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Introduction
The Sunrise Side Channel is located in the lower American River ~0.4 miles (0.64 km)
downstream of the Sunrise Boulevard Bridge (Figure 1). The side channel cuts across a
point gravel bar on the south side of the river. Before the project was undertaken, the
side channel would inundate when water releases from Nimbus Dam exceeded ~3,500
cubic feet per second (cfs) [99.1 cubic meters per second (cms)]. At releases greater than
~4,000 cfs (113.2 cms) the channel had sufficient flow to attract spawning steelhead
Oncorhynchus mykiss, a federally threatened species and fall-run Chinook salmon O.
tschawytscha, a petitioned species for listing. Steelhead spawning in the lower American
River occurs from December through March, coincident with flood control operations at
Folsom Dam. It is common for flood control releases to exceed 4,000 cfs for several
days and then to be reduced below 3,500 cfs (These flows are rarely met during the fall
Chinook salmon spawning period). In several years (i.e., 2002, 2003, and 2004) this
water management action may have contributed to negative steelhead embryo and alevin
impacts when rapid dewatering led to desiccation within redds located in the side channel
(BOR unpublished data). In 2008, the Sunrise Side Channel Project was initiated for the
purpose of lowering the elevation of the side channel to prevent the dewatering and
desiccation of steelhead redds at this site (Figure 2 and Figure 3).

Figure 1. Sunrise Side Channel in relation to the lower American River and the California Central
Valley. Note: photo inset is post channel cut.
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Figure 2. Aerial photos of Sunrise Side Channel before (left; 29 June 2007) and after (right; 06 April
2010). Nimbus Dam releases were ~3,130 and 1,130 cfs respectively. http://cdec.water.ca.gov

Figure 3. Photos taken within the Sunrise Side Channel after construction 1 March 2010, facing
upstream (left) and downstream (right). Nimbus Dam release was ~1,400 cfs. http://cdec.water.ca.gov

Study Purpose
The purpose of this study was to evaluate the effects of the Sunrise Side Channel Project
on targeted biological resources associated with the project footprint and its proposed
goals. Specific hypotheses were developed to test the effects of the project on salmonid
spawning habitat, redd dewatering and rearing habitat.

Effects on spawning habitat
This study assessed the effects of the side channel project on salmonid spawning use
within the project footprint by developing specific hypotheses to be tested. Hypotheses
were as follows:

H01: There is no significant difference in the amount of available steelhead spawning
habitat within the side channel before and after project implementation.

H02: There is no significant difference in the amount of available Chinook salmon
spawning habitat within the side channel before and after project implementation.
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H03: There is no significant difference in the proportion of steelhead spawning within the
side channel before and after project implementation.

H04: There is no significant difference in the proportion of Chinook salmon spawning
within the side channel before after project implementation.

To test these hypotheses, a combination of spawning data collected by U.S. Bureau of
Reclamation (USBOR) and Cramer Fish Sciences (CFS) in past studies, survey data
collected by USBOR and United States Fish and Wildlife Service (USFWS) and redd and
snorkeling surveys performed during January through July 2010 were used. Datasets
were used to model the potential spawning habitat available within the side channel
before and after project implementation. Physical data (i.e. redd depth, spawning
location, water velocity etc.) was used with the River 2D modeling software.

Effects on redd dewatering
To determine the effects of the project on redd dewatering, the following specific
hypothesis was tested:

H05: The Sunrise Side Channel Project had no effect on the proportion of salmonid redds
being dewatered within the side channel before after project implementation.

To test this hypothesis, the study used past survey data in association with four surveys in
2009-2010 to evaluate the proportion of redds potentially dewatered before and after the
implementation of the Sunrise Side Channel Project.

Effects on salmonid rearing habitat
Although this was not specifically discussed in the original project goals, it was eluded to
with the goal of not disturbing “backwater habitat” at the lower end of the site.
Therefore, we believe this is very useful information considering the expectation that
floodplain and side channel habitat is important to juvenile salmonid production. It is
also understood that several side channel and floodplain projects have been proposed for
the lower American River. These data may be extremely useful for the design and
implementation of such projects and used as a model for future work. Specific
hypotheses to be tested:

H06: The Sunrise Side Channel Project had no effect on available juvenile salmonid
rearing habitat within the project footprint.

H07: The Sunrise Side Channel Project did not provide significantly different juvenile
rearing habitat than that available within the adjacent main channel.

H08: There is no significant difference in the quantity of juvenile salmonids in the Sunrise
Side Channel Project and available habitat within the adjacent main channel.

To test these hypotheses, available survey data collected at the site along with known
rearing habitat parameters already being collected along the river were used. These data
were imported into the River 2D modeling program to estimate available habitat before
and after the project and within the adjacent main channel.
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Methods
The study capitalized on the availability of topography data collected prior to the riverbed
modification. The existing dataset was augmented with additional topographic points
collected in the field (post project) throughout the modeled reach; a higher concentration
of data points was collected in the cut side channel to provide improved topographic
modeling resolution. These data were used to parameterize a hydrodynamic habitat model
(River 2D, version 0.95a) to estimate usable habitat before and after project
implementation at nine different flow regimes for Chinook salmon and steelhead trout at
two life stages (spawning adults and rearing juveniles). Weighted usable area (WUA)
was calculated with the River 2D program at all flow regimes and differences in WUA
prior to, and post, channel cut were analyzed via paired t-test (JMP Software).

