 20,541 2.054 0.187 0.336 
Bare Ground 15 23,101 2.310 0.154 0.277 

Note: Study area axis length of 0.557 km used for rate calculation 
   

Table 17. Floodplain Vegetation 2011 

Habitat Type Number of Patches 
Area 
(m2) 

Area 
(ha) 

Average Area 
(ha) 

Average Area 
(ha km-1) 

Forest 29 57,531 5.753 0.198 0.356 
Understory 21 22,050 2.205 0.105 0.189 
Bare Ground 20 24,497 2.450 0.122 0.220 
Cleared Ground 8 10,766 1.077 0.135 0.242 

Note: Study area axis length of 0.557 km used for rate calculation 
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The formerly relatively static channel through this reach has become dynamic and active, 
shifting across the floodplain and continually recruiting vegetation and materials that 
contribute to habitat formation within the reach and downstream. Forested area decreased 
between 2010 and 2011 from 7.2 ha to 5.8 ha reflecting a decrease in the site’s potential to 
recruit wood into the river system. Almost all of the clearing conducted during the 2008 
project occurred in weed-infested areas, therefore, most of the lost habitat can be attributed to 
bank scour and channel avulsion. Also noteworthy is the central portion of the site, around 
which the channel avulsed in 2011. The 2011 aerial photograph (Figure 26) shows the 
subsequent development of a shrub-dominated community at this location. This area is also 
being colonized by invasive plants. This portion of the project site may evolve into mature 
forest, be overtaken by invasive shrubs or knotweed with low habitat value, or scoured by 
future channel migrations.  

Forested patch recruitment within the riparian corridor has increased since 2008. In addition 
to this change, the large wood study data indicate that the site is recruiting as much, if not 
more, large wood than it is exporting. The site could have the potential to aggrade wood over 
time barring management interventions to remove large wood.  

The results of this study are supplemented by King County’s vegetation assessment study 
within the project reach, summarized in Appendix B. That study documented that vegetation 
within study area plots was meeting established percent cover by year five (2013), and that 
riparian habitat and plant communities were on trajectory for successful restoration (see 
Appendix B). 
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Figure 23.
Floodplain Vegetation (R1) 

2007
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Figure 24.
Floodplain Vegetation (R1) 

2009
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Figure 25.
Floodplain Vegetation (R1) 

2010
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4 DISCUSSION 
This study provides a post-project retrospective of channel changes, changes in rates of scour 
and erosion, changes in the extent and number of aquatic edge habitats, and changes in the 
extent and type of vegetation at the Cedar Rapids project reach between 2008 and 2011. This 
is one of the first river restoration projects to be implemented on the Cedar River; therefore, 
no standardized river restoration project monitoring protocols existed at the time this project 
was completed.  

Since 2008 significant work has occurred along the Cedar River and several other rivers 
within the region to restore riverine, riparian and floodplain habitat and develop a 
standardized approach to baseline data collection and monitoring protocols. In addition to the 
work being done by King County to provide a standardized analytical monitoring framework 
for river restoration projects, the USGS has developed an over-arching analytical framework 
for monitoring key biological and geomorphological metrics on the Cedar River. The SRFB 
has also funded the establishment of a standardized approach to monitoring fish habitat use 
(RCO, 2013). The results of this study should be considered in the context of this on-going 
work.  

Channel Migration  

From 2007 to 2009, median channel migration rates in the study reach documented left lateral 
channel migration at a median rate of approximately 20 meters per year, and right channel 
migration at a median rate of approximately 4 meters per year following significant flooding 
in 2009. From 2009 to 2010, the median left channel migrated at a rate of 1.4 m, with a 
median switching rate of 1.8 m, and a median right channel migration rate of 1.2 m. Channel 
migration rates from 2010 to 2011 capture the channel avulsion that occurred in 2011, which 
resulted in an avulsion to the right a median distance of 76 m, with a median rate of 31.1 m. 

Scour and Deposition 

After remaining relatively constant from 2002 to 2008, scour rates increased between 2010 
and 2011 by a rate of 2.5 ha km-1 yr-1 with deposition within the reach increasing at a rate of 
2.7 ha km-1 yr-1. 

Aquatic Edge Habitat 

The data collected for this study demonstrate an increase in channel width within the project 
reach from an average width of 21.2 m in 2007, to an average width of 70 m in 2009, to an 
average width of 66.5 m in 2010, and an average width of 95.9 m in 2011. During this same 
timeframe, aquatic edge habitat types increased from 8 habitat types in 2007, to 17 habitat 
types in 2011.  

Floodplain Vegetation 

The data collected for 2007, 2009, 2010, and 2011 document that the site is recruiting native 
trees and shrubs as well as invasive plants. The formerly relatively static channel through this 
reach has become dynamic and active, shifting across the floodplain, and continually 
recruiting vegetation and materials that contribute to habitat formation within the reach.  

All of these factors support increased flood storage due to removal of channel constraints and 
restoration of hydraulic connections with increased channel migration zone post-project, 
including increased off-channel rearing and refuge habitat, as documented by the increase in 
available aquatic edge habitat between 2007 and 2011.  

Removing the Cedar Rapids setback levee in 2008 increased the rate of channel migration 
through the river reach. This project also documented the increase in the extent of scour and 
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deposition that accompanied channel migration, documented the increase in aquatic edge 
habitat types and areas, as well as the changes in riparian vegetation in the floodplain. 
Documenting these geomorphic and habitat changes is an important contribution to 
understanding and predicting how river channels may respond to levee and revetment setback 
and removal projects in the Puget lowlands in the future. Furthermore, the analytical 
approach taken in this study has proven to be rapid and feasible and could be readily applied 
to the project to expand the overall knowledge of river restoration science in the region.  
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Cedar Rapids Floodplain Stewardship Plan 
 
Project Title: Cedar Rapids Floodplain 
SRFB Project Number: 04-1660R 
 
1. Introduction 
 
This Stewardship Plan outlines planned maintenance and monitoring activities for the Cedar 
Rapids Floodplain Restoration project, constructed in summer 2008.  The Stewardship Plan 
covers maintenance and stewardship activities planned through 2018. 
 
a. Background 
 
The Cedar Rapids project is one of a broad range of King County programs to reduce risk to 
people and property from river flooding and channel migration, improve riparian and instream 
habitat, and recover ESA-listed species by reconnecting the river and its floodplain to restore 
natural and dynamic floodplain functions.  The King County Flood Hazard Management Plan 
identifies the need for redesign and retrofit of flood management facilities, such as levees to 
reduce channel constriction.  The purpose of the Cedar Rapids project is to alleviate channel 
constriction and associated high water velocities in the project reach, increase instream habitat 
quality and quantity for salmonids, and restore riparian and floodplain habitat.  The project is 
also designed to reduce the risk of flood damage to nearby infrastructure and private property. 
 
b. Land Use History 
 
The Cedar Rapids reach flows through an approximately 30 acre forested area owned by King 
County and managed as open space.  Until recently, two single family homes occupied the site.  
These homes were located in the floodway and severe channel migration zone of the Cedar 
River.  The homes were both purchased through a flood buyout program in the early 1990s.   
The area is currently zoned RA5.  Adjacent land uses include a large equestrian farm upstream, 
a mobile home park immediately downstream on the left bank and low density residential 
downstream on the right bank.  A 1936 aerial photo shows an agricultural farm at the site of the 
current equestrian farm and a wide braided, meandering channel downstream of the project 
area with no residential properties.  It is interesting to note that as early as 1936 the roadway 
now known as SR-169, a.k.a. Maple-Valley Highway, constricted channel migration along the 
left bank of the river. 
 
2. Purpose – Landowner’s Goals 
 
The goals of the project are to:  
 
 Improve salmon habitat by alleviating existing channel constrictions within the above-

referenced river reach by relocating the Ricardi levee on the right bank several hundred feet 
from its existing location to the northern boundary of the project site.   

