
 

Vadose Zone Modeling  

with VADOSE/W 2007 

 

An Engineering Methodology 

Third Edition, March 2008 

 

GEO-SLOPE International Ltd.  



Copyright © 2008 by GEO-SLOPE International, Ltd. 

All rights reserved.  No part of this work may be reproduced or transmitted in any 

form or by any means, electronic or mechanical, including photocopying, 

recording, or by any information storage or retrieval system, without the prior 

written permission of GEO-SLOPE International, Ltd.   

Printed in Canada. 

 

 

GEO-SLOPE International Ltd 

1400, 633 – 6
th
 Ave SW 

Calgary, Alberta, Canada T2P 2Y5 

E-mail: info@geo-slope.com 

Web: http://www.geo-slope.com 

 

http://www.geo-slope.com/


VADOSE/W Table of Contents 

Page i 

Table of Contents 

1 Introduction ............................................................ 1 

Balancing the sun's energy at the ground surface ................ 2 

Actual evaporation ................................................................. 4 

Typical applications ............................................................... 4 

1.1 Overview of this book .................................................................. 4 

2 Numerical Modeling: What, Why and How ...... Error! 
Bookmark not defined. 

2.1 Introduction .................................. Error! Bookmark not defined. 

2.2 What is a numerical model? ........ Error! Bookmark not defined. 

2.3 Modeling in geotechnical engineering ........ Error! Bookmark not 
defined. 

2.4 Why model? ................................. Error! Bookmark not defined. 

Quantitative predictions ......... Error! Bookmark not defined. 

Compare alternatives ............ Error! Bookmark not defined. 

Identify governing parametersError! Bookmark not defined. 

Discover & understand physical process - train our thinking
 Error! Bookmark not defined. 

2.5 How to model ............................... Error! Bookmark not defined. 

Make a guess ........................ Error! Bookmark not defined. 

Simplify geometry .................. Error! Bookmark not defined. 

Start simple ........................... Error! Bookmark not defined. 

Do numerical experiments .... Error! Bookmark not defined. 

Model only essential components ........ Error! Bookmark not 
defined. 

Start with estimated material propertiesError! Bookmark not 
defined. 

Interrogate the results ........... Error! Bookmark not defined. 



Table of Contents VADOSE/W 

Page ii 

Evaluate results in the context of expected results ....... Error! 
Bookmark not defined. 

Remember the real world ...... Error! Bookmark not defined. 

2.6 How not to model ......................... Error! Bookmark not defined. 

2.7 Closing remarks ........................... Error! Bookmark not defined. 

3 Geometry and Meshing .......... Error! Bookmark not 
defined. 

3.1 Introduction .................................. Error! Bookmark not defined. 

3.2 Geometry Objects in GeoStudio .. Error! Bookmark not defined. 

Soil Regions, Points and LinesError! Bookmark not defined. 

Free Points ............................ Error! Bookmark not defined. 

Free Lines ............................. Error! Bookmark not defined. 

Interface Elements on Lines .. Error! Bookmark not defined. 

Circular Openings .................. Error! Bookmark not defined. 

3.3 Mesh Generation ......................... Error! Bookmark not defined. 

Structured mesh .................... Error! Bookmark not defined. 

Unstructured quad and triangle mesh .. Error! Bookmark not 
defined. 

Unstructured triangular mesh Error! Bookmark not defined. 

Triangular grid regions .......... Error! Bookmark not defined. 

Rectangular grid of quads ..... Error! Bookmark not defined. 

3.4 Surface layers .............................. Error! Bookmark not defined. 

3.5 Joining regions ............................. Error! Bookmark not defined. 

3.6 Meshing for transient analyses .... Error! Bookmark not defined. 

3.7 Finite Elements ............................ Error! Bookmark not defined. 

3.8 Element fundamentals ................. Error! Bookmark not defined. 

Element nodes ...................... Error! Bookmark not defined. 

Field variable distribution ...... Error! Bookmark not defined. 



VADOSE/W Table of Contents 

Page iii 

Element and mesh compatibility .......... Error! Bookmark not 
defined. 

Numerical integration ............ Error! Bookmark not defined. 

