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Foreword
The lower Yuba River Accord (Accord) consists of a Fisheries Agreement and several other
elements. The Fisheries Agreement includes descriptions of the River Management Team
(RMT), the River Management Fund (RMF), and the Monitoring and Evaluation Plan (M&E
Plan). The Fisheries Agreement in its entirety can be found on the Accord RMT website
(http://www.yubaaccordrmt.com).
The RMT Planning Group includes representatives of the California Department of Fish and
Game (CDFG), National Marine Fisheries Service (NMFS), Pacific Gas and Electric (PG&E),
U.S. Fish and Wildlife Service (USFWS), Yuba County Water Agency (YCWA), and one
representative for the four non-government organizations (Friends of the River, South Yuba
River Citizen’s League, The Bay Institute, and Trout Unlimited) that are parties to the Fisheries
Agreement. The RMT planning group has developed an M&E Plan to guide study efforts
through the efficient expenditure of RMF funds.
Multiple studies were identified by the RMT to address the specific analytics that are necessary
to evaluate the performance indicators detailed in the M&E Plan. The purpose of this report is to
document findings for the performance indicators that are enumerated in the M&E Plan.
The research and results detailed in this report were funded through a research grant to the
University of California at Davis by the Yuba County Water Agency (Research Agreement #
201016094).

[2]

Executive Summary
An oft-quoted, but anecdotal, value for how much the depth changes within the lower Yuba
River with changing discharge is one inch per 100 cfs. This study sought to test that anecdote
against near-census observation data and 2D hydrodynamic modeling outputs. For this study,
the mean rates of change for the flow depths were calculated within three primary inundation
zones – baseflow (area inundated by flows <880 fs above Daguerre Point Dam and <530 cfs
below it), bankfull (area inundated by flows <5,000 cfs), and floodway (area inundated by flows
of 5,000 to 21,100 cfs). Results were stratified by geomorphic reach, as there are eight reaches
on the LYR. The anecdotal value is not necessarily true, and its inaccuracy increases the more
flow exceeds baseflow levels.
Within the baseflow channel, the rates of change vary between 0.79 – 1.72 inches per 100 cfs for
the individual reaches, with a segment-scale average of 1.29 inches per 100 cfs. Between the
baseflow and bankfull margins, the bank slopes decrease and therefore so do the rates of change.
In this inundation zone, the depth changes as 0.37 – 0.85 inches per 100 cfs (segment-scale
average = 0.47). Outside of the bankfull channel, the floodplains flatten even more. The rates of
change vary between 0.16 – 0.27 inches per 100 cfs (segment-scale average = 0.22) within the
floodway inundation zone.
These values have implications for habitat management below Englebright Dam. Discharge in
the LYR can be controlled up to ~ 4200 cfs, i.e. within the bankfull zone. Therefore, the change
in flow depths caused by a change the discharge can now be enumerated, then related to the
impacts to salmonid habitat of various lifestages, and thus incorporated into management
decisions. For changes in discharges outside of the controllable range, these values provide
insight into the role of flows and flow variations for floodway habitat.
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Introduction
It is common practice in river science to relate a change in discharge to an expected change in
flow hydraulics at any given spatial scale. The relationship between discharge and hydraulics is
defined by the channel geometry (Leopold and Maddock, 1953). The implications are that a
variation in discharge will affect the flow depth, width, and velocity, which in turn will affect the
locations and abundance of biological habitat within the wetted channel. Therefore, for
management purposes, it is important to understand the channel geometry in order to predict the
availability of habitat based on controlled or natural changes to the flow regime.

