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Figure 6.  Model channel discretization at the San Joaquin River bifurcation with Old River.. 

Image shows the final result of merging a second model mesh (of the head of Old 

River) with the mesh of the main channel. Depth of channel shown in (negative) feet.   

 

this transition zone.  Under normal, positive flow downstream conditions, the tidal excursion in 

the San Joaquin River can be up to several miles in extent, depending on the flow conditions and 

the strength of the tidal pulse – this is usually sufficient to prevent the River discharge into the 

Ship Channel from re-entering the River channel more than once. 

Figure 6 shows the bifurcation of the San Joaquin River at the head of Old River.  A separate 

model mesh of the short reach of the Old River between the mouth and the monitoring station at 

Head  is conjoined with the mesh of the San Joaquin River main channel using procedures 

contained within the Mike 21c software. Inspection of the transitional mesh shows that 

orthogonality has been maintained which should help to avoid numerical instability and lead to 

realistic simulation of the flow split. 

 

Steady-state hydrodynamic model 

Technical modeling staff at the Danish Hydrologic Institute suggested developing a steady-state 

model using a simple mesh configuration with only the major boundary conditions included to 

simplify the initial calibration process and to provide initial conditions for the simulation 

experiments.  Complex hydrodynamic models typically require an initial “warm-up period” 

during which the model resolves numerical instabilities.  The closer the initial river elevations 

specified in the model are to the measured data the more quickly the model will resolve the 

momentum and conservation equations that simulate the river hydrodynamics. 
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To develop the steady-state model the boundary conditions specified were the flux boundary at 

Vernalis (upper boundary of the model), an intermediate tidal head boundary at the Old River 

bifurcation and a lower tidal head boundary condition within the Deep Water Ship Channel at 

Rough and Ready Island.  Figure 2 is an output plot from Mike 21c showing the head distribution 

along the entire San Joaquin River model reach.  

 

 
 

Figure 7.  Steady-state water levels within the model finite difference mesh as seen from an 

orthogonal representation in Mike 21c. After the dynamic runs are complete, the  head 

values are projected from orthogonal space into “real world” coordinates for 

visualization in a GIS and for use as initial conditions in subsequent runs. 

 

Preparation of dye simulation data files 

Dye release experiments were conducted every month between July and October during 2004, 

2005, 2006 and 2007.  In each of these experiments 50 lbs of concentrated Rhodamine WT dye 

was dispersed in the River adjacent to the Vernalis monitoring station using the Litton research 

vessel to apply the dye across the River cross-section and making use of the propeller wake from 
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both the research vessel and the smaller 14 ft Jon boat to mix the dye within the water column.  

Figure 8 shows the dye being pumped from the research vessel using an on-board peristaltic 

pump.  Manual pouring was used during later dye experiments to achieve a faster rate of initial 

mixing. The research vessel is equipped with a continuously recording Rhodamine dye sonde, an 

accurate GPS recorder and a MatLab software interface that permitted the real-time dye 

concentration to be plotted, together  the outputs from other sensors, with the vessel’s exact 

location (Litton et al., 2007).  This software program allowed the boat operator to find the dye 

peak concentration within the dye plume and stay within this dye prism as it was swept 

downstream. 

 

 

 

Figure 8.  Rhodamine WT dye dispersal from Litton research vessel with Jon boat riding in the 

wake of the larger boat to assist with vertical mixing of the dye.  Uniform mixing 

within the water column was achieved within 2 – 3 miles downstream. The research 

vessel then drifted downstream attempting to stay with the dye concentration peak. 

 

A second 50 lb container of dye was added to the existing dye peak, just below the Old River 

bifurcation, within the tidal reach of the River.  This was necessary owing to the reduced dye 
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concentration as the effects of longitudinal dispersion, adsorption to organic matter and 

degradation in sunlight combined to diluted the dye signal.  The mean celerity of the River 

declines within the tidal reach and the average water depth increases.  Even with the added dye 

the peak dye concentration can be difficult to ascertain because of tidal dispersion.  

Dye concentration measurements were made in both Langrangian (boat travels with the dye 

peak) and Eulerian (collected by a stationary boat and the dye passes downstream) experiments. 