 
 Restore the floodplain, particularly on the right bank, which has been hydraulically 

disconnected from the river since the Ricardi Levee was constructed in the late 1960s.  The 
project also entailed removing rock armor from the margins of an artificial off-channel pond 
constructed by King County in the mid-1990s, and placing log clusters on a low bench 



excavated along the right bank and within the adjacent floodplain to help disperse 
floodwaters and encourage reoccupation of relict side channels.   

 
 Improve the hydraulic connectivity between the river and the floodplain adjacent to the left 

bank (which is currently over-steepened and eroding), by excavating a low vegetated 
bench, regrading the slope of the Riverbend Upper Revetment to a more stable slope angle, 
and installing clusters of large wood along the bank to attenuate water velocities.   

 
 Widen the channel cross section to improve flood conveyance at this location and lower 

floodwater velocities, thereby triggering aggradation of the main channel, which has been 
downcut by decades of channel confinement and flow concentration, resulting in coarsening 
of the riverbed, making the main channel only marginally suitable for salmon spawning and 
rearing. By decreasing the mean sediment particle diameter within the project reach, we 
expect that the aerial extent and quality of spawning habitat will increase beyond current 
levels, which are mainly present in narrow strips along the channel margins.   

 
 Restore a small right bank tributary which has been channelized and armored by removing 

bank armoring, placing clusters of large wood, removing invasive vegetation that currently 
line its banks, and revegetating the riparian zone with native vegetation.  

 
 Maintain existing levels of flood protection and set channel migration boundaries to protect 

nearby residential properties and infrastructure including the adjacent segment of the Cedar 
River Trail along the left bank, and SE Jones Road and a water district pump station on the 
right bank.   

 
3. Relationship to Other Actions or Plans 
 
The Cedar Rapids Floodplain Restoration project is a high priority recommendation of the 2005 
WRIA 8 Chinook Salmon Conservation Plan and the 2006 King County Flood Hazard 
Management Plan.  In addition, levee confinement, and the disconnection of the Cedar River 
from its historic floodplains, is identified as one of the key limiting factors for recovery in the 
watershed.   Therefore, removal or setback of the levees along the mainstem Cedar River is one 
of the highest priorities in the WRIA 8 Salmon Conservation Plan.   
 
4. Current Conditions (i.e., post project completion) 
 
Within days of completion of the project on October 31, a moderately large flood on November 
11, 2008 triggered changes in the as-built condition of the project, altering the positions of a 
number of the log clusters and causing modest retreat of the left bank along an outside bend of 
the river.  On January 8, 2009, the Cedar River experienced a very large flood, dramatically 
altering the as-built landscape and carving excellent new habitat features within the project site. 
 
a. Fish Use and Habitat 
 
Salmonids including Chinook regularly use the project reach for spawning, rearing and 
migration.  All habitat features including off-channel habitat, which was minimally present prior to 
construction, have improved dramatically due to recent channel migration and formation of log 
jams and gravel bars providing increased channel complexity and habitat values.  
 



b. Riparian Habitat 
 
The riparian corridor consists of an early mature forest of large cottonwood and alder dotted with 
some conifers.  Some large wood from upstream sources has been recruited along the channel 
margins and adjacent floodplain areas shoreline in this area and additional large trees from the 
on-site riparian corridor have fallen into the river, further contributing to instream log jams and 
shallow marginal habitat. 
 
c. Hydrologic Conditions 
 
The project has achieved the objective of decreasing flood risk to downstream properties.  
Homes that were severely damaged due to overland flow and bank scour during the previous 
flood of record in November 1990 remained completely dry in the January 2009 storm. 
 
d. Soils and Soil Stability 
 
The river has demonstrated an active channel migration pattern in this area within the 
boundaries formed by the setback levees on both banks.  This pattern is expected to continue 
with future flood events. 
 
e. Upland Habitat 
 
Upland areas were not included in this restoration project, though the large channel buffer 
provided by adjacent forested uplands will support the site’s ecological functions in the long 
term. 
 
f. Public Use 
 
During recent field visits, local residents have been seen picnicking and birding along the 
riverbanks and on newly formed gravel bars.  Boaters were frequently observed rafting and 
paddling through the project reach during construction, and the reach will undoubtedly continue 
to be popular with boaters. 
 
g. Cultural and Historic Resources 
 
Research of historical records and a field survey was conducted to study the site’s potential to 
contain archaeological and cultural artifacts in early 2008.  An archaeological, cultural and 
historical (ACH) report prepared by Paragon Research Associates in March 2008 concluded 
that though the project area was used in precontact times and may have been the location of an 
ethnographic village, the channel migration zone and geomorphology of the site itself is not 
conducive to the preservation of prehistoric materials.  No significant cultural resources were 
identified during the survey and subsurface investigation.  The report concluded that 
construction of this project would not affect historic properties. 
 
5. Desired Conditions 
 
(a-d) Fish use and habitat, Riparian, Hydrologic, Soils and Soil Stability 
 
The reach is expected to continue to function as a dynamic riverine system over time.  Scour 
and deposition locations will likely change with various flood events.  Ultimately the dynamic 



nature of this reach will continue to provide excellent habitat for salmonids including a healthy 
riparian corridor, as well as continue to reduce the risk of flood damages to nearby infrastructure 
and developed properties. 
 
e. Upland Habitat 
 
The upland forest areas adjacent to the project site will continue to mature.  The presence of 
these forests will help limit upland erosion problems.  The trees and other vegetation will also 
intercept rainfall thereby reducing storm event related surface water flows.  
 
f. Public Use 
 
The public will continue to have ready access to the reach via the Cedar River Trail, boats, and 
from the shoulder of SE Jones Road. 
 
g. Cultural and Historic Resources 
 
Because the site is not conducive to the preservation of prehistoric materials, future natural 
changes to the site will not affect ACH resources.   
 
6.  Maintenance and Monitoring schedule 
 
Due to the occurrence of the November 11, 2008 flood only days after completion of 
construction, there was not time to gather baseline project monitoring data immediately post 
construction.  Nevertheless, onsite conditions were well documented with ground photographs, 
and the locations of Chinook redds have been documented annually during the spawning 
season using GPS technology since the early 1990s.  Pre-project cross-sections were 
established along three transects within the project reach prior to construction, and the site was 
photographed from the air during a large flood in November 2006 and during summer low flow 
conditions in 2007.  This information provides an abundance of information about the baseline 
conditions of the site.  Project monitoring will continue starting in the spring of 2009 in 
accordance with the following schedule of activities. 
 
a. Planned activities including frequency and season: 
 
Maintenance and Monitoring 
Activities 

Frequency Timing 

Post-project LWD, Instream Habitat, 
and Vegetation Assessments 

Once Late spring or summer, 2009 

LWD Assessment Annually and during 
storm and flood 
events 

Annual inspection at low water, 
late summer: August-September 
Flood season: November-March 
at each Phase 3 (≥ 3,500 cfs) 
flood. 

In-Stream Habitat Assessment Years 1,3,5 Summer 
Chinook Spawner Survey* Annually September through November 
Juvenile Fish Use Survey Annually Late winter, early spring 
Vegetation Assessment Years 1,3,5 Late spring, summer 
Aerial Photo documentation* Biennially, and Winter (leaf-off) 



during large floods 
Ground Level Photo documentation Twice Annually Mid-summer and mid-winter 

through 2013 
Maintenance Needs Assessment Annual  Inspect in spring: March-May 
Maintenance Activities: 

 Watering 
 
 

 Invasive Species Control 
 
 

 Plant Replacement 
 
 

 LW Replacement or 
           Repositioning 

 
Bi-weekly/as- 
needed  
 
Once or twice per 
year 
 
Annually up to year 
3 
 
As needed  

 
Summer: July-September 
 
 
Spring: April/May, again in 
September if needed 
 
Fall/Winter: November-February 
 
 
As needed 

Effectiveness Review Once 2013 
*These monitoring activities are conducted in partnership with other King County programs.  The 
frequency and timing of these activities may be subject to change. 
 
b. Effectiveness review 
 
At five years (2013) monitoring results will be compiled into a project effectiveness review.  At 
this point, scientific monitoring--except for spawner surveys, which is expected to continue as 
part of an ongoing program--of the project site will conclude, and the project will transition into 
maintenance monitoring mode.  The project site will be monitored to assess structural 
maintenance needs in the spring through 2018 and beyond. 
 