Background
Hydraulic Geometry
Channel regime theory states that the mean depth (d), width (w), and velocity (v) at any crosssection are related to the discharge (Q) by a set of power functions (Leopold and Maddock,
1953):
(Eq. 1)
where {a, c, k} are empirical coefficients and {b, f, m} are empirical exponents that largely
control the cross-sectional geometry. Discharge is defined as the volume of flow that passes
through a station over a given period of time. In the field, it is usually measured as the product
of mean velocity and cross-sectional area (i.e., mean depth X mean width). Applying this
definition to Eq. 1 shows that the at-a-station coefficients {a, c, k} must multiply to unity, and
the exponents {b, f, m} must sum to unity.
If a channel is a pure rectangular flume, then there is no change in width as discharge increases
(i.e., b = 0) and changes in discharge are revealed as either changes in depth, velocity, or a
combination of the two. Velocity is highly dependent on channel slope and roughness.
Therefore, the largest changes in depth (i.e., high values of f) would be displayed by changes in
discharge within a rectangular channel that has a low slope and/or high roughness. Conversely,
wide, flat channels will exhibit low values of f, and high values of b (Figure 1).
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Figure 1. Physical interpretation of at-a-station exponents (Wyrick and Pasternack, 2008)

For this report, the focus is on the at-a-station parameters of depth and discharge (i.e., c and f).
The coefficient, c, represents the depth at a flow of unity (i.e., one cfs); and the exponent, f,
represents the relative rate of change in depth with any change in discharge.

Study Site – Lower Yuba River
Geomorphic Reaches
A reach is a section of river with a characteristic set of attributes controlled by the balance of
sediment transport capacity, sediment supply, and topography. Wyrick and Pasternack (2012)
delineated eight distinct zones within the LYR segment based on the longitudinal profile and
associated geomorphic variables (Table 2). Tributary junctions form the upstream boundary of
two reaches and dams form the boundary for two more reaches. The other reach boundaries are
formed by hydro-geomorphic variables: onset of emergent floodplain gravel; transition from
confined bedrock valley to wider, meandering system; and decreases in bed channel slope.
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Table 1. Geomorphic reach descriptions within the LYR
Valley Width (ft)
Reach Name

Min

Mean

Max

Bed Slope (%)

Englebright

316

415

693

0.31

Thalweg
Length (ft)
4,130

Narrows

162

304

596

n/a

6,700

Timbuctoo
Bend

373

589

1866

0.201

20,790

Parks Bar

387

1007

1432

0.188

25,980

Dry Creek

783

987

1552

0.135

12,470

DPD

755

1628

2305

0.176

18,500

Hallwood

573

1175

2394

0.131

27,500

Marysville

325

744

1842

0.052

17,500

Starting Point
Description
Englebright Dam
Confluence with
Deer Creek
Onset of emergent
gravel floodplain
upstream of Blue
Point Mine
Widening of alluvial
floodplains near
Highway 20
Confluence with
Dry Creek
Daguerre Point
Dam
Slope break near
Eddie Drive
Slope break

Discharge Regimes and Inundation Zones
Within the LYR, discharge measurements are estimated from a suite of USGS flow gages,
namely Smartsville (#11419000) near Englebright Dam, Marysville (#11421000) near the
mouth, and along one of its main tributaries in Deer Creek (#11418500).
Hydrologic analyses show that during September through December flows range from 500-1500
cfs. This also corresponds to the period when flow and channel form produce mesohabitat
conditions suitable for spring run Chinook (Oncorhynchus tshawytscha) adult spawning, so the
morphological units during that period equate with vital mesohabitats (Moir and Pasternack,
2008). The final baseflow regime selected for use in the study was the condition with a
Smartsville discharge of 880 cfs, no discharge out of Deer Creek (whose outflow tends to be 0-5
cfs in the absence of rain or upstream reservoir maintenance), no discharge out of Dry Creek
(whose outflow tends to be 0-5 cfs in the absence of rain or upstream reservoir maintenance),
and an agricultural withdrawal of 350 cfs of water at Daguerre Point Dam (DPD), yielding a
Marysville gage flow of 530 cfs. Because of this withdrawal, it is appropriate to use a paired
discharge regime (i.e., combining model results for 880 cfs above DPD with 530 cfs results
below DPD). The inundation zone below 880/530 cfs is referred to as the “baseflow zone”
(Figure 2).
For natural rivers unaltered by human interference, the bankfull channel is typically generalized
as the topographic elevation over which incipient flooding occurs. For natural rivers in temperate
climates, the bankfull discharge typically has a recurrence interval of ~1.5-2 years (Leopold et
al., 1964; Drury, 1973), but intervals ranging from 1-32 years have been reported for a wide
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range of rivers (Williams, 1978). Therefore, for managed rivers or flashy rivers in arid zones, the
bankfull channel is best delineated using geomorphic indicators, rather than flow-frequency
curves. Some common physical indicators of bankfull stage include: breaks in the bank slopes;
elevations of depositional features; changes in substrate material; inundation of floodplain
swales; etc. Within the LYR, medial bars and lateral bars were observed to overflow at ~5000
cfs, most predominately within Timbuctoo Bend, but also throughout the lower reaches.
Therefore, 5000 cfs will be used as the bankfull discharge for this study. The inundation zone
between the baseflow upper boundary and 5000 cfs is referred to as the “bar zone” (Figure 2).
Similar geomorphic indicators were observed to delineate the upper bounds of the floodway zone
as well. Above ~20,000 cfs, the primary alluvial surfaces in the river valley that remain exposed
are terraces and artificial training berms. For modeling purposes, the flood discharge was
assumed to be 21,100 cfs. The inundation zone between the bankfull boundary and the upper
flood discharge boundary is referred to as the “floodway zone” (Figure 2).

