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1 INTRODUCTION  
The word ñVerificationò, when used in connection with computer software can be defined as ñthe 
ability of the computer code to provide a solution consistent with the physics defined by the 
governing partial differential equation, PDEò. There are also other factors such as initial conditions, 
boundary conditions, and control variables that also affect the accuracy of the code to perform as 
stated.  
 
ñVerificationò is generally achieved by solving a series of so-called ñbenchmarkò problems. 
ñBenchmarkò problems are problems for which there is a closed -form solution or for which the 
solution has become ñreasonably certainò as a result of long-hand calculations that have been 
performed. Publication of the ñbenchmarkò solutions in research journals or textbooks also lends 
credibility to the solution. There are also example problems that have been solved and published in 
User Manual documentation associated with other comparable software packages. While these are 
valuables checks to perform, it must be realized tha t it is possible that errors can be transferred 
from oneôs software solution to another. Consequently, care must be taken in performing the 
ñverificationò process on a particular software package. It must also be remembered there is never 
such a thing as c omplete software verification for ñallò possible problems. Rather, it is an ongoing 
process that establishes credibility with time.  
 
SoilVision Systems takes the process of ñverificationò most seriously and has undertaken a wide 
range of steps to ensure t hat the SVFLUX software will perform as intended by the theory of 
saturated -unsaturated water seepage.  
 
The following models represent comparisons made to textbook solutions, hand calculations, and 
other software packages. We at SoilVision Systems Ltd. ar e dedicated to providing our clients with 
reliable and tested software. While the following list of example models is comprehensive, it does 
not reflect the entirety of models, which may be posed to the SVFLUX software. It is our 
recommendation that water balance checking be performed on all model runs prior to presentation 
of results. It is also our recommendation that the modeling process move from simple to complex 
models with simpler models being verified through the use of hand calculations or simple 

spreadsheet calculations.  



SoilVision Systems Ltd.  Two-Dimensional Seepage 5 of 49 

   

2 TWO -DIMENSIONAL SEEPAGE  
Various  models are used to verify the validity of the solutions provided by the SVFLUX software. 
Comparisons are made either to textbook solutions, journal -published solutions, or other software 
packages.  
 

2.1 STEADY -STATE  
The first steady -state model used to compare  the two software packages involves flow beneath a 
concrete gravity dam. The second model involves flow through an earth fill dam. Each scenario 
begins with a brief description of the model followed by a comparison of the results from Seep/W 
and SVFLUX.  

2.1.1 Flow Around a Cylinder 

Project:  WaterFlow  
Model:  FlowAroundACylinder _WR 
 
Laminar flow around a cylinder is one of the most basic problems in Fluid Mechanics. The analytical 
solution can be obtained using the Bernoulli equation. This steady -state model simula tes uniform 
flow around a cylinder to verify the ability of SVFLUX WR to solve laminar flow models.  
 
This example considers flow around a cylinder in a 2D confined space (8 m  ³ 8 m) caused by a 

difference in head between the left and right sides of the mod el. Only half of the geometry is 
simulated in SVFLUX WR as shown in Figure 1, because of the symmetry of the problem. This 
problem was meshed with 2,004 nodes. Consta nt Head boundary conditions are set as 4 m and 6 
m at left and right sides, respectively, and this difference of heads causes a flow throughout space 
in the negative x-direction. Meanwhile, the top, bottom and cylinder sides are viewed as ñZero 
Fluxò boundary conditions. The radius of the cylinder is 1 m. The material is viewed as saturated 
with the saturated VWC of 0.4 and constant saturated hydraulic conductivity of 10ï5 m/s.  
 

 
Figure 1 Geometry and boundary conditions of the model of Flow Around a Cylinder in SVFLUX WR 

 
According to Streeter (1966), the total head ( h) at any point ( r , ȅ) in the radial coordinates can be 
obtained from the equation [1]:  
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a is the radius of the cylinder (1 m);  
h1 is the head at the left boundary (4 m);  
h2 is the head at the right boundary (6 m);  
L is the length of  the domain (8 m).  
 
Figure 2 shows the contour of total head ( h) from SVFLUX WR. Figure 3 shows the comparison of h 
along y  = 2 m b etween SVFLUX WR and analytical results from Streeter (1966). It can be seen that 
the analytical and SVFLUX WR results are in good agreement.  
 

