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1.0 INTRODUCTION

The GE-04 Skagit River Geomorphology Between Gorge Dam and the Sauk River Study
(Geomorphology Study) is being conducted in support of the relicensing of the Skagit River
Hydroelectric Project (Project), Federal Energy Regulatory Commission (FERC) No. 553, as
identified in the Revised Study Plan (RSP) submitted by Seattle City Light (City Light) on April
7,2021 (City Light 2021a). On June 9, 2021, City Light filed a “Notice of Certain Agreements on
Study Plans for the Skagit Relicensing” (June 9, 2021 Notice)' that detailed additional
modifications to the RSP agreed to between City Light and supporting licensing participants (LP)
(which include the Swinomish Indian Tribal Community, Upper Skagit Indian Tribe, National
Marine Fisheries Service, National Park Service [NPS], U.S. Fish and Wildlife Service,
Washington State Department of Ecology [Ecology], and Washington Department of Fish and
Wildlife [WDFW]). The June 9, 2021 Notice included agreed to modifications to the
Geomorphology Study.

In its July 16, 2021 Study Plan Determination, FERC approved the Geomorphology Study with
modifications. Specifically, FERC did not require City Light to quantify the amount of sediment
transported into Ross Lake on an annual basis (which was an agreed to modification in the June 9,
2021 Notice). Notwithstanding, City Light is implementing the Geomorphology Study as proposed
in the RSP with the agreed to modifications described in the June 9, 2021 Notice.

This interim report on the 2021 study efforts is being filed with FERC as part of City Light’s Initial
Study Report (ISR). City Light will perform additional work for this study in 2022 and include a
report in the Updated Study Report (USR) in March 2023.

I Referred to by FERC in its July 16, 2021 Study Plan Determination as the “updated RSP.”

Skagit River Hydroelectric Project Seattle City Light
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2.0 STUDY GOALS AND OBJECTIVES

The goals of the Geomorphology Study are to characterize the current condition of aquatic habitat
within the 30-mile segment of the Skagit River between Gorge Dam and the Sauk River confluence
and to characterize how Project-related changes in peak flows affect geomorphic processes, which
will be used to evaluate the Project’s contribution to cumulative effects in the reach. Specific
objectives include:

= Use aerial photograph and Light Detection and Ranging (LiDAR) data and collect field data
noting current conditions and changes to document:
e Baseline channel configuration and migration patterns;
¢ Distribution of aquatic habitat types, characteristics, and availability;
e Side channels and off-channel habitat, including hydraulically-connected wetlands;
e Substrate size and distribution;
e Sediment sources and delivery mechanisms; and

e Large wood input, transport and retention.

= Determine flow rates that may result in redd scour to help guide management of peak flow
releases from Gorge Dam and Powerhouse.

= Investigate flows that result in geomorphic/habitat changes (process flows) for the following
processes:

e Mobilize deposits at tributary mouths along the mainstem Skagit River;
e Mobilize riverbed and bars;

e Erode riverbanks and result in channel migration;

e Instigate side channel development/maintenance; and

e Hydraulically connect side channel and off-channel habitat.

Per the June 9, 2021 Notice, additional commitments related to study efforts below the Sauk River
Confluence were incorporated into the Geomorphology Study and are described in this study
report. These commitments, as well as the status of their implementation, are described in Section
6.2 of this study report.

Skagit River Hydroelectric Project Seattle City Light
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3.0 STUDY AREA

The primary study area includes the 30-mile segment of the Skagit River between Gorge Dam and
the Sauk River confluence (Figure 3.0-1). Side channels and off-channel habitat areas included in
the primary study area were selected through a collaborative process involving the LPs, City Light
staff, and consultant teams. There are 20 named tributary streams that drain into the Skagit River
within the primary study area (Figure 3.0-2; Table 3.0-1). Fieldwork and analysis are generally
limited to the tributary junctions defined as a distance of 500 feet (ft) upstream of the confluence
with the Skagit River at each tributary. Additional review of previous geomorphic studies
downstream of the Sauk River confluence was completed and included in an annotated
bibliography found in Attachment A.

The downstream extent of the sediment transport study area is the location where the riverbed
material shifts from gravel to sand (called the gravel-sand transition) around Project River Mile
(PRM) 21 near Sedro-Woolley, about 11 miles upstream of the channel bifurcation at the head of
the delta where the channel debouches into the estuary where tidal processes begin to dominate
channel forming processes. Section 7.3 of this study report explains the rationale for choosing this
location as the downstream boundary for the sediment transport modeling program.

Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 3-1 March 2022



Geomorphology Study Interim Report 3.0 Study Area

x e ) el AP - 5 7 g .35 B
CANADA oA = TN ez A § 2 X A o,
7 \ \> f N j &
i g A % \ X 2 N\ §
i 9 ‘Canada 4 2 PP
whalem | 2 \: E '
b G
jdt " v y fre. e
> X ‘ =
M A ) N £
L e \
B Apine Darringto. g I ’
1 ~ 0y
o bo oo b 3 ¢ %
' 3
¥ s
A g y . 75 AN
b il [ Y e - @ g 1 4 1 o
®,Bellingham// ) , Wear, &b &y o e el N : v /ff; )
Tk L 2K - R Iz 3 e 7 b
3 &3 P % 1 » 2,
™ 0 < el 7 Q ¥, | -
4 /')?_\” S N SR S B\ |
: LT o \
: 117, AL, o WY ) ys 2
\ G i \ - N 4 \
L\ & S ' ~— ‘\ . ) ey N 71 N i
AN\ \ 3 3 P N WhatcomlCounty A& Newhalemx,
B Y : {22 7 2, 4 L
i | X 50 > A N =
g , Q ) / :S{(_aglgCoi'lnty»_a, Y 2. y \ P
] M ’\ S 2 AL (- W ] \ B
S » R W, ‘\f “ 0 | ~
( ‘ e, . / % 23 = s , A v
s b Ll LF it S Concrete a‘l\ ‘ 1L E ?
= i) ‘ IR A AT 2
< o S = 420 % 2\ Gl @ Marblemount
° - \m‘ 1y - et \ 3 =
Burlington 2 N ‘ \* B Rockport S v,
@ 73 \ s S Q y e 2 R, - SR @ Y
« i, A O %
L 20 A )Y ) '
‘ (>
Regdh o S DR
4 ‘ g S
Readh 13 A -y v =

Y AN o N .
Skagit River Hydroelectric Project
(FERC No. 553)

[] FERC Project Boundary

Mitigation Parcel
[ Primary Study Area

D National Park / National
Recreation Area Boundary

— Reach Boundary

€l Seattle City Light

0 4.5 9
Miles

Created on 1/31/2022 by HDR for Seattle City Light. City
Light provides no warranty, expressed or implied, as to the
accuracy, reliability or com pleteness of this data.

Data Source: Basemap - ESRI Online, Environment, Land
and Licensing Business Unit - City Light. Hydrology - USGS,
Reaches - North Cascades National Park

Path: C:\Users\Stephen\Desktop\Fain\Skagit Relicensing Project - GE-04 - Geomorphic Study\MXDs\EMBEDDED_GorgeToBayStudyArea_6.5x8_P.mxd

M =S TR AN A e 50 2 T IR

Figure 3.0-1. Overview map of the Skagit River from Gorge Dam to the estuary including
geomorphic reach boundaries from Riedel et al. (2020) and highlighting the primary
study area from Gorge Dam to Sauk River confluence.
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Table 3.0-1. Tributaries in primary study area.
Left Bank (LB) / Right Bank (RB)
Tributary Project River Mile (PRM) Looking Downstream
Ladder Creek 94.6 LB
Newhalem Creek 93.8 LB
Goodell Creek 93.3 RB
Babcock Creek 92.1 RB
Martin Creek 91.4 LB
Thornton Creek 90.5 RB
Sky Creek 88.6 RB
Damnation Creek 88.0 RB
Alma Creek 85.5 LB
Copper Creek 84.4 LB
Bacon Creek 83.2 RB
Diobsud Creek 81.0 RB
Taylor Creek 79.1 LB
Cascade River 78.2 LB
Olson Creek 77.2 RB
Corkindale Creek 74.3 RB
Rocky Creek 73.8 RB
Illabot Creek 73.0 LB
Sutter Creek 71.0 RB
Barr/Swift Creek 70.8 RB
Skagit River Hydroelectric Project Seattle City Light
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4.0 METHODS

The Geomorphology Study includes pre-field analysis of existing information, field work to
inventory aquatic habitat and current geomorphic conditions in the Skagit River, redd scour
monitoring, scour monitoring at tributary junctions and river bars, sediment transport modeling,
and post-field analysis and report writing. This study report is organized by topic areas to present
methods for the following subsections as described in the RSP:

=  Geomorphic Change;

= Aquatic Habitat;

=  Side Channels and Off-Channel Habitat;
=  Substrate/Sediment;

= Large Wood Inventory;

= Large Wood Transport; and

=  Process Flows.

Per Section 2.6.1 of the RSP, existing information providing a basis for understanding geomorphic
processes in the Skagit River was compiled and includes the following studies:

= A baseline fluvial geomorphology report was prepared for the Skagit River basin (Gorge
Powerhouse to estuary) by the U.S. Army Corps of Engineers (USACE) that includes an
estimated sediment input budget based on basin sediment budgets and suspended load data and
a description of fluvial geomorphic reaches (USACE 2008).

= Channel incision was identified as a potential issue during the Skagit River Project’s last
relicensing in the early 1990s. Analysis of U.S. Geological Survey (USGS) gage records at
that time showed incision at the Alma gage (no longer in service) and little variation to 0.4 ft
of aggradation at the Newhalem gage (Riedel 1990).

= The Water Resource Inventory Areas Limiting Factors Assessment for the Skagit River (Smith
2003) identifies types of habitat/conditions that are limiting fish production in the river.
Information on substrate quality, streambed stability, and large woody debris (LWD) are listed
as data gaps in the upper Skagit River (Newhalem to Sauk River confluence).

= The Skagit Watershed Council produced Geographic Information System (GIS)-based
analyses of relative sediment input, riparian conditions, and bank hardening areas in the Skagit
River system (Beamer et. al 2000). This information was used for a reach assessment of the
Middle Skagit River (Sauk River confluence to Sedro-Woolley) that analyzed potential areas
for targeting habitat restoration based on habitat, geomorphology, and land uses (Smith et al.
2011).

= The Upper Skagit Indian Tribe (Hartson and Shannahan 2015) conducted a field inventory of
hydromodified banks along the Upper Skagit River.

= A sediment budget of the Middle Skagit River (Rockport to Sedro-Woolley) was developed
by Rothleutner (2017) and included an analysis of historical channel migration rates and
sediment input from river meandering.

Skagit River Hydroelectric Project Seattle City Light
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= The Skagit Watershed Council commissioned a report on LWD in the Skagit River system
(Natural Systems Design [NSD] 2017) that included a summary of existing factors affecting
LWD recruitment and potential methods to analyze/inventory LWD in the watershed.

= Geomorphology, hydrology, and hydraulics studies undertaken for the Barnaby Reach
restoration project provide detailed information on the Skagit River channel, off-channel areas,
and floodplain in the area just upstream of the Sauk River confluence (Skagit River System
Cooperative [SRSC] and NSD 2019).

» Suspended sediment monitoring by the USGS on the lower Skagit River (Curran et al. 2016)
and Sauk River (Jaeger et al. 2017).

= Geomorphic mapping and landform analysis being conducted by NPS (Riedel et al. 2020).

A compilation of relevant studies describing Skagit River geomorphology downstream from the
Sauk River confluence were reviewed and summarized in an annotated bibliography included in
Attachment A. A summary of Skagit River geomorphic conditions downstream from the Sauk
River confluence will be included in the USR pending the completion of the Landform Mapping
Study downstream of the Sauk River confluence being conducted by NPS.

The primary study area upstream of the Sauk River in which field data were collected in 2021 is
divided into seven geomorphic reaches based on landform mapping by NPS (Riedel et al. 2020).
A geomorphic reach is a defined segment of the river having a relatively consistent suite of valley
and channel characteristics. The geomorphic reaches are influenced by the bedrock geology,
glacial history, and inputs from adjoining tributaries and hillslope processes. Study reaches vary
between 2 and 7 miles in length with select subreaches identified as shorter segments with a
minimum length of 1.2 miles. Figures 4.0-1 to 4.0-4 identify the reach boundaries and locations of
major tributaries draining to the Skagit River within the primary study area. The longitudinal
profile in Figure 4.0-5 shows channel slope relative to reach boundaries.

Reach 1 (Gorge bypass reach) is a steep, narrow valley cut into the Crystalline Core of the North
Cascades (Figure 4.0-1). Bedrock geology in this zone is largely composed of relatively hard,
metamorphic rock of the Skagit Gneiss Complex (orthogneiss and banded gneiss) previously
buried and heated inside the crust then brought to the surface by tectonic uplift (Tabor and
Haugarud 1999). The Skagit River Gorge was created by drainage from proglacial lakes that
spilled over a hydrologic divide during the early Pleistocene and increased the size of the Skagit
Basin by capturing drainage that formerly flowed north to the Fraser River (Riedel et al. 2007).

Reach 2 begins downstream of the Gorge bypass reach where the channel slope decreases and
valley widens at Newhalem (Figure 4.0-5) due to the influence of alpine glaciers that advanced
from the Goodell Creek and Newhalem Creek watersheds (Riedel et al. 2020). Reach 2 has been
further divided into subreaches by this study (Figure 4.0-1): Reach 2A represents the segment from
Gorge Powerhouse near PRM 94.7 to the bridge crossing at PRM 93.6; and Reach 2B continues
to the downstream limit of alpine glaciation (PRM 89.4) just south of the County Line separating
Whatcom and Skagit counties. Major tributary streams draining into the Skagit River within Reach
2 include Ladder Creek, Newhalem Creek, Goodell Creek, Babcock Creek, Martin Creek, and
Thornton Creek. City Light maintains two former gravel mine sites in the reach at Newhalem
Aggregate (Agg) Ponds and County Line Ponds as off-channel fish habitat.
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Reach 3 narrows in relation to Reach 2 as a result of resistant bedrock and limited alpine glaciation
(Riedel et al. 2020). Reach 3 is split into two segments that are separated by Reach 4 (Figure 4.0-
2). Reach 3A begins near the County Line (PRM 89.4) and continues downstream past the tributary
junction with Damnation Creek to the beginning of Reach 4 at PRM 87.5.

Reach 4 is the landslide zone that spans 3.5-miles (PRM 87.5 to 84.0) between Damnation Creek
and Bacon Creek. The reach is bound by two fault zones that define the regional geology and
landslide deposits that confine the valley (Riedel et al. 2020). Reach 3B continues downstream of
the landslide zone from PRM 84 to the change in geology where the Skagit River crosses the
Straight Creek Fault (PRM 82). Alma Creek, Copper Creek, and Bacon Creek join with the Skagit
River in Reach 3B.

Reach 5 continues downstream of the Straight Creek Fault (PRM 82) to Rocky Creek (PRM 74).
The valley widens relative to upstream reaches due to a change in the underlying bedrock geology
that results in decreased erosional resistance west of the fault. The channel is incised into a series
of terraces that occupy much of the valley bottom. The community of Marblemount is located on
a terrace surface just upstream and across from the junction with the Cascade River at PRM 78.2.
The Cascade River is the largest tributary entering the Skagit River between Gorge Dam and the
Sauk River and is an important source of water, sediment, and wood to Reaches 5 and 6. Additional
tributary inflows within Reach 5 include Diobsud Creek, Olson Creek, and Corkindale Creek. For
this study, Reach 5 was split into two subreaches defined by segments upstream (Reach 5A) and
downstream (Reach 5B) of the Cascade River (Figure 4.0-3).

Reach 6 (Barnaby Reach) begins at Rocky Creek (PRM 74) and continues downstream to the
upstream edge of the Sauk River alluvial fan near PRM 68. Barr Creek and Sutter Creek both join
with the Skagit near PRM 71 and have formed coalescing debris cones that extend into the valley
from the north. Tributary inflow from O’Brien Creek and Illabot Creek drain into the Skagit River
floodplain from the south in the upper segment of Reach 6. A meander cutoff in the early 1900s
left an abandoned channel that is now occupied by Illabot Creek where it flows north across the
Skagit River floodplain (Figure 4.0-3). Downstream of Illabot Creek, the floodplain contains a
series of relict meanders (Figure 4.0-4). The meander complex represents up to 5,800 years of
fluvial history in the valley (Riedel 2019). The youngest of these meanders is known as Barnaby
Slough and was cut off during the late 1800s to early 1900s. Barnaby Slough and adjacent
floodplain features, such as Harrison Pond and Lucas Slough (collectively known as the “Barnaby
Complex™), have been modified since the 1960s to create rearing habitat for hatchery steelhead.
Use of the facility was discontinued in 2007, and the Barnaby Complex is the site of ongoing
restoration activities to improve habitat conditions in the reach.

Reach 7 is characterized by the influence of the Sauk River alluvial fan that has formed at the
confluence of the Sauk River and the Skagit River near the community of Rockport (Figure 4.0-
4). State Route (SR) 530 crosses the Skagit River at Rockport and heads south across the Sauk
River alluvial fan. Relict channels from the Sauk River extend upstream to the east of SR 53,
including much of the low-lying area in the floodplain along Martin Road. Over a timescale of
tens to hundreds of years, the position of the Sauk River confluence shifts upstream and
downstream within the valley and exerts an influence over hydraulic and geomorphic processes in
Reach 6. As recent as the early 1900s, the confluence of the Sauk River was approximately 1 mile
upstream of its present location and much closer to the area around Rockport. For this study, Reach
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7 was split into two subreaches upstream (Reach 7A) and downstream (Reach 7B) of the Sauk
River confluence near PRM 66.8 (Figure 4.0-4). Field mapping of bank conditions, aquatic habitat,
and large wood inventory was limited to the segments upstream of the Sauk River Confluence
(Reach 7A). Bed material sampling extended downstream of the confluence to include a site in
Reach 7B.
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Figure 4.0-5. Longitudinal profile of the Skagit River from Gorge Dam to the Sauk River with
overlay of reach boundaries. Elevation data from 2017 and 2018 topobathymetric
LiDAR surface (Quantum Spatial, Inc. [QSI] 2017, 2018). Small dips in profile
represent pool features in the bathymetric data.
4.1 Geomorphic Change

The analysis of geomorphic change includes a characterization of lateral channel migration and
vertical channel changes (incision or aggradation) following methods defined in Section 2.6.2 of
the RSP.

4.1.1 Mapping Active Channels

Upstream of the Sauk River confluence, active river channels were mapped for Reaches 2-7 using
LiDAR, aerial photographs, and digital aerial imagery from multiple time steps between 1944 and
2019 to evaluate historic channel conditions (Table 4.1-1). Channel features were not digitized
from historical imagery in Reach 1 given the bedrock-controlled morphology that limits channel
migration and increased error in georeferencing imagery in the Gorge bypass reach due to the steep
topography and limited availability of stable control points.

Channel features digitized as part of previous work by SRSC were utilized for channel reaches
between the Sauk River confluence and Marblemount (SRSC 2019). Additional imagery was then
compiled from the list of available imagery presented in Table 2.6-1 of the RSP to extend the data
set of historical imagery for channel reaches upstream of Marblemount. Several of the data sources
were limited in spatial extent and did not include full coverage of the primary study area. Multiple
data sources were combined to create a composite for select time periods that included imagery
from different data sources that spanned two consecutive years. The resulting time series included
the following years: 1944, 1963-64, 1978-79, 1998, 2006-07, 2019 (Table 4.1-1).

The peak flow history at USGS gaging stations in the Skagit River at Newhalem (USGS 12178000)
and at Marblemount (USGS 12181000) are overlaid with years selected in time series of aerial
imagery in Figure 4.1-1 and 4.1-2. The gage record at Newhalem dates to 1908 and the three
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highest recorded flows (all greater than 40,000 cubic feet per second [cfs]) occurred prior to time
series of aerial imagery used in this study. Several tributaries drain into the Skagit River between
the USGS gaging stations at Newhalem and Marblemount increasing the contributing drainage
area from 1,175 to 1,381 square miles, respectively (an 18 percent increase in drainage area). The
gage record at Marblemount begins in 1943 and includes a period with no data during the interval
1957-1975.

Channel digitizing practices and classification codes were based on methods described by SRSC
for the reaches downstream of Marblemount, and digitization was continued from Marblemount
to the Gorge Dam using consistent rules and practices. These methods are briefly outlined below.

Digitization involved classifying areas into discrete polygons. As derived from SRSC digitization
methods (SRSC 2019), polygon classes included low flow channel (water), unvegetated area
(bars), vegetating area (sparsely or annually vegetated bars), and forested islands. Active channels
include areas within the river where the combination of sediment transport intensity and
hydroperiod prevent establishment of vegetation and is therefore comprised of low flow channel
and unvegetated area classes. Forested islands and vegetating areas were classified only if fully
surrounded in planform by active channel. Active channel width, sinuosity, and braiding intensity
were calculated for appropriate geomorphic reaches (reaches with similar confinement
characteristics).

Multiple data sources were used to evaluate the historic channel alignment (Table 4.1-1), including
those listed in Table 2.6-1 in the RSP (City Light 2021a). Data sets were reviewed and those with
the highest spatial resolution, ranging from 0.5- to 3-ft cell sizes, were incorporated. Historic aerial
imagery was not orthorectified. As such, georeferencing of the historic images could not align
perfectly. The root mean square of image alignment to a series of user-defined control points was
generated during georeferencing and used as an indicator of accuracy, coupled with manual
review.

Table 4.1-1. Data sources compiled for mapping active channel areas and evaluation of lateral
channel migration.
Scale/
Year Map/Image Type Resolution Source/Notes
1915! Historic map 1:10,000 | USGS
1944 Black and white Unknown |USACE; georeferenced by Collins and Sheikh (2002)
(B&W) stereo photos
1963/1964 B&W stereo photos 1:12,000 | U.S. Forest Service (USFS); images downstream of
Marblemount georeferenced by SRSC (2019);
additional images upstream of Marblemount acquired
for this study
1978 Color stereo photos 1:24,000 | NPS; upstream of Bacon Creek only
1979 Color stereo photos Unknown | USFS; downstream of Marblemount only;
Georeferenced by SRSC (2019)
1998 Color stereo photos 1:24,000 | NPS; upstream of Bacon Creek only
1998 Color stereo photos Unknown | USFS; downstream of Marblemount only;
georeferenced by SRSC (2019)
1998 Digital imagery 1 m? USGS
Skagit River Hydroelectric Project Seattle City Light
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Scale/
Year Map/Image Type Resolution Source/Notes
2006 Digital imagery Im National Agricultural Imagery Program
2007 Digital imagery 1ft Skagit County Pictometry
2018 Digital imagery 0.5 ft City Light (QSI2018)
2019 Digital imagery 0.75 ft Skagit County Pictometry
1 1915 map not digitized.
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Figure 4.1-1.

Water Year

Time series of annual peak flow (1908-2021) for the Skagit River at USGS gaging
stations at Newhalem (USGS 12178000) with overlay of aerial photo sets used in
mapping historical channel change. Preliminary data for 2021 flood shown for

reference.

Skagit River Hydroelectric Project

FERC No. 553

4-11

Seattle City Light
March 2022



Geomorphology Study Interim Report 4.0 Methods

70,000 °
[ ]
_ [ ]
60.000 °
. L ]
4 50,000 [
= )
g Y L L
o 40.000 ®
i ° e o o
= °
A4 30,000 ol . "
= ° L LY
= [ ] ol o g L AR ] ®
g 5 * % o b " 4
& 20.000 L ° o . ¢ o,
) L] o o ]
10.000 =t =1 a 0] [{s] [0)]
Marbl t 3 3 & S 8 =)
at Marblemoun - ol i i Q Q

0
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Water Year

Figure 4.1-2. Time series of annual peak flow (1943-1956; 1976-2021) for the Skagit River at
USGS gaging stations at Marblemount (USGS 12181000) with overlay of aerial
photo sets used in mapping historical channel change. Preliminary data for 2021
flood shown for reference.

4.1.2 Channel Migration Rates

Areas of lateral channel migration were identified by overlying banklines from consecutive years
in the time series using GIS tools in the “Channel Migration Toolbox” from Ecology (Legg et al.
2014). Areas of channel migration were delineated for each bank of the river separately. Channel
migration rates were calculated by summing the difference in new channel planform area between
aerial photograph years and dividing by reach length. Rates are calculated based only on eroded
area where change between imagery was from vegetated floodplain to channel and do not include
areas of bar building in calculations. Transects were digitized across the channel migration zone
at a longitudinal spacing of 500 ft. Channel width and lateral channel migration between successive
years in the time series was recorded along each transect for the period 1944-2019.

Channel migration rates were compared to peak flow conditions between aerial photograph years
(Figure 4.1-1 and 4.1-2) and changes to sediment inputs and large wood loading to determine
conditions that contribute to bank erosion and channel migration. Channel migration history over
the existing license period was represented by historic channel occupancy maps and maps
illustrating historic channel positions. Bank protection was considered when analyzing channel
migration.

4.1.3 Streambank Characterization

Locations of eroding riverbanks were mapped in the field as part of geomorphic reconnaissance in
2021. Grain size of eroded bank material was described by visual estimate of percent boulder,
cobble, gravel, sand, and fines (silt/clay). The location and extent of bank protection limiting
channel migration processes was mapped using the existing GIS database from the Upper Skagit
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Indian Tribe (Hartson and Shannahan 2015) and verified in the field as part of geomorphic
reconnaissance.

This information will be used along with the channel migration analysis to estimate sediment input
from bank erosion as part of work to be completed in 2022 based on the methods used by
Rothleutner (2017) in the middle Skagit River to allow direct comparison with that study and, for
the more recent period with available LiDAR data, by comparing geomorphic change between
LiDAR surfaces.

4.14 Vertical Channel Changes

As part of work to be completed in 2022, an analysis of USGS gage rating curve changes during
the term of the current license (from 1990 to present) will be made at the Skagit River at Newhalem
gage (USGS 12178000), Skagit River at Marblemount gage (USGS 12181000), and Skagit River
near Rockport gage (USGS 12184700) to evaluate potential channel incision or aggradation as
described in Section 2.6.2 of the RSP. These data will be combined with rating curve change
analysis from the previous licensing studies (Riedel 1990). If feasible, historic cross-section data
at other locations between the Gorge Dam and the Sauk River will be compared with available
topobathymetric LIDAR data (QSI 2017, 2018) to evaluate channel changes at locations between
gages. A complete assessment of change in stored sediment volume will be completed by
comparing the 2017/18 topobathymetric LIDAR data with LiDAR data that will be collected in
winter or early spring 2022. Building upon the methods in Section 2.6.2 of the RSP, elevation
contours from a 1915 topographic map of the Skagit River produced by USGS will be compared
with the current river profile to evaluate vertical channel changes over the period 1915-present.

The Relative Elevation Map based on 2017 and 2018 LiDAR data (QSI 2017, 2018) will be used
to analyze channel evolution stage between Gorge Dam and the Sauk River based on the Stream
Evolution Model in Cluer and Thorne (2013).

4.2 Aquatic Habitat

The purpose of the Aquatic Habitat Section of this report is to summarize existing information on
the status and location of habitat units as well as other mainstem, side channel, and tributary
features. The goals and objectives that are associated with aquatic habitat from the list above
include the documentation of the following:

= Distribution of aquatic habitat types, characteristics, and availability;

=  Substrate size and distribution;

= Large wood input, transport and retention; and

= Process flows that mobilize riverbed and bars.

Some of these objectives integrate information from other studies. The substrate and cover
information come from field work conducted under the FA-02 Instream Flow Model Development
Study (City Light 2022a) and FA-05 Skagit River Gorge Bypass Reach Hydraulic and Instream
Flow Model Development Study (Bypass Instream Flow Model Development Study; City Light

2022b). Additionally, once available, modeling output from the FA-02 Instream Flow Model
Development Study will be used to identify and validate channel unit types and the distribution of
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edge habitat. The large wood input, retention/presence information comes from the Large Wood
Section within this Geomorphology Study but will be incorporated into the Aquatic Habitat
analysis as well.