Secondary variables .............. Error! Bookmark not defined. 

3.9 Infinite regions.............................. Error! Bookmark not defined. 

3.10 General guidelines for meshing ... Error! Bookmark not defined. 

Number of elements .............. Error! Bookmark not defined. 

Effect of drawing scale .......... Error! Bookmark not defined. 

Mesh purpose ........................ Error! Bookmark not defined. 

Simplified geometry ............... Error! Bookmark not defined. 

4 Material Properties .. Error! Bookmark not defined. 

4.1 Soil behavior models ................... Error! Bookmark not defined. 

Material models in VADOSE/WError! Bookmark not defined. 

4.1 Soil water storage – water content function Error! Bookmark not 
defined. 

Factors affecting the volumetric water content ............. Error! 
Bookmark not defined. 

4.2 Storage function types and estimation methods Error! Bookmark 
not defined. 

Estimation method 1 (grain size - Modified Kovacs) ..... Error! 
Bookmark not defined. 

Estimation method 2 (sample functions)Error! Bookmark not 
defined. 

Closed form option 1 (Fredlund and Xing, 1994) .......... Error! 
Bookmark not defined. 

Closed form option 2  (Van Genuchten, 1980) ............. Error! 
Bookmark not defined. 

4.3 Coefficient of volume compressibility ( )Error! Bookmark not 

defined. 

4.4 Hydraulic conductivity .................. Error! Bookmark not defined. 

vm



Table of Contents VADOSE/W 

Page iv 

4.5 Frozen ground hydraulic conductivity ......... Error! Bookmark not 
defined. 

4.6 Conductivity function estimation methods .. Error! Bookmark not 
defined. 

Method 1 (Fredlund et al, 1994) ........... Error! Bookmark not 
defined. 

Method 2 (Green and Corey, 1971) ..... Error! Bookmark not 
defined. 

Method 3 (Van Genuchten, 1980) ........ Error! Bookmark not 
defined. 

4.7 Interface model parameters ......... Error! Bookmark not defined. 

4.8 Thermal functions ........................ Error! Bookmark not defined. 

Unfrozen water content function .......... Error! Bookmark not 
defined. 

Thermal conductivity ............. Error! Bookmark not defined. 

Estimating thermal conductivity for soilsError! Bookmark not 
defined. 

Typical values of thermal conductivity.. Error! Bookmark not 
defined. 

Volumetric heat capacity ....... Error! Bookmark not defined. 

Estimating volumetric heat capacity ..... Error! Bookmark not 
defined. 

Typical values of volumetric heat capacity .. Error! Bookmark 
not defined. 

4.9 Sensitivity of hydraulic results to material properties........... Error! 
Bookmark not defined. 

Changes to the air-entry value (AEV) .. Error! Bookmark not 
defined. 

Changes to the saturated hydraulic conductivity .......... Error! 
Bookmark not defined. 

Changes to the slope of the VWC function . Error! Bookmark 
not defined. 

Changes to the residual volumetric water content ........ Error! 
Bookmark not defined. 



VADOSE/W Table of Contents 

Page v 

Fully defined conductivity function in evaporation analyses
 Error! Bookmark not defined. 

4.10 Sensitivity of thermal results to material properties and water 
content in soil ............................... Error! Bookmark not defined. 

4.11 Gas diffusion parameters ............. Error! Bookmark not defined. 

5 Boundary ConditionsError! Bookmark not defined. 

5.1 Introduction .................................. Error! Bookmark not defined. 

5.2 Fundamentals .............................. Error! Bookmark not defined. 

5.3 Boundary condition locations ....... Error! Bookmark not defined. 

Region face boundary conditions ......... Error! Bookmark not 
defined. 

5.4 Head boundary conditions ........... Error! Bookmark not defined. 

Definition of total head........... Error! Bookmark not defined. 

Head boundary conditions on a dam ... Error! Bookmark not 
defined. 

Constant pressure conditions Error! Bookmark not defined. 

Far field head conditions ....... Error! Bookmark not defined. 