 
Figure 2 Contour of total head (h) from SVFLUX WR  
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Figure 3 Comparison of total head (h) along y = 2 m between SVFLUX WR and analytical solution from 

Streeter (1966) 
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2.1.2 Dam Flow 

Project:  EarthDams  
Model:  Bowles91a_WR  
  
This model is presented to show verification of flow through a dam cross -section using SVFLUX WR. 
The left side of the dam is set as Constant Head (18 m), and the right side is viewed as Review 
Boundary condition, as shown in Figure 4. The other boundary conditions are viewed as ñZero 
Fluxò. The material used in the model is saturated with the saturated VWC of 0.35 and constant 
saturated hydraulic conductivity of 6.67 ³10ï6 m/s.  

 

 
Figure 4 Geometry and boundary conditions of the model 

 
This model is documented in Bowles (1984). The result of total head (h) from SVFLUX WR is 
compared with that from Chapuis et al. (2001) in Figure 5 and Figure 6. The results are in good 
agreement. Figure 7 shows the contour of pore water pressure (uw) in the dam . 
 

 
Figure 5 Total head (h) result from Chapuis et al. (2001) 
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Figure 6 Total head (h) result from SVFLUX WR  

 

 
Figure 7 Pore water pressure (uw) result from SVFLUX WR  
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2.1.3 2D Cutoff 

Project:  EarthDams  
Model:  Cutoff_DenseVerification_WR  
 
This steady -state model is used to simulate the flow beneath a concrete gravity dam. On the left 
hand side of the model a reservoir is simulated by applying a constant head of 60 m while on the 
right side the water table is placed at the ground surface by setting a head of 40 m. All other 
boundaries are set to zero flow. The mesh is refined where the high gradients may occur as shown 
in Figure 8. 
 

 
Figure 8 Mesh and boundary conditions from SVFLUX WR  

 
Table 1 sho ws the details of the material used in the model.  

 
Table 1 Details of material properties  

Tabs  Parameters  Soil  

New Material  Data Type  Saturated  

Volumetric Water Content  Saturated VWC  0.33  

Hydraulic Conductivity  ksat (m/s)  10ï7 

 
The model has been verified by using SVFLUX GE. Therefore in the present model, the results from 
SVFLUX WR are compared with those from SVFLUX GE. As indicated in Figure 9, Figure 10 , Figure 
11  and Figure 12 , the results of h (total head) and uw  (pore water pressure) are in good 
agreement between SVFLUX GE and SVFLUX WR. The mesh from the GE solution is also utilized in 
the WR solution in this ex ample. A total of 1,196 nodes were used in the solution.  
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Figure 9 The result of head contours from SVFLUX GE 

 

 
Figure 10 The result of head contours from SVFLUX WR 

 

 
Figure 11 The result of pore water pressure from SVFLUX GE 
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Figure 12 The result of pore water pressure from SVFLUX WR 
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2.1.4 Confined Flow Under a Dam 

Project:  EarthDams  
Model:  Example7 p17_WR 
 
This model illustrates a steady -state confined flow under a dam. The dam has two 10 m sheet piles 
driven partially into the granular soil layer as shown in Figure 13 . On the left side of the dam, the 
boundary condition is set as Constant Head (42 m), and on the right side, the boundary condition 
is assumed as Constant Head (30 m). The material is viewed as saturated with the saturated 
volumetric water content of 0.4 and  a constant saturated hydraulic conductivity of 1e -5 m/s.  
 
This example is taken from Holtz and Kovacs (1981). The distribution of pressure heads ( hp) at the 
bottom of the dam (point A through F) can be analytically calculated, and this distribution is 
important for the analysis of the stability of concrete gravity dams.  
 

 
Figure 13 Description of the example model 

 
Figure 14  represents the geometry and boundary conditions in SVFLUX WR for simulating this 
example model. The mesh utilized for this model had 2,682 nodes.  
 

 
Figure 14 The geometry and boundary conditions settings in SVFLUX WR 

 
Figure 15  shows the contour of head ( h) and several select streamlines under the dam, and the 
distributions of pressure heads at the bottom of the dam (from A to F) are compared between the 
ana lytical results and SVFLUX WR in Figure 16 . From the comparison, we can see that the results 
from the analytical calculation and SVFLUX WR are in good agreement.  
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Figure 15 The contour of head (h) and select streamlines under the dam 

 

 
Figure 16 Comparison of the pressure head (hp) distributions at the bottom of the dam (from A to F) 

between the analytical calculation by Holtz and Kovacs (1981) and SVFLUX WR 








































































