Introduction
Hydrodynamic modeling of South San Francisco Bay tidal sloughs has been performed to support the development of the Initial
Stewardship Plan (ISP) for the South Bay Salt Ponds (Life Science, 2004). A three-dimensional model (Casulli & Cattani, 1994; Gross et al.
1999) was applied to capture the vertical variability in salinity in the tidal sloughs under a full range of flow conditions. Observations indicate
that salinity varies greatly over the tidal cycle and that vertical stratification is common (City of San Jose; Simons, 2000) .
This poster focuses on high resolution salinity simulations in Coyote Creek and Artesian Slough. Representative figures from the model
calibration are presented and additional figures showing the spatial and temporal variability of salinity over the tidal cycle are provided and
discussed.

Three-Dimensional Salinity Simulations in Tidal Sloughs

Tidal Hydrodynamics in Coyote Creek and Artesian Slough

A
Edward S. Gross
1

(ed.gross@baymodeling.com)1 ,

Michael L.

MacWilliams2,

Daniel J.

Schaaf3,

and Kirk R.

B

Wheeler3

C

Environmental Consultant, 1777 Spruce Street, Berkeley, CA 94709, 2 Environmental Consultant, michael@rivermodeling.com, P.O. Box 225174, San Francisco, CA 94122 3 Schaaf & Wheeler, dschaaf@swsv.com, 100 N. Winchester Blvd. #200, Santa Clara, CA 95050

South San Francisco Bay Model Setup and Calibration

Calibration of High Resolution Three-Dimensional Slough Model

The high resolution slough model was linked to a 200 meter resolution South San Francisco Bay hydrodynamic model extending
approximately to the Oakland Bay Bridge, where tidal elevation observations are available from NOAA and salinity observations are available
from the USGS (Buchanan et al., 1996). The model was calibrated to accurately simulate tidal elevation and velocity in all of South San
Francisco Bay. The model formulation, setup and calibration are very similar to those discussed by Gross et al. (1999).
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Tidal Time Scale Salinity Variability in Coyote Creek and Artesian Slough
The model results allow detailed examination of salinity variability in space and in time. Simulations were performed over an 18 month period which consists of a
particularly dry year and the winter and spring of a particularly wet year. Above, the variability of salinity and velocity over a tidal cycle are shown for fall
conditions on October 25, 1994. On the left, maps of predicted depth-averaged salinity are displayed. In the center, the channel salinity transect figures show the
vertical variability of predicted salinity along the centerline of Coyote Creek and Artesian Slough (at the stations shown in the figure above and to the left) . On
the right, the predicted velocity profile at station SB04 is shown at 25 cm vertical spacing.
The first row of figures shows predicted conditions shortly before low water. The salinity map indicates that much of the mudflat and marsh regions are dry and
the channel salinity ranges from 0 to 20 ppt. The salinity transect figure shows that predicted salinity varies quite smoothly in the channel and is vertically uniform
except for a region near Guadalupe Slough. The velocity is weak but the profile shows significant shear.
The second row of figures shows predicted conditions during a flood tide. The salinity map shows that some mudflats that were dry at low water have become
inundated and salinities have increased relative to salinities at low water. The channel salinity transect figure indicates that longitudinal salinity gradients are
being compressed by the flood tide. The velocity profile resembles a log profile with a depth-averaged velocity of approximately 50 cm/s.

Discussion
The salinity simulation period of February 1994 through July 1995 included a relatively dry spring, dry summer and fall conditions and a
particularly wet winter and spring. The flow rate of Alameda Creek, the largest tributary to South San Francisco Bay, during this period is
shown above. The model accurately simulated observed salinity at the USGS continuous monitoring stations (Buchanan et al., 1996;
Schemel, 1998) for this wide range of flow conditions without any changes to model parameters. Additional comparisons were made to
USGS pilot RMP data (Edmunds et al., 1995) and salinity was also simulated accurately in 1997 for model validation.
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A 25 meter horizontal resolution model of Coyote Creek, Artesian Slough, Alviso Slough, Guadalupe Slough and Mud Slough was developed with a vertical resolution of 25 centimeters,
resulting in 227,000 active grid cells. These slough regions consist of narrow channels bordered by mudflats, marshes and salt pond levees. The bathymetric grid was developed using a
large number of bathymetric and topographic data including USGS aerial photography data (Smith & Cheng, 1994) NOAA NOS sounding data, Lidar data from the City of San Jose,
topographic survey data collected by Fremont Engineers for Cargill Salt and vegetation maps developed by HT Harvey for the City of San Jose.
A salinity and water level dataset collected by the City of San Jose in 1997 was used for model calibration. During 1997 observations were available at two stations in Artesian Slough and
one station in Coyote Creek and these observations indicate large tidal range and large variability in salinity during the tidal cycle. The model accurately predicts both the water level and
salinity.

The third row of figures shows predicted conditions at high water. At this time both the mudflats and most of the marsh regions in Coyote Creek and Artesian
Slough are inundated and salinity has increased further. The salinity transect shows further compression of longitudinal salinity gradients and the formation of
some stratification in Artesian Slough and Coyote Creek. The low velocity at SB04 indicates that this point in time is near slack water.
The last row of figures shows predicted conditions during an ebb tide. At this point in the tidal cycle, strong longitudinal salinity gradients are present. The salinity
transect figure shows strong stratification, exceeding 10 ppt in some locations. The velocity figures shows strong shear with higher velocities at the surface than
near the bed. At the beginning of ebb stratification increases but, as the ebb tide proceeds, high velocities lead to strong vertical mixing and decreased
stratification, resulting in the vertically well-mixed conditions noted at low water. The velocity during ebb tide is strongly sheared as a result of the combination of
barotropic forcing and baroclinic (density-driven) forcing acting in the same direction near the water surface.

Implications for Management

Conclusions
•The three-dimensional TRIM model was calibrated to accurately simulate salinity in South Bay tidal sloughs.
•High resolution three-dimensional modeling of tidal sloughs is feasible on modest desktop and laptop computers.
•Several South Bay tidal sloughs experience a large range of salinity during a typical tidal cycle.
•Periodic stratification occurs in Coyote Creek and Artesian Slough even during the dry season.
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Several lessons learned during this work, and other related work, may be of interest to resource managers:
1. High resolution three-dimensional hydrodynamic simulations of the South Bay tidal sloughs are feasible on average desktop and laptop
computers.
2. Three-dimensional models resolve important transport processes and therefore require much less empirical information (“tuning
parameters”) than lower dimensional models. This makes them reliable over a larger range of flow conditions and for altered bathymetry
without any changes in model parameters
3. Channel bathymetry has a large effect on salinity. Therefore, accurate representation of bathymetry is necessary for model accuracy.
4. Several South Bay tidal sloughs can be considered to be miniature estuaries because they experience a wide range of salinity during the
tidal cycle, periodic vertical stratification and strong vertical shear in tidal velocities.