The Cedar Rapids Floodplain project was one of several randomly selected Salmon Recovery 
Funding Board projects chosen for the Board-funded Reach-Scale Effectiveness Monitoring 
Program.  In 2005 and 2006 Tetra Tech monitored stream physical characteristics, fish data, 
and riparian characteristics at the Cedar Rapids project site.  These baseline data will serve as 
a reference for a follow-up effectiveness study conducted by the Board. 
 
7. Adaptive management plan 
 
This project site is a dynamic riverine system.  Project planners anticipate that over time the site 
will change, particularly in response to flood events and vegetative succession dynamics.  The 
key elements of project success will be to ensure continued retention of habitat forming riverine 
and vegetative functions and downstream flood protection.  This may be achieved largely 
through natural processes, but may also from time to time require active intervention.  The 
project team plans to monitor the site and adjust maintenance practices as needed to ensure 
the project retains its functionality.  Examples of specific actions that may occur to adapt to 
changing site conditions would be alteration of vegetation communities (particularly control of 
invasive species) and revised strategies for retention of large wood. 
 



8. Roles, Responsibilities, and Funding 
 
Funding and management for stewardship activities at the Cedar Rapids project will be provided 
by the King County River and Floodplain Management Section.  Stewardship activities will be 
performed by King County staff and/or contracted work crews and volunteers. 
 
9. Constraints and Uncertainties 
 
The King County Floodplain Management Program is funded by a special tax district, the King 
County Flood Control District.  The Cedar Rapids project is a “status quo” level funded project, 
meaning that it is a regular priority in the Program work plan.  Funding for all Program activities, 
including project stewardship, is subject to ongoing maintenance of the King County Flood 
Control District. 
 
10. Attachments: 
 
(a-b) Vicinity map and Site plan.  Click on .pdf icon below to access map and plan. 
 

 
 
c. Photos 
To be submitted separately. 
 
d. Permit requirements 
 
The following regulatory approvals were obtained: 
 

 A SEPA MDNS and Checklist were issued on July 11, 2007. 
 All substantive requirements of the federal Historic Preservation Act were met by 

December 31, 2008; and a Cultural Resources Survey was issued in March 2008.   
 A Streamined JARPA was issued on July 10, 2008. 
 The local jurisdiction, the King County Department of Development and Environmental 

Services, reviewed the Streamlined JARPA, and on July 24, 2008 waived requirements 
for a Grading Permit and Shoreline Substantial Development Permit Exemption. 

 The Washington Department of Fish and Wildlife approved use of the Streamline JARPA 
and issued a Hydraulic Project Approval on July 30, 2008. 

 
e. Monitoring protocols 
 
Monitoring protocols will be consistent with Washington State Department of Natural Resources 
and U.S. Environmental Protection Agency guidelines found in:   
 

Pleus, A. E., D. Schuett-Hames, and L. Bullchild. 1999. TFW Monitoring Program Method 
Manual for the Habitat Unit Survey. Prepared for the Washington State Dept. of Natural 
Resources under the Timber, Fish, and Wildlife Agreement. TFW-AM9-99-003. DNR 
#105. June. 
 



Peck, D.V., J.M. Lazorchak, and D.J. Klemm (editors). Unpublished draft. Environmental 
Monitoring and Assessment Program -Surface Waters: Western Pilot Study Field 
Operations Manual for Wadeable Streams. EPA/XXX/X-XX/XXXX.  U.S. Environmental 
Protection Agency, Washington, D.C. 



 



 

 

Appendix B 
King County Cedar Rapids Vegetation 

Assessment Summary 
 





Vegetation Assessment 

The Cedar Rapids vegetation assessment included three studies conducted concurrently on both planted 
areas and gravel bars in years 2011, 2012, and 2013. Study topics were vegetation cover, native seedling 
recruitment, and invasive plant recruitment. Vegetation cover, native woody seedling density and 
frequency, and invasive plant frequency were measured along permanent transects in 16 plots, 12 within 
planted areas and 4 on gravel bars. Flooding, construction activities, and vandalism, led to the destruction 
of study areas on five plots in the planted areas. The data presented below represent results from the 
averaging of plot statistics for 7 plots in planted areas and 4 plots on gravel bars. 

The site overall is meeting success criteria for native plant cover as defined in permit compliance 
documents, with planted areas exceeding and gravel bars approaching 35% cover by project year 5 
(2013). Invasive plants exceeded the regulatory threshold of no more than 10% cover in the final project 
monitoring year, 2013. The trajectory for native plant recruitment is positive, with substantial willow and 
black cottonwood recruitment to gravel bars and modest recruitment of red alder and bigleaf maple in the 
more upland planted areas. Native seedling recruitment continues and native seedlings recruited in 2011 
and 2012 are surviving and maturing. Invasive seedling recruitment and maturation is problematic with 
substantial ongoing recruitment of blackberries, knotweeds, and butterfly bush.  

These results indicate that the project has been successful to date in achieving parts of stated project 
objectives by restoring riparian habitat and plant communities through three mechanisms; 1) initial 
control of blackberries and knotweeds, 2) establishment of native plantings, and 3) successful restoration 
of gravel bar establishment processes and subsequent vegetation recruitment to those gravel bars. Due to 
ongoing recruitment and maturation of invasive plants however, native vegetation establishment will be 
under continuous threat and frequent maintenance intervention will be required to ensure the project site 
vegetation establishment continues in the desired trajectory.   

 

 

 

 



 
Figure A-1 – Vegetation Canopy Cover 

 

0

5

10

15

20

25

30

35

40

45

2011 2012 2013

V
e

ge
ta

ti
o

n
 P

e
rc

e
n

t 
C

o
ve

r
Vegetation Canopy Cover at the Cedar Rapids Restoration Project Site 

2011-2013

Native (Planted) Invasive (Planted)

Native (Gravel Bars) Invasive (Gravel Bars)

Native Plant Cover Goal Invasive Plant Cover Regulatory Threshold



 
 

 

1

10

100

1,000

10,000

100,000

2011 2011 2012 2012 2013 2013 2014

Black Cottonwood 
Natural Recruitment (stems/hectare)

Seedling (Planted) Nonseedling (Planted)

Seedling (Gravel Bar) Nonseedling (Gravel Bar)

1

10

100

1,000

10,000

100,000

2011 2011 2012 2012 2013 2013 2014

Willow Species Natural Recruitment 
(stems/hectare)

Seedling (Planted) Nonseedling (Planted)

Seedling (Gravel Bar) Nonseedling (Gravel Bar)



 

 
 

Large Wood Assessment 
 
A river-scale field study of large wood on the Cedar River was conducted during summer 
months in years 2009-2011.  Data collected included size, position, and geomorphic and habitat 
functions of large logs and log jams.  The purpose of the study was to pilot a large wood 
sampling and analysis protocol for the purpose of developing large wood budgets on King 
County rivers. The study methods proved to be repeatable and the data collected has provided 
valuable information for project planners seeking information about wood and recreation 
management on the Cedar River. Development of the wood budget model is in progress.  
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The Cedar Rapids reach was studied as part of this river scale effort, but was not included in the 
river-scale analyses because it is in transition from a confined to unconfined reach and several 
site variables used in the analysis are still in flux as the site adjusts to project actions. Data from 
the study is none the less informative in terms of providing a case study for site changes that may 
occur in the years after levee setback.  
Wood pieces were classified by length and diameter and tallied into bins of like dimension. Large wood 
pieces that were considered to have the potential to be “key piece” size were further measured for precise 
length and diameter, recorded geographically using a hand-held Garmin GPS device, and marked with a 
metal tag with a unique identification number. GPS locations and tag numbers were used to track which 
logs remained in each study reach after each flood season.  

