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Abstract

One of the major goals for the U.S. Army Corps of Engineers Dissolved Gas Abatement Study is
to identify measures that could reduce levels of dissolved gas supersaturation in the Columbia
and Snake Rivers caused by spillway discharges.  Attaining this goal could contribute
significantly to meeting water quality criteria and lowering gas bubble trauma in resident and
migrating fish in these rivers.  To achieve this goal, the Corps of Engineers is studying various
operational and structural alternatives using field investigations and computational modeling
tools to simulate the transport of dissolved gas in the river system.

Part 10 of the report series summarizes the development and application of a two-dimensional
depth-averaged hydrodynamic and water quality model (MASS2) to the so-called Tidal Reach of
the Lower Columbia River system. The Tidal Reach model domain extends from Bonneville
Dam downstream to approximately Columbia River Mile 110.
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Two-Dimensional Hydrodynamic, Water Quality, and Fish
Exposure Modeling of the Columbia and Snake Rivers.

Part 10:  Tidal Reach

Under Biological Services Contract DACW68-96-D-0002, Delivery Order No. 8,
Battelle, Pacific Northwest Division is developing and applying a two-dimensional
hydrodynamic, transport model, and fish exposure model to the Lower Columbia and
Snake River systems. This work is an element of the U.S. Army Corps of Engineers
Dissolved Gas Abatement Program (DGAS).

Part 8 of the report series describes the application of the model to the so-called Tidal
Reach of the Columbia River. The modeled domain encompasses the following region:

• Bonneville Dam, at Columbia rivermile (RM) 145

• Downstream Tidal Reach boundary at Columbia RM 110

1 Application of the Hydrodynamics and Water Quality Models to the
Columbia River Tidal Reach

A two-dimensional-depth averaged hydrodynamics and transport model has been
developed and applied to the part of the Columbia River that forms Tidal Reach. The
model simulates time-varying distributions of the depth-averaged velocities, water
temperature, and total dissolved gas. Further details concerning the model including the
governing equations and solutions procedures are provided in Part 1 of the report series
(Richmond, Perkins, and Scheibe, 1998).

The section discusses the general aspects of the application of the models to the
Columbia River Tidal reach. The data used to assign the bathymetry and boundary
conditions are described in Appendix A. Summaries of the field data in the calibration
and verification simulations are provided in Appendix B through Appendix D.

Hydrodynamics were verified using Spring 1996 and Summer 1997 Acoustic Doppler
Current Profiler (ADCP) data. Dissolved gas and temperature verification used the Spring
1996, Summer 1996, and Summer 1997 pool study data.

1.1 Model Grid
The computational grid was generated using the Gridgen 9.1 code.  Gridgen 9.1 is
software for the generation of 3D, multiple block, structured grids.  The code was
developed for NASA Ames Research Center (Steinbrenner and Chawner, 1995).

To create the grid, a data file containing discrete geographical locations that outline the
river shoreline was imported to Gridgen.  In Gridgen, curves containing the data points
were created and joined to enclose 2-dimensional flow regions.  Grid spacing was set in
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each flow region and the grids were smoothed using the Gridgen elliptic solver. The
elliptic solver was used to minimize grid twist and skew.  The flow regions were then
joined end to end in the downstream direction to make up the entire flow domain and the
entire 2-dimensional grid was written to file. Once the grid was created bottom elevations
in each cell were assigned using the bathymetric data and procedure described in
Appendix A.

The model grid for the reach is shown in Figure 1. Larger scale maps of the model grid
near the Bonneville dam and downstream model boundaries are shown in Figure 2 and
Figure 3. Note that several small islands were not included in the model and these were
replaced with bottom elevation approximately 2 ft below the low water surface elevation
(the water is about 2 ft deep where the islands are).
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Figure 1.  Model grid for the Tidal reach.
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Figure 2.  Model grid near Bonneville Dam.