Figure 9 is a typical set of Eulerian concentration profiles showing the manner by which the dye 

tracer disperses longitudinally as it moves downstream from Vernalis, encountering a variety of 

influences including channel irregularity, channel tortuosity, obstructions, groins, sand bars and 

other factors that increase dye retardation within the channel reach. Although the shapes of the 

dye plumes can be described by polynomial expressions the rate of longitudinal dispersion is 

significantly influenced by mixing and retardation factors which can vary with rate of flow and 

channel morphology, as previously discussed.  Gary Litton (Litton et al., 2007) was able to 

simulate dye travel time reasonably well using a simple Matlab plug-flow model (Figure 10).  

However this model does not simulate the mechanisms of longitudinal dispersion, nor is it likely 

to be valid for all flow conditions in the River, especially within the reaches subject to tidal 

excursions.  Simulation of the mechanisms of dye (and by inference algal biomass) can only be 

achieved with a more detailed numerical model of the River reach between the Vernalis and 

Rough and Ready monitoring stations such as the MIKE 21c model previously described.  

 

 Figure 9. Dye longitudinal dispersion in the reach of the San Joaquin River between the 

Vernalis monitoring station and Dos Reis campground, located approximately 16 

miles downstream. 
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Figure 10.   Comparison of measured and modeled Rhodamine WT concentrations in the San 

Joaquin River (river mile 53.07) using Litton MatLab model.  Dye release occurred 

at river mile 53.7 (just downstream from the Head of Old River) at 2:30 a.m. on 

July 14, 2005. 

 

Figure 11.   Upstream trawl through the dye starting at the (Brickyard) SBC Stack site (river 

mile 45.0) starting at 4:41 p.m. on August 8, 2006. 
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Figure 11 is a Rhodamine dye trace obtained by trawling upstream during slack tide (tidal 

reversal during which time advective flow is zero).  In this instance the transition is from an ebb 

tide to a flood tide.  The sharp dye front is pushed back through the lower concentration dye 

cloud which essentially destroys the shape of the dye pulse, especially during low flow 

hydrologic conditions where tidal excursions are greater owing to the smaller volume of water 

opposing the flood tide.  It is expected that eddying and secondary flows would be more 

prevalent under low flow hydrologic conditions resulting in increased longitudinal dispersion of 

dye. 

 

Preliminary results of Mike 21c simulations 

Two numerical simulations of the dye experiments were selected to represent both high and low 

River hydrology and to fully test the stability of the MIKE 21c code.  The first experiment 

conducted in March 2005, although outside the typical period of low dissolved oxygen 

conditions in the San Joaquin River which occur in late summer and early fall, provided a 

number of useful dye traces against which to compare the numerical model.  Flows recorded at 

Vernalis during March 2005 were above 5,000 cfs and produced a dye transport flow regime 

which was strongly advective.  This created more of a plug-flow regime in the non-tidal River 

reach below Vernalis and resulted in a minimal number of tidal excursions in the tidal reach, 

before the dye passed into the Ship Channel.   
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Figure 12.  Flows at Vernalis 2004 – 2006 showing dates of dye experiments. 
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The second dye experiment chosen was started on September 20, 2007 and lasted approximately 

6 days.  During the latter part of 2007 the San Joaquin River experienced hydrology similar to 

that in 2004, with extremely low flows at Vernalis and conditions that produced very little 

advection through the tidal reaches of the River between Mossdale and the Deep Water Ship 

Channel. Under these conditions eddies and secondary flows become more dominant in their 

tendency to disperse dye and the number of tidal excursions is large before the dye finally passes 

into the Stockton Deep Water Ship Channel. 

 

Model simulation experiments 

Numerical simulations with MIKE 21c require the development of an input data deck which 

provides initial and boundary conditions and initial values for parameters such as bed cohesion, 

eddy viscosity and bed roughness that affect dispersion. The simulations are performed in three 

steps.  The first step requires that the model be supplied with realistic heads at each grid cell 

since stage measurements are available at a small number of gauging stations along the River.  

This is achieved most efficiently by running the model iteratively until it reaches a steady-state 

condition, as previously described.  The stage values at the steady-state condition are used as 

initial conditions for a transient run of the model.  For the March 2005 dye experiment – the 

MIKE 21c model took 59 hours on a 3.0 GHz Dell computer with a dual Xeon processor to 

achieve a steady-state condition. A parallelized beta version of the MIKE 21c code was provided 

by DHI Inc. – once this was properly functional it reduced the computation time to one quarter of 

the time. The parallelized code performs approximately 1.2 million computational points/sec – 

whereas the non-parallelized code runs at 300,000 computational points/sec. 