4.2.1 Habitat Mapping

Per the description in Section 2.6.3 of the RSP, aquatic habitat in the mainstem and side channels
of the Skagit River was evaluated using digital resources prior to field verification. The pre-field
evaluation was designed to digitize channel units on the Skagit River between Gorge Dam and
confluence with Sauk River using remote sensing data. These data were also used to characterize
the habitat in the Gorge bypass reach above the Gorge Dam Powerhouse. The data sources used
for this effort included multiple LiDAR data sets, aerial imagery, water surface profiles, and
landform mapping data sets. Table 4.2-1 lists the specific resources that were included in the
desktop analysis of aquatic habitat. The terrain model used to generate the relative elevation
models (REM) is a mosaic of the LiDAR data sets from 2017 and 2018 identified in Table 4.2-1
along with field-collected bathymetric and topographic data to fill gaps in terrain coverage and
was developed as part of the FA-02 Instream Flow Model Development Study (City Light 2022a).
This REM is not the same one used by the NPS for landform mapping (Riedel et al. 2020) as this
surface was created from more recent data.

Channel unit definitions in the mainstem were based on relevant literature sources (Table 4.2-2).
Channel units included those within the mainstem, as well as blind and flow-through side channels
and off-channel habitat that is disconnected to the mainstem via surface water. Tributary mouths
were also identified as channel unit types and were assessed as part of the fish passage evaluation
as described in Section 2.6.3 of the RSP. The data sets identified in Table 4.2-1 were used to
determine the boundaries of each channel unit. The size and detail on the channel unit boundaries
were based on the resolution of the data sets rather than on any specific minimum size criteria. The
combination of the REM and the water surface elevation allowed for visualization of the bedform,
which aided in identification of unit boundaries, specifically pools. Aerial photos were also used
to look for evidence of turbulence in surface flow and channel features, such as log jams that would
likely cause scour or other deformations of the channel bed. Table 4.2-2 includes the classifications
used for channel units along with their descriptions and applicable references.

The process for digitizing the channel units used the 2018 and 2017 topobathymetric LiDAR to
first create a wetted edge polygon based on the wetted extents at the time of the LiDAR flights.
The wetted extent polygon was then split into individual channel units using the editor in ArcMap.
The classification for each channel unit was then assigned according to the classifications listed in
Table 4.2-2.
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Table 4.2-1.

Data resources used in Aquatic Habitat desktop evaluation.

Flow at Time of

Data Type Year Extent Notes/Reference Flight (cfs)"
Topobathymetric 2018 Gorge Dam to PRM 75.9 REM in development; 6,000 to 7,500
LiDAR (QSI2018)
Topobathymetric 2017 PRM 75.9 to Sauk River REM created and used 8,000
LiDAR (QSI2017)
Aerial Imagery 2018 Gorge Dam to PRM 75.9 0.5 ft Quantum Spatial 6,000 to 7,500
image
(QSI2018)
Aerial Imagery 2017 PRM 75.9 to Sauk River Skagit County data set 5,310 to 14,900
(no report, May 2017 during May 2017
identified in metadata)
Water Surface Profile 2018 Gorge Dam to Sauk River | Created during hydraulic 6,000 to 7,500
model calibration
(City Light 2022a)
Landform Mapping 2016 Gorge Dam to Sauk River NPS data layer Multiple flows
(Riedel et al. 2020) from March 2016 -
June 2017
1 Flows are presented at USGS Gage 12181000, Skagit River at Marblemount.
Table 4.2-2. Channel unit classifications used for aquatic habitat.
Channel Unit Description Reference(s)
Pool Obvious scoured depression in bed, often with notable Beechie et al. 2005;
pool tail crest. Bisson et al. 1988
Glide Steeper than pools but less steep than runs, no obvious Beechie et al. 2005
depression in the bed and little surface turbulence.
Riffle Turbulent flow, shallow, generally 1-4 percent gradient. Bisson et al. 1988
Run Generally, 1-4 percent gradient (steeper than glides),
laminar flow.
Rapid Turbulent flow, generally > 4 percent gradient. Bisson et al. 1988
Cascade Steep unit > 4% gradient with series of drops and step Bisson et al. 1988
pools noted in the water surface elevation profile.
Backwater Slow water unit formed along the bank of mainstem. Hawkins et al. 1993;
Bisson et al. 1988
Blind Side Channel Side channel to the mainstem with less flow than the Side channels to be included in

mainstem and separated by an island with permanent
vegetation; connected at one end of the channel per
surface water connection depicted in 2018 and 2019
aerial photos and field observations from August 2021.

the survey were presented during
engagements with the LPs

Flow-Through Side

Side channel to the mainstem with less flow than the

Side channels to be included in

Channel mainstem and separated by an island with permanent | the survey were presented during
vegetation; connected at both inlet and outlet per engagements with the LPs
surface water connection depicted in 2018 and 2019
aerial photos and field observations from August 2021.
Off-Channel Habitat Disconnected aquatic habitat per surface water

connection depicted in 2018 and 2019 aerial photos and
field observations from August 2021.

Skagit River Hydroelectric Project

FERC No. 553

4-15

Seattle City Light
March 2022



Geomorphology Study Interim Report 4.0 Methods

After the initial desktop-based channel unit mapping was completed, the study areas were surveyed
by boat or foot in the field during August 2021 (multiple dates between August 12 and 27) to
validate unit classifications and boundaries. Flows during this time frame ranged from 2,500 cfs
to 4200 cfs on the Marblemount Gage (USGS Gage 1218100) (Figures 4.2-1 and 4.2-2). At the
Concrete gage (USGS 1219400) flows ranged from 5,500 cfs to 11,300 cfs. Bacon Creek flows
(USGS 12179900) ranged from 100 to 200 cfs, while the Cascade River (USGS 12182500)
fluctuated between 380 and 900 cfs. Any differences between the assigned unit classifications or
unit boundaries and the observed conditions in the field were logged with Global Positioning
System (GPS) coordinates and notes describing the needed edits. Revisions were made in ArcMap
to the channel unit polygons using points and descriptions collected in the field. Cover data was
mapped as a part of the FA-02 Instream Flow Model Development Study (City Light 2022a).
Velocity, depth, and cover information will be integrated once the FA-02 Instream Flow Model
Development Study hydraulic model is complete (e.g., for edge habitat metrics identified in Table
4.2-3) and will be reported in the USR in 2022.

Quality Assurance and Quality Control procedures were implemented by two senior staff members
on the study team (a Senior Fish Biologist and a Principal Geomorphologist) to verify the
boundaries and classifications of the habitat map layer. Channel units were then used as the spatial
basis to characterize quantity and quality of habitat across the study area. Unit boundaries were
applied to the data collected on substrate (from FA-02 Instream Flow Model Development Study
[City Light 2022a]) and large wood to summarize habitat conditions throughout the study area.
Data on cover (from FA-02 Instream Flow Model Development Study) will be integrated in 2022
and reported in the USR. Analytical procedures were then applied to these data sets to calculate
metrics to be used to summarize the current habitat conditions in the mainstem and tributary
habitats.

Analysis of the unit specific data used the same reaches that were designated as part of the NPS
Landform Study (Riedel et al. 2020), with some of the reaches subdivided into subreaches (see
Section 4.0 of this study report). The original seven reaches from the landform survey were divided
into 10 subreaches for further summary and analysis based on differences in sediment transport
and geomorphic context. Figures 4.0-1 through 4.0-4 above show the reaches and subreaches used
in the summary of aquatic habitat data for the mainstem Skagit River.

Habitat metrics in the analysis include those used in the Puget Sound Status and Trend Monitoring
Program (Beechie et al. 2017) for large rivers and other metrics commonly used to describe habitat
quality. Table 4.2-3 includes the metrics proposed to summarize the quantity and quality of aquatic
habitat. Some of these metrics that can be calculated with available data are included in Section
5.2 of this study report. Centerline length and area by channel unit classifications were calculated
from the composite surface and water surface profile used in FA-02 Instream Flow Model
Development Study (City Light 2022a). Edge habitat metrics rely on output from the hydraulic
model (velocity and depth) and will be reported in the USR. Per Section 2.6.3 in the RSP, depth
data will be provided and validated as part of the FA-02 Instream Flow Model Development Study.
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Figure 4.2-1. Skagit River flows during 2021 (USGS 12181000).
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Figure 4.2-2. Skagit River flows during the 2021 Habitat Mapping field survey (USGS 12181000).
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Table 4.2-3.  Habitat metrics for aquatic habitat mapping summary.
Habitat Metric Description Metric
Centerline Length Length of the mainstem channel miles
Area by Channel Unit Area of each channel unit summed across the classification ft?
Classifications?
Area of Edge Habitat? Area of habitat with less than 0.15 m/s velocity and less than ft?
0.6 m depth
Area of Edge Habitat with Cover* | Area of habitat with less than 0.15 m/s velocity and less than ft?
0.6 m depth that also has cover mapped
Percent Hydromodified Proportion of length on right and left banks that is percent
hydromodified
Percent Actively Eroding Proportion of length on right and left banks that is actively percent
eroding
Dominate Substrate Proportion of pool habitat with specific class of substrate percent
Number of Log Jams Number of jams with greater than 10 qualified pieces number
Number of Key Pieces Number of qualified key pieces number
Number of Bar Apex Jams Number of apex jams number
Pools per Mile with Cover Number of pools with >10 percent cover divided by the number/mile
length of centerline
Pools per Channel Width Pool frequency scaled by bankfull width number/(reach
length/bankfull
width)
Average Pool Depth Average of each pool depth summed for the reach ft
Wetted Width! Width of each channel unit ft
Bankfull Width Average bankfull width ft
Bankfull Depth Average bankfull depth ft
Number of Channel Units per Number of total channel units per mile of centerline number/mile
Mile
Percent Cover Percent of surface area with cover percent

[N

respectively.

Wetted width will be calculated for each channel unit, but only reported as part of ArcGIS deliverable.
Area values were calculated from the 2017 and 2018 LIDAR with flows of 8,000 cfs and 6,000-7,500 cfs

3 Edge habitat calculations rely on output from FA-02 Instream Flow Model Development Study (City Light 2022a)
and will be completed for the USR.
4  Cover data will be incorporated for the USR.

Similarly, cover data was collected as part of the FA-02 Instream Flow Model Development Study
and will be included in the USR. Cover includes the following categories: undercut banks,
overhanging vegetation, rootwads, log jam/submerged brush pile, log(s) parallel to bank, aquatic
vegetation, short (<1’) terrestrial grass, tall (>3”) dense grass (e.g., reed canary grass), and
vegetation >3 vertical ft above stage zero flow (WDFW and Ecology 2016). Information on
hydromodifications was available in a 2015 data set from the Upper Skagit Indian Tribe (Hartson
and Shannahan 2015) and was summarized by percent of bank length across reaches. Percent
length of channel actively eroding pertains to areas where we noted disturbance of vegetated banks
or indicators of bank instability (Bauer and Burton 1993) and was calculated by comparing
changes in bank alignment between the 2006 and the 2019 aerial photos as part of the Geomorphic
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Change Section in this study as well as through observations made in the field. Additional
information such as pools per bankfull channel width (mainstem length divided by the bankfull
width were used to normalize pool frequency by channel size) are used to describe habitat quality
and are included in Section 5.2.1 of this study report.

4.2.2 Tributary Analysis

Building on the habitat mapping of tributaries within the study area, field surveys in the lower 500
ft of each tributary were conducted in August 2021 when flows were projected to be at seasonal
low conditions. Flows during August 2021 ranged from 2,390 to 5,400 cfs at the Marblemount
gage (USGS 12179000). Figure 4.2-3 shows the 2021 water year with daily flows, with the survey
timing identified. The August 2021 data collection events took place during the low flow period
for the 2021 water year. Additionally, Figure 4.2-4 shows the flows in August 2021 as well as the
average August daily flows through the period of record. For most of the dates in August, the flows
were below the mean flow for that date across the period of record. Therefore, flow conditions
were representative of common low flow conditions during the surveys.
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Figure 4.2-3. Skagit River flows during the 2021 water year at USGS gage 12181000.
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Figure 4.2-4. Skagit River flows during August 2021 at USGS gage 12181000.

Surveys were designed to assess potential fish passage issues at tributary mouths. Per Section 2.6.3
of the RSP, water depths were measured at each tributary and compared to minimum water depths
required for adult migration to assess passage. Based on further literature review, the survey
methods were expanded to include stream width and stream gradient. According to Reiser et al.
(2006), in a study evaluating typical leaping and swimming capabilities of adult salmonids in Ward
Creek, Alaska, the typical minimum swimming water depth for all five species of Pacific salmon
and steelhead is 0.56-ft; however, this can be affected by extenuating circumstances such as linear
distance of shallow water depths, proximity to pools large enough for adults to rest in and
submerge gills in, and deterioration of adult spawners at time of passage (Reiser et al. 2006;
WDFW 2019).

Minimal regulatory guidance exists around solely using water depth as an indicator of fish passage,
and no specific depth criteria are present in the WDFW Fish Passage Manual (WDFW 2019) as
surveys occur throughout varying times of the year and flow levels fluctuate widely. Therefore,
water depth profiles, stream width, and stream gradient were all collected, as well as the presence
of any other potential natural or artificial barriers per WDFW guidance. Assessment of fish passage
issues was primarily guided by the WDFW Fish Passage Inventory, Assessment, and Prioritization
Manual (WDFW 2019).

Field surveys used a range finder attached to a monopod, a prism, and a stadia rod to obtain water
depth, wetted width, and vertical and horizontal distance measurements following guidance by
WDFW 2019. Bankfull width measurements were collected instead of wetted width if no surface
water was present in the stream. Bankfull width measurements followed collection criteria as
outlined in WDFW 2019.
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4.3 Side Channels and Off-Channel Habitat

The purpose of the Side Channels and Off-Channel Habitat Section is to characterize the existing
condition and distribution of these habitats as well as discuss the processes involved in the
formation and loss of side channel habitats through time. The goals and objectives that are
associated with side channel and off-channel habitat from the list above include documentation of
the following:

= Side channels and off-channel habitat, including hydraulically-connected wetlands;
= Substrate size and distribution;

= Large wood input, transport, and retention;

= Process flows that instigate side channel development/maintenance; and

= Process flows that hydraulically connect side channel and off-channel habitat.

Some of these objectives integrate information from other studies. The substrate and cover
information comes from field work conducted under the FA-02 Instream Flow Model
Development Study (City Light 2022a) and will be incorporated into this Geomorphology Study
analysis. The large wood input, retention/presence information comes from within this
Geomorphology Study in the Large Wood Section but will be incorporated into the Side Channel
and Off-Channel Habitat Section as well. Per Section 2.6.4 of the RSP, information from the TR-
02 Wetland Assessment (City Light 2022¢) was reviewed to further inform the analysis of side
channel and off-channel habitat.

4.3.1 Existing Condition Side Channel Field Methods

Side channels to be visited in the 2021 field season were identified by a collaborative process with
City Light and LPs in July 2021. As part of this process, and as described in Section 2.6.4 of the
RSP, an initial map of side channels and off-channel habitat was made. This data layer was built
using the green LiDAR and geo-referenced aerial photos. The map also integrated information
from the NPS landform mapping project (Riedel 2020) and the TR-02 Wetlands Assessment (City
Light 2022¢). Following the initial presentation of the map of proposed side channel and off-
channel habitat for survey, LPs were invited to comment, as well as make additions or deletions.
Information gained from LPs during these conversations was utilized in the planning of the field
survey effort. Surveys of the side channels identified by City Light and LPs were then conducted
in August 2021. The surveys focused on assessing how connected each side channel was to the
river and geomorphic and salmonid habitat characteristics of the side channels.

Each side channel inlet and outlet were surveyed. Measurements included water depth, dominant
and subdominant substrate size, and presence of large wood and hydromodifications. At select
locations pebble counts and relative datum cross sections were collected. Side channels were
walked and characterized, focusing on documenting features such as presence of pools, large
wood, overhanging vegetation, beavers, juvenile salmonid use, measuring representative depths,
substrate size, and noting conditions such as recent erosion or colonization by vegetation.

Side channel types were classified as perennial, seasonal, or inactive based on field observations.
A side channel was classified as perennial if it was wetted during the August 2021 survey. More
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refined analysis assessing the connectivity of side channels at standardized flow recurrences will
occur when hydraulic modeling results from the FA-02 Instream Flow Model Development Study
are available and results will be reported on in the USR.

Additional information on substrate and fish cover collected as part of the FA-02 Instream Flow
Model Development Study (City Light 2022a) will also be incorporated in this Geomorphology
Study side and off-channel analysis and will be reported on in the USR.

4.3.2 Existing Condition Side Channel Desktop Analysis Methods

Side channels were digitized using REM based on August 2020 and March 2021 water surface
elevation profiles collected as part of hydraulic model calibration for the FA-02 Instream Flow
Model Development Study (City Light 2022a). The terrain model used for the REMs is discussed
in Section 4.2.1 Habitat Mapping methods and was created as part of the FA-02 Instream Flow
Model Development Study. Side channel delineations were further refined using field observations
to help confirm elevations from REMs and to define the limits of side channels where LiDAR
resolution was insufficient. The digitized side channels were used to calculate an approximate area
for each side channel. The approximate area of each side channel is presented in the results to aide
in understanding the relative size of each feature; however, the areas are provisional. Results from
the FA-02 Instream Flow Model Development Study hydraulic model will help refine side channel
areas relative to various river discharges and will provide additional data to compare side channel
areas.

4.3.3 Time Series Analysis of Side Channel and Off-Channel Habitat

Methods for the time series analysis of side channel and off-channel habitats are described in
Section 4.1 of this study report as well as in Section 2.6.4 of the RSP. The same sets of photographs
were used for the identification of side channel and off-channel habitats as those used for
geomorphic and channel change. Since REM data for each time step in the time series was not
available, aerial photos and maps were the primary data sources for this analysis. Variance in the
relative quality and season during which the photos were captured affect the level of detail in
observed side channels for each time step. For example, the photos used from 2006 were taken
during the leaf-off stage, while other photo sets were captured when leaves were still present in
the canopy. This may result in a higher level of detail in the side-channels mapped for 2006 as
compared to other years. Conversely, photos from earlier periods (e.g., 1944) were of lower
resolution and may show a lower level of detail in the side channels mapped as compared to other
years.

Mapped areas and lengths of side channel and off-channel habitat were then used to calculate the
metrics shown in Table 4.3-1 (where feasible). Braids were identified as channels of the mainstem
that were separated from the thalweg by gravel bars at time of image capture. Side channels were
identified as those separated from the mainstem flow by islands with permanent vegetation. The
River Complexity Index (RCI) has been used to measure the relative level of habitat diversity and
quality in paleochannels and integrates sinuosity (the relationship between channel length and
valley length) and the number of junctions with braids or side channels within a given length of
channel (Brown 2002). See Figures 4.1-1 and 4.1-2 for annual peak flow information surrounding
date of image capture.
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Table 4.3-1. Side channel and off-channel metrics for time series analysis.
Metric Description Unit
Length of Side Channel Length of flow-through and blind side channel habitat Miles
Area of Side Channel/Off- Area of side channel and off-channel habitat Ft?
Channel Habitat
Braid Ratio Length of channel in braids divided by length of mainstem Ratio
Length of Side Length of side channel divided by length of mainstem Ratio
Channel/Length of Mainstem
Braid Node Density Number of intersections of braids with mainstem per mile of Number/mile
mainstem length
Side Channel Node Density | Number of side channel junctions per mile of mainstem length | Number/mile
River Complexity Index! RCI = S(1+)) Number
S= Sinuosity
J = number of junctions in the reach

1 The River Complexity Index (RCI) (Brown 2002) integrates the sinuosity (or relative meander pattern) with the
number of joins or junctions in the channel to summarize channel complexity.

4.4 Substrate/Sediment

The investigation of channel substrate described in this Section is intended to document both local
variability and along-channel trends in the composition of the channel boundary, as described in
Section 2.6.5 of the RSP. This information will contribute to understanding the interaction of
sediment supply and channel hydraulics in the river and effects of existing sediment composition
and sediment transport processes on salmonid habitat quality. This Section describes methods used
to document existing sediment characteristics in the study area.

Substrate conditions vary substantially over small distances in rivers (e.g., from the upstream head
of a bar to the downstream tail of a bar), and so it is important to have data describing both local
heterogeneity and river-scale trends in bed material composition. When evaluating river scale
trends, the best approach is to focus sediment sampling in a characteristic geomorphic environment
that most represents typical dominant bed material in the channel. Another important distinction
to quantify is the difference between the character of the surface and subsurface sediment. The
surface material of riverbed gravel and cobble deposits—the armor layer—is characteristically
coarser than the subsurface material, and both the surface and the subsurface material play
important roles in governing aquatic habitat, sediment transport, channel form and channel
stability. Three principal methods were applied to provide a robust view of bed material sediment
through the study area: Wolman (1954) pebble counts of the surficial material, bulk samples of the
material below the armor layer, and facies mapping covering the active channel.

A total of 43 bulk samples and 51 pebble counts were collected from bar head locations that were
believed to represent typical structural bed material in each reach (e.g., Figure 4.4-1) or pockets of
material believed to be typical bedload in steep reaches where the structural bed material is
interpreted to be rarely mobilized. Sample sites were selected from aerial photos, and field notes
documenting the relationship of the sampled material to surrounding bed material were recorded.
Figure 4.4-2 shows locations of sediment samples collected and Table 4.4-1 lists geomorphic
positions of each sediment sample. Ultimately, over 26,500 pounds (12,000 kilograms [kg]) of
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sediment was handled in the process of collecting the bulk samples, and over 5,000 grains were
measured for the pebble counts.

Figure 4.4-1. Examples of typical sediment sample locations, including the head of an island bar
at PRM 90.2 (top) and head of a bank-attached point bar at PRM 78.4 (bottom).
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Figure 4.4-2. Overview of sediment sample locations.
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Table 4.4-1.

Locations of sediment samples.

Sample Location

(PRM or Tributary) Sample Type(s) Geomorphic Position
Pocket fine mid-channel bar deposit in lee of boulders.
%6.1 Bulland Pebble Count Believed to represent throughput bedload in reach.
95.3 Pebble Count Relatively fine-grained point bar.
93 Bulk and Pebble Count Riffle crest bar head.
Head of point bar; anomalously coarse, some soil
development beginning between cobbles, moss
92.6 Bullcand Pebble Count establishing on Ig cobble to small boulder heavy
periphyton growth.
9.2 Bulk and Pebble Count Head of Ir.ndjchannel island barf similar to typical
material in channel across riffle upstream.
91.3 Bulk and Pebble Count Head of stabilizing island bar at riffle crest.
90.2 Bulk and Pebble Count Head of stabilizing island bar at riffle crest.
89.8 Bulk and Pebble Count Head of riffle crest bar.
89.3 Bulk and Pebble Count Head of mid-channel bar, extremely bimodal (lg gravel
and cobble and sand).
Head of large island bar, light moss and periphyton
87.7 Bulk and Pebble Count development, characteristic of typical bed material in
reach.
Mid channel bar in lee of island, clearly developed by
R7 5 Bulk and Pebble Count material deposited out of.transport in the rlght.bank
channel, some moss, periphyton, and small willow
establishing.
R4.6 Bulk and Pebble Count Head of point bgr, relatively h}gh topographlc position
due to higher flow at time of sampling.
83 Bulk and Pebble Count Head of point bar that extends into riffle downstream.
82.3 Bulk and Pebble Count Head of riffle crest bar.
20.8 Bulk and Pebble Count Head of pomt.bar on right bank just downstream of
Diobsud Creek confluence.
80.2 Bulk and Pebble Count Head of compound point bar.
302 Pebble Count Head of coarse point bar 1La;lr;dward of compound point
79 Bulk and Pebble Count Head of island bar.
78.4 Bulk and Pebble Count Middle of very long point bar on inside of meander.
77.7 Bulk and Pebble Count Head of compound point bar at riffle crest.
76.6 Pebble Count Across large geomorphically-controlling riffle.
75.2 Bulk and Pebble Count Head of riffle crest point bar.
74.8 Bulk and Pebble Count Middle of very long point bar on inside of meander.
Head of stabilizing mid-channel bar that is transitioning
towards a point bar similar to material at site and
73.3 Bulk and Pebble Count upstream but coarser than material in channel
downstream. Some periphyton but very little moss
growth.
75 Bulk and Pebble Count Head of large island bar at backwater upstream of

revetment where river impinges against SR 20.
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Sample Location
(PRM or Tributary) Sample Type(s) Geomorphic Position
71.4 Bulk and Pebble Count Head of riffle crest point bar.
70.3 Bulk and Pebble Count Head of riffle crest point bar.
70.1 Pebble Count Across whole area of compound point bar.
69.5 Bulk and Pebble Count Head of actively growing point bar.
68.5 Bulk and Pebble Count Head of riffle crest point bar.
64.8 Bulk and Pebble Count Head of very large island bar at riffle crest caused by
flow expansion.
Point bar that is a pocket deposit interpreted to be
Alma Creek Fan Bulk and Pebble Count comprised of throughput bedload. Finer than typical
structural bed material that is boulder.
Babcock Creek Bulk and Pebble Count Riffle crest across thalweg of dry creek.
Bacon Creek Fan Bulk and Pebble Count Relatively coarse active lobes of fan.
Bacon Creek Upstream Bulk and Pebble Count Middle of point bar.
Cascade River Bulk and Pebble Count Head of island bar connected to riffle crest.
Copper Creek Fan Pebble Count Across confluence bar formed at- and downstream of
creek outlet.
Copper Creek Upstream Pebble Count Across whole channel.
Corkindale Creek Bulk and Pebble Count Riffle crest across thalweg of dry creek.
Damnation Creek Fan Bulk and Pebble Count Relatively coarse active lobe of fan.
Diobsud Creek Fan Bulk and Pebble Count Head of active lobe of fan.
Diobsud Creek Upstream |  Bulk and Pebble Count Head of riffle crest point bar.
Goodell Creek Fan Bulk and Pebble Count Across active lobe of fan.
Goodell Creek Fan Bulk and Pebble Count Head of island bar.
Illabot Creek Upstream Bulk and Pebble Count Head of island bar (w1th1n b ackwater influence of
Skagit River).
Ladder Creek Fan Bulk and Pebble Count Across terrace bar fonped by.recent aggradation-
degradation episode.
Newhalem Creek Fan Pebble Count Across coarse lobes of confluence fan.
Newhalem Creek Pockets of mobile bed material just downstream of
Pebble Count bridge, finer than structural boulder bed material in
Upstream
reach.
Olson Creek Upstream Bulk and Pebble Count Riffle crest across thalweg of dry creek.
Pocket bar deposit typical of transported bedload
Rocky Creek Upstream Bulk and Pebble Count upstream of channel spanning large wood jam, finer
than structural bed material.
Sauk River Bulk and Pebble Count Head of riffle crest point bar.
4.4.1 Pebble Count Methods

Pebble counts (n=100) were collected following a standard Wolman (1954) random-walk
procedure and used gravelometer templates to measure particles in half-phi size classes up to a b-
axis diameter of 180 millimeters (mm). The b-axis of particles larger than 180 mm was measured
using a tape or measured increments on the side of the gravelometer and recorded in half-phi size
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bins. Pebble counts were collected from locations adjacent to bulk samples from areas with a
visually similar grainsize distribution to the location of the bulk sample.

In addition to the standard particle size measurements, the lithology of each measured particle was
also recorded. Lithology classes were defined to be readily field-identifiable and provide
indications of the source area for the particle. The study team worked with Jon Riedel (retired
North Cascades National Park Geologist) to determine these lithology classes, which are identified

in Table 4.4-2.

Table 4.4-2.

Lithology classes used in pebble counts.