Between 2008 and 2011 a variety of influences impacted the volume and placement of wood in the Cedar 
Rapids reach. In the original 2008 restoration project 180 logs were added to the project site in clusters of 
three anchored by large rocks.  Severe flooding in 2008, 2009, and 2011 moved both placed project wood 
and naturally recruited wood off the project site. A 2010 project repair included an addition of 
approximately 350 logs at fixed locations within 12 buried ELJ features. More than 100 of those logs 
were salvaged from the original 2008 project, which had been damaged by flooding in water year 2009. 
Since that time wood has been recruited to the reach by natural river action and lost from the reach by 
both natural forces and by wood management for recreational safety concerns. 

In water year 2010 17 logs were lost from the Cedar Rapids study reach and 12 new logs floated in. 
Among those lost, 12 were remnant logs from the 2008 ELJ construction that had been staged in the 
floodplain the summer of 2009 and were either among those incorporated into the 2010 project repair or 
were deemed undersized and removed from the site. In water year 2011, fifteen logs were lost and fifteen 
gained, likely mostly through the action of prolonged high flows in the January 2011 flood event. An 
additional 4 large key piece sized logs were lost prior to 2011 wood data collection due to a recreation 
safety-related wood management action to remove a large channel-spanning log jam which formed in that 
same flood event.  



 
Photograph 1. Cedar Rapids site, January 2011, showing new main channel after avulsion with full 
spanning log jam formation at the upstream end of the new channel 

While large wood recruitment was not an explicitly stated goal of the 2008 Cedar Rapids project, it is an 
explicitly stated goal of the 2005 WRIA 8 Chinook Recovery Plan and part of a suite of natural riverine 
process that one would anticipate would be restored due to removal of constraints to channel migration. 
But for management of large wood in the reach, there would have been a net gain in loose large wood at 
the site in both WY 2010 and 2011. In terms of sheer numbers this wood loss has been substantially 
mitigated through the addition of the fixed ELJs. The value of these structures versus loose mobile key 
pieces is currently a hot topic of debate among local restoration professionals.  

The purpose and design of the fixed, rock-filled 2010 ELJs is different than the structures installed in 
2008 which were intended to float with rising flood water. It should be noted however that among the 
purposes of both structures was the restoration of in-stream habitat. As of spring 2013, four of the 12 
ELJs installed in 2010 have become exposed to flow in the active channel and are performing desired 
functions of creating scour pools and increasing substrate heterogeneity with the deposition of finer-
grained materials towards the lee side of the structures. While there was no specific performance criteria 
established for those structures, they do from observation, appear to be functioning adequately to provide 
in-stream habitat that was not available in the project reach prior to 2008.  
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Cedar Rapids Levee Setback and  
Floodplain Reconnection Project 

 
Project History, Flood Damages, and Responses 

2008 – 2011 
 

March 11, 2011 
 

 
Overview and Purpose 
In the Cedar Rapids reach of the Lower Cedar 
River, which is known for severe flooding and 
channel migration, levees were built on both sides 
of the river in the mid-1960’s, and were 
maintained by King County for decades.  These 
levees were retrofit in a setback configuration in 
the summer of 2008. Several flood events in the 
subsequent years created damages to this 2008 
project which have required remediation. This 
document describes the history of the site, goals 
and implementation of the 2008 project, and the 
subsequent damages and responses that have 
occurred in the 2008-11 timeframe. This document also 
describes several key findings that represent “lessons learned” as 
a result of this flooding and response, including some procedural 
steps that have been taken by King County River and Floodplain 
Management to reduce the likelihood of damages to similar 
projects in the future. These key findings are summarized below 
and explored in more detail in the body of this report: 
 
Key findings 

 The 2008 Cedar Rapids project was designed and 
constructed with inadequate engineering and oversight. 
The King County River and Floodplain Management Section has made procedural 
changes since then to address these issues. These changes include a new organizational 
structure implemented beginning in late 2008 providing design engineering, peer, and 
supervisory engineering review for design and construction of all projects.  

 Well over 100 projects have been constructed in the past fifteen years along King County 
rivers, most of them incorporating large wood. Large wood has consistently been used as 
a functional and stable project element. However, the 2008 Cedar Rapids project used an 
experimental approach to placement of wood which proved to be unstable and therefore 
will not be used in any future King County projects. 

 The basic floodplain management approach used in the 2008 project of setting back 
levees to the edge of the floodplain to increase conveyance and storage of floodwaters 
appears to have been successful. This approach forms the basis of much of the County’s 
strategy for managing flood risk and enhancing habitat along the Cedar River, and as 

 
Cedar Rapids 1975 
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such warrants an independent third party peer review to evaluate its potential 
effectiveness for use at other sites. A peer review by a team of qualified third party 
engineers, geomorphologists, and natural resource and floodplain management experts is 
being initiated to provide recommendations on this approach and how to manage its 
effects.  

 
 
Background 
In their original configuration, the levees along the Cedar River at Cedar Rapids provided only 
10-year flood containment and were commonly overtopped or damaged during moderate and 
large flood events.  As a result, driveway and street access to the homes behind these levees was 
regularly cut off by the river, and some of these homes were repeatedly flooded.    In addition, 
these levees artificially constrained the river channel, leading to increased flood velocities and 
erosion, higher overall flooding elevations, channel down-cutting, and scour of spawning 
gravels. 
 
The Cedar Rapids Levee Setback and Floodplain Restoration Project was designed to reduce 
flood damages and risks, reduce the need for ongoing facility maintenance and repair, and restore 
natural river functions in this reach.  This project was identified as a high priority in the 1993 and 
2006 Flood Hazard Reduction Plans, the 1997 Cedar River Basin Plan and the 2003 WRIA 8 
Chinook Salmon Conservation Plan.  Over a timeframe spanning 13 years, the Water and Land 
Resources Division (WLRD) secured multiple grants, including a FEMA Hazard Mitigation 
Grant, three Salmon Recovery Funding Board grants, and land donations to acquire 10 parcels 
covering more than 31 acres and extending nearly ½ mile on both banks of the river to enable 
completion of this multi-objective project. These purchases also allowed for the removal of two 
single-family homes from the Cedar River’s floodplain, eliminating their recurrent flood 
damages. 
 

Goals of 2008 Project 
The project goals were to: 
 Remove repeatedly flood-damaged homes 

from highest hazard areas; 
 Reconnect the river and its floodplain to 

restore natural and self-sustaining riverine 
processes and functions including flood 
conveyance and storage, and sediment 
transport and deposition; 

 Increase the quantity and quality of  instream, 
riparian and off-channel habitat to contribute 
to the recovery of species listed under the 
Endangered Species Act; and 

 Maintain existing levels of flood protection 
      for remaining homes and infrastructure. 

 

 
Pre-project rip-rap bank condition 
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2008 Project Elements 
The project was initiated with two flood buyouts in the mid-1990s.  Subsequent land acquisitions 
were completed in 2007, making it possible to complete the project in 2008.  Key project 
elements involved removal of fill soils and rock armor associated with the original levees, and 
regrading the site to more closely mimic the conditions that existed prior to construction of the 
levees.  This earthwork was intended to: 1) attenuate water velocities through the reach during 
floods, 2) reverse down-cutting and trigger recruitment of spawning gravel within the reach, 3) 
restore the natural frequency and levels of overbank flooding and reoccupation of historic side-
channels; 4) increase the availability of shallow margin habitat favored by juvenile salmonids for 
rearing; and 5) open up off-channel flood refugia for all salmonid species and freshwater life 
history stages.   
 
Features of this 
work included 
removing all levee 
rock and fill 
materials, creating 
low bank benches 
along the river 
channel margins, 
and anchoring large 
wood onto the 
benches and within 
the floodplain to 
attenuate local 
water velocities and 
trigger sediment 
deposition.  The 
project also entailed 
construction of setback levees near the parcel boundaries on both sides of the river, reusing 
excavated rock from the original levees, to maintain existing levels of flood protection for 
neighboring homes and infrastructure.  The final project element was removal of non-native 
plant species and revegetation to restore a diverse, native riparian plant community.  
Revegetation efforts began with installation of willow cuttings in soil lifts and in the log cluster 
anchor rock holes, and continued following the end of the first flood season.    
 