5.5 Specified boundary flows ............. Error! Bookmark not defined. 

5.6 Sources and sinks ....................... Error! Bookmark not defined. 

5.7 Seepage faces ............................. Error! Bookmark not defined. 

5.8 Free drainage (unit gradient) ....... Error! Bookmark not defined. 

5.9 Far field boundary conditions ....... Error! Bookmark not defined. 

5.10 Hydraulic boundary functions ...... Error! Bookmark not defined. 

General .................................. Error! Bookmark not defined. 

Head versus time .................. Error! Bookmark not defined. 

Head versus volume.............. Error! Bookmark not defined. 

Nodal flux Q versus time ....... Error! Bookmark not defined. 

Unit flow rate versus time ...... Error! Bookmark not defined. 

Modifier function .................... Error! Bookmark not defined. 



Table of Contents VADOSE/W 

Page vi 

5.11 Time activated boundary conditions ........... Error! Bookmark not 
defined. 

5.12 Climate – soil boundary conditionsError! Bookmark not defined. 

5.13 Thermal and gas boundary conditions ....... Error! Bookmark not 
defined. 

6 Analysis Types ........ Error! Bookmark not defined. 

6.1 Steady state ................................. Error! Bookmark not defined. 

Boundary condition types in steady state ... Error! Bookmark 
not defined. 

6.2 Transient ...................................... Error! Bookmark not defined. 

Initial conditions ..................... Error! Bookmark not defined. 

Drawing the initial water table Error! Bookmark not defined. 

Activation values ................... Error! Bookmark not defined. 

Spatial function for the initial conditionsError! Bookmark not 
defined. 

No initial condition ................. Error! Bookmark not defined. 

6.3 Time stepping - temporal integration .......... Error! Bookmark not 
defined. 

Finite element temporal integration formulation ............ Error! 
Bookmark not defined. 

Problems with time step sizesError! Bookmark not defined. 

General rules for setting time steps ..... Error! Bookmark not 
defined. 

Adaptive time stepping .......... Error! Bookmark not defined. 

6.4 Staged / multiple analyses ........... Error! Bookmark not defined. 

6.5 Axisymmetric ................................ Error! Bookmark not defined. 

6.6 Plan view ...................................... Error! Bookmark not defined. 

6.7 Vegetation, ground freezing, runoff and gas transfer .......... Error! 
Bookmark not defined. 

6.8 Using VADOSE/W Basic edition for 1D modelingError! Bookmark 
not defined. 



VADOSE/W Table of Contents 

Page vii 

1D versus 2D Models ............ Error! Bookmark not defined. 

Boundary conditions .............. Error! Bookmark not defined. 

Analysis settings .................... Error! Bookmark not defined. 

Other settings ........................ Error! Bookmark not defined. 

7 Functions in GeoStudio .......... Error! Bookmark not 
defined. 

7.1 Spline functions............................ Error! Bookmark not defined. 

Slopes of spline functions ..... Error! Bookmark not defined. 

7.2 Linear functions............................ Error! Bookmark not defined. 

7.3 Step functions .............................. Error! Bookmark not defined. 

7.4 Closed form curve fits for water content functions............... Error! 
Bookmark not defined. 

7.5 Add-in functions ........................... Error! Bookmark not defined. 

7.6 Spatial functions .......................... Error! Bookmark not defined. 

8 Numerical Issues .... Error! Bookmark not defined. 

8.1 Convergence................................ Error! Bookmark not defined. 

Vector norms ......................... Error! Bookmark not defined. 

8.2 Post solve convergence data graphing ...... Error! Bookmark not 
defined. 

8.3 Water balance error in a transient analysis Error! Bookmark not 
defined. 

8.4 Steep material property functions Error! Bookmark not defined. 

8.5 Improving convergence ............... Error! Bookmark not defined. 

Conductivity function control parametersError! Bookmark not 
defined. 

Slope of water content functionError! Bookmark not defined. 

8.6 Gauss integration order ............... Error! Bookmark not defined. 

8.7 Equation solvers (direct or parallel direct) .. Error! Bookmark not 
defined. 



Table of Contents VADOSE/W 

Page viii 

8.8 Time stepping .............................. Error! Bookmark not defined. 

Automatic adaptive time stepping ........ Error! Bookmark not 
defined. 

An example with and without adaptive time stepping ... Error! 
Bookmark not defined. 