Characteristic Principal Tributary
Lithology Class Geologic Domain Geologic Units' Basin(s) Notes
Cherty Conglomerate | Eastern Cascades MzPzH, Ktf Upper Basin
Panther Creek Eastern Cascades Kjos Upper Basin
Conglomerate
Metasedimentary Eastern Cascades MzPzH, Ktf, Klv, Upper Basin Includes well-
Km, TKm indurated marine
sedimentary
Orthogneiss Central Crystalline | Tkgo, Tkmo, TKsn, | Upper Basin, Ladder
Core Tkso, Tkto Creek, Newhalem
Creek, Goodell
Creek, Alma Creek,
Cascade River
Banded Gneiss Central Crystalline Knmg, Kswg, Upper Basin, Ladder
Core TKmm, TKsg Creek Newhalem
Creek, Cascade
River, Sauk River
Granodiorite and Central Crystalline | Kg, Kjya, Kid, Kt, | Upper Basin, Goodell
Other Intermediate to Core Ktm, QTcp, Tcai, Creek, Damnation
felsic intrusives Tcas, Tei, TKmd, Creek, Bacon Ck,
TKrb Copper Creek,
Cascade River,
Illabot Creek, Sauk
River
Napequa Schist Central Crystalline TKns, Kns Newhalem Creek, May be conflated
Core Alma Creek, Copper with Blueschist,
Creek, Bacon Creek, | especially from units
Cascade River, Kcs and TKcs.
Illabot Creek, Sauk
River
Greenschist & Western Cascades | Kes, KJts, Knu,TKcs, Bacon Creek,
Ultramafic and Central TKhg, TKhm, Tknu, Diobsud Creek,
Crystalline Core KTsx Cascade River, Olson
Creek, Corkindale
Creek, Illabot Creek,
Sauk River
Blueschist Western Cascades Kecs, Kncs, TKcs Copper Creek, May be conflated
Cascade River, Sauk | with Napequa Schist.
River
Skagit River Hydroelectric Project Seattle City Light
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Characteristic Principal Tributary
Lithology Class Geologic Domain Geologic Units' Basin(s) Notes
Metaconglomerate | Western and Eastern Various Upper Basin
Cascades
Clastic Sedimentary | Western and Eastern | JTrc, Kjn, Kps, PDc, | Upper Basin, Bacon
Cascades Tees, Tes Creek, Corkindale
Creek, Rocky Creek,
Sauk River
Darrington Phyllite Western Cascades Ked Diobsud Creek, Higher grade material
Olson Creek, may be conflated
Corkindale Creek, with Blueschist
Illabot Creek, Sauk
River
Volcanics, General Western Cascades Jnw, Qcav, Qtcc, | Upper Basin, Goodell
Tcaf, Tcao Tev Creek, Bacon Creek,
Sauk River
Vesicular Volcanics | Western Cascades Qcav Sauk River Distinctive tracer to
Sauk River
Metavolcanic Western and Eastern Kpv, MzPzH Upper Basin, Ladder | Likely includes many
Cascades Creek, Bacon Creek, | other lithologies with
Cascade River, fine textured dark
Diobsud Creek, matrix material
Illabot Creek, Ladder
Creek
Quartz & Quartzite All Various N/A
Other or not N/A N/A N/A
identifiable

1 Geologic unit codes follow Haugerud and Tabor (2009).

4.4.2 Bulk Sample Methods to Characterize Sub-surface Material

Bulk samples of the material below the surface armor layer were collected following the method
of Church et al. (1987). To do this, the surface armor layer was removed and then a pit was
excavated until either the practical sampling limit of 440 pounds (200 kg) or a volume sufficient
that the largest particles in the deposit made up no more than 1 percent of the sample weight was
obtained (the 1 percent criteria). The bulk sample material was field-sieved to separate material at
the 32 mm size. Material larger than 32 mm was divided into half-phi grainsize classes using a
gravelometer, and the weight of each class was measured in the field. A 30-45 pound sub-sample
of the material smaller than 32 mm was retained for grainsize analysis following American Society
for Testing and Materials standards, and was performed by Materials Testing & Consulting, Inc.
Field and lab grainsize distributions for each bulk sample were then combined based on the split
ratio of the material; water weight was assumed to be evenly distributed through the <32 mm
fraction.

4.4.3 Hybrid Grainsize Classification Method

Since the practical sampling limit of 200 kg determined for this study was below the recommended
1 percent criteria for many samples (Church, 1987), the hybrid method of Rice and Haschenburger
(2004) was applied to characterize the coarse tail of the bulk grainsize distribution. The decision
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to apply this method was completed in consultation with LPs during the July 20 and July 27, 2021
Geomorphology Work Group meetings. This method assumes that the surface and subsurface
material come from the same source grainsize population and that the surface armor layer formed
through selective horizontal removal of fine sediment (winnowing). This implies that the ratio of
the weight of a specified match fraction (between the surface and subsurface samples) and each
larger grainsize fraction in the surface material can be used to determine the distribution of the
coarser material more reliably than would be possible with only the undersized sample. Selection
of the match fraction was determined by identifying the largest grainsize fraction meeting the 1
percent sample size criteria. In other words, the match fraction was chosen for the largest grainsize
where the cumulative weight of the sample through that size class (smallest to largest) was greater
than the 1 percent criteria for material of that size. For our 440-pound (200 kg) samples, the match
fraction was most frequently 64-91 mm, and occasionally 91-128 mm.

4.44 Facies Mapping

Methods for the facies mapping are reported in the FA-02 Instream Flow Model Development
Study (City Light 2022a). This mapping covered large portions of the mainstem Skagit River.
These data were analyzed in this Geomorphology Study to understand spatial heterogeneity of the
bed material.

4.5 Sediment Transport and Sediment Augmentation

Sediment transport and sediment augmentation studies to be completed within this geomorphic
study are focused on understanding the existing conditions of sediment transport, and how patterns
of sediment transport and channel morphology may be expected to respond to different inputs of
flood flows, sediment, or both factors (channel process sensitivity). To do this, a modeling program
has been developed in collaboration with LPs (based on commitments in the June 9, 2021 Notice
and RSP) to develop tools to improve understanding of existing conditions and channel process
sensitivity related to bedload transport, channel profile changes (aggradation and degradation),
cross section shape and area, side channel formation and decay, lateral channel migration, and
stage-discharge rating adjustments. Bed material load will be addressed with these models, while
Project effects on washload will be considered through the lens of sediment yield, as described in
Section 4.5.3 of this study report.

Empirical data regarding sediment mobility and sediment transport are also being collected. These
data include scour monitoring of select riffle crest locations and locations of known important
spawning activity, and the deployment of Radio Frequency Identification Device (RFID)-tagged
particle tracers. Concurrent efforts by the USGS to monitor bedload movement using direct
sampling and acoustic techniques may also provide supplementary information for quantifying
sediment transport.

4.5.1 Sediment Transport Modeling Program

The RSP specified that this study would include both one dimensional (1-D) and two-dimensional
(2-D) mobile bed sediment transport modeling. In addition, the June 9, 2021 Notice specified that
hydraulic modeling and sediment transport studies would be extended downstream of the Sauk
River Confluence. Based on the commitments in the June 9, 2021 Notice, details of the modeling
program were developed in collaboration with LPs in a series of workshops held on July 20, July
27, September 28, and November 9, 2021. Conversation at these meetings resulted in some
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modifications relative to commitments in the June 9, 2021 Notice, which are described in Section
7 of this study report.

The modeling program includes the nested development of four kinds of models to represent key
aspects of the Skagit River channel processes. Key questions regarding river processes that can be
addressed with sediment transport modeling were identified in consultation with LPs at the
September 28, 2021 Sediment Transport Sub-Group work session and October 12, 2021
Geomorphology Work Group Meeting. These questions, and the applicable models to inform
answers to them, are listed in Table 4.5-1. Model extents (Figure 4.5-1) were selected based on
preliminary understanding of which processes and questions are most important in each area of
the Skagit River. These models are described in more detail below.

Table 4.5-1. Applicable models to inform key questions for sediment transport modeling.
2l 8| 4
Y (o]
E w| |l —~
o| #| &| &
Q| Q
R
Key Question
1. How sensitive is channel width (and therefore side channel prevalence) to channel-
forming discharge in each reach? What impact could plausible alternative flow release X X
regimes have on channel width?
2.  How sensitive is channel width (and side channel prevalence) to bed material supply in X X
each reach? How does channel width vary if both Qw and Qb vary?
3. How sensitive are the channel profile and local stage-discharge relationships to
variability in bed material input (both quantity and caliber) and to variability in the flow X X
regime?
4. How sensitive is the grainsize distribution of the bed material to variability in bed
material input and flow regime?
5. What flows are required to mobilize/scour sediment in tributary fans? In spawning X
areas? Around side channel offtakes?
How does wood density affect local and reach-scale sediment transport processes?
To what extent may changes in flood regime and sediment supply trigger feedback loops X X
that further impact sediment mobility and downstream movement?
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Figure 4.5-1. Initial planned model extents. All models will span the floodplain. Specific upstream
and downstream boundaries for HEC-RAS 2-D subreaches will be determined
during model development.
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4.5.1.1 UBCRM

The University of British Columbia Regime Model (UBCRM) (Eaton 2007; Millar et al. 2014)
provides a means to rapidly assess river channel hydraulic geometry and propensity for side
channel or multi-channel morphologic adjustments based on prescribed hydrologic and sediment
loading scenarios. Base UBCRM parameterizations will be developed for each hydrologically and
geomorphically distinct reach of the Skagit River between Newhalem and the gravel-sand
transition at PRM 21. For the area upstream of the Sauk River, these reaches are defined in Section
3 of this study report, and they will be defined based on similar criteria for the reach between the
Sauk River and the gravel-sand transition. This modeling effort is intended to fulfill commitments
in the June 9, 2021 Notice to include evaluation of lateral channel mobility in reaches where that

may be an important process and to study controls over geomorphic processes downstream of the
Sauk River.

UBCRM provides estimates of channel width-to-depth ratios as a function of sediment loading,
slope, bank material strength, and hydrologic conditions. UBCRM comparisons of computed
channel widths to those measured by the ongoing morphometric mapping activities will be
completed to calibrate modeled bank material strengths throughout the study reach. UBCRM will
be applied to evaluate general channel hydraulic geometry and planform sensitivity to a wide
plausible range of possible sediment supply and channel forming hydrology conditions.

45.1.2 One-Dimensional Mobile Bed HEC-RAS Model

A 1-D mobile bed USACE Hydrologic Engineering Center River Analysis System (HEC-RAS)
model will be developed to quantify long-term channel bed and hydraulic profiles of the Skagit
River, as described in Section 3.2.2 of Attachment C the RSP. Cross section locations and spacing
will be set to capture hydraulic and sediment transport characteristics throughout the study reach,
extending from PRM 94 at Newhalem (NPS Reach 2) downstream to PRM 67 near the confluence
of the Sauk River (NPS Reach 7). Typical cross section spacing will likely vary between 500 and
1,000 ft. Specific aspects of the 1-D model setup and initial applications are provided in the
following points:

= [Initial model testing will be to run 50 years of historical flows to assess long-term model
application performance and stability.

= Hydraulic model calibration will be based on comparing modeled water surface profiles with
available measured river and overbank stage data. Sediment transport calibration will be based
on comparative bathymetric surveys (cross sections and comparison of LiDAR-based
topobathymetric surfaces, including Winter 2022 LiDAR), measured changes in USGS stage-
discharge rating curves (where available), and a qualitative comparison of model predicted
locations of sediment throughput (as indicated by the lack of in-channel bar features) and
storage (as indicated by the presence of in-channel bar features).

= Tributary sediment inflows will be estimated from slope-area hydraulic calculations, tributary
bed material grain size characteristics, and application of appropriate bed material sediment
transport relationships.

= Model sensitivity and performance will be assessed by varying hydraulic roughness
parameters, and tributary and mainstem sediment inflows.
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= Spin up tests may be required to assure proper model performance between measured and
modeled bed material, model initial condition characteristics, and computed bed material
transport rates over a range of steady state flow rates.

Upon completion of these tasks, the 1-D HEC-RAS model will be applied to describe the existing
conditions of the bed material sediment budget for the modeled reach of the river and to quantify
long-term evolution (i.e., several decades) of hydraulic and bed profiles for several alternative flow
release schedules, flood operations, and other river management scenarios.

45.1.3 Two-Dimensional Mobile Bed HEC-RAS Models

A suite of 2-D HEC-RAS models of six subreaches of the Skagit River between Newhalem and
the confluence of the Sauk River will be developed, as described in Section 3.2.1 of Attachment
C of the RSP. These six subreaches were identified based on discussions with LPs and aim to
quantify erosion and deposition processes related to key morphologic and habitat features
identified in this reach. The six subreaches are located at approximately the following locations:

= PRM 69 (upstream Sauk confluence);

= PRM 73 (downstream of powerline crossing);
= PRM 79 (Marblemount);

= PRM 83 (Bacon Creek confluence);

=  PRM 90 (Countyline); and

=  PRM 93 (Goodell Creek confluence).

Reach lengths for each 2-D model vary between approximately 1-2 miles to capture the key
morphologic features of interest, such as tributary deltas, key spawning bars, and side channel
connections. The 2-D bathymetric surface will be extracted from the 2-D HEC-RAS instream flow
model bathymetry presently under development in the FA-02 Instream Flow Model Development
Study (City Light 2022a). Grid density may be adjusted from the 2-D instream flow model to better
capture sediment transport features of interest, as well as providing reasonable model run times
for mobile bed model simulations. Boundary conditions of sediment inflow and downstream
starting water surface elevation for each 2-D mobile bed model reach will be extracted from the 1-
D HEC-RAS model.

Calibration of the 2-D mobile bed model will be conducted by comparing modeled bed and
overbank aggradation or degradation with data obtained from the ongoing bed scour monitoring,
and by qualitative comparisons of bar and side channel changes, as identified in the ongoing
channel morphometric mapping activities, and by comparing LiDAR topobathymetric surfaces
from before and after the November 2021 peak discharge.

Model testing over a range of hydrologic events will be completed to identify reasonable run times
for modeling individual or sequences of hydrologic events. Initial model testing will run a range
of five steady state discharges from the mean annual flowrate up to the November 2021 peak
discharge to evaluate model performance, as well as assess model spin up requirements to
equilibrate specified model initial conditions with computed sediment transport, erosion, and
deposition throughout each 2-D model domain.
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Upon completion of these tasks the 2-D HEC-RAS models will be applied to quantify erosion and
depositional characteristics on bar surfaces, and side channel connections within each sub reach
for several alternative flow release schedules, flood operations, and other river management
scenarios.

45.14 MAST 1-D

A MAST 1-D model of the Skagit River from below the Bacon Creek confluence at PRM 83
through the gravel-sand bed material transition at approximately PRM 21 will be developed to
quantify width adjustments of the Skagit River to existing and potential future operational flow
release scenarios and to evaluate patterns of bed material mobility and channel-floodplain
sediment exchange downstream of the Sauk River confluence. This model is intended to fulfill
commitments in the June 9, 2021 Notice to evaluate lateral channel mobility and Project effects
on channel hydraulics and sediment transport downstream of the Sauk River, with modifications
as described in Section 7.

MAST 1-D is an academic research code and coding development will be required for applications
to the Skagit River system. Hydraulic calculations within MAST 1-D are simplified relative to 1-
D HEC-RAS, but MAST 1-D has unique capabilities of simulating channel width response to a
range of hydrologic and sediment loading conditions and explicitly tracking sediment exchange
between the channel and floodplain. Because MAST 1-D is a one-dimensional model, its outputs
do not directly show planimetric lateral channel migration, but interpretation of width changes in
conjunction with mapping of historic channel movement patterns (see Section 4.1 of this study
report) will allow for quantification of expected bank erosion patterns. As it provides information
on channel width variability and channel-floodplain sediment exchange, application of MAST 1-
D is complementary to the long-term profile and side channel connectivity modeling using 1-D or
2-D HEC-RAS, as well as width and multi-channel propensity modeling with UBCRM.

MAST 1-D hydraulic model calibration will be based on comparisons of measured water surface
profiles and USGS stage-discharge rating curves within the model domain. Sediment model
calibration will be based on comparisons of computed channel widths over selected time periods
of interest, as determined through the ongoing morphometric mapping activities. Model sensitivity
testing to changes in specified hydraulic roughness, bank material strength, bed material grain size,
and Skagit River and tributary sediment inflow loadings will be completed to assess model
performance.

As with the other models, once calibrated, the MAST 1-D model will be used to evaluate potential
channel response to several alternative flow release schedules, flood operations, and other river
management scenarios.

4.5.2 Observational Bed Mobility Data
4.5.2.1 Scour Monitoring

An analysis of initiation of gravel transport at key/representative spawning locations using scour
monitors and accelerometers will help determine the flow rate that initiates movement or results
in substrate scour to redd depth. A pilot redd scour monitoring project was initiated at three
locations during August 2019 to help determine the feasibility of using various scour
monitor/accelerometer techniques in the Skagit River. This initial monitoring work was expanded
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in 2020 from the three original sites to ten sites focused on areas of known important spawning
activity (e.g., Figure 4.5-2), as described in Section 2.6.5 and Attachment B of the RSP.

In August 2021, staff expanded the monitoring project to include a total of 19 scour arrays, the
locations of which are shown in Figure 4.5-3. The purpose of this extension was to provide data at
select locations representative of typical/controlling sediment transport, at the mouths of tributaries
(to meet commitments in the June 9, 2021 Notice), and at bulk sample locations for select
tributaries. Six of these locations include riffle crests in the mainstem channel where scour
monitoring will aid in development and calibration of the 1-D sediment transport model. Other
arrays include the confluence fans of Goodell and Bacon Creeks (the Newhalem Creek fan did not
have substrate suitable for scour monitor installation) and locations on Cascade River and Bacon
Creek to aid in calibrating estimates of tributary sediment loads. Attachment B is a map set
showing individual scour monitor installation locations.

Figure 4.5-2. Example location of redd-focused scour monitoring array located along the left bank
line (right side of image at site ABSS1 [above Shovel Spur]).
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Figure 4.5-3. Scour monitor installation locations. Site names reflect location and time of
installation. ‘Site’ prefixes were installed in 2019, BMM (Below Marblemount)
prefixes were installed in 2020 Below Marblemount, ABSS (above Shovel Spur)
prefixes were installed in 2020 upstream of Shovel Spur; these are all located at
spawning areas. RC sites were installed in 2021 on Riffle Crests.
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Three types of scour monitoring device were installed in the arrays. These included Sliding Bead
Scour Monitors, Golf Ball Scour Monitors, and Accelerometer Arrays, which are described in
detail in Attachment B of the RSP. A typical site installation includes three Sliding Bead Scour
Monitors, four Golf Ball Scour Monitors, and four Accelerometer Arrays (which record data for
one year and have been replaced each year following initial installation).

The Sliding Bead Scour Monitors, the smallest monitors constructed, use ¥-inch steelhead Corkies
strung on 3/32-inch stainless steel aircraft cable. The advantages of these monitors are ease of
installation and the ability to measure finer scale scour since each bead is % inches in diameter.
These devices were generally not durable enough to handle the sediment transport in the Skagit
River, and so installation of them was discontinued in summer 2021.

Golf Ball Scour Monitors are similar in design to the Sliding Bead Monitors but use plastic
perforated heavy-duty golf balls in place of the Corkies. The golf balls are approximately 1.7
inches in diameter, so they record scour at a coarser scale than the Corkies but proved to be
generally durable through winter 2019-2020 and 2020-2021.

Arrays of two accelerometers were constructed using a design modified from Gendazak et al.
(2013). Accelerometers measure x-y-z orientation at given time steps and thus record the time
when movement takes place (which can be correlated with flow at that time), but they only record
when scour reaches the depth at which they were buried (in the armor layer and at a depth of 7
inches, an average Chinook redd depth). To assemble accelerometer arrays, Hobo Pendant G®
accelerometers were inserted into 4-inch lengths of 1-% inch diameter PVC pipe (Nominal Pipe
Size, so the outer diameter is about 1.66 inches). A piece of 1/8-inch stainless steel aircraft cable
was threaded through a hole drilled through the PVC pipe, through the eye on the accelerometer,
and then crimped in place with a double cable stop. Two accelerometer pipe set ups were threaded
through each anchor, with one set at 10 inches from the anchor and the other set at 17 inches from
the anchor. The result was two independent cables with accelerometers set 7 inches apart from
each other. This allowed for the accelerometers to be inserted into the gravel with the top
accelerometer measuring movement of surface substrate (initiation of movement) and the bottom
accelerometer measuring movement of material 7 inches below the surface. The accelerometers
were set to record at 30-minute intervals. This allows for 1.2 years of record to be stored before
the onboard memory fills.

Staff downloaded the data from the 2019-2020 and 2020-2021 accelerometers and replaced them
with new devices that will be retrieved and downloaded during low flow conditions in 2022. Staff
recorded the change in bed elevation at each of the surviving scour monitors using a laser level
and measured the depth of fill on top of the newly installed monitors. If golf balls moved from the
vertical position, the number of moved (or exposed) golf balls were recorded to determine scour
depth. The majority of the 2019-2020 small bead scour monitors did not survive or were not
recoverable in 2021, so staff only installed golf ball monitors in addition to accelerometers at the
2021 riffle crest monitoring arrays.

4.52.2 Particle Tracing

Tracer particles were deployed at six locations in early November 2021. Tracer particles give
information on the pattern of sediment particle displacement during flood events and to serve as a
proxy for potential sediment movement following a theoretical addition of bed material to the river
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near Newhalem. These sites include the confluence bars and delta fans of Ladder Creek, Newhalem
Creek, Goodell Creek, and Bacon Creek and the riffle crest scour monitor sites upstream on Bacon
Creek and at PRM 89.8. Early onset of significant flooding prevented deployment prior to winter
2021-22 floods at four other planned riffle crest locations downstream of Bacon Creek. At each
site, approximately 100 particles were deployed, with sizes determined to match the distribution
of the 45 mm and larger subsurface material present and provide duplicates (n=2 to 4) of larger
size classes that would be represented by fewer particles.

Particles were tagged by epoxying RFID tags into holes drilled into the particles. The RFID tags
are passive, half-duplex 1.3-in (32-mm) long provided by Oregon RFID and originally
manufactured by Texas Instruments, which operate at a Low Frequency of the Radio Frequency
spectrum (134.2 kilohertz [kHz]). Reliable detection ranges for these tags can be archived up to
about 6 ft, and so we only expect to be able to recover particles displaced into relatively shallow
water.

4523 Washington State Department of Transportation Bedload Measurements and
Acoustic Bedload Monitoring

Parallel to this effort, the USGS in cooperation with Washington State Department of
Transportation (WSDOT) is studying bedload transport on the Skagit River. They installed
hydrophones at Marblemount and Car Body Hole in fall 2020 to record acoustical signals of
bedload movement. They intended to collect bedload transport data during high flow conditions,
but, as of the writing of this report, have not been able to do that. Nonetheless, the acoustical signal
of bedload movement will provide useful semi-quantitative information on the timing and degree
of bed mobility at these two locations during flood events. As of the filing of this study report,
these data were not yet available, and so no results of this analysis are included in this document.
These results will be reported in the USR if available.

4524 Geomorphic Change Detection

Intermediate (timescale of years) to long-term (timescale of decades) changes in bed elevation also
give empirical information on the quantity of sediment that has been mobile in the channel. As
described in Section 4.1.4, available topobathymetric LIDAR data will be compared with historic
channel cross sections and 2017-18 topobathymetric LIDAR will be compared with winter to
early-spring 2022 topobathymetric LiDAR. The comparison of the 2017-18 and 2022 LiDAR
datasets will give very good information on the magnitude and pattern of bed mobility that
occurred during this period, including the large November 2021 flood.

4.5.3 Fine Sediment Yield Analysis

Fine sediment (sand and finer) primarily moves in suspension through the reaches that are the
focus of the bedload sediment transport modeling and only begins to form the channel bed and
banks as the river approaches the estuary. Therefore, a different approach is appropriate to
understand Project effects on fine sediment dynamics. This will be done through a study of known
sediment yield values for surrounding river basins and subbasins, and development of a multiple
linear regression model to estimate sediment yield for the subbasins of the Skagit River above the
Project. These results will be integrated with results of the GE-03 Sediment Deposition in
Reservoirs Affecting Resource Areas of Concern Study (City Light 2022c¢).
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4.6 Large Wood Inventory

The purpose of the Large Wood Inventory Section of the report is to characterize large wood within
the study area. This inventory was completed in accordance with Section 2.6.6 of the RSP. Large
wood transport and retention methods are addressed in Section 4.7 of this study report. The study
team performed a historical aerial photograph inventory and an August 2021 field inventory of
individual large wood pieces and log jams. The methods used for performing these inventories is
detailed in the following Sections.

4.6.1 Historical Aerial Photograph Inventory

The study team identified pieces of large wood and log jams using five remote sensing data sets
presented in Table 4.6-1 that span the course of the current and previous FERC licenses. Due to
limitations in resolution and spatial extent of remotely sensed data sets, 1979 and 1998 do not
include all of the primary study area; however, the coverage provided in 1979 and 1998 was still
sufficient to characterize the large wood in the primary study area for each time period.

Table 4.6-1. Remote sensing imaging with resolution 0.5-1.4 ft in the study area.
Study Length
Year Image Type Resolution (ft) Source Covered (miles)
1979 Color Stereo Photos 1.0 SRSC 11.0
1998 Color Stereo Photos 1.4 USFS/SRSC 11.8
2009 Digital Imagery 1.0 Skagit County 27.5
2011 Digital Imagery 1.0 Skagit County 27.5
2018/2019 Digital Imagery 0.5/0.75 City Light/Skagit County 30.1

Large wood pieces were inventoried in color stereo photos and digital imagery using the following
criteria.

= Piece was within the bankfull channel of the Skagit River mainstem, side channels, or
tributaries. Within tributaries piece must be within 500 ft upstream of tributary confluences
with the Skagit River mainstem.

= Large wood pieces longer than 25 ft and wider than one ft diameter at breast height (dbh) were
included in the inventory. Large wood was digitized as a line feature in ArcMap. Width and
length were measured using the measure tool.

The following attributes were assigned to each of the pieces:

= Adjacent Tributary: Named tributaries that are within 1,000 ft of a large wood polyline.
= Length: Length of large wood piece in feet.

*  Width: Diameter of large wood piece in feet.

= Jam Member: Located in or out of a mapped log jam.

= Orientation: Orientation of large wood piece relative to flow. Classified as either parallel,
perpendicular, or oblique to flow.
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= Rootwad: Presence or absence of a rootwad, where visible.

Log jams were inventoried in high resolution images within the same extent as inventoried large
wood. Log jams were defined by a minimum of five large wood pieces that met the required size
criteria. Log jams were digitized as polygons. Log jam polygons were created by outlining the
outer perimeter of the log jam being mapped. The following attributes were assigned to each of
the log jams:

= Adjacent Tributary: Named tributaries that are within 1,000 ft of large wood polyline.
= Area: Area of log jam in square feet.

= Change: Difference in size of the log jam between years classified as building, decaying,
stable, or variable.

Due to the 3-ft resolution of topobathymetric LiDAR, it was difficult to recognize individual pieces
of large wood. The study team attempted to use the method for characterizing log jams using a
difference in raster method presented in Abalharth et al. (2015). The low pulse return density
resulted in a low-resolution digital elevation model in many places, which made it difficult to
implement the method.

Quality Assurance and Quality Control procedures were implemented by two senior staff members
of the study team (a Science Lead and a Principal Geomorphologist) to verify the identification of
large wood and log jams in historical aerial photographs.

4.6.2 August 2021 Field Inventory

In August 2021, the study team performed a large wood tally, log jam tally, and detailed field
survey of ten half-mile reaches. All data and photographs were collected on a GPS-enabled iPad
in ArcGIS Collector. Flows during August 2021 ranged from 2,390 cfs to 5,400 cfs at the
Marblemount gage (USGS 12179000) and were representative of average low flow conditions.

4.6.2.1 Large Wood and Log Jam Tally

A large wood and log jam tally was completed for 26.5 of the 30.1 miles of the mainstem Skagit
River, all 56 side channels addressed in Section 5.3 of this study report, and 20 tributaries listed in
Table 3.0-1. The large wood and log jam tally was not completed in the mainstem of the Skagit
River between PRM 86.6-87.7 due to a section of rapids that prevented access. Additionally, the
large wood and log jam tally was not completed in the Gorge bypass reach, PRM 94.7-97.2, in
coordination with aquatic habitat mapping due to a lack of aquatic habitat under regulated flow
conditions. Large wood that was longer than 25 ft and wider than 1 ft dbh was tallied and
geolocated. For large wood that was found within log jams, the number of pieces was estimated to
a bin class of either 5-9, 10-49, 50-99, or 100 plus pieces and geolocated.

Additionally, individual tallied large wood pieces were assigned the following attributes:

= Length: Estimated length was binned as 25-49 ft, 50-74 ft, 75-99 ft, or 100 plus ft.

= Diameter at Breast Height (dbh): Estimated dbh was binned as 1-1.9 ft, 2-2.9 ft, 3-3.9 ft, or
4 plus ft categories.
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=  Rootwad: Presence or absence of a rootwad.

4.6.2.2 Large Wood Inventory Detailed Areas

Ten half-mile areas within the primary study area were selected for a detailed large wood
inventory. These reaches were selected to be representative of various channel morphologies
present within the primary study area; they were agreed upon by LPs in a July 2021
Geomorphology Work Group meeting. The name of the detailed reach and associated geomorphic
reach number is shown in Table 4.6-2. For these detailed reaches, in addition to mapping the
location, abundance, and size of large wood, attributes were collected to characterize the adjacent
tributary, jam member, orientation, function, decay class, bank erosion, species, stratigraphy,
mobility, and residual pool depth. Each individual large wood piece was assigned a geotagged
polyline representative of its location. Each log jam was assigned a geotagged polygon
representative of its perimeter. Attributes that were collected for log jams include average height,
location in active channel, number of pieces, occupied percentage, type, and residual pool depth.
The location of these reaches is shown in Attachment C. Seven of ten detailed wood inventory
areas overlap with proposed 2-D sediment modeling areas.