Large Wood Features:  Design and Installation 
In natural river systems large wood is a key habitat-forming element.  In recognition of this, 
approximately 180 pieces of large, mostly coniferous wood were installed to attenuate water 
velocities and trigger sediment deposition along the newly reshaped river banks and within the 
newly reconnected floodplain surfaces.  At the same time, King County elected not to place any 
of the wood in the main channel due to boater safety concerns.  This project design was reviewed 
with a local citizens group, the River Safety Council.  
 
One hundred and seventy logs were anchored, mostly in three-log clusters, fastened together by 
heavy chain attached to buried anchor rocks.  Several cottonwood trees that had to be removed in 

Erosion control from logboom minimizes turbidity during construction of benched-
back bank and removal of levee riprap and fill prism 
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order to build the setback levees were similarly anchored either in clusters or half-buried on low 
terraces in order to stimulate regeneration of young cottonwood trees.     
 
 
Project Performance, Flood Response, and Subsequent Repairs 
The goal of restoring natural processes means fostering conditions in which the river itself 
reshapes the banks and accommodates floodwaters in floodplain areas, thereby lessening the 
impacts of flooding on nearby properties and infrastructure, while also creating and enhancing 
habitat. These processes also test the project’s features and its overall ability to meet its original 
design objectives. With three large flood events between 2008 and 2011, the project has been 
tested several times. While some of the project’s objectives have been met, there have been other 
aspects of  project design that have not worked as planned, and therefore adaptive management 
and repair has been necessary. The following is a chronology of both the flood events and repairs 
conducted during this time frame.  
 
 
November 2008 Flooding 
A moderate-sized flood occurred in November 2008, shortly after completion of the setback 
levee (the peak flow was 2,260 cubic feet per second (cfs) at the Landsburg gage, less than a 2-
year flow).  This flood initiated reoccupation of relict side channels along both banks, and spilled 
floodwater onto the newly reconnected floodplain, enabling a dynamic geomorphic response to 
flooding while continuing to protect people and adjacent property.   
 
 
 

 
 
 
One unintended outcome of the November 2008 flood on the project site was that four of the 
more than 50 log clusters installed as part of the project were mobilized by the high water and 
moved a short distance downstream.  All of the logs in these clusters remained intact and 
securely chained together and to their ballast rocks.  It is believed that the logs moved because 
the rock anchors were undersized and not buried deeply enough to withstand the scour and 

 
Cedar Rapids overflow during first flood,  
November 7, 2008 

 
Cedar Rapids stray log cluster 
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erosional forces subsequently experienced during flood flows. This undersizing appears to have 
been a result of two factors: 
 

1. Buoyancy, ballast, and scour depth design calculations did not incorporate appropriate 
factors of safety for the site conditions.  

2. Decisions were made during construction to utilize smaller ballast rock than designed. 
This was a result of supply shortages due to the large number of projects constructed in 
2008, and the resultant high demand for locally-available construction materials, which 
depleted the supply of large anchor rocks.   

 
Three of the four clusters that mobilized remained within the project area, and all four clusters 
were retrieved that day.  A field meeting was immediately held to develop a plan for temporary 
measures to secure the site during the remainder of the flood season. All project logs deemed 
vulnerable to movement during any subsequent floods that might occur before the end of the 
flood season were secured, incorporating ecology blocks for ballast, in combination with existing 
standing trees to which the clusters were chained to provide temporary anchors.   
 
 
January 2009 Flooding 
In January 2009, the Cedar River experienced one of the largest floods on record, with a peak 
flow at the Landsburg gage of 7,870 cfs, estimated to be a 35-year flood event. This flood caused 
widespread damage, evacuation of numerous residential areas and closure of many roadways 
along the lower Cedar River.   
 

Within the newly established limits to lateral 
channel migration, as defined by the setback 
levees, the channel moved laterally – as 
desired and expected. Floodwaters again 

spread across the floodplain with no damage to 
adjacent properties. Natural habitat formation at 
the project site included the sequestering of gravel 
and wood in the floodplain and active channel, 
resulting in the reestablishment of side-channels, 
formation of pools, and creation of expansive 
gravel bars, together forming a habitat mosaic 
benefitting multiple fish and wildlife species and 
life stages.   

Pre Flood Aerial - 2007 

Post Flood Aerial – 2009 
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During this larger flood event most of the previously secured logs remained in place. However, 
four more log clusters which had not been considered to be vulnerable and therefore were not 
adequately secured following the November 2008 flood floated downstream and were 
subsequently retrieved.  One log structure hung up on the Williams Street bridge in Renton, 
requiring subsequent removal which the County paid for with Flood Control District funds. After 
this flood event, the channel had still not encountered the buried rock levee toe along the outside 
edge of the project boundaries on both banks. After the flooding subsided, all of the log clusters 
that could be found were disassembled and moved to high ground. It was not known whether 
some additional log clusters were buried within the river’s gravel bars or submerged, and 
therefore invisible and not yet retrievable.  
 
At that time, a decision was made to repair the project by reinstalling logs using different, more 
stable methods. Logs from the clusters were stockpiled for this future use, and the Ecology 
blocks and hole rocks that had been used in the previous design and the temporary stabilization 
were exported from the site. Design was initiated on this repair project. Once flows receded, 
additional reconnaissance on the river identified one additional log cluster, which was 
disassembled, the chain removed and the wood returned to a natural state.  In addition, it was 
recognized that further monitoring would be necessary, especially following major flood events, 
to locate and retrieve any additional log clusters from the original project that might later surface. 
 
In light of this significant flood event and the unintended results related to the chained log 
clusters at Cedar Rapids, King County River and Floodplain Management held a meeting on 
January 22, 2009, with recreational safety advocates, concerned citizens, and the City of Renton 
to openly discuss the flood’s impacts and the County’s response to those impacts. A similar 
discussion was held as part of a debrief on the January flood at a Cedar River Council meeting 
the following week, on January 27, 2009. 
 
 
Summer 2009 Early Action Repair and 2010 Engineered Logjam Installation 
After the January 2009 flood and subsequent retrieval of all the identifiable log clusters, a 
decision was made to repair the project by re-installing large wood into the floodplain, this time 
using a more stable technique for wood placement. A contract was established with Herrera 
Environmental Consultants, a private engineering firm with significant experience in design and 
installation of large wood along river channels and in floodplains, using a technique referred to 
as Engineered Log Jams (ELJs). These structures consist of untreated wood pilings driven deep 
into the floodplain substrate – to well below potential scour depth – to form a substructure to 
which logs with root wads can then be secured using a combination of rock ballast and chain. 
These ELJs serve to moderate the rate of channel movement and to dissipate energy, thereby 
working in concert with other project features such as setback levees. Consistent with the goals 
of the original project, the ELJs are placed as a group of individual structures rather than set in a 
continuous line along a river bank, and are not intended to fully limit channel movement. 
 
As design commenced on this large repair project, the County consulted several times with 
constituents and recreational safety advocates to review the conceptual and preliminary design. 
This included presentations to the Cedar River Council, a meeting on site with several concerned 
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citizens, and a public meeting on June 2, 2009. Public input through these forums was considered 
in development of the final design for the repair project. 
 
King County’s initial plan was to install a series of ELJs at key locations along the Cedar Rapids 
channels and within the floodplain in the summer of 2009; however after completing the design 
it proved infeasible to procure a contractor in the short remaining time between the January flood 
event and the following summer. Therefore a vulnerability analysis was completed and several 
channel roughening structures were installed in the summer of 2009 in the right bank side 
channel – the portion of the site found to be at greatest risk of experiencing significant channel 
migration in the next flooding season. The larger repair project – installation of twelve ELJs 
throughout the Cedar Rapids floodplain – was completed in the summer of 2010 at a 
construction cost of $570,000 (much of this cost is expected to be reimbursed by the Federal 
Emergency Management Agency). 
 

