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CTRAN/W Tutorial
1 Introduction

The objective of this analysis is to demonstrate how CTRAN/W can be used to model advection and 
dispersion for a steady state seepage flow system. In addition, a particle tracking analysis is carried out to 
give a first approximation of contaminant movement without any dispersive component.

2 Feature highlights

GeoStudio feature highlights include:

 Multiple analyses in one file

 Exit boundary conditions for contaminant flow

 Particle tracking

3 Geometry and Boundary Conditions

There are three analyses in the file: a steady-state seepage analysis that forms the water flow system, and 
two CTRAN/W analyses. One is a particle tracking analysis, which will show particle movement due to 
advection-only; and, the second is an advection-dispersion analysis.

Figure 1 presents the model geometry and boundary conditions for the SEEP/W analysis.  A pond is 
located at the top left corner and is modeled using a total head condition.  A potential seepage face has 
been applied along the slope and a pore-water pressure equal to zero is used at the toe of the slope.  The 
remaining edges are no-flow boundaries.  

Figure 1 - Model domain

For the particle tracking analysis, several particles are added to the base of the pond. These will move 
with the water in the system and be shown at different times and locations.  For the advection-dispersion 
CTRAN/W analysis, a source concentration of 10 kg/m3 was applied to the base of the pond.  For the exit 
boundary along the potential seepage face, a Qm exit review (Qd > 0) condition is applied. This means 
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that both advective and dispersive processes are considered for mass leaving with the exiting water. If Qd 
= 0, this would imply that the contaminant would not leave via dispersion and would likely build up 
concentration at the surface.

4 Material Properties

Figure 2 presents the material properties used in this example.  The hydraulic functions are based on 
sample functions available with SEEP/W.  The soil is considered to be a silt with a Ksat of 0.01 m/day 
and a porosity of 0.35. It has a longitudinal dispersivity of 2 m and a transverse dispersivity of 1m. Decay 
and adsorption is not included in the model.
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Figure 2 - Summary of material properties

5 Results and Discussion

The steady-state seepage results are presented in Figure 3. A seepage face has developed near the toe of 
the slope. Also shown in the image are the flow lines. One line shows flow above the phreatic line. This is 
the correct phenomenon given the applied material properties.
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Figure 3 - SEEP/W results

The results of the particle tracking analysis are shown in Figure 4. The upper-most applied particle has 
exited the flow system, while the other particles are spaced throughout the system. The advantage of 
doing a particle analysis first is that there are no convergence issues and no material properties to apply, 
other than in the seepage solution. The analysis provides a good estimate of the time for a “particle” of 
contaminant to move through the system, along with the pathway.
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Figure 4 - Particle tracking results

Figure 5 shows the concentration contours at the end of the analysis. Dispersion of the contaminant is 
considered in this analysis, which means it is possible that the contaminant will move ahead of the 
flowing water. The analysis demonstrates that the contaminant moves well ahead of the particle only 
analysis and that it spreads into the unsaturated zones above the phreatic surface. (ctran tutorial.avi)

Figure 5 - Concentration contours from the advection-dispersion analysis

Figure 6 presents a graph of the cumulative mass leaving the system over time. The graph was created by 
selecting the downstream face and toe of the slope, choosing Cumulative Mass Flux as a category, and 
plotting versus all time steps. The data for all nodes was then added using the Sum (Y) vs Average (X) 
button. This gives the total mass leaving the selected edge.

file:///C:/Data/tfs/GeoStudio/TestData/Examples/CtranW/ctran%20tutorial.avi
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Mass flow exit over time
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Figure 6 - Cumulative mass verses time

6 Summary and Conclusions

CTRAN/W can be used to model contaminant transport in a saturated-unsaturated flow system for cases 
that involve solely advection and advection-dispersion.  The former is accomplished using a particle 
tracking analysis, which is useful for estimating arrival times and understanding particle pathways.  The 
latter includes diffusion and hydraulic dispersion and therefore results in greater spreading of the plume 
and an earlier arrival time.  