Table 4.6-2. Large wood inventory detailed areas and geomorphic reaches.

Detailed Wood Inventory Area Geomorphic Reach Project River Mile Boundary

Rockport 7A 67.4-67.9

Barnaby West 6 68.6 —69.1

Barnaby East 6 69.5—70.0

Sutter 6 71.0-71.5

Cascade 5B 77.4-71.9

Bacon South 3B 82.5-83.0

Bacon North 3B 83.0-83.5

County Line 2B 89.4-89.9

Thornton 2B 90.1-90.6

Goodell 2B 93.0-93.5

The following attributes were assigned to each of the individual large wood pieces identified in
the detailed reach:
= Length: Length of the piece in ft.

= Diameter at Breast Height (dbh): Diameter of the piece at breast height in ft measured to the
nearest tenth of a foot.

= Rootwad: Presence or absence of a rootwad.

* Rootwad Diameter: Average diameter of rootwad in ft.

= Adjacent Tributary: Named tributaries that are within 1,000 ft of large wood polyline.
= Jam Member: Located in or out of a mapped log jam.

= Orientation: Orientation of large wood piece relative to flow.
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* Function: Geomorphic function of large wood piece. These include hydraulic cover, pool
forming, key piece in log jam, and log jam members.

= Decay Class: Level of decomposition defined as either 1 (fresh), 2 (intermediate), or 3 (rotten).
Class 1 refers to wood that is very firm and often has bark and limbs. Class 2 refers to wood
that is firm and often has some bark and limbs. Class 3 refers to wood that is softer and has no
or very little bark and limbs.

= Bank Erosion: Whether the piece was recruited locally from bank erosion or not. This was
determined based on the presence of the rootwad being on the bank as well as signs of local
bank erosion such as scour and exposure of tree roots.

= Species: Identity of tree species. If species could not be determined large wood piece was
defined as unknown.

= Stratigraphy: Location of wood in the channel. Classified as either low flow channel, partially
or fully submerged, gravel bar, or floodplain.

= Mobility: Estimate of large wood piece stability based on how embedded the piece was in the
substrate and where in relationship to flow was it located. Mobility was classified as either
stable, partially stable, or not stable.

= Pool Depth: Residual depth of associated pool in ft (if pool is present). Measured in the field.
The following attributes were assigned to each of the log jams identified in the detailed reach:

= Height: Average height of log jam above the riverbed in ft.
=  Wetted Channel: Whether the log jam was engaged with the wetted channel.

= Number of Pieces: Estimated number of pieces in the log jam (binned as 5-9, 10-49, 50-99,
or 100-plus).

= Occupy Percentage: The percentage of the active channel span that the log jam occupies.
= Type: The type was classified as bar top, bar apex, meander, side channel, submerged or other.

= Pool Depth: Residual depth of associated pool in ft (if present). Measured in the field.

4.6.3 Large Wood in Reservoirs

Large wood in reservoirs is being inventoried by City Light in accordance with Section 2.0 of
Attachment C in the RSP. A memorandum discussing the most up to date summary of this task are
filed with the ISR separate from the Geomorphology Study report (City Light 2021b). Under
current practice, City Light inventories reservoir wood by length, dbh, and rootwad presence to a
maximum classification of greater than 20 ft in length and 12 inches in diameter. The wood data
collection and recommendations memo suggest classifying large wood by decay class and
additional length classes up to 100 ft or greater in length and 36 inches or greater in diameter.

4.7 Large Wood Tracking and Transport

The purpose of the Large Wood Tracking and Transport Section of the report is to address large
wood tracking, transport, retention, and augmentation. This was completed in accordance with the
June 9, 2021 Notice and Section 2.6.8 of the RSP. The completion of the transport, recruitment,
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and augmentation sections requires hydraulic modeling results from FA-02 Instream Flow Model
Development Study to be completed and will be reported in the USR.

4.7.1 Large Wood Tracking

The large wood tracking was completed in accordance with the June 9, 2021 Notice and Section
2.6.8 of the RSP. The method used for large wood tracking was discussed with LPs during the July
and October 2021 Geomorphology Work Group meetings with the LPs. The primary goals of the
large wood tracking include:

= Identify and characterize what size of large wood moves in a flood peak;

= Determine distance and location of where the large wood moves and accumulates; and

= Determine characteristics of large wood that is most stable.

Active RFID (radiotags) manufactured by Lotek were used for tracking wood movement (Figure
4.7-1). The read range is greater than 1,000 ft when above water, and approximately 15 ft when

below water. The tags have a lifespan of three to five years and frequency of 166.520 megahertz
(MHz).

Figure 4.7-1. Lotek MFT-3A radiotag used to track large wood.

During the October 2021 Geomorphology Work Group meeting with the LPs, the study team
presented a plan for tagging a variety of pieces in the mainstem, tributaries, and side channels
throughout the primary study area. The pieces installed included a distribution of lengths and
diameters, species, orientation, location in the active channel, and rootwad presence/absence. The
study team installed the radiotags in the large wood with the following procedure:
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= A piece of large wood greater than 1-ft dbh and 25-ft length was identified.

= Bark was removed from the area where the radiotag was installed.

* A hole of 1-inch by 3.5-inch dimensions was drilled in the wood (Figure 4.7-2).
= (lear silicone caulk was installed on top of the radiotag (Figure 4.7-2).

= Metal plate was screwed on top of the caulk (Figure 4.7-2).

= Antennae was laid out and stapled along the wood (Figure 4.7-2).

= When possible, bark was replaced in the area where the tag and antennae were located.

Figure 4.7-2. Large Wood installation of radiotags. Hole drilled and radiotag inserted (left). Hole
filled with waterproof adhesive and metal brace screwed on top of hole and antenna
stapled to log surface where bark was removed (right).

4.7.2 Large Wood Transport

Large wood transport will be estimated using the results of the large wood tracking. Additionally,
the study team will utilize hydraulic modeling results from the FA-02 Instream Flow Model
Development Study (City Light 2022a) to estimate transport. Wood transport will be assessed by
estimating the buoyant depth and draft of individual pieces and the duration and velocity of flows
predicted to mobilize wood. The analysis will also utilize data from sediment transport analysis to
estimate which pieces of wood are stable after bedload transport is initiated. This will identify
pieces that may become embedded and, thus, more stable. The large wood tracking described in
the previous Section will be used to determine the mobility of tagged pieces and compare to
estimates of wood transport.
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4.7.3 Large Wood Recruitment

Large wood recruitment will be determined by utilizing the FA-02 Instream Flow Model
Development Study hydraulic model results (City Light 2022a) and other data that is being
analyzed to determine large wood recruitment potential. The recruitment potential is determined
by whether there is large wood that meets the minimum classification criteria of 1 ft DBH and 25
ft long within the riparian zone that can be recruited by the stream. The study team will utilize
historical channel migration zones, current erosion rates, stability of wood, data collected by
Washington State Department of Natural Resources (DNR) on riparian tree size and stem density,
and data collected for the TR-01 Vegetation Mapping Study (City Light 2022d).

4.7.4 Large Wood Augmentation

Large wood augmentation analysis will be completed after the FA-02 Instream Flow Model
Development Study model results are completed (City Light 2022a). Per the June 9, 2021 Notice,
City Light will determine locations and methods for wood augmentation within six months of the
FA-02 Instream Flow Model Development Study model being completed. City Light will
implement an augmentation pilot program with input from the LPs in 2023, unless they mutually
determine a pilot program is not necessary.

4.8 Process Flows

As described in Section 2.6.7 of the RSP, process flows are identified as high flow events that
support a variety of geomorphic processes and habitat values. This effort will integrate data across
the hydraulic models, the sediment transport models and the sediment scour and transport
monitoring, and results will be included in the USR. These data will be used to analyze initiation
of bedload movement at riverbanks and tributary mouths, initiation of substrate movement at river
bars, and connection of side channel and off-channel habitats with the mainstem flow at a range
of flow levels. Process flows will be determined and analyzed as part of a planned iterative process
involving FA-02 Instream Flow Model Development Study (City Light 2022a) team, City Light
staff, and LPs. Workshops on this topic are planned for 2022.
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Existing information collected as part of the pre-field analysis informed the implementation of this
study and is integrated into analyses described below. Additional reports on Skagit River
geomorphology downstream from the Sauk River confluence are summarized in Attachment A.

Preliminary results are reported for data collected in the 2021 field season and analyses completed
through November 2021. Data processing and analyses for this study are ongoing through 2022
and will be reported in the USR. The preliminary results are organized by topic areas in the
following subsections as described in the RSP:

=  Geomorphic Change;

= Aquatic Habitat;

= Side Channels and Off-Channel Habitat;
=  Substrate/Sediment;

= Large Wood Inventory;

= Large Wood Transport; and

=  Process Flows.

5.1 Geomorphic Change

Preliminary results of channel migration patterns mapped from aerial imagery of the period 1944-
2019 show only moderate changes in planform channel characteristics for geomorphic reaches
between Newhalem and Marblemount and more pronounced channel migration activity in the
reaches between Marblemount and the Sauk River confluence. Downstream variability in channel
characteristics is summarized in Table 5.1-1. Attachment D presents a mapbook showing
floodplain elevations relative to the low flow water surface elevation of the active channel based
on composite of recent (2016-2018) LiDAR data. Channel width measured from aerial imagery
shows reach scale variability between the more confined, less dynamic reaches 2 through 5 and
more dynamic reaches 6 and 7 (Figure 5.1-1). The time series of channel width by reach shows
minor changes in average channel width between years but no systemic trends over time (Figure
5.1-2).

Table 5.1-1. Summary of reach characteristics.
Percentage of
Average Length of Banks with
Channel Active Hydro-modified Hydro-
Length Channel Banks (ft) modifications
Reach Gradient (miles) Sinuosity Width (ft) Left Right Left Right
1 0.0189 2.7 N/A N/A N/A N/A N/A N/A
2A 0.0036 1.2 1.14 216 0 0 0% 0%
2B 0.0031 4.1 1.10 324 0 570 0% 3%
3A 0.0015 1.9 1.20 234 0 3,680 0% 37%
4 0.0022 3.5 1.15 233 0 4,340 0% 23%
Skagit River Hydroelectric Project Seattle City Light

FERC No. 553 5-1 March 2022



Geomorphology Study Interim Report

5.0 Preliminary Results

Percentage of
Average Length of Banks with
Channel Active Hydro-modified Hydro-
Length Channel Banks (ft) modifications
Reach Gradient (miles) Sinuosity Width (ft) Left Right Left Right
3B 0.0018 2 1.11 325 620 2,270 6% 21%
S5A 0.0015 3.5 1.05 325 630 0 3% 0%
5B 0.0014 3.7 1.29 382 180 3,210 1% 16%
6 0.0018 6.7 1.22 537 180 7,210 1% 20%
7A 0.0004 1.3 1.05 520 0 1,430 0% 21%
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Figure 5.1-1.

Variability 2019 active channel width, by reach. Horizontal bars represent the
median value of transects in a given reach, boxes show the interquartile range (IQR)
and whiskers extend to 1.5 x IQR.
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Figure 5.1-2. Trends in active channel width by reach, 1944-2019.

A time series comparing the 1915 topographic map with subsequent aerial imagery for the period
1944-2019 is included in Attachment E. Lateral migration rates (1944-2019) by reach are
summarized in Table 5.1-2.

The peak flow history at USGS gaging stations in the Skagit River at Newhalem (USGS 12178000)
and at Marblemount (USGS 12181000) are overlaid with years selected in time series of aerial
imagery in Figure 4.1-1 and 4.1-2 and summarized by interval in the historical time series of aerial
imagery in Table 5.1-3.

Measurement of lateral migration distances between intervals in the historical time series
illustrates the downstream variability between reaches (Figure 5.1-3). Historical trends in lateral
migration rate are summarized by reach in Figure 5.1-4 and illustrated in maps comparing 1944
imagery with 2019 imagery in Figures 5.1-5 through 5.1-15. Key findings from the evaluation of
historical channel changes are summarized by reach below.

Table 5.1-2. Summary of lateral migration rates (1944-2019) by reach.
Eroded Area 1944-2019 Average Lateral Migration Lateral Migration Rate
Reach (ft?) (ft) (ft/yr)
2A 0 0 0.0
2B 587,100 27 0.4
3A 66,200 7 0.1
4 30,100 3 0.0
3B 126,100 7 0.1
SA 76,300 4 0.1
5B 563,300 29 0.4
6 10,823,900 305 4.1
TA 318,000 47 0.6
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Table 5.1-3. Summary of peak flow (1944-2019) by time series interval.
at Newhalem (USGS 12178000) at Marblemount (USGS 12181000)
Reach Peak Flow (cfs) Date Peak Flow (cfs) Date
1944-1964 28,900 7/9/1964 59,300" 11/27/1949
1964-1979 36,700 6/21/1967 N/A N/A
1979-1998 32,300 12/2/1995 62,300 11/29/1995
1998-2006 36,800 10/22/2003 64,300 10/20/2003
2006-2019 28,100 11/8/2006 52,000 11/6/2006

1  Based on partial record; no data at Marblemount 1957-1975.

Reach 1 (Gorge bypass reach) is bedrock controlled and lateral channel migration was not assessed
in this study.

Reach 2A represents the transition where the Skagit River emerges into the lower gradient valley
that has been widened by alpine glaciation (Figure 5.1-5). The channel is confined by terraces and
armored by large cobble and boulder-sized sediments along the bank. No detectable observations
of lateral channel migration were recorded in Reach 2A over the period 1944-2019.

Reach 2B continues from the bridge at Newhalem Campground downstream to the County Line.
Overall, lateral migration in Reach 2B averaged 0.4 ft/yr. Observation of historical channel
changes in reach 2B include:

= A gradual decrease in connectivity between the mainstem and a side channel along the left
bank downstream of Goodell Creek (side channel 92.8-L; further described in Section 5.3.1 of
this study report) due to sedimentation and encroaching vegetation (Figure 5.1-5; Attachment
E, sheet 2).

= Little to no change in the island between the mainstem and side channel at PRM 92.8.

=  Growth of a mid-channel bar at PRM 92 that has developed into a vegetated island near the
confluence with Babcock Creek and deflected flow laterally into the banks opposite the
developing island causing toe scour and lateral bank migration of 5 ft/yr from 1964-1979 with
ongoing toe scour that maintains a near vertical bank to the north of the developing island.

= Historical channel migration between PRM 90 and 91 led to development of a side channel
complex near the confluence with Thornton Creek (Figure 5.1-6; Attachment E, sheet 3).
Historical mapping in 1915 shows an anabranching channel pattern with two islands or mid-
channel bars in this segment at that time. The upper bar from PRM 90.5 to 91 grew in the
downstream direction between 1915 and 1944 then stabilized with vegetation between 1944
and 1964. Secondary channels connecting with the Thornton side channel complex appear
better defined in imagery prior to 1998 but have since narrowed with sedimentation and
vegetation encroachment. A secondary channel spilling laterally from the mainstem into the
side channel has grown in recent years and showed evidence of widening in 2021 field
reconnaissance.

» (learing of riparian vegetation and extraction of gravel from the floodplain at County Line
Ponds resulted in channel widening between PRM 89.2 and 89.8 from 1944-1964. Subsequent
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formation of a mid-channel bar has formed an island near PRM 89.5. Flow deflected toward
the right bank upstream of the island breached the berm separating the pond from the mainstem
between 1998 and 2006, allowing a portion of the flow to spill laterally into the pond complex.

» Toe scour along the right bank is creating localized bank migration toward the pond complex
from PRM 89.8 to 90.

Reach 3A is confined by resistant bedrock, large debris fans, and riprap that lines the channel along
SR 20. Observations within this reach include:

* An alluvial terrace flanks the channel from along the left bank from County Line to the
confluence with Sky Creek, but the bank has been stable throughout the record of aerial

imagery.
= A side channel near Damnation Creek was more clearly connected with the mainstem in the

1915 map and 1944 imagery then becomes less connected over time as the side channel is
affected by sedimentation and vegetation encroachment (Figure 5.1-7).

=  Minor amounts of localized bank erosion were observed downstream of Damnation Creek
between PRM 87.6 and 87.8 from 1964-1979 and 1979-1998 where sediment deposition has
formed bars within the channel upstream of the valley confinement entering the landslide zone.

Reach 4 is the confined valley segment within the landslide zone. Observations within this reach
include:

= The channel is composed of coarse sediment and boulders and riprap armors the banks in
segments along SR 20.

= Minor changes in channel planform have occurred downstream of Alma Creek near PRM 85.4
(Figure 5.1-8).

Reach 3B is a continuation of the narrow valley segment downstream of the landslide zone and
includes the confluence with Bacon Creek (Figure 5.1-9). Historical channel changes in Reach 3B
are minor and include:

= Development of a bar extending from the left bank downstream and across from Bacon Creek
(PRM 89) associated with lateral migration towards an island on the opposite (right) bank
between 1964 and 1979; subsequent development of a pond in the abandoned channel
separated from the mainstem by the vegetated bar is apparent by 1998.

* Formation of a log jam at the inlet to a side channel along the right bank downstream of Bacon
Creek between 1979 and 1998 and subsequent sediment deposition and vegetation
encroachment decreasing connectivity with the side channel over time.

Reach 5A enters a widened valley downstream of the Straight Creek Fault; however, the channel
is incised within high banks of terrace surfaces where the channel has cut into deposits from post-
glacial outburst floods more than 11,000 years in age (Riedel et al. 2020). Only one area of
localized bank erosion was recorded. Observations from the record of historical imagery include:
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* Sedimentation and vegetation encroachment limiting side channel connectivity upstream of
Diobsud Creek at PRM 81.6 (Figure 5.1-10); the side channel is well defined in 1915 USGS
map, had a unvegetated channel connecting to the mainstem in 1944 imagery, and vegetation
became progressively established at the upstream connection beginning with the 1964 imagery
(Attachment E, sheet 6).

= Sedimentation and vegetation encroachment on the tributary fan at the confluence with
Diobsud Creek; moderate deposition noted along right bank at confluence between 1944 and
1964 then establishment of vegetation stabilized the deposits between 1964 and 1979.

= Localized erosion along the left bank across from Diobsud Creek at PRM 81 concurrent with
the bar growth on the opposite bank at the confluence. Erosion began between 1944 and 1964,
continued between 1964 and 1979, then shifted the focus of bank erosion slightly downstream
of the tributary confluence between 1979 and 1998 (Attachment E, sheet 6). No detectable
erosion was noted in the periods since 1998.

= Sedimentation and vegetation encroachment limiting side channel connectivity downstream of
Diobsud Creek at PRM 80.8; similar to the side channel upstream at PRM 81.6, the side
channel at PRM 80.8 is well defined in 1915 USGS map, had a unvegetated channel connecting
to the mainstem in 1944 imagery, and vegetation became progressively established at the
upstream connection beginning with the 1964 imagery (Attachment E, sheet 6).

Reach 5B continues from the confluence with the Cascade River downstream to Rocky Creek
(Figure 5.1-11). Observations within this segment include:

= Right bank erosion downstream of the Cascade River (PRM 77.6) between 1944-1964 and
subsequent armoring of the eroding bank by riprap.

= Left bank erosion between PRM 77.4 and 77.6 resulting in development of a split flow channel
that has persisted since the 1990s (Attachment E, sheet 7).

= Toe scour and lateral bend migration on the left bank between PRM 74.4 and 75 between 1979
and 1998 (then continuing at lower rate between 1998 and 2006) and concurrent toe scour and
bend migration into the terrace on the opposite (right) bank downstream of Corkindale Creek
(Figure 5.1-12; Attachment E, sheet 8).

Reach 6 represents the most dynamic segment of the study area and includes areas with large
meander cutoffs near Illabot Creek and Barnaby Slough. Key observations from the record of
historical maps and imagery within this reach include:

= A large-scale bend cutoff abandoned the meander known as Barnaby Slough in the early 1900s
(prior to 1915 topographic map) and shortened the channel length between PRM 70.5 and 71.
The bend cutoff at Barnaby Slough is further discussed in previous work by SRSC and NSD
(2019).

= A second bend cutoff then occurred upstream and abandoned the meander near Illabot Creek
(PRM 73 to 73.5) between 1915 and 1944 (Attachment E, sheet 9).

= The new channel that cut off the bend near Illabot Creek split into two flow paths around a
developing island and erosion along the right bank near PRM 73 produced lateral migration to
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the north between 1944 and 1964 that was subsequently halted by placement of riprap (Figure
5.1-13).

The left bank to the south of developing island erosion eroded between PRM 73.2 and 73.4
from 1944 to 1964, was relatively stable from 1964-1979, then eroded further over a long
segment extending from PRM 73 upstream to Rocky Creek near PRM 74 between 1979 and
1998. Ongoing left bank erosion in this segment downstream of Rocky Creek has continued
episodically (Attachment E, sheet 9).

The right bank is armored by riprap near the next bend downstream where the channel is
parallel to the embankment along SR 20 between PRM 72 and 72.5.

The left bank between the two armored sections has adjusted by migrating laterally over 1,000
ft since 1944 near PRM 72.5; toe erosion drove bank erosion between 1944 and 1964. A mid-
channel bar then formed resulting in additional left bank erosion between 1964 and 1979;
ongoing migration toward the left bank has since formed an extensive point bar on the opposite
bank that has grown progressively over time (Attachment E, sheet 9).

Bank protection on the right bank along SR 20 near RM 72 deflects flow to the opposite bank
and the left bank has been progressively eroding near the confluence with Illabot Creek.

The channel segment adjacent to Barnaby Slough has remained relatively static with only
localized areas of left bank erosion across from a developing bar near the confluence with Barr
Creek and Sutter Creek (PRM 70.6 to 71).

A meander across from Barnaby Slough has progressively migrated downstream further
shortening channel length and forming the relict channel features containing wetlands on the
north side of the valley near Washington Eddy (Attachment E, sheet 10). In 1915 the outer
bank was located near PRM 70.2 and then migrated 460 ft in a downstream direction between
1915-1944 (16 ft/yr), 420 ft from 1944-1964 (21 ft/yr), 440 ft from 1964-1979 (29 ft/yr), 440
ft from 1979-1998 (23 ft/yr), 170 ft from 1998-2006 (21 ft/yr), and 480 ft from 2006-2019 (37
ft/yr).

Riprap previously armored the left bank downstream of Washington Eddy until the 1990s when
erosion flanked the riprap and initiated a period of rapid lateral migration along the meander
bend at PRM 69 near Martin Road (Figure 5.1-14; Attachment E, sheet 11); lateral migration
of the meander bend near PRM 68.8 progressed 290 ft toward Martin Rd from 1998-2006 (36
ft/yr) and 290 ft from 2006-2019 (22 ft/yr).

Reach 7 continues along the margin of the Sauk River alluvial fan.

The right bank is armored throughout this segment near the Rockport bridge and the segment
upstream of the bridge appears to have been armored prior to the 1944 imagery.

Channel dynamics in this reach have been dominated by westward migration of the Sauk River
along the alluvial fan over the period 1944-2019.
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Figure 5.1-6. Comparison of 1944 and 2019 imagery in lower segment of Reach 2B.
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Figure 5.1-7. Comparison of 1944 and 2019 imagery in Reach 3A and upper segment of Reach 4.
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Figure 5.1-8. Comparison of 1944 and 2019 imagery in Reach 4.
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Figure 5.1-9. Comparison of 1944 and 2019 imagery in Reach 3B.
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Figure 5.1-10. Comparison of 1944 and 2019 imagery in upper segment of Reach SA.
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Figure 5.1-11. Comparison of 1944 and 2019 imagery in Reach 5A and upper segment of Reach
5B.
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Figure 5.1-12. Comparison of 1944 and 2019 imagery in lower segment of Reach 5B and upper
segment of Reach 6.
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Figure 5.1-13. Comparison of 1944 and 2019 imagery in middle segment of Reach 6.
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Figure 5.1-14. Comparison of 1944 and 2019 imagery in Reach 3A and lower segment of Reach 6.
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Figure 5.1-15. Comparison of 1944 and 2019 imagery in Reach 7A.
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5.2 Aquatic Habitat
5.2.1 Habitat Mapping

Habitat mapping results are presented by reach and subreach from upstream to downstream. The
quantity and distribution of aquatic habitat provide a sense of availability and diversity of units
between each reach. Channel unit areas including side channel and off-channel areas are based on
the wetted extent polygon originally derived from the 2017 and 2018 LiDAR flights which were
captured at 8,000 cfs and 6,000 to 7,500 cfs, respectively. Inundation areas will vary depending on
river discharge, as will areas of individual channel units or side channels.

The amount of habitat and the relative proportion of habitat are presented in Figures 5.2-1 and 5.2-
2. Data for reaches 2A through 7A are presented in the figures and tables below, respectively.
Reach 1, the Gorge bypass reach, is not presented here as the FA-05 Bypass Instream Flow Model
Development Study (City Light 2022b) is still being completed and will be used to map the habitat
in that reach, the results of which will be reported in the USR. No data on Reach 1 will be included
in this preliminary results section. Maps of all reaches with designated channel units are presented
in Attachment F Aquatic Habitat Mapbook. Reach length and area normalized by length are
presented in Table 5.2-1 to provide context for relative reach size and width. The number of
channel units per mile, a measure of habitat diversity is presented in Table 5.2-2. Average depth,
bankfull depth and bankfull width are reported in Table 5.2-3 and provide a relative comparison
for reach cross-sectional area and channel capacity during channel forming flows. Bankfull widths
are presented in Table 5.2-3; average and bankfull depth depend on the output from the hydraulic
model and will be included in the USR once those data are available.

Reaches 6 and 2B are the largest, with Reach 6 containing more than twice the surface area as the
next largest reach. Reach 6 is also the longest reach with about double the length of the next largest
reach (Table 5.2-1), but even normalized by length, it provides the largest amount of habitat. As
described in Section 3.0 of this study report, the reaches exhibit large differences in geomorphic
characteristics. Reach 6 is lower in the watershed than most of the other reaches, carries more flow
due to additional tributary inputs and flows through a less confined area, so has the potential for
more side and off-channel habitat.

By far, the most common channel unit classification by area is glide habitat and, generally, this
proportion increases in a downstream direction. This channel unit type represents the largest
portion of habitat area for all the reaches shown in Figure 5.2-2, except for Reach 2A, which has
large portions of both rapid and backwater habitat area. Reaches 2B and 6 also have the largest
proportion of off-channel and side channel habitat and Reach 7A also has a larger portion of side
channel habitat. The lower reaches (6 and 7A) have lower gradients and more flow, which results
in less riffle and rapid habitat and more slow water habitat.
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Figure 5.2-1. Total area of aquatic habitat by reach.
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Figure 5.2-2. Distribution of the area of channel unit classes by reach.
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Channel unit density in terms of channel unit total and channel units per mile are included in Table
5.2-3. The density and diversity of channel units can be seen by looking at both Table 5.2-2 and
5.2-3. In terms of the diversity (number of habitat types), Reach 2B is the most diverse and also
has a relatively high density of channel units at 15 units per mile. Some of this diversity is
attributed to the existence of off-channel habitat areas that are relics of past human alteration such
as the aggregate ponds and the spawning channel. Reach 6 has the highest density of units but does
not contain any rapid habitat, which is expected given its low gradient and the absence of bedrock
in the reach. Reach 4 is also fairly diverse, but much smaller than Reaches 2B and 6, and with a
lower density of habitat units. Reach 7A has both the least diversity and density of all the reaches
mapped.