 
 
 
The channel roughening structures in the right bank side channel functioned well during the 
winter and spring of 2009-10; however they were only tested by moderately high flows (the peak 
flow at Landsburg was 1,576 cfs, slightly less than a 1.25-year flood event). Both the 2009 
channel roughening structures and the 2010 ELJs were constructed as designed with close 
construction inspection and creation of record drawings to document any construction changes. 
The one important construction change was a decision not to complete one of the ELJ structures 
in order to allow the overall project to be completed on time and under budget. This structure 
(one of 13 in the design) was the most upstream on the left bank, and was considered the least 
important to meeting the project objectives. This construction change order was reviewed by 
both County and consultant design staff prior to approval. 
 
 
January 2011Flooding and Emergency Repair 
In January 2011, heavy precipitation over an extended time period resulted in twelve consecutive 
days of high flows on the Cedar River. These flows peaked at about 4,500 cfs. While the 
magnitude of this peak flow was not exceptional (between a 2- and 5-year flow), the duration of 
high flows was unusual – the longest since 1977 with the exception of January 2009. These high 
flows contributed to three important outcomes related to the Cedar Rapids site: 
 

ELJ construction, summer 2010 
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 Channel geometry, gravel deposition, and wood loading all evolved considerably, so that the 
site is much more complex in the wake of this flooding. The constructed ELJs performed 
well, moderating the rate of erosion over most of the site, including the left bank adjacent to 
the Riverbend Mobile Home Park. All of the ELJs were stable during the flood event, with 
no evidence of undermining due to scour or of any release of individual members of the 
structures. The greater site floodplain storage that has been created and the habitat 
complexity that has developed are consistent with the original design objectives. Significant 
flow in the right bank side channel resulted in the channel enlarging considerably, with Cedar 
River flows ultimately creating a channel avulsion so that this former side channel has now 
become the main channel of the Cedar River. This right bank side channel evolution had 
been previously identified as a possible outcome and in fact was the area identified during 
the 2009 vulnerability analysis as being most at risk of channel migration. However this 
outcome is not entirely desirable as it directs flow towards the setback levee and also 
simplifies and reduces the length of main channel habitat. If the setback levee had been as 
robust as designed, however (see below), this would not have created any particular 
problems. This site evolution has also recruited and trapped significant quantities of large 
wood, which may require management actions related to recreational safety interests.  

 
 

  
 
 
 
 

ELJ performing as intended, January 2011



  Cedar Rapids 2008-11 

9 
 

  
 
  
 
 
 
 The enlarged right bank channel eroded approximately half of the levee prism of the 

downstream 20 linear feet of the 2008-project right bank setback levee, just upstream of and 
adjacent to several single family homes and another County-maintained flood protection 
facility. This erosion was identified by flood patrols and required emergency repair during 
the flood event. Crews were able to mobilize quickly, and under the full-time direction of a 
professional engineer were able to install a $90,000 emergency repair to forestall any further 
erosion of the setback levee and prevent damages to private or public infrastructure. This 
erosion revealed that the levee was not constructed consistent with the 2008 design drawings, 
and was insufficient to withstand flood flows. Inadequate construction oversight for the 2008 
project appears to have played a role in this outcome. The structure was found to be largely 
comprised of river alluvium (loose, unconsolidated soils) rather than riprap as shown on the 
design drawings. Large angular rock was placed along the eroding bank as an emergency 
action, and the next section of setback levee – an additional 100 linear feet which is still 
buried – was reconstructed as well.  

 
 Another chained log cluster from the 2008 project was found at the base of a debris jam that 

formed on the Riverview Park pedestrian bridge in Renton. It was determined that this log 
cluster contributed to the formation of the jam, and King County has agreed to reimburse 
Renton for the costs of the debris jam’s removal ($10,600). Renton staff indicated that the 
log cluster was waterlogged, and therefore likely had initially mobilized from the Cedar 
Rapids site during a previous flood event, and since been submerged and invisible to 
inspections. 

 

Cedar Rapids floodplain evolution, January 2011. Note right bank side channel 
in upper part of photo, which subsequently captured mainstem flow through a 
channel avulsion 
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Right bank eroding towards levee prism, Jan. 2011 Emergency repair, looking upstream 
 
 
The erosion of the setback levee and the transport of the 2008 chained log cluster to a Renton 
bridge both led to further investigations. In the case of the erosion of the setback levee, test pits 
were conducted along the entire setback levee alignment on both sides of the floodplain. These 
test pits revealed uniform construction consisting of a buried trench that was filled with recycled 
levee from the original alignments next to the river. These buried trenches were found to contain 
primarily river alluvium with incidental quantities of undersized riprap, which was likely the 
original levee facing (the original levees dated from the 1960s or 1970s and so were not built to 
contemporary standards).  
 
For the chained log clusters, Renton notified King County of two additional clusters that had 
been reported by citizens, and County staff performed a reconnaissance of the river between the 
project site and the I-405 crossing and located those two, plus one additional cluster. All of these 
clusters were immediately disassembled by cutting the connecting chains so that the individual 
logs are independent and if they travel downstream would behave like the Cedar River’s many 
naturally recruited logs of similar size and length. Additional reconnaissance is planned for 
summer 2011 during low flow conditions to identify and disassemble any remaining visible log 
clusters.  
 
 
Future Repair/ Retrofit Needs 
The test pit results indicate that the right and left bank setback levees were not constructed as 
designed and are not as robust as they need to be to withstand future flood flows. In addition, 
while the emergency repair was successful at forestalling further bank erosion, it was constructed 
during high flow conditions and therefore requires further inspection and possible reconstruction 
to be consistent with contemporary standards and environmental regulations. The right bank side 
channel avulsion needs to be considered for its potential to trigger future bank erosion and 
channel migration that may or may not be consistent with original project objectives. Finally, the 
naturally recruited large wood within the site’s several channels needs to be reviewed by Rivers 
staff in consultation with the KC Sheriff’s Office to determine whether any appropriate actions 
are needed to address public safety concerns the wood may pose. It is currently likely that a 
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combination of capital and management actions will be recommended for implementation later 
in 2011 and/or in 2012. 
 
Lessons Learned 
Lessons learned from the original 2008 project include those noted below. Many of these 
findings are unique to the Cedar Rapids project and not representative of other River and 
Floodplain Management and WLRD projects which have been designed using appropriate 
engineering and construction oversight. The processes and requirements described in the 
responses to these findings were largely in place as of 2008; however the Cedar Rapids project 
did not follow these appropriate engineering and construction requirements. As a result, these 
issues have now been fully addressed to assure that similar problems do not occur in the future: 
 
Finding: The wood installation technique used for the 2008 Cedar Rapids project was an 
experimental approach which proved to be unstable. 
 
Agency Response: This approach will not be used in any future King County projects. 
Installation techniques will instead utilize those used at well over 100 projects incorporating 
large wood that have been constructed in the past fifteen years along King County rivers. These 
include many methods of securing wood in the toe of levees and revetments with adequate 
ballast and other anchoring, along with the use of engineered wood approaches including 
Engineered Log Jams as successfully used in the 2010 repair and as part of a large project on the 
Tolt River in 2009.  
 
 
Finding: The basic floodplain management approach used in the 2008 project of setting back 
levees to the edge of the floodplain to increase conveyance and storage of floodwaters appears to 
have been successful. This approach forms the basis of much of the County’s strategy for 
managing flood risk and enhancing habitat along the Cedar River, and as such warrants a third 
party peer review to evaluate its potential effectiveness for use at other sites.  
 
Agency Response: A peer review by a team of qualified third party engineers, geomorphologists, 
and natural resource and floodplain management experts is being initiated to evaluate the 
County’s strategy for managing flood risk and enhancing habitat along the Cedar River. The 
panel will provide recommendations on the use of this approach and how to manage its effects. 
 