Figure 3.  Model grid near Columbia river mile 110.
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1.2 Boundary Conditions

1.2.1 Bonneville Dam Sourcing Function
Spillway TDG concentrations were estimated using the Bonneville dam TDG sourcing
function presented by USACE (1996):

SS QS 21.061.105 += (1)

where

SS  = TDG saturation of spillway flow, percent; and

SQ  = spillway flow, cfs.

Forebay temperatures and barometric pressures were used to compute concentration from
the saturation estimated using equation (1).

1.3 Hydrodynamics Calibration and Verification
The model hydrodynamics were calibrated primarily using the Bonneville dam tailwater
elevation gage. ADCP velocity measurements were available for two Tidal reach study
periods.  Due to instrumentation problems the coordinates of the ADCP data were subject
to uncertain errors. Therefore, at this time, use of the ADCP data was restricted to
qualitative comparisons with the model simulations.

In the spring 1996 and summer 1997 simulations, a time step of 50 seconds was used; 30
seconds was used for the summer 1996 simulation. The simulations also used constant
longitudinal and lateral turbulent eddy viscosities of 0.2 ft2/s.

1.3.1 Bonneville  Tailwater
The first step in the calibration procedure was to select a spatially uniform value of the
Manning roughness coefficient that would yield computed water surface elevations in
satisfactory agreement with the Bonneville dam tailwater gage. The Spring 1996 study
period was selected for calibration. Simulations were performed using Manning n values
in the range of 0.026 to 0.027. Figure 4 compares the model simulation and measured
tailwater elevation for a n-value of  0.026 which was chosen as the final parameter value
to be used in the remainder of the Tidal reach simulations.

The selected n-value was verified for the Summer 1996 and Summer 1997 study periods;
results are shown in Figure 5 and Figure 6, respectively.
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Figure 4.  Comparison of simulated (Manning’s n = 0.026) and measured water
surface elevation at the Bonneville dam tailwater gage during the Spring
1996 study period
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Figure 5.  Comparison of simulated (Manning’s n = 0.026) and measured water
surface elevation at the Bonneville dam tailwater gage during the Summer
1996 study period
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Figure 6.  Comparison of simulated (Manning’s n = 0.026) and measured water
surface elevation at the McNary dam tailwater gage during the Summer 1997
study period

1.3.2 Spring 1996 ADCP Data
Once the manning n value was selected, the model was run for the operational conditions
that existed when the Spring ADCP measurements were performed. The manning n value
was not altered from the value of 0.026 selected from the tailwater calibration. Simulated
velocities are compared to the depth-averaged ADCP data in Figure 7 through Figure 14.
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Figure 7.  Simulated and observed depth-averaged velocities near Tidal Reach on 6-
19-1996.
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Figure 8.  Simulated and observed depth-averaged velocities near Tidal Reach on 6-
19-1996.
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Figure 9.  Simulated and observed depth-averaged velocities near Tidal Reach on 6-
20-1996.
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Figure 10.  Simulated and observed depth-averaged velocities near Columbia River
Mile 140 on 6-20-1996.
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Figure 11.  Simulated and observed depth-averaged velocities near Columbia River
Mile 140 on 6-20-1996.
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Figure 12.  Simulated and observed depth-averaged velocities near Columbia River
Mile 135 on 6-20-1996.
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Figure 13.  Simulated and observed depth-averaged velocities near Tidal Reach on
6-20-1996.
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Figure 14.  Simulated and observed depth-averaged velocities near Tidal Reach on
6-20-1996.
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1.3.3 Summer 1997 ADCP Data
Once the manning n value was selected, the model was run for the operational conditions
that existed when the Summer 1997 ADCP measurements were performed. The manning
n value was not altered from the value of 0.026 selected from the tailwater calibration.
Simulated velocities are compared to the depth-averaged ADCP data in Figure 15
through Figure 46.
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Figure 15.  Simulated and observed depth-averaged velocities near Columbia River
Mile 145 on 7-17-1997.
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Figure 16.  Simulated and observed depth-averaged velocities near Columbia River
Mile 145 on 7-17-1997.
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Figure 17.  Simulated and observed depth-averaged velocities near Columbia River
Mile 145 on 7-17-1997.
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Figure 18.  Simulated and observed depth-averaged velocities near Columbia River
Mile 145 on 7-17-1997.