Table 5.2-1. Reach length and area normalized by length.
Area Normalized by
Reach! Area (ft?) Length (miles) Length (ft/ft)

2A 1,259,521 1.16 206
2B 7,899,597 4.09 366
3A 2,126,914 1.92 210

3B 2,986,184 1.96 289

4 4,066,343 3.51 219

S5A 5,844,664 3.52 315

5B 7,468,833 3.69 383

6 23,832,743 6.72 672

TA 2,981,566 1.27 443

1 Reach 1 data will be updated in the USR.

Table 5.2-2. Summary of area by channel unit classification by reach (ft?).
Side
Reach! | Backwater | Off-channel Pool Channel Run Glide Rapid Riffle
2A 12,880 0 110,897 0 553,475 0 527,933 54,337
2B 13,732 1,619,702 185,900 683,363 887,090 2,436,726 591,805 | 1,481,278
3A 41,700 0 365,571 13,215 330,427 986,309 0 389,691
3B 0 48,507 471,395 155,801 197,052 1,746,575 0 366,853
4 35,452 0 533,436 22,679 435,313 2,114,880 460,439 464,144
S5A 0 0 281,459 121,635 873,328 4,128,236 0 440,096
5B 12,938 633,235 | 846,259 | 382,561 0 4,977,496 0 616,344
6 342,016 7,829,118 | 1,034,709 | 2,166,421 | 531,872 | 12,950,309 0 1,412,794
TA 45,184 0 105,385 396,501 0 2,434,496 0 0
1 Reach 1 data will be updated in the USR.
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Table 5.2-3. Number of channel units by reach.
Number of Channel Units
Reach! Number of Channel Units | Length of Reach (miles) per Mile

2A 12 1.16 10
2B 60 4.09 15
3A 27 1.92 14
3B 16 1.96 8

4 22 3.51
S5A 16 3.52 5

5B 27 3.69

6 124 6.72 18
7A 5 1.27

1 Reach 1 data will be updated in the USR.

Average depth and bankfull width and depth provide a measure of channel capacity both during
average flows and bankfull flows. These data also provide information on the relative size of each
reach and the cross-sectional profile of the channel. Data on average depth and bankfull depth will
be extracted from the FA-02 Instream Flow Model Development Study Upper Skagit Hydraulic
Model (City Light 2022a) and included in the USR. Table 5.2-4 shows the bankfull width by reach
as extracted from the composite surface used in the model development.

Table 5.2-4. Bankfull width, number of pools, pool frequency, and pools per channel width by
reach.
Pool Frequency Pools per Channel
Reach! Bankfull Width (ft) | Number of Pools (number/mile) Width (Number)
2A 216 4 34 28.4
2B 324 6 1.5 66.6
3A 234 6 3.1 433
3B 233 5 2.6 433
4 325 4 1.1 57.1
5A 325 3 0.9 57.1
5B 382 8 2.2 51.1
6 537 16 2.4 66.0
TA 520 1 0.8 12.9

1 Reach 1 data will be updated in the USR.

Aquatic habitat quality is influenced by pool frequency, cover, key pieces of large wood and log
jams, substrate characteristics, as well as the amount of edge habitat. Pool frequency is summarized
by both pools per mile and pools per channel width. Pool frequency across reaches is relatively
constant on a per mile basis with most reaches having 0.8 to 3.4 pools per mile (Table 5.2-4). On
a per channel width basis, pool frequency ranges from 12.9 to 66.6 across reaches. Reaches 2A
and 3A have the highest pool frequency while Reaches 2B and 6 have the highest number of pools
scaled by bankfull width.
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Large wood in the study area is an important contributor to pool creation, as well as providing
cover and nutrient inputs for aquatic species. Substantial data on large wood distribution and
characteristics are provided in Section 5.6 of this study report. The density of large wood jams as
well as the presence of apex jams (a subset of log jams) and pool forming wood are indicators of
structure and habitat quality for aquatic species, specifically Pacific salmon species. Selected wood
metrics are presented in Table 5.2-5 summarizing the levels of large wood by reach. The majority
of reaches have relatively low levels of functional wood as compared to the total number of pieces.
Normalizing by reach length, Table 5.2-5 shows that in general, reaches farther downstream in the
Skagit River (upstream of the Sauk River confluence in the primary study area) have more wood
and more functional wood.

Table 5.2-5. Total Pieces, log jams, apex jams, and geomorphically functional wood by reach.
Pool Forming | Pool Forming
Total Large Pieces Jam Density Wood! Wood
Wood (number / | Log Jams (number/ | Apex Jams®| (number of (number /
Reach? Pieces mile) (number) mile) (number) pieces) mile)
2A 52 44.8 2 1.7 0 0 0
2B 363 88.8 10 24 4 27 6.6
3A 57 29.7 1 0.5 0 0 0.0
3B 236 120.4 5 2.6 1 31 15.8
4 57 16.2 1 0.3 0 2 0.6
S5A 150 42.6 2 0.6 1 0 0.0
5B 827 224.1 23 6.2 6 35 9.5
6 1908 283.9 27 4.0 7 60 8.9
7A 414 326.0 9 7.1 0 4 3.1

1 Pool presence was not observed for every piece; total count is an underestimate.
2 Reach 1 was not inventoried in August 2021.
3 Apex jams are a subset of log jams.

Similar to wood, cover also plays a role in the quality of rearing and spawning habitat for fish
species. For the purposes of this study, cover includes the following: undercut banks, overhanging
vegetation, rootwads, log jam/submerged brush pile, log(s) parallel to bank, aquatic vegetation,
short (<1”) terrestrial grass, tall (>3”) dense grass (e.g., reed canary grass), vegetation > 3 vertical
ft above stage zero flow (WDFW and Ecology 2016). Cover data, collected as part of the FA-02
Instream Flow Model Development Study (City Light 2022a), will be summarized in the USR and
provides information regarding habitat available for rearing and hiding cover for juveniles and
holding habitat for spawning fish. Cover metrics to be calculated include percent cover, pools per
mile with cover, and area of edge habitat with cover.

Channel substrate also plays an important role in spawning habitat for adult salmonids and affects
habitat use by juveniles. Specific substrate sizes are used by each species for spawning, so
information on grain size can help to evaluate the quality of spawning habitat (see FA-02-Instream
Flow Model Development Study for more detail). The combination of substrate and cover,
especially in river margins and edge habitat, can also influence the rearing habitat capacity and the
distribution of juvenile salmonids. Substrate data, collected as part of the FA-02 Instream Flow
Model Development Study (City Light 2022a), will be summarized in the USR.
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Edge habitat has been noted as a critical component for rearing juvenile Chinook as well as other
salmon in the Skagit River (Beechie et al. 2005). Edge habitat is used by juvenile salmon to escape
the main current of the river, hide from predators, and to rear and grow. The amount of cover, area
of edge habitat, and area of edge habitat with cover are dependent on data from the FA-02 Instream
Flow Model Development Study (City Light 2022a) and will be included in the USR.

Aquatic habitat conditions can be impacted by human modifications including banks that have
been hydromodified or excessively eroding banks that are caused or affected by human actions on
the landscape (Hartson and Shannahan 2015). Table 5.2-6 identifies the proportion of bank length
in each reach that is hydromodified or actively eroding. There are some areas where banks have
been hydromodified and are actively eroding, but those data are not included in the table below.
See Attachment E for more detail on specific areas with both erosion and hydromodification.
Substrate conditions downstream of actively eroding areas can also indicate whether and where
erosion may be affecting fish habitat. As shown in the table, hydromodification is much more
common on the right bank of the Skagit River, which may be due to higher levels of development
and the presence of SR 20. Reaches 3A, 3B, 4 and 7A have the highest proportion of
hydromodified banks on river right, followed by Reaches 6 and 5B. Reaches 2A, 2B and 5A have
little to no hydromodifications as mapped using 2015 data (Hartson and Shannahan 2015). Active
erosion is present on both banks mostly in Reach 6, which is also the longest reach. There is also
active erosion noted in Reach 7A on the right bank and Reach 4 on the right bank. Reaches 6 and
7A are naturally less confined, from a geomorphic perspective, than some of the other reaches, so
may be more prone to erosive processes.

Table 5.2-6. Percent of bank length hydromodified and percent of bank length actively
eroding by reach.
Percent Hydromodified (%) Percent Actively Eroding (%)
Reach! Left Bank Right Bank Left Bank Right Bank
2A 0% 0% 0% 0%
2B 0% 3% 1% 2%
3A 0% 37% 0% 0%
3B 0% 23% 0% 0%
4 6% 21% 0% 9%
5A 3% 0% 0% 0%
5B 1% 16% 0% 0%
6 1% 20% 32% 13%
TA 0% 21% 0% 14%

1 Reach 1 data will be updated in the USR.

5.2.2 Tributary Analysis

A summary of water depths, widths, and gradients found within each tributary that was explored
for fish passage can be found in Table 5.2-7. Gradients are averaged across the entire approximate
500-linear ft reach. Widths are of the wetted channel unless the stream was dry, in which case
bankfull width measurements were taken, as wetted width is a criterion of fish passability (WDFW
2019). Some tributaries were too deep or swift at time of survey (during the August 2021 field
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visit) for surveyors to cross or obtain true thalweg measurements. In these cases, water depth
measurements were taken near the accessible bank and width measurements were estimated based
on remote sensing data and visual verification in the field. In the case of Goodell Creek, a survey
could not be completed due to deep, swift waters coupled with steep, erosive banks making the
survey inaccessible. A full inventory of tributaries assessed, linear distance surveyed, water depth
and relative elevation profiles, and field photos can be found in Attachment G, the Tributary Fish
Passage Analysis Inventory.

Average negative slopes were recorded for three tributaries: Babcock Creek, Napolean Side
Channel, and Sauk Side Channel 1. This occurred because each stream had very low overall
gradients with sections of backwatering, leading to slightly negative overall slope values across
the survey. Absolute gradients of these tributaries were less than one percent and are noted as
approximately zero percent in Table 5.2-7.

Table 5.2-7. Summary of tributary water depth values and average widths.
Min. Water Max. Water Avg. Water | Average Width
Tributary Avg. Gradient Depth (ft) Depth (ft) Depth (ft) (ft)
Alma Creek 5.25% 0.50 245 1.55 282
Babcock Creek ~0% 0.00 3.17 1.04 5
Bacon Creek 1.17% 1.49 2.20 1.69 54
Barr Creek 4.25% 0.15 1.78 0.75 15
Copper Creek 6.37% 0.47 1.66 0.84 11
Corkindale Creek 2.07% 0.00 0.49 0.03 16!
Damnation Creek 5.16% 0.80 2.75 1.26 20
Diobsud Creek 0.14% 0.60 3.29 1.37 37
Goodell Creek N/A N/A N/A N/A N/A
Illabot Creek 2.93% 0.50 3.70 1.73 17
Ladder Creek 2.68% 0.70 5.50 2.27 16
Martin Creek 0.86% 0.00 2.35 0.53 9
Napolean Side Channel ~0% 1.66 2.36 2.08 51
Newhalem Creek 2.90% 1.50 3.90 2.12 30?
Olsen Creek 1.67% 0.00 0.49 0.05 39!
Rocky Creek 2.83% 0.23 1.27 0.75 19
Sauk Side Channel 1 ~0% 1.34 2.18 1.69 35
Sky Creek 18.65% 0.16 2.60 0.90 9?
Sutter Creek 4.33% 0.00 0.00 0.00 17
Thornton Creek 2.67% 0.38 2.74 1.31 33

1 Bankfull width measurement; bankfull widths were taken instead of wetted widths when stream channels were

dry.
2 Estimated value.
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5.3 Side Channels and Off-Channel Habitat
5.3.1 Current Side Channel Condition

Current side channel condition results are focused on side channels that were identified in a
collaborative process with City Light and LPs during July 2021. Results are organized by
geomorphic reach and include a summary of the side channels in each reach visited during August
2021 surveys. A more detailed narrative describing each side channel is available in Attachment
H. Summary tables are provided at the end of each reach subsection and include side channel IDs,
local side channel names, side channel type, approximate area, and inlet and outlet characteristics.
Side channel areas presented in the summary tables are approximate and based on field
observations and interpretation of REMs. Inlet and outlet connections are based on low flow field
observations during August 2021 surveys. Maps showing side channels are presented below.

5.3.1.1 Reach summaries of side channel habitat
Reach 2A

Reach 2A begins at the Newhalem Powerhouse and extends down to the NPS Newhalem Visitor
Center bridge and does not contain any side channels.

Reach 2B

Reach 2B spans from the NPS Newhalem Visitor Center bridge down to the County Line Ponds
and contains ten side channels (Figures 5.3-1 and 5.3-2). At the time of the survey, six side
channels are perennially connected, two seasonally connected, and two are inactive (Table 5.3-1).
The largest side channel is the Thornton Side Channel at PRM 90.7, which has several inlets that
converge into a single large side channel and an additional perennial side channel branching off at
PRM 90.25. Three side channels in 2B have been enhanced as part of prior mitigation actions—
Agg Ponds, County Line Ponds, and Park Slough. The Agg Ponds and County Line Ponds are two
former aggregate mining sites with excavated side channels and off-channel areas formed by old
mining pits. The Skagit River has eroded through portions of the County Line Ponds creating
additional side channels and connections from two ponds to the river. Park Slough is a blind
constructed Chum spawning channel created in the 1990s. The excavated channels in the Agg
Ponds and Park Slough are ground water fed and provide rearing habitat due to cold water, slow
water, and cover from large wood and overhanging vegetation, but spawning functionality in Park
Slough has been reduced due to siltation and exacerbated by beaver dams that trap silt deposits.
This statement is supported by the field observations of the Park Slough substrate in the summer
of 2021 where extensive silt was observed throughout the slough. Since Park Slough was
constructed as a spawning channel and presumably had spawning gravels in it when it was created
in the 1990s, the extensive coverage of silt is an indication of loss of spawning habitat functionality
in that area. Additional characterization of beaver activity at the Project’s off-channel sites is
provided in the TR-09 Beaver Habitat Assessment (City Light 2022f).
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Table 5.3-1.

Summary of side channels in Reach 2B.

Skagit R.
Side Inlet Connection | Outlet Connection | Discharge
Side Ch | Channel Approx. and Dominate and Dominate During
ID Name Area (ft?) Type Substrate Substrate Survey? (cfs)
92.8-L Unnamed 195,809 Side Channel, | Dry/Coarse Gravel | Dry/Sand and Fines 2,980
Inactive
91.7-L Unnamed 7,649 Side Channel, Dry/Vegetated | Wet/Sand and Fines 3,060
Inactive,
backwater only
91.7-R | Unnamed 45,421 Side Channel, Wet/Cobble Dry/Cobble 3,740
Seasonal
91.5-L | Park Slough 71,098 Side Channel, | Blind/Subsurface | Wet/Coarse Gravel 3,060
Perennial
91-R | Agg Ponds! 174,429 Side Channel | Blind/Subsurface | Wet/Sand and Fines 3,710
and Off-
Channel,
Perennial
90.7-L Thornton 392,807 Side Channel, Wet/Cobble Wet/Coarse Gravel 3,030
Side Perennial
Channel
90.5-R Unnamed 24,327 Side Channel, | Blind/Subsurface | Dry/Coarse Gravel 3,710
Seasonal
90.25-L | Unnamed 114,505 Side Channel, | Wet/Coarse Gravel | Wet/Coarse Gravel 3,030
Perennial
90.1-R Unnamed 25,677 Side Channel, | Wet/Coarse Gravel Wet/Cobble 3,030
Perennial
89.5-R | County Line 199,587 Side Channel Wet/Cobble Web/Coarse Gravel 2,900
Ponds! and Off-
Channel,
Perennial
1 Side channel area only; does not include ponds.
2 Discharge at USGS Gage 12181000 Skagit River at Marblemount, WA.
Skagit River Hydroelectric Project Seattle City Light
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Reach 3A

Reach 3A is naturally confined with a narrow floodplain where the river steepens and begins to
enter a long series of rapids. Only two side channels are present in 3A (Table 5.3-2 and Figure 5.3-
3). The first side channel at PRM 88.8 is seasonal and backwaters from the river at higher flows.
The second side channel at PRM 88.7 is a perennial feature that intersects the valley hillslope
indicating a groundwater and hillslope fed channel. Both side channels have inactive vegetated

inlets.
Table 5.3-2. Summary of side channels in Reach 3A.
Skagit R.
Side Inlet Connection | Outlet Connection | Discharge
Side Ch | Channel Approx. and Dominate and Dominate During
ID Name Area (ft?) Type Substrate Substrate Survey! (cfs)
88.8-R | Unnamed 3,518 Side Channel, Dry/Vegetated | Dry/Sand and Fines 2,530
Seasonal
88.7-L | Unnamed 52,254 Side Channel, Dry/Vegetated Wet/Coarse Gravel 2,930
Perennial

1 Discharge at USGS Gage 12181000 Skagit River at Marblemount, WA.

Skagit River Hydroelectric Project

FERC No. 553

5-32

Seattle City Light

March 2022



Geomorphology Study Interim Report 5.0 Preliminary Results

Skagit River Hydroelectric Project
(FERC No. 553)

+ Project River Miles (PRM)
m 1 Reach Break
[ Side Channel
’ i ; s e L €l Seattle City Light
- Y P A ndt Qi B : 4 0 0.05 01
Elevation (ft) 0 = March 2021 WSE Miles
LT T 1

Created on 1/5/2022 by NSD for Seattle City Light. City
Light provides no warranty, expressed or implied, as to the
accuracy, reliability or com pleteness of this data.
Data Sources: Aerial Imagery - USDA NAIP (2019),
3

Topography - WA DNR and NHC (2018 & 2021), Side
Channels - NSD (2021)

4 P

Document Path: N:\Projects\HDR\Skagit_Geomorphology_Study\GIS\maps\mxd\side_channels\EMBEDDED_SideCH_3A_9x5_L.mxd

Figure 5.3-3. Map of Reach 3A side channels.

Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 5-33 March 2022



Geomorphology Study Interim Report

5.0 Preliminary Results

Reach 4

The river is confined to a narrow steep valley with several sections of rapids through Reach 4 and
contains only 3 small side channels all near the downstream end of the reach (Table 5.3-3 and
Figure 5.3-4). One channel is perennial, one is seasonal, and the third is inactive. The perennial
channel at PRM 84.5 contains spawning gravel throughout and was <0.5 ft deep during the August
2021 survey. The seasonal channel at PRM 85.3 has a vegetated inactive inlet and backwaters at
the outlet at higher flows. The inactive channel has matured woody shrubs growing within the
channel indicating it has not had flow through recently.

Table 5.3-3. Summary of side channels in Reach 4.
Skagit R.
Side Inlet Connection | Outlet Connection | Discharge
Side Ch | Channel Approx. and Dominate and Dominate During
ID Name Area (ft?) Type Substrate Substrate Survey! (cfs)
85.5-R | Unnamed 17,085 Side Channel, Dry/Vegetated | Dry/Sand and Fines 2,530
Seasonal
85.3-L | Unnamed 13,608 Side Channel, Dry/Vegetated Dry/Vegetated 3,510
Inactive
84.5-L Unnamed 14,553 Side Channel, | Wet/Coarse Gravel | Wet/Coarse Gravel 3,510
Perennial
1  Discharge at USGS Gage 12181000 Skagit River at Marblemount, WA.
Skagit River Hydroelectric Project Seattle City Light
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Figure 5.3-4. Map of Reach 4 side channels.
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Reach 3B

Reach 3B is a short reach that begins just upstream of Bacon Creek and contains two side channels
and one-off-channel area (Figure 5.3-5). The valley and floodplain begin to widen compared to
Reach 4, but the river is still confined to a relatively narrow floodplain. The two side channels are
perennial and off-channel feature is seasonal (Table 5.3-4). The two perennial channels at PRM
82.8 and 92.5 are flow through and provide spawning and rearing habitat due to spawning sized
gravels found in both channels, and rearing habitat elements of pools, slow water, and cover
provided by large wood. The off-channel area channel at PRM 82.9 is a pond connected to the
Skagit River via an intermittently connected outlet. The pond contains aquatic vegetation and large
wood, providing rearing habitat when connected to the river (Figure 5.3-6).

Table 5.3-4. Summary of side channels in Reach 3B.
Skagit R.
Side Outlet Connection | Discharge
Side Ch | Channel Approx. Inlet Connection and Dominate During
ID Name Area (ft?) Type and Substrate Substrate Survey! (cfs)
82.9-L | Unnamed 117,001 Off-Channel, Dry/Vegetated | Dry/Sand and Fines 3,510
Seasonal
82.8-R Moses 136,231 Side Channel, Dry/Cobble Wet/Sand and Fines 3,880
Slough Perennial
82.5-L Unnamed 61,202 Side Channel, | Wet/Coarse Gravel | Wet/Coarse Gravel 3,510
Perennial
1  Discharge at USGS Gage 12181000 Skagit River at Marblemount, WA.
Skagit River Hydroelectric Project Seattle City Light
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Figure 5.3-5. Map of Reach 3B side channels.
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Figure 5.3-6. Off-channel pond in side channel PRM 82.9-L.

Reach 5A

Reach 5A begins upstream of Diobsud Creek and extends down to the Cascade Rockport Rd
Bridge. Within Reach 5A the valley becomes wider, but the river channel is straight with a narrow
active floodplain and contains three side channels (Figure 5.3-7). Two side channels are perennial,
and one is inactive (Table 5.3-5). The perennial channel at PRM 81.4, known as Diobsud Slough,
is a perennially connected backwater pool with a beaver ponded wetland above the backwater, but
the inlet is inactive and vegetated. The perennial channel at PRM 80, known as Taylor Side
Channel, is an excavated Chum spawning channel created in the 1990s. Taylor Side Channel is
groundwater fed and provides rearing habitat due to cold water, slow water, and cover from large
wood and overhanging vegetation, but spawning functionality has been reduced due to siltation
and beaver colonization.

Table 5.3-5. Summary of side channels in Reach SA.
Skagit R.
Side Discharge
Side Ch | Channel Approx. Inlet Connection | Outlet Connection During
D Name Area (ft?) Type and Substrate and Substrate Survey! (cfs)
81.4-R Diobsud 73,138 Side Channel, Dry/Vegetated | Wet/Sand and Fines 3,510
Slough Perennial
80.6-R | Unnamed 32,741 Side Channel, Dry/Vegetated Dry/Vegetated 3,510
Inactive
80-L Taylor Side 171,393 Side Channel, | Blind/Subsurface Wet/Fine Gravel 2,690
Channel Perennial
1  Discharge at USGS Gage 12181000 Skagit River at Marblemount, WA.
Skagit River Hydroelectric Project Seattle City Light
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Figure 5.3-7. Map of Reach 5A side channels.
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Reach 5B

Reach 5B begins at the Cascade Rockport Rd Bridge and continues down to PRM 74.8 and
contains seven side channels (Figures 5.3-8 and 5.3-9). Four side channels are perennial and three
are seasonal (Table 5.3-6). The upstream most and largest perennial channel is the Cascade River
Distributary Channels at PRM 78.3, which contain several channels with similar characteristics—
numerous log jams, pools, and spawning gravels. Marblemount Slough at PRM 78.1 is another
large perennial channel and has plane bed morphology and few pieces of large wood. The
remaining perennial channels are another plane bed channel devoid of large wood at PRM 76.6,
and a channel at PRM 74.6 which used to be a flow through channel but has become mostly
inactive aside from a backwater pool and shallow wetland formed by a beaver dam.

Seasonal channels in Reach 5B consist of Marblegate Slough, Clarks Cabin Side Channel, and an
unnamed channel. Marblegate Slough at PRM 77 contains two wide long pools near the outlet that
were isolated from the Skagit River during August 2021 surveys but appear to seasonally connect
to the river and an inlet that is inactive and vegetated. Clarks Cabin Side Channel was not visited
due to private property access. The unnamed seasonal channel at PRM 77 is a plane bed channel
splitting around a forested island.

Table 5.3-6. Summary of side channels in Reach 5B.
Skagit R.
Side Discharge
Side Ch | Channel Approx. Inlet Connection | Outlet Connection During
ID Name Area (ft?) Type and Substrate and Substrate Survey! (cfs)
78.3-L Cascade 317,281 Side Channel, Wet/Variable: Wet/Coarse Gravel 3,620
River Perennial Cobble to Sand and and Cobble
Distributary Fines
Channels
78.1-R |Marblemoun| 150,142 Side Channel, | Dry/Coarse Gravel | Wet/Sand and Fines 2.930
t Slough Perennial
77.6-L Unnamed 233,803 Side Channel, | Dry/Coarse Gravel Dry/Cobble 3,530
Seasonal
77-L Marblegate 106,661 Side Channel, Dry/Vegetated | Dry/Sand and Fines 3,530
Slough Seasonal
76.6-R Unnamed 54,413 Side Channel, Wet/Cobble Wet/Cobble 3,510
Perennial
75.5-R Clarks 30,985 Side Channel, Not Surveyed Not Surveyed N/A
Cabin Side Seasonal
Channel
74.6-R | Unnamed 27,857 Side Channel, Dry/Vegetated Wet/Fine Gravel 3,510
Perennial
1 Discharge at USGS Gage 12181000 Skagit River at Marblemount, WA.
Skagit River Hydroelectric Project Seattle City Light
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Figure 5.3-8. Map of upper Reach 5B side channels.
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Reach 6

Reach 6 begins at PRM 74.8 and continues down to PRM 68.1 just upstream of the SR-530 bridge
and contains 18 side channels and six off-channel areas, more than double the number of any other
reach (Figures 5.3-10 and 5.3-11). Thirteen side channels are perennial and five are seasonal, and
all six off-channel areas are perennial (Table 5.3-7). Powerline Pond at PRM 73.9 and Illabot
Chum Channel at PRM 73.6 are both excavated Chum spawning channels created in the 1990’s
that currently function as off-channel areas. Similar to the other spawning channels both have
reduced spawning functionality due to siltation but provide rearing habitat via protected channels
with cover from large wood, overhanging vegetation, and aquatic vegetation. Powerline Pond has
more extensive siltation and minimal spawning habitat.

Connecting the Illabot Chum Channel to the Skagit River is the Illabot Side Channel Complex at
PRM 73.6. The Illabot Side Channel Complex is a series of side channels and an off-channel
wetland occupying former Skagit River flow through channels. In present day the complex is fed
by Illabot Creek and subsurface flow and contains a network of channels with large wood and log
jams, pools, and vegetation cover that provide rearing and spawning habitat. Across the river at
PRM 73.2 is Buller’s Side Channel, also a relict flow-through channel that presently contains a
large beaver ponded off-channel area at the upstream end and a side channel connecting to the
Skagit River at the downstream end.

The remaining perennial off-channel features in Reach 6 include Hoopers Slough at PRM 72.3,
Barnaby Outlet at PRM 70.2, Washington Eddy at PRM 69.6, and a smaller unnamed feature at
PRM 68.6. Barnaby Outlet is an off-channel wetland that historically was connected to two large
oxbow wetlands—Barnaby Slough and Harrison Pond. Both Barnaby and Harrison were
disconnected from the Skagit River by dikes to build now derelict fish rearing ponds in the 1960’s.
Barnaby Slough was recently reconnected to the Barnaby Outlet, adjacent Lucas Slough, and the
Skagit River by a restoration project which was under construction during August 2021.

Other larger side channels in Reach 6 include Timber Dolo Side Channel at PRM 71.9, Lucas
Slough at PRM 69.9, an unnamed side channel at PRM 69.4, Johnson Side Channel at PRM 68.5,
and Rockport Side Channel at PRM 68.3.