 
Finding: Project design needs to be directed by a registered professional engineer with 
experience in river and floodplain management projects. For multi-objective or habitat projects, 
design and construction also needs appropriate levels of involvement from qualified ecologists 
and geologists with relevant experience as well. Design drawings need to be stamped by a 
professional engineer, and must contain sufficient detail to ensure that the design intent can be 
successfully achieved during construction.  
 
Agency Response: Most WLRD projects have been directed by professional engineers. To assure 
full consistency with this requirement, River and Floodplain Management was reorganized in 
2008-09 to establish a structure where all projects are designed by qualified professional 
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engineers, with peer and supervisory review by professional engineers as well. Qualified 
ecologists and geologists are also involved in design of multi-objective projects. Design 
drawings are stamped and include design details to ensure construction can be completed 
consistent with the design drawings. King County Water and Land Resources is currently 
developing a Project Management Manual to document the standardization of this and other 
practices. 
 
 
Finding: Project design for a large multi-objective project that will reshape a floodplain needs to 
include rigorous analysis of the likely range of geomorphic outcomes, so the design can ensure 
project stability and protection of adjacent properties with a high degree of certainty.  
 
Agency Response: The field of river and hydraulic engineering continues to evolve, and both 
standard practices and engineering tools for analysis of floodplain restoration projects have been 
refined considerably in recent years. All floodplain reconnection projects now undergo analysis 
and evaluation of alternatives that consider a wide range of potential geomorphic outcomes for 
the site and reach. Potential changes in gravel and wood loading, as well as likely channel 
evolution, are analyzed and considered and project features are designed according. 
 
  
Finding: Design calculations and resulting project features need to accommodate this likely 
range of geomorphic evolution (channel changes, scour depths, sediment loads, channel and 
floodplain water velocities, etc.) with reasonable factors of safety. Higher factors of safety 
should be considered as appropriate for less commonly used or experimental project features. 
 
Agency Response: As noted above, design of these projects is overseen by professional 
engineers with experience and expertise in river and floodplain projects and with direct 
involvement of qualified geologists as well. Relevant design tools and guidance documents are 
used as appropriate to complete design calculations and establish appropriate factors of safety. 
 
 
Finding: A project representative highly familiar with the specific project design and with 
construction management techniques needs to be on-site at all times during construction. Project 
features need to be adequately inspected to ensure they are constructed as designed. Any 
necessary field changes need to be sufficiently reviewed and approved to ensure they will meet 
the design objectives.  
 
Agency Response: Construction management and inspection of all projects is performed by 
qualified construction inspectors with construction changes approved by the design engineer or 
supervising engineer as appropriate. Most projects had appropriate inspection and oversight even 
prior to 2008; however, WLRD is currently developing a Project Management Manual to 
document the standardization of this practice and assure that appropriate construction 
management is applied uniformly to all projects. 
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Finding: Record drawings need to be completed for all projects in order to document any 
construction changes. Also, subsequent inspections and repair work should also have adequate 
documentation. 
 
Agency Response: Completion of record drawings is now a standard practice, which will be 
documented in WLRD’s forthcoming Project Management Manual. 
 
 
 
Future Monitoring and Inspections  
King County Rivers performs careful and vigilant monitoring of project sites for many purposes.  
This site will continue to be monitored to evaluate its structural and habitat effectiveness by King 
County on an ongoing basis. The data collected will inform future project designs at other sites 
as well as identify any further needs for project modifications to ensure that habitat restoration 
and flood hazard reduction goals are being met. In addition, this site will continue to be a high 
priority for future flood patrol monitoring and both routine and post-flood inspections. 
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Cedar Rapids Project Assessment  

Summary of GIS Analysis Methods 

*** updated 12/13/13 *** 

General Methods 

 All GIS work completed using ArcGIS 10.1 

 All GIS digitizing, analysis, and mapping completed in WA State Plane, north zone, U.S. Feet, 

NAD 83 HARN 

 All digitizing completed using a minimum display scale of 1:600 (1″ = 50′) 

 Digitized upstream and downstream study reach boundary lines based on features in the 2008 

cross-sections CAD drawing 

o Upstream line copied from cross-section labeled as 769.5 

o Downstream line created at RM 7.25, approximately perpendicular to the river channel 

at that location 

C1 – Channel Migration Rate 

Inputs: 

 2007 orthorectified aerial photography, 2008 cross sections 

 2009 orthorectified aerial photography 

 2010 orthorectified aerial photography, LiDAR, bathymetry 

 2011 orthorectified aerial photography, LiDAR, bathymetry 

Methods (for each year): 

 Digitized centerline (thalweg) using available inputs 

 Starting at upstream boundary, split centerline every 200 feet (except for 2011 thalweg) 

 At each 200-foot split point, created a line perpendicular to centerline that extends to the 

centerline for the subsequent year (2007 to 2009, 2009 to 2010, 2010 to 2011) 

 Attributed each perpendicular line with direction of movement and mechanism of channel 

change 

 Exceptions: 

o 2007-2009: 

 0′ – migration line set parallel to the upstream study area boundary instead 

of 2007 centerline (goes outside study area) 

 1200′ – migration line set approximately parallel direction of avulsion 

o 2010-2011: 

 0′ – migration line set parallel to the upstream study area boundary instead 

of 2007 centerline (goes outside study area) 

 1200′, 1400′, 1600′, 1800′ – migration lines set approximately parallel 

direction of avulsion 



Outputs: 

 For each sequential pair of years, distance (meters) between centerlines by direction and 

mechanism (total, average, median) 

C2 – Streambed and Floodplain Heterogeneity 

Inputs: 

 2002 LiDAR elevation data (no bathymetric data available) 

 2008 cross-sections 

 2010 LiDAR elevation data and CAD-based bathymetry data 

 2011 LiDAR elevation data and CAD-based bathymetry data 

 1936-2011 historic channel migration zone 

Methods: 

 Digitized approximate active river channel by starting with the County’s historic channel 

migration zone and expanded in some areas to capture the digitized aquatic habitat areas 

(A3) 

 Cross-sections: 

o Used AutoCAD Civil 3D 2012 to generate cross-section profiles 

o Created profile cross-sections at the in-channel locations designated in the 2008 

cross-sections CAD drawing, with cross-sections A-A, D-D, and F-F extended from 

the channel out through the approximate active channel width following patterns of 

the B-B, C-C, and E-E cross-section alignments in the 2008 cross sections CAD 

drawing 

o Generated cross-section elevations from surfaces created using available LiDAR 

elevation data and CAD-based bathymetry data 

 2010 vs 2002 difference: 

o Clipped 2002 and 2010 LiDAR elevation rasters to the approximate active channel 

boundary, changed the 2002 LiDAR elevation raster from 6′x6′ cells to 3′x3′ cells 

during the clip to match the 2010 LiDAR elevation raster 

o Subtracted the 2002 LiDAR elevation raster from the 2010 LiDAR elevation raster to 

identify areas of elevation change and quantify amount of change 

o Used 3D Analyst Tool “Cut Fill” to identify areas of scour (decreases in elevation, 

“cut”) and deposition (increases in elevations, “fill”) and calculate associated areas 

and volumes 



o Re-calculated areas and volumes of scour and deposition excluding elevation 

differences between -1′ and 1′ 

 Created a binary raster from the 2010-2002 difference raster using 3D 

Analyst Tool “Reclassify” 

 -15′ to -1′ => 1 

-1′ to 1′ => 0 

1′ to 15′ => 1 

 Used raster math to multiply the 2002 LiDAR elevation raster and the 2010 

LiDAR elevation raster by the binary raster to “mask out” areas where the 

elevation difference was between 1′ and 1′ 

 Used 3D Analyst Tool “Cut Fill” to identify areas of scour and deposition and 

calculate associated areas and volumes 

 2011 vs 2010 difference: 

o For 2010 data: 

 Created raster surface from 2010 bathymetry data (CAD-based polylines and 

spot elevations) 