Topographic Data Collection and Consolidation
In collaboration with the USFWS, topographic data was collected in the restored side
channel and adjacent habitats using a Topcon Hiper GB GPS RTK unit. Our objectives
were to enrich the existing topographic dataset, identify zones of incision and deposition
(as a result of the project), and identify and delineate escape cover and dominant
substrate types across the modeled reach. All topographic data was collected in NAD
(1983) State Plane, California Zone II, FIPS 0402 (Feet). The existing topographic data
was combined with the post project topographic data after identifying zones of deposition
and incision (described below). These data were used as key parameter inputs in
development of the River 2D model under both pre- and post-project conditions.

Zones of deposition and incision
A triangulated irregular network (TIN) and digital elevation model (DEM) were
developed for the existing topographic data and the post project data using the 3D analyst
tools in ArcMap (version 9.3). The DEM was then converted to a raster layer (1-ft cell
size) using the conversion tool, 3D analyst (ArcMap). The raster calculator (Spatial
Analyst, ArcMap) was used to compare the raster layer of the existing topographic data
to the post project topographic data and identified regions within and around the modified
side channel that differed by more than 1 ft (0.3 m). We assume these regions are areas of
incision or deposition as a result of the riverbed modification (project effort).
Topographic data from regions of deposition or incision in the post project data set were
excluded when consolidating the topographic data for the pre-project DEM, and vice-
versa for the post project DEM. We assume these consolidated topography datasets are
representative of the observed topography prior to, and post, project.

Estimating Net Change
Surfer® (Golden Software, Inc.) was used to build triangulated irregular networks (TINS)
and interpolate survey data to 1.1-m resolution DEMs. Blanking files ensured that
elevation and volumetric changes were only assessed where channel was cut and filled.
Net cut/fill after side channel excavation was calculated at the Sunrise Side Channel
using the Surfer Grid Volume Report (Golden Software Inc. 1999).
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Aggregation of Substrate and Cover Attributes
Dominant substrate and cover was assessed visually throughout the entire modeled reach.
It was assumed that the substrate and cover conditions did not differ before and after the
project efforts. Polygons in ArcMap were created to delineate dominant substrate and
cover types within the modeled reach. Each polygon included substrate and cover
attributes encompassed within that polygon. Regions with homogenous substrate and
cover were delineated by manually creating polygons (Editor, ArcMap) with a series of
topographic points that bordered two substrate or cover types. Regions of highly
heterogeneous substrate or cover were delineated by creating Thiessen polygons
(Analysis, ArcMap). Both polygon types, and corresponding attributes, were merged in
ArcMap and using the Spatial Join tool (Analysis, ArcMap) for both the pre and post
project topographic data sets.

Hydrodynamic Habitat Model Development
A two-dimensional depth averaged model of river hydrodynamics under pre- and post-
project conditions was developed following the methods described in Steffler and
Blackburn (2002). The consolidated topographic data sets for pre- and post-project were
s key inputs in the bed file creation and substrate attributes were converted to roughness
values as described by Gard (2006). It was e assumed that the post-project water surface
elevations were sufficient for model calibration under pre-project conditions and that
roughness values did not change as a result of the riverbed modification. River
hydrodynamics were simulated for nine flow regimes under pre and post project
conditions.

Habitat Suitability Criteria and Analysis
Potentially due to low spawning adult salmonid numbers, and subsequently low juvenile
densities, our direct observations of habitat use were too few to develop site specific
habitat suitability criteria. As such, habitat suitability criteria from several sources were
utilized to complete the habitat component of the River 2D model. Habitat Suitability
Curves from USFWS (1988; 1999) was used for Chinook salmon and steelhead trout
adult and juvenile life stages. Substrate suitability for both species and life stages was
obtained from Instream Flow Study Guidelines (WDFW and Ecology 2004). Depth and
velocity suitability criteria for juvenile Chinook were obtained from the California
Department of Fish and Game (CDFG) (2005).

Habitat availability was assessed using measures of Weighted Usable Area (Bovee 1982),
which is calculated as the product of the composite suitability index (Steffler and
Blackburn 2002). Estimates of WUA were then derived for all nine flow regimes for
Chinook salmon and steelhead trout adult and juvenile life stages. To test for significant
changes in habitat as a result of the project implementation, projections of WUA for the
target species and life stage across all nine simulated flow regimes were compared via a
paired t-test (SYSTAT 11).

Spawning Use
Salmonid spawning surveys at the Sunrise Side Channel site were conducted in
collaboration with BOR on a roughly bi-weekly basis from 30 December 2009 through
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29 March 2010. Differentially corrected GPS coordinates were collected for individual
redds using a Trimble GeoXT unit and total redd counts were summed for each sample
date. Coordinates for individual redds were input into ArcGIS and used to display the
spatial extent of spawning throughout the project site for the spawning season.