Table 5.3-7. Summary of side channels in Reach 6.
Skagit R.
Side Discharge
Side Ch | Channel Approx. Inlet Connection | Outlet Connection During
ID Name Area (ft?) Type and Substrate and Substrate Survey! (cfs)
73.9-L | Powerline 75,082 Off-Channel, Blind/Subsurface | Wet/Sand and Fines 3,510
Pond Perennial
73.6-L Illabot 146,704 Off-Channel, Blind/Subsurface | Wet/Sand and Fines 2,460
Chum Perennial
Channel
73.2-R Buller’s 259,884 Side Channel Dry/Vegetated Fine Gravel 3,420
Side and Off-
Channel Channel,
Perennial
Skagit River Hydroelectric Project Seattle City Light

FERC No. 553 5-43 March 2022



Geomorphology Study Interim Report

5.0 Preliminary Results

Skagit R.
Side Discharge
Side Ch | Channel Approx. Inlet Connection | Outlet Connection During
ID Name Area (ft?) Type and Substrate and Substrate | Survey! (cfs)
73-L Unnamed 47,749 Side Channel, Dry/Vegetated Dry/Vegetated 4,060
Seasonal,
backwater only
72.8-L | Illabot Side | 1,888,632 Side Channel Wet/Variable Wet/Coarse Gravel 2,820
Channel and Off-
Complex Channel,
Perennial
72.5-R | Unnamed 84,585 Side Channel, Dry/Vegetated | Wet/Sand and Fines 3,510
Seasonal,
backwater at
low flow
72.3-R Hoopers 134, 827 Off-Channel, Dry/Vegetated Wet 4,303
Slough Perennial
72.2-L Unnamed 51,615 Side Channel, |Wet/Sand and Fines | Wet/Sand and Fines 4,060
Perennial
71.9-R Timber 274,451 Side Channel, Wet/Cobble Wet/Coarse Gravel 3,710
Dolo Side Perennial
Channel
71.5-R Unnamed 20,258 Side Channel, Dry/Vegetated | Wet/Sand and Fines 3,970
Seasonal
71.4-R Unnamed 20,989 Side Channel, Wet/Cobble Wet/Coarse Gravel 3,970
Perennial
71.2-L | Unnamed 38,534 Side Channel, Dry/Vegetated | Dry/Sand and Fines 4,030
Seasonal
70.8-R | Barr Creek 38,407 Side Channel, | Wet/Coarse Gravel | Wet/Coarse Gravel 3,360
Side Perennial
Channel
70.2-L Barnaby 330,823 Off-Channel, Dry/Vegetated | Wet/Sand and Fines 3,880
Outlet Perennial
70-L Unnamed 32,428 Side Channel, |Wet/Sand and Fines | Wet/Sand and Fines 3,850
Perennial
69.9-L Lucas 378,905 Side Channel, |Wet/Sand and Fines | Wet/Sand and Fines 2,460
Slough Perennial
69.7-R Unnamed 54,277 Side Channel, | Wet/Coarse Gravel | Wet/Sand and Fines 3,450
Perennial
69.6-R | Washington | 763,744 Off-Channel, Dry/Vegetated | Wet/Sand and Fines 2,820
Eddy Perennial
69.5-L Unnamed 66,621 Side Channel, | Dry/Coarse Gravel | Wet/Sand and Fines 3,340
Perennial
69.4-L Unnamed 242320 Side Channel, | Wet/Coarse Gravel | Wet/Not visible due 2,460
(larger Perennial to deep water
channel)
68.6-R | Unnamed 117,740 Off-Channel, Dry/Vegetated | Wet/Sand and Fines 3,140
Perennial
Skagit River Hydroelectric Project Seattle City Light
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Skagit R.
Side Discharge
Side Ch | Channel Approx. Inlet Connection | Outlet Connection During
ID Name Area (ft?) Type and Substrate and Substrate | Survey! (cfs)
68.5-R Johnson 196,038 Side Channel, | Wet/Coarse Gravel | Wet/Sand and Fines 3,450
Side Perennial
Channel
68.3-R Rockport 179,901 Side Channel, Wet/Cobble Wet/Cobble 4,300
Side Perennial
Channel
68.2-R Unnamed 10,631 Side Channel, | Dry/Sand and Fines | Dry/Sand and Fines 4,300
Seasonal
1  Discharge at USGS Gage 12181000 Skagit River at Marblemount, WA.
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Figure 5.3-10. Map of Upper Reach 6 side channels with labels for Illabot Side Channel Complex channels.
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Figure 5.3-11. Map of side channels in Lower Reach 6 and Reach 7A.

Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 5-47 March 2022



Geomorphology Study Interim Report 5.0 Preliminary Results

Reach 7A

Reach 7A begins just upstream of the SR-530 bridge and extends down to the confluence with the
Sauk River and contains four side channels (Figure 5.3-11). Two side channels are perennial and
two are seasonal. (Table 5.3-8). Bohs Slough at PRM 68.1 is a perennial channel and flows under
SR 530. Bohs Slough is mainly slower water habitat, glide, and pools, and contains channel
spanning log jams and large wood pieces providing rearing habitat. Conversely the other perennial
side channel Howard Miller Side Channel is a plane bed channel generally devoid of fish cover
and contains less wood, aside from a log jam at the outlet that forms a pool with the mainstem
Skagit River.

Table 5.3-8. Summary of side channels in Reach 7A.

Skagit R.
Side Discharge
Side Ch | Channel Approx. Inlet Connection | Outlet Connection During
ID Name Area (ft?) Type and Substrate and Substrate Survey! (cfs)
68.3-L Unnamed 107,445 Side Channel, | Dry/Sand and Fines | Dry/Sand and Fines 4,300
Seasonal
68.1-L | Bohs Slough| 282,833 Side Channel, Wet/Cobble Wet/Sand and Fines 3,170
Perennial
67.3-R Howard 258,689 Side Channel, Wet/Cobble Wet/Fine Gravel 4,300
Miller Side Perennial
Channel
67.1-L Sauk 180,561 Side Channel, | Dry/Sand and Fines | Dry/Sand and Fines 3,360
Waterfall Seasonal

1 Discharge at USGS Gage 12181000 Skagit River at Marblemount, WA.

5.3.2

Results of the time series analysis of side channel and off-channel habitat indicate that the majority
of the study area has been stable through time in terms of quality, area, and length of side channels
with the exception of Reach 6, which has had some adjustments across the time series. Tables 5.3-
9 through 5.3-15 include the data across reaches for each metric.

Time Series Analysis of Side Channel and Off-Channel Habitat

Visualization of the data in Table 5.3-9 through Table 5.3-15 is available in Attachment E. Table
5.3-9 and Figure 5.3-12 illustrate that the total length of side channels remained consistently low
in most of the reaches except for Reach 6, and, to a lesser degree, Reach 2B. There is a notable
increase in length for 2006-2007 in Reach 6, but this may be an artifact of the timing of the aerial
photograph collection, as discussed in Section 4.3.2 of this study report. Removing Reach 6, Figure
5.3-13 shows a slight decrease in side channel length in Reach 5B over time with a notable dip in
2006-2007. More investigation of these data will be included in the USR.

Skagit River Hydroelectric Project
FERC No. 553
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Table 5.3-9. Length of side channels across time series (ft).
Percent Percent Percent Percent Percent
Change Change Change Change Change
1963 - | (1964-1944) | 1978- |(1979-1964) (1988-1979) | 2006- | (2007-1988) (2019-2007)
Reach 1944 1964 (%) 1979 (%) 1998 (%) 2007 (%) 2019 (%)
2A 0 0 0 0 0 0 0 0 0 0 0
2B 9,113 6,062 -33 6,623 9 17,244 160 15,649 -9 16,507 5
3A 4,659 2,484 -47 2,419 -3 2,385 -1 2,349 -2 2,651 13
3B 2,747 2,190 -20 2,669 22 2,131 -20 2,957 39 4,195 42
4 868 425 -51 1,296 205 1,555 20 1,899 22 753 -60
SA 3,537 2,437 -31 2,354 -3 4,542 93 4,542 0 6,277 38
5B 24,740 19,619 221 20,826 6 18,073 -13 13,345 -26 20,396 53
6 102,949 | 103,412 0 128,607 24 124,656 -3 163,470 31 120,355 -26
TA 10,733 5,858 -45 12,274 110 11,667 -5 12,551 8 7,148 -43
Total 159,346 | 142,487 -11 177,068 24 182,253 3 216,762 19 178,282 -18
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Table 5.3-10. Areas of side channel and off-channel habitat across time series (ft?).

Reach 1944 1963 - 1964 1978 - 1979 1998 2006 - 2007 2019
2A 0 0 0 0 0 0
2B 520,201 490,165 248,357 682,228 834,948 902,926
3A 190,291 52,251 49,846 51,626 50,386 53,908
3B 252,785 164,238 119,431 81,520 149,121 270,475

4 252,859 19,510 61,707 17,630 56,410 27,404
5A 91,637 73,680 69,804 284,770 284,770 299,805
5B 79,8874 1,197,941 721,670 589,065 697,968 937,210
6 6,308,362 9,673,719 9,681,557 8,372,980 11,949,160 12,628,932
7A 255,374 349,805 307,689 685,321 606,072 690,356
Total 8,670,383 12,021,309 11,260,061 10,765,140 14,628,835 15,811,016
Table 5.3-11. Braid ratio across time series.

Reach 1944 1963 - 1964 1978 - 1979 1998 2006 - 2007 2019
2A 0.000 0.000 0.000 0.000 0.000 0.000
2B 0.054 0.235 0.435 0.355 0.243 0.255
3A 0.000 0.086 0.170 0.174 0.193 0.178
3B 0.068 0.000 0.000 0.000 0.233 0.131

4 0.061 0.074 0.007 0.005 0.003 0.010
5A 0.000 0.000 0.000 0.000 0.014 0.068
5B 0.138 0.000 0.000 0.000 0.108 0.085

6 0.562 0.519 0.410 0.242 0.355 0.520
7A 0.814 0.724 0.977 0.000 0.000 0.000

Similarly, the ratio of side channel length to mainstem length (Table 5.3-12 and Figure 5.3-14) is
relatively stable through time in most reaches, but changes are observed in Reaches 6 and 7A.
Figure 5.3-15 shows the ratio through time with Reaches 6 and 7A removed. At this scale, Reach
2B shows an increase and Reach 5B shows a decrease while the remaining reaches are relatively
constant through time. Patterns of change in these reaches as compared to the geomorphic setting,
time steps, peak flows between time steps, and quality of remote sensing data will be further
analyzed in 2022 and reported on in the USR.
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Table 5.3-12. Ratio of the length of side channel to the length of mainstem across time series.

Reach 1944 1963 - 1964 1978 - 1979 1998 2006 - 2007 2019
2A 0.000 0.000 0.000 0.000 0.000 0.000
2B 0.431 0.289 0.313 0.803 0.723 0.774
3A 0.467 0.253 0.236 0.245 0.239 0.268
3B 0.266 0.218 0.264 0.211 0.291 0.413

4 0.047 0.023 0.070 0.084 0.103 0.041

S5A 0.193 0.133 0.129 0.248 0.248 0.343

5B 1.267 1.034 1.086 0.941 0.696 1.065

6 2.902 2.909 3.611 3.626 4.699 3.419

7A 5.337 2.972 6.159 5.974 6.450 3.700
Table 5.3-13. Braid node density across time series (nodes/mile).

Reach 1944 1963 - 1964 1978 - 1979 1998 2006 - 2007 2019
2A 0.00 0.00 0.00 0.00 0.00 0.00
2B 0.50 1.76 2.75 2.95 2.44 1.98
3A 0.00 1.08 2.06 1.63 1.61 1.60
3B 1.02 0.00 0.00 0.00 1.56 1.56

4 0.57 0.87 0.29 0.29 0.29 0.29

S5A 0.00 0.00 0.00 0.00 0.29 0.87

5B 1.35 0.00 0.00 0.00 0.55 0.55

6 3.57 2.97 2.08 1.23 243 2.70

7A 2.63 2.68 2.65 0.00 0.00 0.00
Table 5.3-14. Side channel node density across time series (nodes/mile).

Reach 1944 1963 - 1964 1978 - 1979 1998 2006 - 2007 2019
2A 0.00 0.00 0.00 0.00 0.00 0.00
2B 2.25 1.76 1.75 2.70 1.71 2.72
3A 2.12 0.54 0.52 1.09 1.07 1.60
3B 1.02 1.05 1.56 1.04 1.56 2.60

4 0.57 0.29 0.86 0.86 1.43 0.57
S5A 1.73 0.58 0.87 0.58 0.58 0.87
5B 243 2.23 2.75 3.02 1.65 2.48

6 2.98 2.67 3.85 3.38 4.10 345
7A 2.63 2.68 2.65 8.11 8.14 547

The RCI (Brown 2002) integrates the sinuosity (or relative meander pattern) with the number of
joins or junctions in the channel to summarize channel complexity. As shown in Figure 5.3-16,
Reach 6 has the highest levels of complexity and the greatest amount of change over the time
series. Reach 6 has the greatest amount of aquatic habitat, so the magnitude of the increase in the
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RCI be magnified by the reach size, as well as be an artifact of differences in remote sensing data
quality. With Reach 6 removed (Figure 5.3-17), Reach 2B shows an increase while Reach 5B
shows a decrease, with all other reaches remaining relatively constant. As described in Section
2.6.3 of the RSP, additional investigation and analysis of these results will be included in the USR
to provide insight into side channel formation, change, and response to peak flows.

Table 5.3-15.

River Complexity Index across time series (Brown 2002).

Reach 1944 1963 - 1964 1978 - 1979 1998 2006 - 2007 2019
2A 1.13 1.14 1.14 1.14 1.13 1.14
2B 16.23 20.43 27.08 37.39 28.80 32.76
3A 8.27 6.97 9.70 9.21 9.33 10.54
3B 6.66 3.24 4.35 3.26 8.73 9.82
4 5.73 5.61 5.69 5.70 7.98 6.84
5A 7.27 3.11 4.15 1.04 3.12 8.31
5B 33.62 20.11 22.85 20.35 13.98 25.37
6 108.71 116.27 155.74 111.25 173.67 161.18
7A 2.52 1.23 3.74 2.14 3.35 2.11
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5.4 Substrate/Sediment

Sediment at the bar-head locations sampled in this study is predominantly composed of cobble and
gravel, with moderate spatial variability at the reach-scale. Surface pebble count results (Figure
5.4-1) indicate Dso values typically of 64-91 mm and Ds4 values generally toward the upper range
of 91-128 mm. Two targeted sample sites (PRM 76.6 and 92.6) were notably coarser than typical
conditions along the river. The surface grainsize distribution coarsens slightly from upstream to
downstream at the Bacon Creek Confluence (PRM 83), fines to a local minimum above the
Cascade River Confluence (PRM 78), increases below the Cascade River, and is higher through
the remainder of Reach 5. The grainsizes generally fine from upstream to downstream across reach
6, suggesting that lower channel gradients above the Sauk River confluence (PRM 67) may be
inducing a limitation on sediment transport competence of the cobble-sized material.
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Mainstem Skagit River
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Figure 5.4-1. Summary grainsize statistics for all surface pebble count samples.

The grainsize distribution of the subsurface material is dominated by gravel-sized material and
generally follows the same spatial patterns as the surface material. (Figure 5.4-2). The subsurface
material only mildly fines in the downstream direction. Upstream from Bacon Creek the Dso has
an average nearly at the 45 mm class size. From Bacon Creek to the Cascade River (PRM 78) the
Dso decreases to an average of approximately the 32 mm class size. There is a notable increase in
grain size below the Cascade River, despite the relatively smaller size fractions sampled upstream
on the Cascade River. Downstream from the Cascade River the Dso continues to decrease to the
bottom of Reach 5. Reach 6, above the Sauk River, has the smallest subsurface grainsizes
observed, with Dso values between about 7 and 41 mm.
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Figure 5.4-2. Summary grainsize statistics for all subsurface bulk sediment samples.

Similar to the pebble count and subsurface results, the grainsize distributions from the hybrid
approach, produced following the approach of Rice and Haschenburger (2004), show little
variation across the study reach, with a slight trend in fining in the downstream direction (Figure
5.4-3). An increase in grain size is noted directly below the Bacon Creek and Cascade River
tributaries. Upstream from Bacon Creek the Dso has an average of approximately 33 mm. From
Bacon Creek to the Cascade River (PRM 78) the Dso only slightly decreases to an average of
approximately 32 mm. Downstream from the Cascade River the Dso has an average of 24 mm and
drops from 62 mm to 18 mm from below the Cascade River to below the Sauk River.

Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 5-57 March 2022



Geomorphology Study Interim Report 5.0 Preliminary Results

2000.0 Mainstem Skagit River
.
a 2l 4 ¥ 5
100.0{ « -2 - S Lo + % h Far o2 o2 "
* A A ++ + . ¥ ! A *
5 + + H +
E ' x
E
N 100
w
& x *
m
& i o s ® x »
b4 L ® x L ¥
* % 4
X - i T » T X x X
A y 2 vl . ¢ ]
® al c [T
a2 ] o o 2 o
] a ° g 8 B
& o 6 & vl 3
0.1
Tri i
T |bute:_r|e5
+  Da0
+ D84 . L
D50 + ! b
100.0 ¥ x D16 x I $ £ I
r D10 & % [} :
+ | ' 1!
7 L
E
E ¥ 1 1 ] L
g 100
v w
(=]
E x Y
[} 1} - :{ *
¥ ¥ " x ®
1.0 ! : ® * } ¥ ¥ i T |
i TUJ ‘U i
® al c T8l 5
X U O Q Tl o
=] - =] 8 el B
0.1 i Y 8 o o 3
T 8s 70 75 80 85 90 95
Project River Miles
Figure 5.4-3. Summary grainsize statistics for all hybrid bulk sediment samples.

The selective removal of fine sediment through the process of winnowing results in bed-armoring,
whereby the surface substrate is coarser than the subsurface substrate. Bed-armoring has important
implications for understanding and predicting sediment transport rates, and inherently the
geomorphology of rivers. Using the ratio of the Dso from the surface pebble counts to the Dso from
the bulk subsurface samples, a relative sense of armoring shows that the surface layer in much of
the study reach is twice as coarse as the subsurface (Figure 5.4-4).
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Figure 5.4-4. Armor layer ratio, as defined by the surface Dsy/subsurface Ds,

Evaluation of bed material mobility and further analysis of these grainsize data will be completed
in conjunction with development of the sediment transport modeling program. Interpretation and
analysis of pebble count lithology data are also ongoing and will be provided in the USR.

5.5 Sediment Transport and Sediment Augmentation

A comprehensive and nested modeling approach to evaluating sediment transport and sediment
augmentation is ongoing and additional results will be included in the USR. This section reports
results of observations from scour monitoring arrays indicating the degree of bed mobilization
through the 2019-2020 and 2020-2021 winter seasons.

Analysis of the accelerometer data is ongoing and will provide insight into the timing and likely
source of the scour, either from sediment transport or spawning salmon. Following the guidance
of Gendaszek et al. (2013), changes in tilt that exceeded 15 degrees from the initial deployed
orientation were inferred to be indicative of accelerometer disturbance. The source of scour will
be determined by analyzing accelerometer activity in the context of both discharge and spawning
season.

Overall, observations through summer 2021 suggest very little bed mobility occurred at the
spawning site scour monitor installations installed in 2019 and 2020, with most locations showing
no scour, most observations showing any scour indicating mobilization less than the thickness of
the armor layer, and a maximum observed scour depth of 6.8 inches. Of the ten 2019-2020
monitoring arrays, possible scour of at least one of the four Golf Ball Scour Monitors was observed
at eight arrays (Table 5.5-1). Scour was detected by observing an increase in the total number of
balls floating in the scour chains compared to the previous monitoring year, with a scour depth of
1.7 inches for each floating ball added to the depth of the top ball at the time of installation.
Observed scour was greatest at the 2019 Sites 1 and 2 with observed scour on three chains at each
site and a maximum observed scour of ten inches.
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While the timing of the bed movement is unknown, an analysis of the accelerometer data at this
site does indicate some activity during low flow conditions in September and October 2020. As
shown in Figure 5.5-1, Accelerometer 101 tilted more 15 degrees on September 22, 2020, at a
discharge of approximately 5,000 cfs. The timing of this scour event within the average range of
Chinook redd depths suggests that redd construction was possibly underway in the area.

Table 5.5-1.

Summary of 2020-2021 scour monitoring results.

Depth of scour | Depth of scour
Chains with floating Chains with floating Name of | indicated (in) indicated (in)
Site! balls (out of 2) in 2020 | balls (out of 4) in 2021 | monitors 2019-2020 2020-2021
GBB 5.1
BMM1 2
GBC 4.7
BMM4 1 GBD 1.7
BMMo6 0 <1.7
BMM?7 1 GBD 5.7
S GB1 1.7 34
ite 1
2019) 1 3 GB2 <0.4 6.8
GBA NA 6.9
S GB4 4.7 10
ite 2
2019) 1 3 GBA NA 34
GBB NA 1.7
GBA NA 4.4
Site 3
(2019) 1 3 GBS <4 7.1
GB6 1.7 <1.7
ABSS1 0 <1.7to<5.5
ABSS2 0 <3to<5
ABSS3 2 GBA 6.4

1  Site names reflect location and time of installation. ‘Site’ prefixes were installed in 2019, BMM were installed in
2020 Below Marblemount, ABSS were installed in 2020 upstream of (above) Shovel Spur; these are all located
at spawning areas.
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Vertical Tilt (degrees)
Discharge (cfs)

Figure 5.5-1. Example accelerometer data for Site 1 (first riffle upstream of Marblemount Bridge)
showing timing of possible redd construction in Accelerometer 101 (red) relative to
Skagit flows at Marblemount (black, USGS Gage 12181000).

5.6 Large Wood Inventory
5.6.1 Total Large Wood, Log Jams, and Spatial Distribution

Table 5.6-1 includes a summary of all large wood pieces and jams identified on aerial photographs
from 1979-2019 and in the field in 2021 (a span of 42 years). Due to limitations in accessibility,
the 2021 field survey only includes 26.5 of the 30.1 miles of the primary study area. The field
survey was not conducted in the shovel spur rapids reach between PRM 86.7 and PRM 87.6 as
well as the Gorge bypass reach (geomorphic reach 1; 2.7 miles length). As part of next steps, the
Gorge bypass reach will be inventoried using high resolution drone imagery from 2021 collected
by the FA-02 Instream Flow Model study team. Due to limitations in high resolution remote
sensing data available, 1998 includes 11.8 miles, and 1979 includes 11.0 miles of the primary
study area. The lesser number of pieces and jams identified prior to 2018 is likely due to the lower
resolution of remote sensing imaging available.

Additionally, a much higher quantity of large wood was inventoried in the 2021 field survey, likely
due to access to large wood that was hidden under canopy cover in the aerial imagery. This
difference is especially pronounced when inventorying individual large wood pieces in side
channels from aerial photos, as very few could be detected. The problem of canopy cover and low
resolution in aerial photos makes it difficult to determine whether there were fewer large wood
pieces and log jams historically, or if differences in methods and available data created the trend
of large wood loading increasing in the Skagit since 1979.
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Table 5.6-1. Large wood and log jams inventory from 1979 to 2021.
Large Wood Large Wood Per | Log Jams Per
Year Miles Surveyed Pieces* Log Jams Surveyed Mile | Surveyed Mile
1979! 11.0 65 17 59 1.5
1998! 11.8 27 14 2.3 1.2
20092 27.5 90 46 3.3 1.7
20112 27.5 99 59 3.6 2.1
2018/2019? 30.1 414 105 14 3.5
20213 26.5 4,084 80 154 3.0
1 Aerial photographs.
2 Digital imagery.
3 Field.
4 Individual large wood pieces from 1979 to 2019 could not be detected under bank and side channel canopy cover,

resulting in fewer inventoried large wood pieces.

Table 5.6-2 includes the total number of pieces of large wood inventoried individually and in jams
during the field inventory in August 2021. Attachment I includes maps with all log jams, individual
logs, and tallied large wood. Many log jams were estimated in the field as either 10-49 pieces, 50-
99 pieces, or 100 plus pieces. A wood count value of 30, 75, and 100 pieces was assigned to each
of these estimated log jams, respectively. Piece count defaulted to their exact value for log jams
that were counted precisely in the field, this includes all log jams that were made of 5-9 pieces as
well as some larger log jams.

Table 5.6-2. Total number of pieces of large wood inventoried individually and in jams during
field work in August 2021.
Mainstem Tributary Tributaries Side Side Channels
Mainstem Pieces Per Pieces (500 ft Pieces Per Channel Pieces Per Total
Type Pieces Surveyed Mile surveyed) Surveyed Mile Pieces Surveyed Mile | Pieces
Single 760 29 63 33 858 25 1,681
In Jam 1,295! 49 79! 42 1,029! 30 2,403!
Total 2,055 78 142 57 1,887 55 4,084

1 Logjam wood counts are estimated.

Table 5.6-3 includes the total large number of large wood pieces distributed along the primary
study area by geomorphic reach channel type. Details about geomorphic reaches are presented in
Section 4.1 of this study report.
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Table 5.6-3. Total number of pieces of large wood inventoried during field work in August
2021 by geomorphic reach and channel type.

Mainstem Tributary Side Channel
Total Total Pieces Total
Geomorphic Total Length Pieces Total Length Per Total | Length | Pieces
Reach Pieces (mi) Per Mile | Pieces (mi) Mile Pieces (mi) | Per Mile

2A 43 1.2 43 8 0.3 31 0 0.0 N/A
2B 237 4.1 89 9 0.3 32 117 3.1 37
3A 23 1.9 30 33 0.2 174 1 0.5 2
3B 195 3.5 67 8 0.3 25 8 0.8 10

4 48 2 29 5 0.2 26 4 0.1 28
SA 72 3.5 43 41 0.2 216 37 1.2 31
5B 178 3.7 224 43 0.2 226 606 3.9 157

6 1156 6.7 285 52 0.9 60 700 22.8 31
7A 188 1.3 318 0 0.0 N/A 226 1.4 167
7B 20 0.3 67 0 0.0 N/A 0 0.0 N/A

Individual large wood pieces were distributed by dimensions and rootwad presence within the
mainstem, tributaries, and side channels as follows.

5.6.1.1 Mainstem

Table 5.6-4 includes the length and diameter of individual pieces within the mainstem Skagit
River. The majority of pieces counted in the mainstem were 25-49 ft long with a dbh of 1-1.9 ft.
Table 5.6-5 includes the inventory of large wood pieces with and without rootwads present within
the mainstem Skagit River.

Table 5.6-4. Diameter and length of measured pieces within the mainstem Skagit River.
Diameter at Breast Height (ft)

Length (ft) 1-1.9 2-2.9 3-3.9 4 Plus Total
25-49 293 35 12 2 342 45%
50-74 188 71 9 3 271 36%
75-99 26 65 15 4 110 14%

100 plus 8 11 7 11 37 5%
Total 515 68% 182 24% 43 6% 20 3% 760
Table 5.6-5. Rootwad presence of individual pieces within the mainstem Skagit River.
Rootwad Diameter at Breast Height (ft)
Presence 1.0-1.9 2.0-2.9 3.0-3.9 4.0-6.0 Total
Rootwad 229 44% 118 65% 37 86% 19 95% 403 53%
No Rootwad 286 56% 64 35% 6 14% 1 5% 357 47%
Total 515 182 43 20 760
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5.6.1.2

Tributaries

Table 5.6-6 includes the length and diameter of individual pieces within the 20 tributaries. The
majority of pieces counted in the tributaries were 25-49 ft long with a dbh of 1-1.9 ft. Table 5.6-7
includes the inventory of large wood pieces with and without rootwads present within the

tributaries.

Table 5.6-6.

Diameter and length of individual pieces within tributaries.

Diameter at Breast Height (ft)

Length (ft) 1.0-1.9 2.0-2.9 3.0-3.9 4.0-6.0 Total
25-49 18 9 1 2 30 48%
50-74 16 7 0 0 23 37%
75-99 2 4 2 1 9 14%
100 plus 0 0 1 0 1 2%
Total 36 57% 20 32% 4 6% 3 5% 63
Table 5.6-7. Rootwad presence of individual pieces within tributaries.
Rootwad Diameter at Breast Height (ft)
Presence 1.0-1.9 2.0-2.9 3.0-3.9 4.0-6.0 Total
Rootwad 6 17% 9 45% 2 50% 0 0% 17 27%
No Rootwad 30 83% 11 55% 2 50% 3 100% 46 73%
Total 36 20 4 3 63
5.6.1.3 Side Channels

Table 5.6-8 includes the length and diameter of individual pieces within the side channels. The
majority of pieces counted in the mainstem were 25-49 ft long with a dbh of 1-1.9 ft. Table 5.6-9
includes the inventory of large wood pieces with and without rootwads present within the side

channel.

Table 5.6-8.

Diameter and length of individual pieces within side channels.

Diameter at Breast Height (ft)

Length (ft) 1.0-1.9 2.0-2.9 3.0-3.9 4.0-6.0 Total
25-49 475 93 12 5 585 68%
50-74 157 53 6 0 216 25%
75-99 19 33 0 1 53 6%
100 plus 0 2 0 2 4 0%
Total 651 76% 181 21% 18 2% 8 1% 858
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Table 5.6-9. Rootwad presence of individual pieces within side channels.
Rootwad Diameter at Breast Height (ft)
Presence 1.0-1.9 2.0-2.9 3.0-3.9 4.0-6.0 Total
Rootwad 188 29% 80 44% 10 56% 5 63% 283 33%
No Rootwad 463 1% 101 56% 8 44% 3 38% 575 67%
Total 651 181 18 8 858
5.6.2 Log Jam Persistence

Log jam presence was indicated in each year for which high-resolution aerial imagery was
available as either present, not present, or unknown. Log jams were then tracked at specific
locations in the river through time to determine the minimum length of time historically
inventoried log jams persisted.

Table 5.6-10 includes the distribution of total lengths of time that individual log jams persisted
from 1979 to 2021 within the mainstem, tributaries, and side channels. There was a total of 100
log jams that persisted between 1 and 3 years, 36 log jams that persisted between 8 and 12 years,
5 log jams that persisted between 13 and 23 years, and 4 log jams that persisted for a minimum of
42 years.