145

Observed

ADCP Transect 07-17-1997 08:10

Simulated
5 fps

Figure 19.  Simulated and observed depth-averaged velocities near Columbia River
Mile 145 on 7-17-1997.
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Figure 20.  Simulated and observed depth-averaged velocities near Columbia River
Mile 143 on 7-17-1997.
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Figure 21.  Simulated and observed depth-averaged velocities near Columbia River
Mile 142 on 7-17-1997.
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Figure 22.  Simulated and observed depth-averaged velocities near Columbia River
Mile 142 on 7-17-1997.
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Figure 23.  Simulated and observed depth-averaged velocities near Columbia River
Mile 141 on 7-17-1997.
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Figure 24.  Simulated and observed depth-averaged velocities near Columbia River
Mile 140 on 7-17-1997.
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Figure 25.  Simulated and observed depth-averaged velocities near Columbia River
Mile 140 on 7-17-1997.
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Figure 26.  Simulated and observed depth-averaged velocities near Columbia River
Mile 140 on 7-17-1997.
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Figure 27.  Simulated and observed depth-averaged velocities near Columbia River
Mile 139 on 7-17-1997.
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Figure 28.  Simulated and observed depth-averaged velocities near Columbia River
Mile 138 on 7-17-1997.
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Figure 29.  Simulated and observed depth-averaged velocities near Columbia River
Mile 137 on 7-17-1997.
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Figure 30.  Simulated and observed depth-averaged velocities near Columbia River
Mile 136 on 7-17-1997.
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Figure 31.  Simulated and observed depth-averaged velocities near Columbia River
Mile 136 on 7-17-1997.
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Figure 32.  Simulated and observed depth-averaged velocities near Columbia River
Mile 135 on 7-17-1997.
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Figure 33.  Simulated and observed depth-averaged velocities near Columbia River
Mile 130 on 7-17-1997.
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Figure 34.  Simulated and observed depth-averaged velocities near Columbia River
Mile 129 on 7-17-1997.
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Figure 35.  Simulated and observed depth-averaged velocities near Columbia River
Mile 129 on 7-17-1997.
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Figure 36.  Simulated and observed depth-averaged velocities near Columbia River
Mile 129 on 7-17-1997.
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Figure 37.  Simulated and observed depth-averaged velocities near Columbia River
Mile 126 on 7-17-1997.
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Figure 38.  Simulated and observed depth-averaged velocities near Columbia River
Mile 124 on 7-18-1997.
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Figure 39.  Simulated and observed depth-averaged velocities near Columbia River
Mile 124 on 7-18-1997.
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Figure 40.  Simulated and observed depth-averaged velocities near Columbia River
Mile 123 on 7-18-1997.
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Figure 41.  Simulated and observed depth-averaged velocities near Columbia River
Mile 123 on 7-18-1997.
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Figure 42.  Simulated and observed depth-averaged velocities near Columbia River
Mile 123 on 7-18-1997.
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Figure 43.  Simulated and observed depth-averaged velocities near Columbia River
Mile 118 on 7-18-1997.
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Figure 44.  Simulated and observed depth-averaged velocities near Columbia River
Mile 115 on 7-18-1997.
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Figure 45.  Simulated and observed depth-averaged velocities near Columbia River
Mile 110 on 7-18-1997.
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Figure 46.  Simulated and observed depth-averaged velocities near Columbia River
Mile 110 on 7-18-1997.
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1.3.4 Simulated spatial velocity distribution during the Spring 1996 study.
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Figure 47.  Spatial velocity distribution during the Spring 1996 study period.
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Figure 48.  Spatial velocity distribution during the Spring 1996 study period.
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Figure 49.  Spatial velocity distribution during the Spring 1996 study period.