 Converted areas of primary channel, secondary channel, and backwater as 

delineated for aquatic habitat analysis (A3) to raster-based mask and set 

grid cell = 1 for these areas 

 Used raster math (bathy x mask) to extract channel areas of bathymetry 

surface 

 Created a mosaic raster by combining LiDAR elevation and channel 

bathymetry, with the channel bathymetry replacing elevation data within 

channel areas 

 Clipped the mosaic raster to the approximate active channel boundary 

o For 2011 data: 

 Created raster surface from 2011 bathymetry data (used CAD-based 

polylines only; spot elevations were not used  – values only available in 

annotation, not in Elevation field; also not necessary with contours 

available) 

 Converted areas of primary channel and secondary channel as delineated 

for aquatic habitat analysis (A3) to raster-based mask and set grid cell = 1 

for these areas 

 Used raster math (bathy x mask) to extract channel areas of bathymetry 

surface 

 Created a mosaic raster by combining LiDAR elevation and channel 

bathymetry, with the channel bathymetry replacing elevation data within 

channel areas  

 Clipped the mosaic raster to the approximate active channel boundary 

o Subtracted the 2010 mosaic raster from the 2011 mosaic raster to identify areas of 

elevation change and quantify amount of change (both in-river and on land) 



o Used 3D Analyst Tool “Cut Fill” to identify areas of scour (decreases in elevation, 

“cut”) and deposition (increases in elevations, “fill”) and calculate associated areas 

and volumes 

o Re-calculated areas and volumes of scour and deposition excluding elevation 

differences between -1′ and 1′ 

 Created a binary raster from the 2011-2010 difference raster using 3D 

Analyst Tool “Reclassify” 

 -15′ to -1′ => 1 

-1′ to 1′ => 0 

1′ to 15′ => 1 

 Used raster math to multiply the 2010 mosaic raster and the 2011 mosaic 

raster by the binary raster to “mask out” areas where the elevation 

difference was between 1′ and 1′ 

 Used 3D Analyst Tool “Cut Fill” to identify areas of scour and deposition and 

calculate associated areas and volumes 

 Notes: 

o Without bathymetric data for 2002, the volume estimates from this calculation do 

not account for any in-river changes other than differences in river elevations; 

however, accuracy of LiDAR elevations for the river surface are also affected by the 

reflectivity of the water 

o Due to the nature of the LiDAR data collected (e.g., different capture dates [and 

maybe capture methods], different vegetated conditions, inherent variation 

between “actual” X, Y, and Z values and those captured during the survey), there are 

differences in elevations between the two data layer pairs (2002 vs 2010 and 2010 

vs 2011) in places where no elevation change has actually occurred. Elevation 

changes in the range of -1′ to 1′ likely capture this “noise,” along with any real 

changes in elevation within that range. 

Outputs: 

 2010 and 2011 streambed profiles added to King County’s 2008 cross-sections 

 Raster-based difference between 2010 and 2002 LiDAR elevation to identify areas (and 

estimated volumes of deposition and scour) of change between land and water 

 Raster-based difference between 2011 and 2010 combined LiDAR elevation and bathymetric 

data (and estimated volumes of deposition and scour) 

A3 – Aquatic Habitat 

Inputs: 

 2007 orthorectified aerial photography, 2008 cross sections (includes delineation of river 

bank and upland features) 

 2009 orthorectified aerial photography 



 2010 orthorectified aerial photography, LiDAR 

 2011 orthorectified aerial photography, LiDAR 

Methods (for each year): 

 Channel and Edge Habitat: 

o Digitized areas of channel and edge habitat:  primary channel, secondary channel, 

side channel, backwater, springbrook, bar, pond 

o From digitized habitat areas, created layer of feature edges and secondary channel, 

side channel, and backwater centerlines for calculating habitat lengths (created by 

digitizing approximate centerlines of features)  

 Active Channel Width: 

o Digitized study area axis (approximate main valley axis within study area) 

o Starting at upstream boundary, split study area axis every 100 feet 

o At each 100-foot split point of the study area axis, created a line perpendicular to 

channel centerline that extends to the outer boundary of the active channel as 

delineated by the channel and edge habitat areas 

o Attributed each perpendicular line with split distance and line length 

Outputs: 

 Length by habitat type by year 

 Number and area by habitat type by year 

 Year-on-year differences in lengths and areas by habitat type 

 Minimum, maximum, average, and median active channel width by year 

A4 – Vegetation Patch Erosion 

Inputs: 

 2007 orthorectified aerial photography, 2008 cross sections (includes delineation of river 

bank and upland features) 

 2009 orthorectified aerial photography 

 2010 orthorectified aerial photography, LiDAR 

 2011 orthorectified aerial photography, LiDAR 

Methods (for each year): 

 For each year, digitized areas of vegetation patch types:  forest, understory vegetation (both 

herbaceous and shrub), bare ground 

 For 2011, classified some bare ground areas as cleared based on design drawings for the 

County’s installation of engineered log jams 

 Digitized approximate floodplain boundary 

 Clipped vegetation patch types to approximate floodplain boundary 



 Calculated area by vegetation patch type within the approximate floodplain boundary 

Outputs: 

 Area by vegetation patch type by year 

 Year-on-year differences by vegetation patch type 

 



 

 

Appendix E 
Photographs of January 7, 2009 

Flood Event 
 





 
Cedar Rapids project site, January 9, 2009 

 
Cedar Rapids project site, January 9, 2009 



 
Cedar Rapids project site, January 9, 2009 

 
Cedar Rapids project site, January 13, 2009 



 

 

Appendix F 
Floodplain-wide Cross-sectional Figures 

 

















 

 

Appendix G 
Aquatic Edge Habitat Measurements for 

2007, 2009, 2010, and 2011 
 

 



 



Table G‐1.  Aquatic Habitat ‐ Channel Widths 2007 Table G‐2. Aquatic Habitat ‐ Channel Widths 2009
Axis Split Distance (ft) Width (m) AxisSplitDist Width (m)

0 18.662 100 64.396
100 32.215 200 55.393
200 30.147 300 59.801
300 25.530 400 64.396
400 17.511 500 62.692
500 15.632 600 189.059
600 20.904 700 168.398
700 23.684 800 152.803
800 27.838 900 119.897
900 17.398 1,000 49.357

1,000 18.658 1,100 43.395
1,100 18.271 1,200 44.471
1,200 21.056 1,300 47.542
1,300 30.562 1,400 30.714
1,400 14.980 1,500 30.053
1,500 16.905 1,600 32.753
1,600 17.334 1,700 25.502
1,700 16.861 1,800 19.305
1,800 17.918 Number of Splits 18

Number of Splits 19 Minimum Width 19.305
Minimum Width 14.980 Maximum Width 189.059
Maximum Width 32.215 Average Width 69.996
Average Width 21.161 Median Width 52.375
Median Width 18.658



Table G‐3. Aquatic Habitat ‐ Channel Widths 2010 Table G‐4. Aquatic Habitat ‐ Channel Widths 2011
AxisSplitDist Width (m) AxisSplitDist Width (m)

100 58.377 100 52.933
200 54.010 200 58.329
300 60.050 300 61.774
400 66.761 400 71.687
500 64.188 500 79.568
600 217.567 600 237.827
700 105.821 700 180.112
800 152.139 800 164.910
900 114.285 900 131.993

1,000 52.272 1,000 128.867
1,100 39.027 1,100 125.769
1,200 47.384 1,200 126.020
1,300 39.391 1,300 135.000
1,400 28.805 1,400 44.309
1,500 23.672 1,500 37.515
1,600 28.804 1,600 42.693
1,700 23.497 1,700 26.702
1,800 21.051 1,800 19.728

Number of Splits 18 Number of Splits 18
Minimum Width 21.051 Minimum Width 19.728
Maximum Width 217.567 Maximum Width 237.827
Average Width 66.506 Average Width 95.874
Median Width 53.141 Median Width 75.627
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