A transient run is then made using the “hot start” initial condition files using a time step that is as 

large as possible that still allows the model to run to completion.  This is a trial and error 

procedure – the larger the model time step the quicker the model runs to completion. For the 

highly advective, March 2005 flow condition, a 15 second time step was found to be desirable.  

However the August 2007 model run – which spawns more eddies and secondary flows owing to 

the smaller flow volumes – the time step had to be reduced to 1 second. 

After a successful flow simulation was achieved the simulation was re-run to simulate transport 

of Rhodamine dye.  MIKE 21c does not contain a water quality module that can be used to 

simulate dye transport – rather we were advised by DHI to use the sediment transport capability 

of MIKE 21c and to simulate dye transport as sediment with properties of zero settling velocity 

(neutral density) and with zero bed cohesion.  The simulation was started approximately 5 days 

in advance of the dye (sediment) injection to allow the model to stabilize and was continued for 

another 15 days after the initial dye injection to allow all of the dye to be pushed out of the River. 

The strongly advective March 2005 simulation ran efficiently without any major problems – 

however the weakly advective case  was inherently unstable and did not run to completion with 

the parameter values initially selected. 

On the advice of Søren Tjerry the alluvial resistance model, which is contained within the MIKE 

21c River Morphology module, was run to address the tendency for the flow to concentrate on 

River point bars. This phenomenon occurs naturally because the flow path is shorter over the 

bars than in the outer bend scours. To make the flow more sensitive to the depth, the algorithm 

causes the flow to deflect away from shallow areas into deeper areas.  Using a Manning 
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coefficient of  M=32 for all water depths the flow tends to concentrate on point bars, looks un-

natural and is prone to instabilities. Using the applied alluvial resistance model - Manning’s M is 

set to a value of 32 for deep water, while for shallow regions (depth of 1m or less) M is set equal 

to 10.  A higher bed resistance is always stabilizing for low flow cases.  Smoothing the 

bathymetry, and lowering the time-step to 1 second, raising the eddy viscosity to 2 m
2
/s and 

using an alluvial resistance where  M = 10 * h
0.5

 were steps taken to get the model to run to 

completion. 

 

 

Model Scenario run – Vernalis high flow > 5000 cfs : March 23, 2005 

The first dye release experiment was conducted on March 23, 2005 with Vernalis as the dye 

release point.  Figure 13 shows the longitudinal dispersion of the dye plume as the dye is 

transported downstream.  The first dye concentration profile is obtained by driving the boat 

downstream through the dye peak – the second is obtained from a stationary boat as the dye 

moves past the instrument.  These plots are primarily in the non-tidal reaches of the San Joaquin 

River under moderately high flow conditions which minimizes the effect of tidal excursions. 

 

Figure 13.   Dye profiles collected for the preliminary dye trail on March 23, 2005.  Release 

point was Vernalis and dye profiles were obtained by alternately driving the boat 

through the dye cloud and waiting for the dye to pass the stationary boat.  

 

MIKE 21c simulations results are shown in Figure 14.  This shows snapshots from an animation 

of the dye release experiment.  The San Joaquin River has been broken into smaller reaches and 

placed on the viewing screen from right to left to allow the entire simulation to be viewed on a 

single screen. The color ramped dye concentrations in the animation show the strongly advective 
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dye pulse.  The tidal excursion during this experiment was small owing to the large volume of 

water passing along the San Joaquin River which resists the force of the flood tide. 

 

 

Figure 14-1.  Downstream from dye release – 03/16/08 : 03:00:00.  Time step 18.  

 

 

Figure 14-2.  Downstream from dye release – 03/16/08 :  06:30:00.  Time step 39.  
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Figure 14-3  Downstream from dye release – 03/16/08 :  09:30:00.  Time step 57.  

 

 

 

Figure 14-4  Downstream from dye release – 03/16/08 :  13:50:00.  Time step 83.  
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Figure 14-5.  Downstream from dye release – 03/16/08 :  18:10:00.  Time step 109.  

 

 

 

 

Figure 14-6.  Downstream from dye release – 03/16/08 :  23:10:00.  Time step 139. 

                      Dye shown in tidally-influenced reach of the San Joaquin River. 
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Figure 14-7.  Downstream from dye release – 03/17/08 :  06:40:00.  Time step 184. 

                      Dye shown just entering the Deep Water Ship Channel after 1 tidal excursion. 