Time stepping and climate data ........... Error! Bookmark not 
defined. 

9 Visualization of Results .......... Error! Bookmark not 
defined. 

9.1 Transient versus steady state results ......... Error! Bookmark not 
defined. 

9.2 Node and element information ..... Error! Bookmark not defined. 

9.3 Graphing Node and Gauss Data . Error! Bookmark not defined. 

9.4 “None” values............................... Error! Bookmark not defined. 

Surface region node graphingError! Bookmark not defined. 

Surface region interface layer graphingError! Bookmark not 
defined. 

Ground surface nodes data graphing... Error! Bookmark not 
defined. 

Water balance data graphing Error! Bookmark not defined. 

9.5 Isolines ......................................... Error! Bookmark not defined. 

9.6 Projecting Gauss point values to nodes ..... Error! Bookmark not 
defined. 

9.7 Contours ...................................... Error! Bookmark not defined. 

9.8 Animation in GeoStudio 2007 ...... Error! Bookmark not defined. 

9.9 Velocity vectors and flow paths ... Error! Bookmark not defined. 

Calculating gradients and velocities ..... Error! Bookmark not 
defined. 

Velocity vectors ..................... Error! Bookmark not defined. 

Flow paths ............................. Error! Bookmark not defined. 

9.10 Flux sections ................................ Error! Bookmark not defined. 



VADOSE/W Table of Contents 

Page ix 

Flux section theory ................ Error! Bookmark not defined. 

Flux section application ......... Error! Bookmark not defined. 

9.11 Surface region flux sections ......... Error! Bookmark not defined. 

10 Modeling Tips and Tricks ....... Error! Bookmark not 
defined. 

10.1 Introduction .................................. Error! Bookmark not defined. 

10.2 Modeling progression .................. Error! Bookmark not defined. 

10.3 Evaporation analysis tips ............. Error! Bookmark not defined. 

10.4 Problem engineering units ........... Error! Bookmark not defined. 

10.5 Flux section location .................... Error! Bookmark not defined. 

10.6 Drain flux values .......................... Error! Bookmark not defined. 

10.7 Unit flux versus total flux? ............ Error! Bookmark not defined. 

10.8 Flow above phreatic line .............. Error! Bookmark not defined. 

10.9 Pressure boundary with depth ..... Error! Bookmark not defined. 

10.10 Summing graphed data ............... Error! Bookmark not defined. 

11 Illustrative Examples Error! Bookmark not defined. 

11.1 Dam with core and toe drain ........ Error! Bookmark not defined. 

11.2 Kisch – Infiltration through liners and caps . Error! Bookmark not 
defined. 

11.3 Seepage and stability .................. Error! Bookmark not defined. 

11.4 Road ditch ponding during rainfall Error! Bookmark not defined. 

11.5 Drains ........................................... Error! Bookmark not defined. 

11.6 Dissipation of excess pore water pressure . Error! Bookmark not 
defined. 

11.7 Lysimeter study ............................ Error! Bookmark not defined. 

11.8 Freezing and thawing verification Error! Bookmark not defined. 

11.9 Gas diffusion verification .............. Error! Bookmark not defined. 

11.10 Runoff and ponding verification ... Error! Bookmark not defined. 



Table of Contents VADOSE/W 

Page x 

11.11 Runoff and ponding on a 2D profileError! Bookmark not defined. 

11.12 Verification of Wilson (1990) Actual EvaporationError! Bookmark 
not defined. 

11.13 VADOSE/W Tutorial Example ..... Error! Bookmark not defined. 

12 Theory..................... Error! Bookmark not defined. 

12.1 Atmospheric coupling .................. Error! Bookmark not defined. 

Actual evaporation ................. Error! Bookmark not defined. 

Ground surface temperature . Error! Bookmark not defined. 

12.2 Actual transpiration ...................... Error! Bookmark not defined. 

12.3 Infiltration and runoff .................... Error! Bookmark not defined. 

12.4 Freeze - thaw ............................... Error! Bookmark not defined. 

12.5 General flow law .......................... Error! Bookmark not defined. 

12.6 Partial differential water and heat flow equationsError! Bookmark 
not defined. 

12.7 Coupling heat and mass equationsError! Bookmark not defined. 

12.8 Gas transfer analysis ................... Error! Bookmark not defined. 

Oxygen transfer ..................... Error! Bookmark not defined. 