Figure 2. Example of baseflow (880/530 cfs), bar (5000 cfs), and floodway (21,100 cfs)
inundation zones within Parks Bar. Uncolored alluvia represent the valley sediments at an
elevation higher than the floodway wetted area. Flow direction is from right to left.

Physical Data Collection
Topographic & Bathymetric Mapping
River corridor topography and bathymetry were collected for the high-resolution digital
elevation model (DEM) using a combination of ground-based, boat-based, and remote sensing
(i.e., Light Detection and Ranging, or LiDAR) methods in accordance with a pre-designed
protocol (Pasternack, 2009), and as reported by Pasternack (2009) and Carley et al. (2012).
Breaklines were added where needed on the basis of expert judgment. Different reaches of the
LYR were mapped at different times between 2006-2009 with different combinations of
[8]

technology as funding permitted (Carley et al., 2012). The only gap in the DEM is the Narrows
Reach (river mile ~21-22.5), which contains unwadable, unboatable, and therefore unsurveyable
rapids.
On September 21, 2008, Aero-Metric, Inc. (Seattle, WA) acquired LiDAR bare earth elevations
of the river corridor during a constant low flow typical of the period when hydro facility
maintenance takes place: 863 cfs between Englebright Dam and Daguerre Point Dam, and 622
cfs below Daguerre Point Dam where irrigation diversions occur. The target point spacing was
2.5 ft. All in-water LiDAR points were removed from the dataset using a shoreline boundary
polygon.
A survey crew from the Watershed Hydrology and Geomorphology Lab at University of
California, Davis, performed robotic total station surveys in Englebright Dam Reach and
Timbuctoo Bend Reach. A professional hydrography firm (Environmental Data Solutions, San
Rafael, CA) collected bathymetric points along longitudinal and cross-channel lines, meeting
Class 1 standard (± 0.5 feet [ft] vertical accuracy). Because some areas were inaccessible by
boat, the RMT conducted an analysis of bathymetry data gaps and hired CBEC, Inc. to perform
ground-based surveying to fill in the gaps. All of the different surveys were tied together with a
common array of benchmarks and vertical adjustment to a common vertical datum (NAVD 88).
In addition to existing National Geodetic Survey benchmarks in Marysville and Yuba City, new
topographic benchmarks were established throughout the study area using Real Time Kinetic
(RTK) global positioning system (GPS) and NOAA On-line Positioning Users Service (OPUS).
Overlapping in-channel survey areas were used to evaluate different survey methods and ensure
compatibility of the datasets.
After topographic and bathymetric field data collection was complete, all the points were brought
into ArcGIS® 9.3.1 software, visualized as a map, and edited to remove any obvious errors. In
narrow backwater channels and along banks that contained obvious interpolation errors, breaklines were created to better represent landform features. Additionally, some bathymetric areas
that contained very few points due to obstructions and other problematic features were
augmented, so that channel characteristics were maintained. Finally, using the spatial join
function in ArcGIS, consistency between data sets was assessed to ensure there were not
discrepancies between different mapping methods.
2D Hydrodynamic Model
2D models of the LYR segment were made using the Surface-water Modeling System v.10.0
(Aquaveo, LLC, Provo, UT) and run using Sedimentation and River Hydraulics (SRH-2D, v.
2.1) according to the procedures of Pasternack (2011). SRH-2D is a 2D finite-volume model
that solves fluid mechanics equations to produce an estimate for depth and velocity at each
computational node (Lai, 2008). SRH-2D implements a hybrid structured-unstructured mesh that
can use both quadrilateral and triangular elements of any size allowing for mesh detail
comparable to any finite-element model. Detailed explanations of the LYR 2D model are
available in Barker (2011) and Abu-Aly (2012). The model used a spatially variable eddy
viscosity with an eddy viscosity coefficient of 0.6 (Pasternack, 2011).
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Mesh point outputs of depth, velocity, and water surface elevation from SRH-2D were converted
to TINs and then rasters (pixel size of 0.91 m for LYR and 0.5 m for SYR) using ArcGIS v.10.0
(ESRI, Redlands, CA). A wetted area boundary was created from those pixels with a depth
value greater than zero, which was then used to clip the velocity raster to conform to the same
boundary. The basis for this approach and the specific workflow is explained in Pasternack
(2011).
The model was run for a wide range of discharges (ranging from 300 cfs to 110,400 cfs) for the
full segment, except for the Englebright Reach in which the lowest modeled flow was 700 cfs
due to uncertainties of the rating curve. The relevant flows for this study, however, are those that
bound the inundation zones of baseflow (300/700 – 880/530 cfs), bankfull (880/530 – 5000 cfs),
and floodway (5000 – 21100 cfs).
SRH-2D models for the LYR produce output at all computational nodes, which are irregularly
spaced. The variables that are provided include water surface elevation, depth, velocity
magnitude, velocity x- and y- components, Froude number, and shear stress. To have a uniform
approach to presenting, analyzing, and applying hydraulics, model outputs are interpolated to a
raster with 3x3 ft2 square cells that covers the wetted area for each discharge. The procedure for
converting raw model output files into rasters for each variable clipped to the water’s edge is
explained step-by-step in Pasternack (2011).