 

Model Scenario run – Vernalis low flow < 1000 cfs : September 20, 2007 

The second dye release experiment was conducted on September 20, 2007 with downstream of 

the Head of Old River as the dye release point.  Figure 15 shows the longitudinal dispersion of 

the dye plume as the dye is transported downstream.  The dye concentration profile is recorded at 

 

Figure 15.   Dye concentration profiles in the tidal reach of the San Joaquin River showing 

the frequency of tidal excursions against a weak advective outflow. 
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three observation platforms – (1) the Dos Reis campground site – 3 miles downstream from the 

HOR dye release location; (2) Brant Bridge (BDT) – a little over 6 miles downstream from HOR; 

and (3) the Outfall Pier – located about 1 mile from the entrance to the Deep Water Ship Channel 

and about 13 miles downstream from HOR. 

Figure 15 shows the series of flood and ebb tidal excursions that continue over the six days after 

the dye release on 9/20/2007.  The first dye peak is very sharp at Dos Reis as would be expected 

– the second dye peak is somewhat dispersed but still strong as the sensor picks up the second 

ebb tide almost 23 hours later.  It is interesting to observe that the first flood tide (after the initial 

strong ebb tide) provides a very weak dye signal. This may be caused by the weakness of the 

tidal excursion which failed to push the center of the dye cloud past the sensor at the Dos Reis 

dock.  The Brandt Bridge station sees the dye peak concentration approximately 8 hours after the 

dye release.  This is a strong signal – probably due to the strength of the ebb tide.  Each 

subsequent flood tide tends to broaden and attenuate the dye peak.  The signal disappears after 

day 5.  At the Outfall Pier the first strong Rhodamine dye signal is observed on the ebb tide about 

3.5 days after the dye release on September 20.  The dye peaks, although attenuated, remain 

surprisingly distinct even after three tidal reversals.  The signal disappears from the system after 

day 5. 

Figures 16-1 through 16-7 show the model simulated dye concentration profiles along the San 

Joaquin River starting from Old River (model node 1850) down through the Deep Water Ship 

Channel and the Rough and Ready monitoring Stations (model node 0).  At this time the model 

node numbers have not been mapped to River mile.  The dye concentration in g/m
3
 is also scaled 

for each plot – which makes it difficult to make a direct comparison to the data shown in Figure 

15.  This will be improved after further work.  However it is clear that the distinct dye 

concentration profiles that were observed in the field data also are observed in the model 

simulations. The model appears to be producing the right amount of longitudinal dispreson from 

a purely qualitative assessment. 

 

 

Figure 16-1.   Dye concentration profile at model node 1800 immediately downstream of Old 

River. 
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Figure 16-2.  Dye concentration profile at model node 1800 downstream of Old River. 

 

Figure 16-3.  Dye concentration profile at model node 1400. 

 

Figure 16-4.  Dye concentration profile at model node 1000. 
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Figure 16-5.  Dye concentration profile at model node 800. 

 

Figure 16-6.  Dye concentration profile at model node 800. 

 

Figure 16-7.  Dye concentration profile at model node 400 upstream of the DWSC. 
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In Figure 16-7 the model simulation shows a reasonably identifiable dye signal 3 days after the 

release of the dye just downstream from the Head of Old River.  The field data picked up the dye 

signal after about 3.5 days.  The model simulation shows a gradual decay through day 6 of the 

experiment.  The decay of the signal was more rapid in the case of the field data.  This is likely a 

result of the assumption being is being made to simulate the dye as non-cohesive, neutrally 

buoyant sediment.  In reality Rhodamine dye concentrations decay because of adsorption to 

organic matter and sediment and due to a natural decay in the fluorescent property of the dye.  

This issue can be dealt with through calibration or by introducing a decay term for the 

Rhodamine dye. 

 

Conclusions  

A state-of-the-art numerical simulation model of the lower San Joaquin River between Vernalis 

and the Rough and Ready Island monitoring station within the Stockton Deep Water Ship 

Channel has been developed to provide a working tool that captures some of the field 

observations made by the Litton team during 2005 – 2007.   The numerical modeling approach 

uses the Danish Hydrologic Institute’s MIKE 21c  model code which has a new curvilinear mesh 

feature which allows the model to more accurately simulate the complex dynamics of flow along 

a highly sinuous River reach with high variable bathymetry. Preliminary model simulations have 

demonstrated the model’s significant potential as a research and decision support tool to further  

improve the understanding of dye and algal fate and transport in the San Joaquin River. A well-

calibrated two-dimensional simulation model of the River can significantly reduce the costs 

associated with real-time monitoring. 
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