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Introduction

A two-dimensional hydrodynamic model was constructed and applied for the 15.8 mile tailwater reach of the Colorado River between Glen Canyon Dam and Lees Ferry, Arizona.
This reach is well suited for 2D hydrodynamic modeling because the boundary conditions (flow releases at Glen Canyon Dam, water-surface elevations at Lees Ferry, and channel
bathymetry) are well constrained, flows throughout the reach are almost completely determined by outflows from Glen Canyon Dam, and the channel bed is primarily, rarely-
mobilized gravel (Grams and others, 2007). The results produced by the model serve as a useful resource for researchers interested in water-surface elevations, shoreline extents,
water depths, velocities, and other hydraulic characteristics across a range of discharges within the study reach.

Hydrodynamic Model Development

The Flow and Sediment Transport with Morphologic Evolution of Channels (FaSTMECH) solver was used for this study.
FaSTMECH is a 2D hydrodynamic model contained within the International River Interface Cooperative streamflow
modeling package (Nelson and others, 2016). The 1-m resolution DEM (Kaplinski and others, 2022) was used to map
elevations to the 5-m by 5-m model grid. FaSTMECH computational grids utilize a curvilinear orthogonal coordinate
system that follows a user-defined channel centerline. Boundary Conditions: 1) steady discharge at the upstream
boundary (Glen Canyon Dam); and 2) constant water-surface elevation at the downstream boundary (Lees Ferry).

Model Calibration
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Bathymetric and topographic data were collected from May 2013 to February 2016 along the 15.8-mile reach of the
Colorado River from Glen Canyon Dam to Lees Ferry in Glen Canyon National Recreation Area, Arizona

(Kaplinski and others, 2022). Channel bathymetry was mapped using multibeam and singlebeam echo sounders;
subaerial topography was mapped using a combination of ground-based total stations and aerial photogrammetry. _
These data were combined to produce a digital elevation model (DEM), spatially variable estimates of DEM _'t;.’;
uncertainty, and bed-substrate distribution.
. A e // A s ; Map of 8,000 ft3/s model output of depth (water surface elevation Map of 8,000 ft3/s model output of current velocity Map of 8,000 ft3/s model output of shear stress near mile -12.
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Photograph of Shannon Sartain surveying at

_ river left side of cross section R8. photo by
" MattKaplinski. Model Accuracy

FaSTMECH tracks the convergence a model solution based on the “mean error in discharge”, which is a measure of how well the model has conserved water volume over the entire
domain. The mean error in discharge was below 2% for all model runs, and below 1% for 39 of the 44 runs. The runs that exceeded 1% error were all for discharges less than 10,000
ft3/s, likely due to the fact that lower discharges include more complex flow patterns around bars along the shoreline that become completely submerged at higher discharges (i.e. at
higher discharges the flow is more unidirectional).
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Comparison of modeled and measured water-surface elevations

" Predicted water-surface elevations at five discharges (5,000 ft3/s, 10,000 ft3/s, 20,000 ft3/s, 30,000 ft3/s, and 45,000 ft3/s) were compared to measured water-surface elevations and

elevations derived from stage-discharge relationships to evaluate the accuracy of the model. Grams and others (2007) developed stage-discharge relationships at 19 historical cross-

sections established by the U.S. Bureau of Reclamation that span the length of tailwater reach. The stage-discharge data available for Glen Canyon span a period of approximately 50

years. During this time period, the elevation of the bed changed considerably, with the majority of erosion occurring immediately following dam construction in the early 1960s (Grams

and others, 2007). Because the model is based on recent terrain surveying, only the more recent water-surface elevation data were used to fit stage-discharge curves to compare with

R el et Iesetie o model predictions. Table 1 contains information on the model residuals for each of the discharges, shown as mean (signed) values, mean absolute values, and maximum absolute values.
IR T T The means were computed from all cross-sections over the reach (N = 19) for each discharge. The mean residuals ranged from -0.03 to -0.12 m and the mean absolute residuals ranged

from 0.08 to 0.18 m, indicating good agreement. Maximum absolute residuals were below 0.5 m for all cross-sections for all discharges.
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Maps of Lees Ferry area showing data used to develop the DEM. A, ) |
Orthophoto of area. B, DEM input data. C, 1-meter DEM. (Kaplinski %%
and others, 2022).
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