Table 5.6-10. Log jam persistence from 1979 to 2021.
Years Present Total Jams
1 54
2 31
3 15
7 2
8 1
10 15
12 18
13 2
19 1
23 2
42 4

Inventoried historic log jams that were present in August 2021 were examined for recent changes
in size. Changes were described as either growing, decaying, stable, variable, or unknown. Aerial
imagery was used to ascertain recent trends in aerial change of log jams. Log jams that did not
display a continuous trend in growth, decay, or stability were defined as variable. Log jams that
were surveyed only in August 2021 were defined as unknown (Table 5.6-11).
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Table 5.6-11. Historic change of log jams surveyed August 2021.
August 2021
Growing Decaying Stable Variable Unknown Log Jams
9 3 46 2 20 80
5.6.3 Distribution by Habitat Units

Each individual piece of large wood and log jam inventoried during the August 2021 field
inventory was spatially associated using GIS with channel units delineated from 2019 aerial
photographs.

These channel units are defined as follows:

=  Forested Island;

= Vegetated Bar;

= Main Channel Bar;

=  Main Channel Wet; and
= Side Channel.

Large wood and log jam features that spanned more than one channel unit type were assigned to
the channel unit type that contained the most length or area of the individual feature. An exception
was made for large wood and log jam features that spanned a “Main Channel Wet” channel unit;
in this case the feature defaulted to the “Main Channel Wet” classification. This was decided
because it is geomorphically important to note if a large wood feature is interacting with the wetted
channel even if it is not the majority of the wood feature. This analysis will be updated with 2021
aerials as part of work planned in 2022.

Large wood that was associated with wet channel units—*Main Channel Wet” or “Side
Channel”—were spatially associated with aquatic habitat units in addition to the channel units.
More information on these aquatic habitat units can be found in Section 4.2 of this study report.
Wood that was inventoried in August 2021, but did not spatially correlate with a delineated channel
unit or aquatic habitat unit, were defined as “unknown” and excluded. This instance occurred
primarily in blind side channels that were surveyed entirely in August of 2021 based on pre-field
REM data but were later excluded from the “side channel” classification. Total habitat unit area is
smaller in Table 5.6-12 than in Section 5.2 of this study report. This is due to the large wood survey
covering less area than the habitat unit survey. The large wood density values in Table 5.6-12 are
preliminary and will be reported in the USR.
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Table 5.6-12. Large wood inventory associated with aquatic habitat units.
Total Surveyed Area
Habitat Unit (acres) Large Wood Pieces Large Wood Density’
Side Channel 63.9 1,127 17.6
Tributary 40.8 611 15.0
Backwater 11.1 56 5.0
Pool 91.7 235 2.6
Wet Riffle 122.1 161 1.3
Rapid 25.7 26 1.0
Glide 678.6 646 1.0
Off-Channel 159.8 113 0.7
Run 77.5 53 0.7
Bar 31.3 406 13.0
Dry Vegetated Bar N/A 281 N/A
Forested Island N/A 132 N/A
Unknown N/A 237 N/A
Total 1,302.6 4,084 N/A

1 wood density = pieces/surveyed acre.

5.6.4

Large Wood Inventory Detailed Areas

A more detailed large wood inventory was conducted in 10 half-mile areas as described in Section
4.6 of this study report. The distribution of various attributes collected within these detailed areas
are as follows.

Tree species was collected for individual large wood pieces within detailed areas. Their
distribution is presented in Table 5.6-13. When species was unable to be determined, the study
team classified large wood as either a conifer or deciduous when possible. If a large wood piece
could not be determined to be either a conifer or a deciduous species, the study team classified the
large wood piece species as “Other.”

Table 5.6-13. Distribution of tree species of large wood pieces inventoried within detailed areas.
Species Large Wood Pieces
Alder (Alnus rubra) 79
Cottonwood (Populus trichocarpa) 68
Cedar (Thuja plicata) 58
Maple (Acer macrophyllum) 17
Fir (Pseudotsuga menziesii) 12
Conifer 12
Deciduous 2
Hemlock (Tsuga heterophylla) 2
Other 24
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Decay class was collected for individual large wood pieces within detailed areas. Their distribution
is presented in Table 5.6-14. Decay class is defined as either 1 (fresh), 2 (intermediate), or 3
(rotten). Class 1 refers to wood that is very firm and often has bark and limbs. Class 2 refers to
wood that is firm and often has some bark and limbs. Class 3 refers to wood that is softer and has
no or very little bark and limbs.

Table 5.6-14. Distribution of decay class of individual large wood pieces inventoried within
detailed areas.

Decay Class Large Wood Pieces
1 95
2 119
3 39

Residual pool depth was measured when present for individual large wood pieces within detailed
areas. that were not a part of a log jam. Their distribution is presented in Table 5.6-15.

Table 5.6-15. Residual pool depths associated with individual large wood pieces within detailed
areas.
Residual Pool Depth (ft) Large Wood Pieces Percentage of Total

8-12 6
4-79 13

28%
1-3.9 25
Present but not measured 16

No Pool 151 72%

Individual large wood pieces that were inventoried in detailed areas contain attributes associated
to rootwad diameter and associated pool depth. In Table 5.6-16 the correlation between rootwad
presence and pool presence is summarized for individual large wood pieces that are not in log jams
that were inventoried in detailed areas.

Table 5.6-16. Rootwad presence vs. pool presence for individual large wood pieces inventoried
in detailed areas.

Rootwad Presence Large Wood Pieces with Pool Large Wood Pieces without Pool
Rootwad Present 47 78% 94 62%
No Rootwad 13 22% 57 38%
Total 60 151

Individual large wood pieces found in detailed areas that have a rootwad but are not in log jams
were binned by their respective rootwad diameters. They were then associated with whether a pool
was present in Table 5.6-17.
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Table 5.6-17. Rootwad diameter vs. pool presence for individual large wood pieces inventories
in detailed areas.

Rootwad Diameter (ft) Pool Present No Pool Present
2-39 4 17% 20 83%
4-9.9 28 30% 65 70%
10-25 14 64% 8 36%
5.6.5 Distribution by Geomorphic Reaches

As shown in Section 3.0 of this study report, the primary study area was split into 7 geomorphic
reaches; several of these geomorphic reaches were then subdivided into subreaches for a total of
11 geomorphic reaches and subreaches. Results relating to wood distribution in each subsequent
geomorphic reach and subreach that was field inventoried are summarized below and in
Attachment J.

5.6.5.1 Reach 2A

Large wood in Reach 2A has more pieces on the left bank then the right bank where it functions
primarily as cover for aquatic habitat during high flows (Figure 5.6-1). In this reach the study team
did not see wood forming pools or wood forming mid-channel bars. The total amount of large
wood located in this reach was 52 large wood pieces. Of the 41 individual large wood pieces
measured in this reach, nine pieces had rootwads. The rootwads ranged in diameter from 3-10 ft.
Table 5.6-18 includes a summary of the large wood and rootwad count in mainstem, tributaries,
and log jams within Geomorphic Reach 2A. In this reach, there were two small log jams located
in the mainstem Skagit River (Figure 5.6-2).
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Figure 5.6-1. Large wood August 2021 field inventory for Reach 2A.
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Table 5.6-18. Large wood count, rootwad count, and percentage with rootwad by location for
Geomorphic Reach 2A.
Location Large Wood Count Rootwad Count Percentage with Rootwad
Mainstem 33 7 21%
Ladder Creek 1 0 0%
Newhalem Creek 7 2 29%
In Log Jams 10 N/A N/A
Total Count 52 9 17%
Figure 5.6-2. Small log jam located on left bank at PRM 93.9. Photo taken August 20, 2021.
5.6.5.2 Reach 2B

There were 363 total large wood pieces in Reach 2B, 234 of which were individual large wood
pieces (Figures 5.6-3 and 5.6-4). Of these individual large wood pieces 96 of them had rootwads
ranging in diameter from 3-20 ft. A summary of the large wood count, rootwad count, and
percentage with rootwad by location for Geomorphic Reach 2B is shown in Table 5.6-19. There
were nine small log jams in the mainstem and one small log jam in side channels in the August
2021 inventory. Example photos of an individual large wood piece and a log jam that are located
in this reach can be seen in Figures 5.6-5 and 5.6-6.
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Figure 5.6-3. Large wood August 2021 field inventory for upper section of Reach 2B.
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Figure 5.6-4. Large wood August 2021 field inventory for lower section of Reach 2B.
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Table 5.6-19. Large wood count, rootwad count, and percentage with rootwad by location for
Geomorphic Reach 2B.

Location Wood Count Rootwad Count Percentage with Rootwad
Mainstem 128 57 45%
Goodell Creek 6 0 0%
Thornton Creek 3 2 67%
Side Channels 97 37 38%
In Log Jams 129 N/A N/A
Total 363 96 26%

‘. " P Do

Figure 5.6-5. A large wood Cedar piece (Tag ID 54) with a 6-ft dbh, 20-ft rootwad, and 70-ft length

located at PRM 90.5 looking upstream. Piece forms a pool at rootwad. Photo taken
on October 19, 2021.

Figure 5.6-6. Log jam on gravel bar at PRM 89.6. The key piece is an 11-ft rootwad, 67-ft long, 3-

ft dbh cottonwood piece that is seen to the right racking a large Cedar piece. Flow is
from left to right. Photo Taken on August 18, 2021.

Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 5-74 March 2022



Geomorphology Study Interim Report 5.0 Preliminary Results

5.6.5.3 Reach 3A

Reach 3A is a naturally confined reach with a narrow floodplain and a small amount of large wood
pieces (Figure 5.6-7). In August 2021, the study team identified 57 pieces in this reach. A summary
of the large wood count, rootwad count, and rootwad count for Geomorphic Reach 3A is shown
in Table 5.6-20. In this reach the study team did not see individual pieces or log jams that formed
pools.

Table 5.6-20. Large wood count, rootwad count, and percentage with rootwad by location for
Geomorphic Reach 3A.

Location Wood Count Rootwad Count Percentage with Rootwad
Mainstem 23 6 26%
Sky Creek 1 1 100%
Damnation Creek 13 8 62%

Side Channels 1 0 0%

In Log Jams 19 N/A N/A
Total 57 15 26%
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Figure 5.6-7. Large wood August 2021 field inventory for Reach 3A.
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5.6.54

Reach 3B

Geomorphic Reach 3B is approximately 1.9 miles long. Table 5.6-21 presents a summary of the
large wood inventory for Geomorphic Reach 3B (Figure 5.6-8). There was a total of approximately
236 pieces, with 71 rootwads counted in this reach (Table 5.6-21). Five of the small log jams were
located in the mainstem and one was located in a side channel (Figures 5.6-9 and 5.6-10).

Table 5.6-21. Large wood count, rootwad count, and percentage with rootwad by location for
Geomorphic Reach 3B.

Location Wood Count Rootwad Count Percentage with Rootwad
Mainstem 102 63 62%
Bacon Creek 8 6 75%
Side Channels 3 2 67%
In Log Jams 123 N/A N/A
Total 236 71 30%
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Figure 5.6-8. Large wood count, rootwad count, and percentage by location for Geomorphic
Reach 3B.
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Figure 5.6-9.

Figure 5.6-10.

Flow is from left to right. Photo taken August 4, 2021.
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5.6.5.5 Reach 4

Geomorphic Reach 4 is approximately 3.5 miles long. Reach 4 is located between Reach 3A and
3B and is referred to as the “landslide zone.” Table 5.6-22 presents a large wood count, rootwad
count, and percentage by location for Geomorphic Reach 4. There was one log jam present in a
side channel. Figures 5.6-11 and 5.6-12 includes the large wood field inventory from August 2021.
There were approximately 57 pieces of wood counted in this reach. Intact rootwads were present
for 23 of these pieces. In August 2021 the upper mile of this reach, PRM 86.5 to 87.5, was not
inventoried because it was inaccessible to jet boats. An example photo of a large wood piece
inventoried in this reach is seen in Figure 5.6-13.

Table 5.6-22. Large wood count, rootwad count, and percentage with rootwad by location for
Geomorphic Reach 4.
Location Wood Count Rootwad Count Percentage with Rootwad

Mainstem 38 17 45%
Alma Creek 3 1 33%
Copper Creek 2 2 100%
Side Channels 4 3 75%
In Log Jams 10 N/A N/A
Total 57 23 40%
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Figure 5.6-11. Large wood August 2021 field inventory for upper section of Reach 4.
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Figure 5.6-12. Large wood August 2021 field inventory for lower section of Reach 4.
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Figure 5.6-13. A large wood Cedar piece (Tag ID 109) located at PRM 86.1 with a 12 ft diameter
rootwad, a 5 ft dbh, and a 100 ft length. Looking downstream. Photo taken on
October 19, 2021.

5.6.5.6 Reach 5A

There were 150 total pieces of large wood in Reach 5A of which 100 were individual pieces
(Figures 5.6-14 and 5.6-15). Of these individual pieces, 38 of them have rootwads ranging in
diameter from 2-10 ft. Table 5.6-23 presents a summary of the large wood count, rootwad count,
and rootwad percentage for Geomorphic Reach 5A. This reach is relatively straight compared to

the rest of the primary study area. One small log jam is located on the mainstem and one on
Diobsud Creek (Figures 5.6-16 and 5.6-17).
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Figure 5.6-14. Large wood August 2021 field inventory for upper section of Reach 5SA.
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Figure 5.6-15. Large wood August 2021 field inventory for lower section of Reach SA.
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Table 5.6-23. Large wood count, rootwad count, and percentage with rootwad by location for
Geomorphic Reach 5A.

Location Wood Count Rootwad Count Percentage with Rootwad
Mainstem 52 23 44%
Diobsud Creek 11 8 73%
Side Channels 37 7 19%
In Log Jams 50 N/A N/A
Total 150 38 25%

Figure 5.6-16. Bar apex log jam located at PRM 81.6 on right bank. Looking from left bank to right
bank, flow is from right to left. Photo taken August 4, 2021.

Figure 5.6-17. Apex jam located in Diobsud Creek forming 2-ft pool. Large wood Tag ID 82 is
racked onto this jam. Photo taken looking downstream on August 25, 2021. Between
PRM 80.6 and 81.0 there are no pieces of large wood in the mainstem of the channel.
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5.6.5.7 Reach 5B

There were 827 total pieces of large wood inventoried in Reach 5B, of which 171 were individual
pieces (Table 5.6-24; Figures 5.6-18 and 5.6-19). Of these individual pieces 81 of them have
rootwads ranging in diameter from 1.5-30 ft (Table 5.6-24). The majority of the large wood in
Reach 5B is in the Cascade River side channels as well as in a side channel located at PRM 77.7.
Much of this wood is forming pools and functions as cover for aquatic habitat (Figure 5.6-20).
Downstream of the side channel located at PRM 77.7 there is less large wood than upstream and
the large wood that is present is primarily bank side pieces that function as cover but do not form
pools for aquatic habitat. One large log jam was located in the mainstem (Figure 5.6-21). One
small log jam was located in the Cascade River. The Cascade River Distributary side channels
included 11 small log jams and one large jam. In the other side channels in this reach, there was a
total of eight small and one medium-size jam.

Table 5.6-24. Large wood count, rootwad count, and percentage with rootwad by location for
Geomorphic Reach 5B.
Location Wood Count Rootwad Count Percentage with Rootwad

Mainstem 71 25 35%
Cascade River 13 4 31%
Side Channels 87 52 60%
In Log Jams 656 N/A N/A
Total 827 81 10%
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Figure 5.6-18. Large wood August 2021 field inventory for upper section of Reach 5B.
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Figure 5.6-19. Large wood August 2021 field inventory for lower section of Reach 5B.
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Figure 5.6-20. Individual large wood piece oriented parallel to flow with its rootwad upstream and
forming a residual pool, located in PRM 77.7 ephemeral side channel (Tag ID 36).
Flow is from right to left (looking upstream). Photo taken August 4, 2021.

Figure 5.6-21.

right. Large wood Tag ID 32 and 33 are racked on this jam. Tag ID 32 is a 115-ft
long, 5-ft-dbh, 16-ft-rootwad cedar piece. Tag ID 33 is an 80-ft long, 3-ft-dbh, 10-ft-
rootwad cedar piece. Photo taken August 4, 2021.

5.6.5.8 Reach 6

Geomorphic Reach 6 contained 1,908 total pieces of large wood of which 742 were individual
pieces. Of these individual pieces 278 had rootwads (Table 5.6-25; Figures 5.6-22 through 5.6-
24). This reach contained the most pieces of large wood in the primary study area. It also contained
the most side channels and log jams. In the mainstem, there were eight small log jams, four medium
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log jams, and two large jams (Figures 5.6-25 through 5.6-27). Rocky Creek and Illabot Creek both
had one small log jam (Figure 5.6-28). In the side channels, there were eleven small log jams.

This reach is characterized by a complex channel morphology and significant channel change over
time. According to the historic aerial inventory, this reach has had a high concentration of large

wood dating back to 1979.

Table 5.6-25. Large wood count, rootwad count, and percentage with rootwad by location for
Geomorphic Reach 6.
Location Wood Count Rootwad Count Percentage with Rootwad
Mainstem 199 148 74%
Corkindale Creek 0 0 --
Rocky Creek 10 6 60%
Illabot Creek 0 0 --
Sutter Creek 0 0 --
Barr Creek 0 0 --
Side Channels 533 130 24%
In Log Jams 1166 N/A N/A
Total 1908 278 15%
Skagit River Hydroelectric Project Seattle City Light
FERC No. 553 5-91 March 2022



Geomorphology Study Interim Report 5.0 Preliminary Results

Skagit River Hydroelectric Project
(FERC No. 553)

D FERC Project Boundary * Log Jam

Mitigation Parcel ~— Individual Log
National Park / National  Tallied Large Wood
Recreation Area
Boundary PieceCount

i Project River Miles ° 1-2
(PRM) QO 3-5
Geomorphic Reach O 6-10
Large Wood Detailed
Area O 11+
€} Seattle city Light

0 0.1 02
Miles

Created on 12/30/2021 by Fain Environmental for Seattle
City Light. City Light provides no warranty. expressed or
implie:f as to the accuracy, reliability or com pleteness of
this data. Data Source: City Light Aerial Imagery, 2019.
Fain Environmental. 2021. NSD, 2021.

Figure 5.6-22. Large wood August 2021 field inventory for upper section of Reach 6.
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Figure 5.6-23. Large wood August 2021 field inventory for middle section of Reach 6.
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Figure 5.6-24. Large wood August 2021 field inventory for lower section of Reach 6.
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Figure 5.6-25. Looking downstream at PRM 72.1. Right arrow is dolotimber revetment structure
along roadside bank, center arrow is dolotimber apex jam, and left arrow is natural
apex jam at PRM 72.0. Large wood Tag ID 65 is in the central dolotimber apex jam.
Large wood Tag ID 67 is in the natural apex jam on the left. Photo is taken August
5,2021.

Figure 5.6-26. Large apex jam that has persisted for 42 years at head of forested island at PRM
71.4, looking downstream. Forested island contains two large wood pieces on the left
side that are tagged (Tag ID 16 and 17). Photo taken August 5, 2021.
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Figure 5.6-27. Bar apex inlet jam at entrance to Bohs Slough side channel located at PRM 68.6 on
river left. Flow is from left to right. Inlet jam contains tagged large wood pieces 159
and 160. Photo taken August 3, 2021.

\ Pt A TN
M L S ﬁ‘_‘x‘
Figure 5.6-28. Dispersed log jam located on Illabot Creek just upstream of confluence with Illabot
side channel complex. Photo is looking upstream taken on August 26, 2021.
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5.6.5.9 Reach 7A

Table 5.6-26 presents the wood count, rootwad count, and percentage with rootwad by location
for Geomorphic Reach 7A. Figure 5.6-29 includes Reach 7A and 7B. The study team identified
approximately 414 pieces in Reach 7A of which 90 had rootwads (Table 5.6-26). There were six
log jams in the mainstem and three jams in the side channel (Figure 5.6-30). Six of the nine log

jams were forming pools.

Table 5.6-26. Large wood count, rootwad count, and percentage with rootwad by location for
Geomorphic Reach 7A.

Location Wood Count Rootwad Count Percentage with Rootwad
Mainstem 63 32 51%
Side Channels 110 58 53%
In Log Jams 241 N/A N/A
Total 414 90 22%
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Figure 5.6-29. Large wood August 2021 field inventory for Reach 7A and 7B.
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Figure 5.6-30. Medium log jam located in Bohs Slough between PRM 67.6 and 68.6. Photo is
looking upstream and was taken on August 10, 2021.

5.6.5.10 Reach 7B

Fieldwork for LWD inventory only included approximately 0.3 miles of the upstream area in
Reach 7B. Figure 5.6-29 includes Reach 7A and 7B. Historical LWD inventory using aerial photos
(1979-2019) was not completed in reach 7B because it is downstream of the primary study area.
The total number of pieces counted in August 2021 was 20 of which four had rootwads. Four large
wood pieces in Reach 7B at PRM 66.6 are presented in Figure 5.6-31.
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Figure 5.6-31. Four large wood pieces in Reach 7B at PRM 66.6 on river right. Flow is from right
to left. Photo taken August 5, 2021.

5.7 Large Wood Transport

The large wood tracking, transport, and augmentation will be analyzed in combination with the
Hydraulic Model results from the FA-02 Instream Flow Model Development Study during 2022
and results will be provided in the USR. The tracking results will be used to understand thresholds
for motion of pieces by size and river discharge, transport distance, relationship between rootwads
and mobility, jam stability, and potential recruitment areas.

5.7.1 Large Wood Tracking

Between October 13 and December 15, 2021, the study team installed radio tags and metal tags on
184 pieces of wood (Table 5.7-1). These tags were placed on large wood in the mainstem,
tributaries, and side channels. A detailed table and map location of pieces of tagged wood is shown
in Attachment K. Additionally, 37 pieces of wood being stored at the Agg pond site were tagged
of the 184 total tagged pieces. A summary of the pieces that have been tagged by geomorphic
reach is shown in Table 5.7-1. The wood being stored at the Agg Pond site was released into the
mainstem river on December 9, 2021.
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Table 5.7-1. Number of large wood pieces tagged between October 13 and December 15, 2021
by geomorphic reach.
Geomorphic Reach Tagged Large Wood Pieces

2A 3

2B 64!

3A 0

3B 21
4 8

5A 15

5B 28

6 35
TA 8
7B 0

Total 182

1 Piece count includes 28 Ross Lake logs and 9 Agg Pond locally recruited logs.

The study team is monitoring flows and tracking large wood that has been tagged after flows
greater than 15,000 cfs at the Marblemount Skagit River USGS Gage (1218100). On October 28-
29, 2021, there was a large flow event in the Skagit River, Sauk River, and tributaries (Figure 5.7-
1). The peak flows during this flow event are shown in Table 5.7-2.

Table 5.7-2. Peak flows in the Skagit River, Sauk River, and tributaries in October 2021.
Location USGS Gage Peak Flow (in cfs) Date and Time
Skagit River at Newhalem 12178000 10,200 10/28/2021, 7:15pm
Newhalem Creek 12178100 2,650 10/28/2021, 8:30pm
Bacon Creek 12179900 4,640 10/28/2021, 8:45pm
Skagit River at Marblemount 12181000 29,100 10/28/2021, 9:45pm
Cascade River at Marblemount 12182500 9,170 10/28/2021, 11:30pm
Sauk River at Sauk 12189500 52,900 10/29/2021, 3:00am
Skagit River Hydroelectric Project Seattle City Light
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Figure 5.7-1. October 28, 2021 large flow event in the Skagit River, Sauk River, Bacon Creek, and

Skagit River.

The study team completed tracking efforts in the primary study area on November 3, 4, and 11,
2021. Additionally, the team tracked wood downstream of the study area in some locations along
the lower Skagit River from the shoreline between Concrete and Sedro Wooley on November 7
and 25, 2021. During the initial tracking efforts after the October large flow event, 39 of the 121
pieces that had been tagged up to that date had moved at least 100 ft. At least five of the pieces of
large wood moved 10-60 miles and were transported downstream of the Sauk River, outside of the
primary study area.

From November 12 to 15, 2021, there were two large flow events in the Skagit River, Sauk River,
and tributaries (Figure 5.7-2). The peak flows during this flow event are shown in Table 5.7-3.
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Figure 5.7-2.

Table 5.7-3.

November large flow events in the Skagit River, Sauk River, Bacon Creek, and

Cascade River.

Peak flows in the Skagit River, Sauk River, and tributaries on November 15-16

2021.
Location USGS Gage Peak Flow (in cfs) Date and Time

Skagit River at Newhalem 12178000 33,700 11/16/2021, 12:35pm
Newhalem Creek 12178100 5,110 11/15/2021, 12:30am
Bacon Creek 12179900 8,980! 11/15/2021, 12:00am

Skagit River at Marblemount 12181000 69,100 11/15/2021, 3:20am
Cascade River at Marblemount 12182500 10,500 11/15/2021, 3:00am
Sauk River at Sauk 12189500 57,800 11/15/2021, 1:15am

1  Peak flow at Bacon Creek Gage was estimated by USGS because it was not working from November 14, 2021 at
7pm, until November 18, 2021 at 12:30pm.

Tracking after the November 12 to December 6, 2021 large flow events occurred in the primary
study area downstream of the rapids at PRM 86.5 on December 15, 2021 and upstream of the
rapids in January 2022. The tracking efforts will continue throughout 2022, and additional results
will be included in the USR.
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5.7.2 Large Wood Transport

Large wood transport results have not been completed at this time.

5.7.3 Large Wood Recruitment

Large wood recruitment results have not been completed at this time.

5.7.4 Large Wood Augmentation

Large wood recruitment results have not been completed at this time.

5.8 Process Flows

As identified in Section 4.8 of this study report and Section 2.6.7 of the RSP, analyses for process
flows will integrate data from the scour monitoring and sediment transport modeling, as well as
the hydrophone and accelerometer data, with hydraulic model results and will be reported in the
USR. This integration will help determine flows that initiate substrate movement across locations.
Hydraulic model results will also be used to identify potential flows that connect various side
channel and off-channel habitats with the mainstem flow.

Process flows include a range of flow levels and inputs of sediment and wood to the channel that
provide for aquatic organism migration and spawning, flush the channel of small organic debris
and fine sediment accumulation, and result in geomorphic change, sediment transport and
redistribution, and aquatic habitat creation, change, and maintenance. Available guidance (Wald
2009) suggests that natural conditions (10 and 2-year flows) be used as the benchmark for channel
forming and channel maintaining discharges. Preliminary evaluation of the pre-regulation
hydrology at Newhalem indicates that the natural conditions 2-year recurrence interval flow at that
location is about 30,000 cfs and that the 10-year recurrence interval discharge is about 50,000
+10,000 cfs.

The Indicators of Hydraulic Alteration (IHA) software package will be used to estimate the timing
and duration of high flow events under unmanaged conditions which will be used to inform the
development of process flow scenarios. Process flows to meet objectives will be determined
through an iterative series of 2022 workshops involving the Geomorphology Study team and the
FA-02 Instream Flow Model Development Study team.
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6.0 SUMMARY

6.1 Completed Work and Next Steps

A compilation of relevant studies describing Skagit River geomorphology downstream from the
Sauk River confluence were reviewed and summarized in an annotated bibliography included in
Attachment A. Next steps include completing a summary of Skagit River geomorphic conditions
downstream from the Sauk River confluence, to be included in the USR, pending the completion
of the Landform Mapping Study downstream of the Sauk River confluence being conducted by
NPS.

6.1.1 Geomorphic Change

Preliminary results completed to date include delineation of active channel areas for a time series
of historical images, identification of channel segments where dynamic channel processes have
been observed over the period of historical maps and imagery, calculation of channel migration
rates, and evaluation of change in channel width, sinuosity, and braiding intensity based on the
active channel mapping. No lateral channel migration was recorded in Reach 2A (above
Newhalem Creek) or in Reach 4 (the landslide zone). Only short segments of localized bank
erosion (0.1 ft/yr, on average) were mapped in the geologically confined segments upstream
(Reach 3A) and downstream (Reach 3B) of the landslide zone. Reach 5A (Straight Creek Fault to
the Cascade River at Marblemount) also had limited channel migration with only localized areas
of erosion and an average migration rate of 0.1 ft/yr, on average. Reach 2B (from Newhalem Creek
down to the limit of alpine glaciation) and Reach 5B (Downstream of the Cascade River to Rocky
Creek) both include segments where dynamic channel processes were observed in the historical
record; however, rates of lateral channel migration remain low overall (0.4 ft/yr., on average).
Reach 6 (Rocky Creek to the Sauk River alluvial fan) stands out as geomorphically distinct from
other reaches in the primary study area and had an average lateral migration rate of 4 ft/yr over the
period 1944-2019.