Data Analysis Methods
The wetted area rasters outputted by the 2D model were converted into polygons for each flow
regime using a Spatial Analyst Tool in ArcGIS v. 10.0. The baseflow zone was then clipped out
of the bankfull polygon, and the bankfull zone clipped out of the floodway polygon, thereby
creating polygons that only cover the inundation zones of interest. These segment-scale
polygons were also sliced into the corresponding geomorphic reaches. The segment- and reachscale polygons were then used as the bounding parameters for the Zonal Statistics tool in
ArcGIS. This tool calculates basic statistics (mean, max, min, standard deviation, etc.) of a
raster within a given polygon. In this manner, the mean depths were determined for each
inundation zone for the two spatial scales. The wetted area for 300 cfs (700 cfs in the
Englebright Reach) was also used for these calculations in order to provide minimum depth
comparison values to the baseflow regime.
The changes in depths were calculated as the difference in mean depths between the boundaries
of each inundation regime. These values (in units of inches) were then divided by the difference
in discharges (in units of cfs) for each regime in order to calculate the mean rates of change. To
convert these rates into more meaningful units commonly used by RMT participants, they were
multiplied by 100 for a final reported unit value of “inches per 100 cfs”.
As an example, the mean depth in the Timbuctoo Reach at 300 cfs is 2.75 feet, and at 880 cfs the
mean depth is 3.13 feet. Therefore, the difference in mean depth is 0.38 feet (or 4.55 inches).
The difference in discharge is 580 cfs (or 5.8 x 100 cfs). So, the depth changes 4.55 inches per
580 cfs, or 0.78 (= 4.55 / 5.8) inches per 100 cfs within the baseflow zone.
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For the bar zone, a more refined analysis was performed to determine the influence of varying
discharge on the mean flow depth. The depth-discharge plots for this zone show that they are not
quite as straight-linear as compared to those within the other zones, and instead exhibit more of a
curvilinear shape, as would be expected from Eq. 1. To determine this function shape, the mean
depths for all the intermediate flows (i.e., between 880/530 and 5000 cfs) were plotted in MS
Excel 2010 (Microsoft, Redmond, WA), and power function trendlines were fitted to the data for
the segment- and reach-scale values.