In addition to our surveys, USBOR has conducted annual Chinook salmon redd surveys
on the LAR since 2004, and annual steelhead trout redd surveys since 2001. For Chinook
salmon, USBOR uses three flights per year to collect aerial photographs of the reach
from the Business-80 Bridge to Nimbus Dam (~29 km). Flights typically occur in early-
November, mid- to late-November, and early-December. Photographs are used to
estimate redd abundance by reach. For steelhead, USBOR uses boat, snorkel, and
walking surveys to locate and GPS redds. Surveys typically occur during spring
(January–April), and cover the entire LAR from Nimbus Dam downstream to Paradise
Beach (~29 km). Redd abundance is typically reported by reach. It is important to note
that in recent years, late-fall Chinook salmon have been utilizing the lower American
River. Their spawning period coincides with steelhead; therefore, unless fish are actively
on a redd it is difficult to identify which species created individual redds.

Redd Dewatering

Figure 4. Flow chart for the evaluation of benefits from Sunrise Side Channel manipulation in
relationship to American River fall-run Chinook salmon and steelhead spawning and incubation.
Note: side channel historically inundated above 3,500 cfs and at time of this study inundates at <600
cfs.
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The American River flow gauge at Fair Oaks (http://cdec.water.ca.gov) was used to
estimate the hydrograph from 1999 – 2009 for evaluation of potential periods of impeded
spawning and/or redd dewatering for fall-run Chinook salmon and steelhead trout within
the Sunrise Side Channel. Hydrograph data was compared using a flow chart to identify
potential periods when Chinook salmon and steelhead trout spawning and incubation
success might benefit from channel manipulation at the side channel (Figure 5).

Juvenile Salmonid Rearing
No snorkel data is available for the side channel or adjacent habitat from before project
implementation. Therefore four reference areas related to the USBOR/USFWS 2008 and
2009 gravel augmentation sites were used to compare against snorkel surveys performed
within the side channel after the project was completed. These reference sites were
located approximately 2.4 miles (3.9 km) upstream of the Sunrise Side Channel (see CFS
2010). Sample areas were established along bank margins adjacent to the following
main-channel habitat types: (1) a glide located immediately downstream of the 2008
gravel augmentation site; (2) a pool located immediately above the 2008 augmentation
site; (3) a shallow run associated with Sailor Bar; and, (4) a deep run/backwater area
downstream of both the 2008 and 2009 augmentation sites. Snorkel surveys occurred
monthly from February – June at the four reference sites and February–July 2010 at the
Sunrise Side Channel during daylight hours (typically between 0800 and 1500 hr).
Snorkeling methods were consistent with other studies (Jackson 1992; McCain 1992;
Dolloff et al. 1996; Cavallo et al. 2003). Sample units were snorkeled by two divers
moving upstream adjacent to each other. Fish were observed and identified, with counts
compiled for all divers and recorded as a total for each sample unit.

Results
Approximately 7,344 yd3 (5,615 m3) of material was excavated for the side channel and
spread over the island and adjacent floodplain (Figure 5). Cut in the side channel was
near zero at the downstream end to a little over 2 ft (0.6 m) near the upper end. Although
the side channel presently flows at considerably lower Nimbus Dam releases (most likely
400-600 cfs), than the survey data collected immediately after the project suggests,
modeling demonstrated that immediately after the action the lowered side channel began
to flow at ~1,200 cfs (34 cms); almost 2,300 cfs (65 cms) less than before the action. The
cut side channel allows diversion into the side channel at lower Nimbus Dam releases
than before the action, altering depths and velocities in the adjacent main channel and
affecting habitat availability. Therefore, we modeled and surveyed adjacent habitat to the
cut channel as well.
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Figure 5. Contour map of Sunrise Side Channel site before and after channel cut was made.

Spawning Habitat Suitability

Chinook salmon
At 1200 cfs, the cut (lowered) side channel provides similarly suitable spawning habitat
for Chinook salmon as the un-manipulated channel (Figure 6). However, as the modeled
pre-cut side channel begins to inundate between 3,100 and 3,600 cfs, suitable Chinook
salmon spawning habitat decreases over the entire area at a significant level (Figure 7; t
Stat = 1.8948; df = 8,1; P = 0.0473).

Steelhead trout
At 1,200 cfs, the lowered side channel provides steelhead spawning habitat comparable to
the pre-cut configuration (Figure 8). However, with increased flows our model predicts
decreases in suitable steelhead trout spawning habitat over the entire area at a significant
level (Figure 9; t Stat = 2.9309; df = 8,1; P = 0.0095).
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Figure 6. Combined habitat suitability of depth, velocity and substrate size for Chinook salmon
spawning at the Sunrise Side Channel pre and post channel cutting for three representative flows
(CFS). Note: white indicates predicted dry channel at associated flow.
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site pre and post channel cut.