Ongoing work as part of next steps will include continued analysis of data produced from the
active channel mapping based on the historic record of aerial imagery and integration of findings
with other components of the study to address the study objectives. Focus areas for next steps
include further discussion of streambank characteristics, estimating sediment inputs from channel
migration, evaluating vertical channel changes at USGS gaging stations, and analyzing channel
evolution based on findings of the analysis. Results of these ongoing investigations will be
presented in the USR.

City Light will collect additional topobathymetric LiDAR in spring 2022 and will be used for
assessing geomorphic change compared to previous 2017 and 2018 LiDAR data (QSI 2017, 2018).
These data will provide information on geomorphic change resulting from the November 2021
floods, including change in sediment storage values that will be used in calibrating sediment
transport models to be presented in the USR.

6.1.2 Aquatic Habitat

Aquatic habitat in the study area has been mapped and summarized in Section 5.0 of this study
report for those data that are currently available. Reach 1 summary data are dependent on modeling
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results from the FA-05 Bypass Instream Flow Model Development Study (City Light 2022b).
Metrics for Reaches 2A through 7A have been calculated and are available for review and initial
comparison.

As part of next steps, additional data and information from the FA-02 Instream Flow Model
Development Study (City Light 2022a) will be used to provide further detail on the amount and
quality of habitat within the mainstem, side channels, off-channel habitat areas, and tributaries
within the study area. Habitat mapping discussion topics will include a summary by reach of the
relative quality of habitat for fish and other aquatic species. Specific habitat features that are known
to be used by focal species and life stages will be identified as part of this discussion, although an
extensive discussion of fish-habitat relationships will not be included here as that topic is covered
in the FA-02 Instream Flow Model Development Study. References to the FA-02 Instream Flow
Model Development Study will be made for information on life history timing for fish species and
habitat suitability.

Next steps in the analysis include the inclusion of output from the FA-05 Bypass Instream Flow
Model Development Study hydraulic model (City Light 2022b) and the FA-02 Instream Flow
Model Development Study hydraulic model (City Light 2022a). Integration of this information
will allow for a more detailed and complete description of habitat conditions and quality across
the Project reaches.

6.1.2.1 Tributary Analysis

According to the Statewide Washington Integrated Fish Distribution (SWIFD 2021), all five
species of Pacific salmon and steelhead exist throughout the mainstem Skagit River at each of the
studied tributary mouths. As chum are the least athletic jumpers and burst swimmers (Reiser et al.
2006) and least able to swim up steepening grades (WDFW 2019), fish passability was primarily
evaluated in terms of chum athleticism.

No fish passage issues were found based on water depth alone that appeared isolated to tributary
mouths or caused by aggradation of the alluvial fan. While three dry channel beds were found,
conditions at the tributary mouth were consistent throughout the surveyed reach and not isolated
to the confluence or alluvial fan. As dry channel beds alone do not constitute a fish passage barrier
since flow depths fluctuate seasonally (WDFW 2019; Reiser, et al. 2006), these were not
considered barriers, even though at the time of the survey fish could not access the tributaries.

Common regulatory practice in Washington evaluates fish passability based on stream gradient,
channel width, and hydraulic drops (WDFW 2019). Regarding stream gradient and width,
impassable conditions must be sustained for 525 linear ft to be considered a barrier (WDFW 2019).
While this is the generally accepted guidance, it should be noted that this is purposefully
conservative, so as not to preclude fish presence in a given area, and is not intended to state a
particular species is necessarily able to pass freely, which is influenced by additional factors such
as boulder size, flow velocity, constriction, proximity to natal streams of particular populations
(Reiser et al. 2006; WDFW 2019) and even individual athleticism (Meixler et al. 2009). While
chum only utilize grades below 3 percent, they are able to pass through grades up to 5 percent
freely and may pass even higher grades if the reach length is less than 525 linear ft (WDFW 2019).
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Three streams had average gradients over 5 percent that did not also have natural fish passage
barriers due to waterfalls: Alma Creek, Copper Creek, and Damnation Creek. Alma Creek most
consistently had grades of 3-4 percent, with one 60-ft section that had a sustained gradient of 17
percent. According to WDFW fish passage criteria, this is not a barrier to chum. Copper Creek had
fairly sustained gradients of approximately 6 percent, which appeared to continue past the
surveyed reach and may preclude chum from this tributary; however, it is not steep enough to
preclude the other salmonid species, which can swim freely in grades lower than 7 percent, and
are able to pass grades up to 12 percent (WDFW 2019). Damnation Creek had consistent grades
of approximately 4.2 percent, with a reach break of 8.3 percent for 57 linear ft, which is not
considered a barrier due to grade (WDFW 2019).

In terms of hydraulic drops, fish passage barriers were found on Ladder Creek and Sky Creek
within the surveyed reaches. Both tributaries have natural waterfalls with heights over 12.1 ft
between pools of depths equal to or greater than fish body length, which is the minimum depth
necessary for a fish to orient and prepare for a leap (Reiser et al. 2006; WDFW 2019).

While Goodell Creek could not be surveyed due to inaccessibility of the river as a result of deep,
swift waters, and erosive banks, the mouth and area beneath the bridge were visually inspected,
and it was determined that fish passability based on the above criteria was not an issue in this
tributary due to both sufficient water depth and low gradient channel bed.

6.1.3 Side Channels and Off-Channel Habitat
6.1.3.1 Current Side Channel and Off-Channel Habitat

The current conditions of side channels and off-channel habitats of the Skagit River were evaluated
using remote sensing data and field observations. In total, 56 side channel and off-channel features
were evaluated: 45 side channels, seven off-channel features, and four features containing both
side channel and off-channel habitat. Side and off-channel habitats were evaluated for connectivity
with the Skagit River and inlet and outlet condition, as well as the presence of habitat features,
such as large wood, fish cover, and spawning gravels. A detailed narrative describing each feature
is available in Appendix H.

Based on initial analysis of connectivity using REMs and field observations, 26 side channels are
perennial, 15 are seasonal, and four are inactive. Within off-channel features, five are perennial
and two are seasonal. All four features containing side channel and off-channel habitat are
perennial.

Side channel and off-channel habitat varies substantially by geomorphic reach. Generally, the
greatest amount of side and off-channel habitats are found in the furthest downstream portions of
the study area below the Cascade River, where the valley width is wider and the floodplain and
geomorphology are more dynamic. The majority of side and off-channel habitat is found in three
reaches. Reach 6 contains the greatest amount of side channel and off-channel habitat, followed
by Reach 5B and Reach 2B. Other reaches contain relatively low amounts of side and off-channel
habitat.

The field data collection and summary of conditions for current side channel and off-channel
habitat is complete. Future analytical work will focus on incorporating additional data from other
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relicensing studies including large wood from this Geomorphology Study, fish cover, substrate
data, and hydraulics from the FA-02 Instream Flow Model Development Study (City Light 2022a).
Large wood, fish cover, and substrate data will be used to further evaluate and quantify habitat
conditions for salmonid rearing and spawning. Hydraulic conditions will be used to evaluate the
connectivity and availability of side and off-channel habitat at various flow recurrence intervals
and the conditions (e.g., depth and velocity) within side and off-channel habitats.

The current side channel and off-channel habitat data will also be used to further inform the
analysis of time series data for side channel and off-channel habitat, as well as the relative
importance of the formation and maintenance of these habitats in various areas.

6.1.3.2 Time Series Analysis of Side channel and Off-Channel Habitat

Time series data are useful for detecting changes in habitat conditions. Since side channel and off-
channel habitat are, by nature, generally transitory within the dynamics of river processes, using a
time series of images or remote sensing data can provide a record of the trajectories of side channel
and off-channel habitat formation and degradation in specific areas, reaches, and throughout the
study area. Aerial images used in mapping geomorphic change for the period 1944-2019 were used
to summarize the changes in side channel and off-channel habitats (Attachment E). Metrics for
each time step were calculated to summarize status and trends of floodplain habitat through time.
Results are presented in Section 5.3.2 of this study report and initial review of the data has been
completed.

Next steps to be completed for the time series will involve further evaluation with comparisons to
the hydrograph during that period between aerial images to evaluate the relationship between
changes in amount and characteristics of side and off-channel habitat and changes in the flow
regime through time. Additional factors such as changes in hydromodification, localized land use
impacts, and erosion will also be considered in this further analysis.

Other analysis of time series data will include evaluation of focus areas identified as having
changed substantially through time. Detailed investigation of these areas will allow better
identification of conditions and flows that may encourage development of floodplain habitat within
the Skagit River under the existing regime. These data will also allow identification of some of the
conditions that may result in loss or degradation of side channel and off-channel habitat through
time. Other factors in the primary study area that influence side channel and off-channel habitat
connectivity include sediment transport, flow levels and velocities, influences from large wood,
hydromodifications, erosion, and land used impacts.

6.14 Substrate/Sediment

A total of 43 bulk samples to characterize the subsurface material and 51 lithology-specific pebble
counts to characterize the armor layer were collected from locations distributed along the river and
distal reaches of tributaries (Figure 4.4-2). Ultimately, over 12,000 kg of sediment was handled in
the process of collecting the bulk samples, and over five thousand grains were measured for the
pebble counts. Samples targeted bar head locations that were believed to represent typical
structural bed material in each reach. As discussed with LPs during the July 2021 Geomorphology
Work Group meetings, the practical sampling limit of 200 kg determined for this project was below
the recommended 1 percent criteria for many samples (Church 1987); therefore, the hybrid method
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of Rice and Haschenburger (2004) was applied to characterize the coarse tail of the bulk grainsize
distribution.

Results of the grainsize analysis of the sediment samples are described in Section 5.4 of this study
report. Sediment at the bar-head locations sampled in this study is predominantly composed of
cobble and gravel, with moderate spatial variability at the reach-scale. Surface pebble count results
(Figure 5.4-1) indicate Dso values typically of 64 to 91 mm and Ds4 values generally toward the
upper range of 91 to 128 mm. The grainsize distribution of the subsurface material is dominated
by gravel-sized material, with characteristic Dso values ranging from 20 to 50 mm.

The selective removal of fine sediment through the process of winnowing results in bed-armoring,
whereby the surface substrate is coarser than the subsurface substrate. Bed-armoring has important
implications for understanding and predicting sediment transport rates, and inherently the
geomorphology of rivers. Using the ratio of the Dso from the surface pebble counts to the Dso from
the bulk subsurface samples, a relative sense of armoring shows that much of the study reach is
about twice as coarse in the surface as it is in the subsurface.

Sediment sampling for the primary study area is complete, but analysis of the substrate data is
ongoing. Evaluation of bed material mobility and further analysis of these grainsize data will be
completed in conjunction with development of the sediment transport modeling program and
following completion of the FA-02 Instream Flow Model Development Study’s Hydraulic Model
(City Light 2022a). Interpretation and analysis of pebble count lithology data are also ongoing.

6.1.5 Sediment Transport

A scope for sediment transport modeling has been developed. Monitoring of sediment mobilization
and transport to provide calibration data for these models is ongoing. This monitoring consists of
installation of scour monitoring arrays and deployment of sediment tracer particles.

A total of nineteen scour monitoring arrays, each consisting of eight or more individual scour
monitors have been installed along the Skagit River and lower reaches of select tributaries (Figure
4.5-2). These have been installed in three phases: a pilot redd scour monitoring project was
initiated at three locations during August 2019; this was expanded to ten sites focused on areas of
known important spawning activity in 2020; and an additional nine sites were installed in August
2021. The sites installed in August 2021 included two sites to study mobilization of tributary fans
and seven sites (five in the Skagit River and one each in Bacon Creek and Cascade River) at riffle
crest locations to study general bed scour associated with sediment transport.

Overall, scour observations through summer 2021 suggest very little bed mobility occurred at the
spawning site scour monitor installations installed in 2019 and 2020, with most locations showing
no scour, most observations showing any scour indicating mobilization less than the thickness of
the armor layer, and a maximum observed scour depth of 6.8 inches. Preliminary interpretation of
data from accelerometers suggests that most bed mobilization occurred during low flow conditions
but concurrent with the spawning season, indicating that observed scour was most likely the result
of spawning activity.

RFID-tagged tracer particles were deployed in early-November 2021 at six locations at and
upstream of the Bacon Creek confluence. Tracer particles give information on the pattern of
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sediment particle displacement during floods and serve as a proxy for potential sediment
movement following a theoretical addition of bed material to the river near Newhalem.

The sediment transport modeling program, described in Section 4.5 of this study report, is ongoing.
Scour monitor arrays and particle tracer locations will be revisited during low-flow in summer
2022, which will provide information on bed mobilization during the large November 2021 flood
flows.

6.1.6 Large Wood Inventory
6.1.6.1 Historic Inventory

The results of a historic large wood inventory from 1979 to 2019 are presented in Section 5.6 of
this study report. Historic aerial analysis yielded a lower total large wood and log jam count for
older years. This also coincides with a lower aerial image resolution. There is potential that the
lower total large wood count in previous years is due to the decreased resolution. The magnitude
of large wood in the primary study area could be similar in each year. Alternatively, aerial
inventory of log jams is potentially a more reliable remote sensing technique than induvial large
wood piece inventory as log jams are much larger features. Log jam density gradually increases
from 1.7 log jams per mile to 3.5 log jams per mile between 1979 and 2019. Results from this
analysis show that despite the potential variation in large wood and log jam magnitude the spatial
distribution of large wood and log jams in the mainstem of the primary study area has remained
similar on a geomorphic reach scale since 1979. Large wood and log jams have retained a higher
concentration in Reach 5B and Reach 6 than the rest of the primary study area. Most individual
large wood pieces located in side channels could not be inventoried using aerial images due to
canopy cover unless they were located in the Cascade River distributary side channels. As a result
conclusions on the variation of large wood loading in side channels from 1979 to 2019 cannot be
made.

Historic analysis of large wood and log jams within geomorphic reaches has shown that large wood
and log jam distribution changes most commonly within Reach 5B and Reach 6. These changes
are often linked to channel migration. In other reaches where less channel migration is occurring,
large wood and log jams often accumulate in the same location over time.

An analysis of log jam persistence over time shows that log jams located at the apex of forested
islands or bars stay around the longest, followed by side channel inlet jams. Meander jams and bar
top jams appears to be the least stable.

Next steps in this analysis will involve further evaluation of large wood and log jams with
comparisons to the hydrograph during that period between aerial images to evaluate the
relationship between changes in amount of wood and changes in the flow regime.

6.1.6.2 August 2021 Field Inventory

The results of a field inventory conducted in August 2021 are presented in Section 5.6 of this study
report. This field inventory found 4,084 large wood pieces and 80 log jams in the primary study
area. The majority of large wood was found in Geomorphic Reaches 5B and 6, totaling 2,735 total
pieces of large wood. This is equal to 67 percent of the total wood count found both individually
and in log jams. Most of the large wood that was inventoried was found within log jams totaling
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2,403 pieces of large wood, or approximately 59 percent of the total count. Large wood in the
primary study area is concentrated primarily downstream of the Cascade confluence and upstream
of Rockport.

The large wood field inventory completed in tributaries show that Cascade River and Diobsud
Creek have the highest abundance of large wood and log jams near their confluences with the
Skagit River. This is followed by Bacon Creek, Goodell Creek, Rocky Creek, Damnation Creek,
and Illabot Creek. The remaining tributaries had very little large wood to no large wood.

Large wood was found most densely in side channels and tributaries with a large wood density of
17.6 and 15.0 pieces per acre, respectively. In the mainstem, large wood pieces had a density of
1.1 pieces per acre in the wetted channel. Additionally, in the mainstem large wood pieces had a
density of 13.0 pieces per acre on dry bars. This observation shows that a significant portion of
large wood in the mainstem is bar top wood that does not interact with the wetted channel during
low flows.

Large wood characteristics gathered in the field inventory show that large wood pieces that have
a greater dbh are more likely to have a rootwad attached. This was seen in the mainstem and side
channels. The inventory also showed that pool forming large wood is more often associated with
large wood that has a rootwad attached. Additionally, this study found that large wood with a larger
diameter rootwad is more likely to form a pool than large wood with a smaller diameter rootwad.
Large wood with a 2-to-3.9-ft diameter rootwad formed a pool 17 percent of the time whereas
large wood with a 10-to-25-ft rootwad formed a pool 64 percent of the time. Based on preliminary
analysis, it appears the potential geomorphic importance of an individual large wood piece is
directly related to its size and shape.

Some additional characteristics gathered about large wood in the study teams’ field inventory is
that most large wood has a decay class of either 1 or 2, 1 being the least decayed and 2 being an
intermediate state of decay. Additionally, 73 percent of large wood inventoried was either a cedar,
cottonwood, or alder tree species.

Next Steps to be completed in 2022 include large wood inventory of the Gorge bypass reach
(geomorphic reach 1) using high resolution drone imagery collected by the FA-02 Instream Flow
Model study team as well as to continue analysis of August 2021 field inventory results.

6.1.7 Large Wood Transport
6.1.7.1 Large Wood Tracking

Between October 13 and December 15, 2021, the study team installed radiotags and metal tags on
184 pieces of wood. These tags were placed on large wood in the mainstem, tributaries, and side
channels. A detailed table and map location of pieces of tagged wood is shown in Attachment K.
Additionally, 37 pieces of wood being stored at the Agg pond site were tagged of the 184 total
tagged pieces. A summary of the pieces that have been tagged by geomorphic reach is shown in
Table 5.7-1. The tagged wood being stored at the Agg Pond site was released into the mainstem
river on December 9, 2021.

Next Steps to be completed in 2022 include analyzing the large wood tracking in combination
with the Hydraulic Model results from the FA-02 Instream Flow Model Development Study (City
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Light 2022a). The tracking results will be used to understand thresholds for motion of pieces by
size and river discharge, transport distance, relationship between rootwads and mobility, and jam
stability.

6.1.7.2 Large Wood Transport

Next Steps to be completed in 2022 include calculating large wood transport with the Hydraulic
Model results from the FA-02 Instream Flow Model Development Study (City Light 2022a) and
results from the large wood tracking described in the previous section. Large wood transport
calculations based on tracking results will be evaluated as part of the license application.

6.1.7.3 Large Wood Recruitment

Next Steps to be completed in 2022 include determining large wood recruitment by utilizing the
FA-02 Instream Flow Model Development Study Hydraulic Model results (City Light 2022a) and
other data that is being analyzed to determine large wood recruitment potential. The recruitment
potential is determined by whether there is large wood within the riparian zone that can be recruited
by the stream and is large enough to remain stable (NSD 2017). The study team will utilize
historical channel migration zones, current erosion rates, stability of wood, data collected by DNR,
and data collected in the TR-01 Vegetation Mapping Study (City Light 2022d). Large wood will
be digitized in the primary study area using 2021 aerial photographs.

6.1.7.4 Large Wood Augmentation

Next Steps include large wood augmentation analysis after the FA-02 Instream Flow Model
Development Study Hydraulic Model results are completed (City Light 2022a). Per the June 9,
2021 Notice, City Light will determine locations and methods for wood augmentation within six
months of the FA-02 Instream Flow Model Development Study Hydraulic Model being completed.
City Light will implement an augmentation pilot program with input from the LPs in 2023, unless
they mutually determine a pilot program is not necessary.

6.1.8 Process Flows

The evaluation of process flows described in Section 2.6.7 of the RSP was initiated in January
2022. Existing data were reviewed and summaries of some of those documents are available in
Attachment A. Process flows include a range of flow levels and inputs of sediment and wood to
the channel that result in geomorphic change, sediment transport and redistribution, and aquatic
habitat creation, change, and maintenance. Process flows to be considered will be determined at a
series of iterative workshops involving the Geomorphology Study team, the FA-02 Instream Flow
Model Development Study team, City Light staff, and LPs.

This discussion has started with acknowledgement of the large magnitude of channel-forming and
maintenance flows recommended by Wald (2009), which include natural hydrology 10 and 2-yr
recurrence intervals, respectively, and the need to evaluate potential effects of these flows on
rearing habitat availability, channel bed stability, floodplain connectivity, and egg-to-fry survival.
Sediment transport modeling tools described in Section 4.5.1 will be applied to evaluate how the
channel will be expected to respond to variability in water and sediment inputs.

Following these workshops, several products will be produced per the guidance in Section 2.6.9
of the RSP. A more detailed summary of geomorphic change over the term of the current license
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will be produced, including further investigation into the correlation with peak flows and
geomorphic disturbances. This effort will also contribute to the analysis of side channel formation
and maintenance processes, as well as an assessment of hydrologic connectivity at a variety of
flows. As per the RSP, the process flows investigation will also include IHA results for unmanaged
conditions to help inform the timing and duration of high flow processes, as well as a synthesis of
the interactions among flow, sediment loading, large wood input, channel migration/side channel
formation, floodplain connectivity and aquatic habitat.

6.2 Status of June 9, 2021 Notice

The June 9, 2021 Notice noted the following items of discussion related to the implementation of
this Geomorphology Study. The status of each is summarized in Table 6.2-1.

Table 6.2-1. Status of the Geomorphology Study modifications identified in the June 9, 2021
Notice.

Study Modifications identified in the June 9, 2021
Notice: As Written Status

City Light will develop a 1-D HEC RAS model for As described in Section 4.5.1 of the Geomorphology
stream flow from the Sauk to the estuary and work Study Report, City Light will implement a suite of

with technical experts and LPs to identify robust modeling tools to address areas between Gorge
sampling of mutually agreed to measurement Powerhouse and the estuary. The modeling approach
endpoints within reference reaches within major reach and suite of models were defined in consultation with

segments. City Light will incorporate Jon Riedel’s LPs in workshops in July, September, and October
(NPS) work and the full range of hydrology and 2021, consultation and development of the tools is

operations will be modeled. ongoing.

City Light will convene workshops to address the The geographic extent of each modeling tool is
technical issues such as channel migration, LWD, described in Section 4.5.1 of the Geomorphology
suspended sediment transport and washload, and off- Study Report. Tools for application downstream of
channel habitat associated with the modeling effort or the Sauk include UBCRM and MAST 1-D, which will
other additional modeling efforts. extend to the gravel-sand transition at approximately

PRM 21. The rational for using MAST 1-D in lieu of
HEC-RAS 1-D is explained in Section 7.3 of the
Geomorphology Study Report.

City Light will modify the study plan to include Project effects on fine sediment delivery to the estuary

collaboration with the LPs to look for opportunities to will be evaluated by combining watershed-scale
incorporate sediment modeling in reference reaches sediment yield analysis (Section 4.5.3 of the
below the Sauk to the estuary. Geomorphology Study Report) with evaluation of

floodplain-channel sediment exchange using the
MAST 1-D model.

Regarding LPs’ comments regarding LWD inventory, This is a topic for discussion after the ISR (March
this is a topic of the lower river synthesis study. To 2022) to be informed by the outcomes of the SY-01
the extent the synthesis study identifies a data gap, Synthesis and Integration of Available Information on
City Light will work collaboratively with the LPs to Resources in the Lower Skagit River [downstream of
address it (including but not limited to the Watershed the Sauk], which is currently underway.

Council) Middle Skagit River Restoration Plan, aerial
photos, etc.).
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Study Modifications identified in the June 9, 2021
Notice: As Written

Status

City Light will provide LPs with its existing inventory
of LWD in the three project reservoirs by no later than
August 1, 2021 and conduct an annual inventory of
inputs during the study period.

City Light will convene a workshop with the LPs
during the fourth quarter of 2021 to collaboratively
develop strategies for short-term and long-term
management of woody debris in the reservoirs and
transport of woody debris to the lower river.

Action item: LPs will work with City Light within the
next 30 days to develop protocol for wood crew to
enumerate woody debris coming into reservoir.

Reservoir wood data collection is ongoing and data
from 2017 to present was provided to LPs in late June
2021 and raw data sheets were provided in December
2021. A memorandum report summarizing this task is
included with the ISR.

This topic was discussed at the November 2021
Geomorphology Work Group meeting and is a topic
for further discussion in 2022.

City Light provided the data form to LPs and collected
additional wood data on Ross Lake in August with
right-of-way crews responsible for corralling woody

debris. These additional data are included as part of
the ISR.

City Light will convene workgroup meetings to
clarify expected capabilities of sediment transport and
morpho-dynamic models for predicting changes to
channel morphology.

This topic was discussed at the October 2021
Geomorphology Work Group meeting.

City Light will calibrate sediment transport models to
at least the 10-year recurrence interval (subject to
available data) and calibrate sediment transport model
to help predict where sediment would be stored. If
necessary, City Light will provide controlled releases
to assist in calibrating the model. Such controlled
releases will be designed in a manner as to not
contribute to downstream property damage or risk to
health and human safety.

Topic for on-going discussion at Geomorphology
Work Group meetings, which began at July 2021
meeting. Discussions will continue into 2022. The
sediment transport models will be calibrated to the
November 2021 flood, which ranges from
approximately a 2-yr natural flow condition
recurrence interval event at the Newhalem Gage to
approximately a 50-yr recurrence interval event at
Marblemount. Repeat topobathymetric LiDAR
bracketing this flood (2017/18 and 2022) and the
empirical bed mobility observations described in
Section 4.5.2 of the Geomorphology Study Report
will provide that calibration information.
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Study Modifications identified in the June 9, 2021
Notice: As Written

Status

City Light will model to determine locations and
methods for wood and sediment augmentation no later
than 6 months following completion of the instream
flow model. Based on the results of the modeling, City
Light will implement a wood and sediment
augmentation pilot program to be developed jointly
by City Light and the LPs no later than 2023 (unless
City Light and the LPs mutually determine that such
a pilot program is unnecessary). City Light and the
LPs expect that the augmentation pilot program will
include monitoring, including monitoring
downstream of the Sauk confluence, and will result in
information to inform development of possible
PM&E measures in the new license.

The development of the FA-02 Instream Flow
Hydraulic Model is in process. The completed model
may be used to inform discussions to explore a wood
and sediment augmentation pilot; modeling of
sediment and wood is being addressed in the
Geomorphology Work Group meetings and this
Geomorphology study, which is explicitly evaluating
channel morphologic sensitivity to interactions
between process flow inputs of water, sediment, and
wood. Cross-coordination between the instream flow
modeling and the geomorphology technical teams is
underway. A GE-04/FA-02 coordination workshop
was held on October 12, 2021 and these topics will
continue to be discussed at Geomorphology Work
Group meetings.

Preliminary results of the sensitivity analysis (using
UBCRM and mobile bed HEC-RAS 1-D, as
explained in the Geomorphology Study Report) will
be available in late Q3 2022 for consideration in the
development of the pilot program in 2023.

City Light will continue current data
collection/tagging of wood that is placed in the river
under current programs and will disseminate data
from these ongoing programs to the LPs as soon as
practicable.

The results of GE-04 and the other studies will be used
to inform sediment and wood augmentation
throughout the Skagit River system.

City Light will provide LPs information about current
data collection/tagging of wood as soon as
practicable.

The Federal and state resource agencies will consider
what information and permitting is needed to
implement the augmentation pilot program. City
Light will work cooperatively with LPs to ensure
timely implementation of the pilot program with all
required permits in place.

LWD data tagging/tracking field effort of 37 reservoir
wood pieces at the Agg pond is in progress and is
described in this study report. Wood tagging topic has
been an on-going discussion at Geomorphology Work
Group Meetings.

Future action item (2023) depending on the results of
the relicensing studies.

LWD data tagging/tracking field effort of natural
large wood pieces and reservoir wood pieces is in
progress and is described in this study report. Wood
tagging topic has been an on-going discussion at
Geomorphology Work Group Meetings.

Topic for future discussions at Geomorphology Work
Group meetings.

City Light will convene technical workshops with the
purpose of expanding the scope, and changing and/or
adding proposed tagging/monitoring of tributary
sediment deposits to more tributaries, including
downstream of Sauk Confluence.

Topic of ongoing and future discussions at
Geomorphology Work Group meetings. City Light
expanded the scope of particle tracing activity to
include Ladder Creek, Newhalem Creek, Goodell
Creek, one riffle crest near County Line, and Bacon
Creek (including tracers on the fan and upstream of
the SR 20 bridge).
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Study Modifications identified in the June 9, 2021
Notice: As Written

Status

City Light will include continuous stage readers in
selected off-channel habitats in the floodplain to
validate floodplain connectivity. The location and
placement of stage readers will be agreed upon by
City Light and the LPs in a future workshop.

Action item: City Light will convene workshops to
discuss the influence of groundwater and utility of
FLIR on hyporheic exchange and in the selection of
study reaches.

19 level logger sites were selected with LPs to build
upon the existing network of six sites maintained by
SRSC. Two sites were omitted due to results of
cultural resource review and const