Depth-Discharge Relationships
At the segment-scale, the mean rate of change within the baseflow inundation zone is 1.27 inches
per 100 cfs of discharge (Table 2, Figure 3). The rates of change at the reach-scale vary from
0.78 (Timbuctoo) to 1.72 (Daguerre) in/100cfs.
Within the segment-scale bar zone, the depths increase at an average rate of about 0.47 inches
per 100 cfs (Table 2, Figure 4). The reach-scale rates vary between 0.37 in/100cfs (Dry Creek)
and 0.85 in/100cfs (Englebright).
Outside of the bankfull channel, the valley bed flattens and the flow spreads laterally more than
vertically with increasing flow. Within the segment-scale floodway zone, depths increase at an
average rate of about 0.22 inches per 100 cfs (Table 2, Figure 5). The reach-scale rates vary
between 0.16 in/100cfs (Timbuctoo) and 0.27 in/100cfs (Hallwood).
Table 2. Rates of change in mean depths (vertical inches per 100 cfs of discharge)
Reach
Englebright
Timbuctoo
Parks Bar
Dry Creek
Daguerre Dam
Hallwood
Marysville
LYR Segment

Baseflow zone
1.59
0.78
1.30
1.04
1.72
1.50
1.12
1.29

Bar zone
0.85
0.43
0.48
0.37
0.42
0.56
0.82
0.47
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Floodway zone
0.26
0.16
0.18
0.21
0.21
0.27
0.24
0.22

Figure 3. Depth-discharge relationships within the baseflow inundation zone.

Figure 4. Depth-discharge relationships for bar inundation zones.
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Figure 5. Depth-discharge relationships for floodway inundation zone.

Because most of the flow management occurs within the bar zone (~ 1000 – 4000 cfs), it is
useful to provide a more refined analysis of the rate of depth change for this inundation regime.
While Table 2 presents a good rule-of-thumb value (i.e., those values are calculated as a linear
function), the depth-discharge relationship can be fit a power function (i.e., Eq. 1) that can
calculate more precise expected depth changes for a specific change in flow schedule (the other
zones are best fit to linear functions, therefore the values in Table 2 are applicable for their full
discharge range). The power function variables for the bar zone at the segment and reach scales
are provided in Table 3. To calculate the change in mean depth, use the values in Table 3 to
determine the mean depths for the starting and ending discharges, then subtract the two.
Table 3. Power function variables for depth-discharge relationships in the bar zone in form
of
, where mean depth (D) is units of feet, and discharge (Q) is in units of ft3/s. Note
that these values are only applicable to the inundation zone between the baseflow and
bankfull regimes.
Reach
Englebright
Timbuctoo
Parks Bar
Dry Creek
Daguerre Dam
Hallwood
Marysville
LYR Segment

Coefficient, c
0.7558
0.6966
0.3305
0.4753
0.3808
0.3055
1.3113
0.5739

Exponent, f
0.2718
0.2201
0.2929
0.2383
0.2734
0.3203
0.2130
0.2452
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R2
0.9975
0.9949
0.9975
0.9967
0.9900
0.9987
0.9787
0.9975

Discussion and Conclusions
The rates of change values in Table 2 reflect the cross-sectional channel shape and are equivalent
to the hydraulic geometry exponent, f (Eq. 1, Table 3). A greater rate of change reflects a
steeper bank slope. Conversely, a small rate of change reflects a flatter bank slope. The
floodway zone exhibits the smallest mean rates of change at the segment- and reach-scales. The
implication is that variations in discharge are reflected more by variations in widths (or wetted
areas) than by variations in depths within the floodplains. The hydraulic geometry of the LYR
channel with respect to variations in width will be discussed in more detail in upcoming RMT
reports.
The baseflow zone exhibits the highest rates of change of depth as discharge increases, which
indicates that the channel banks are steepest within this zone. The entirety of the flow range that
inundates this zone is within the controllable range of flows at Englebright Dam. Most of the
flow range for the bar zone is also within the controllable range at Englebright Dam. Therefore,
any management decision that modifies the flows within these ranges will have larger
implications for flow depths, and thus marginal habitat.
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