Radon transfer ....................... Error! Bookmark not defined. 

12.9 Finite element water flow equations ........... Error! Bookmark not 
defined. 

12.10 Temporal integration .................... Error! Bookmark not defined. 

12.11 Numerical integration ................... Error! Bookmark not defined. 

12.12 Hydraulic conductivity matrix ....... Error! Bookmark not defined. 

12.13 Mass matrix .................................. Error! Bookmark not defined. 

12.14 Flux boundary vector ................... Error! Bookmark not defined. 

13 Appendix A: Interpolating Functions ................ Error! 
Bookmark not defined. 

13.1 Coordinate systems ..................... Error! Bookmark not defined. 

13.2 Interpolating functions .................. Error! Bookmark not defined. 



VADOSE/W Table of Contents 

Page xi 

Field variable model .............. Error! Bookmark not defined. 

Interpolation function derivatives .......... Error! Bookmark not 
defined. 

13.3 Infinite elements ........................... Error! Bookmark not defined. 

Mapping functions ................. Error! Bookmark not defined. 

Pole definition ........................ Error! Bookmark not defined. 

References....................... Error! Bookmark not defined. 

Index ................................ Error! Bookmark not defined. 





VADOSE/W Chapter 1: Introduction 

Page 1 

1 Introduction 

The flow of water through soil is one of the fundamental issues in geotechnical and 

geo-environmental engineering. In fact, if water were not present in the soil, there 

would not be a need for geotechnical engineering. This is a nonsensical statement: 

if there were no water in the soil, there would be no way to sustain an ecosystem, 

no humans on earth and no need for geotechnical and geo-environmental 

engineering. However, the statement does highlight the importance of water in 

working with soil and rock. 

Flow quantity is often considered to be the key parameter in quantifying seepage 

losses from a reservoir or determining the amount of water available for domestic 

or industrial use. In engineering, the more important issue is the pore-water 

pressure. The emphasis should not be on how much water is flowing through the 

ground, but on the state of the pore-water pressure in the ground. The pore-water 

pressure, whether positive or negative, has a direct bearing on the shear strength 

and volume change characteristics of the soil. Research in the last few decades has 

shown that even the flow of moisture in the unsaturated soil near the ground 

surface is directly related to the soil suction (negative water pressure). So, even 

when flow quantities are the main interest, it is important to accurately establish 

the pore-water pressures. 

In the past, the analyses related to groundwater have concentrated on saturated 

flow. As a result, flow problems were typically categorized as being confined and 

unconfined situations, such as confined or unconfined aquifers. Flow beneath a 

structure would be a confined flow problem, while flow through a homogeneous 

embankment would be unconfined flow. Historically speaking, unconfined flow 

problems were more difficult to analyze because the analysis required determining 

the phreatic surface. The phreatic surface was considered an upper boundary and 

any flow that may have existed in the capillarity zone above the phreatic line was 

ignored. 

It is no longer acceptable to take a simplified approach and ignore unsaturated flow 

above the phreatic surface. Not only does it ignore an important component of 

moisture flow in soils, but it greatly limits the types of problems that can be 

analyzed. It is mandatory to deal with unsaturated flow in typical situations such as 

modeling infiltration of precipitation. Transient flow problems are another good 

example. It is nearly impossible to model a situation where a wetting front moves 

though an earth structure without correctly considering the unsaturated component 



Chapter 1: Introduction VADOSE/W 

Page 2 

of flow. Fortunately, it is no longer necessary to ignore the unsaturated zone. With 

the help of this document and the associated software, unsaturated flow can be 

considered in numerical modeling and the door is opened to analyzing almost any 

kind of seepage problem. 

The term seepage usually refers to situations where the primary driving force is 

gravity controlled, such as establishing seepage losses from a reservoir, where the 

driving force is the total hydraulic head difference between the entrance and exit 

points. Another cause of water movement in soils is the existence of excess pore-

water pressure due to external loading. This type of water flow is usually not 

referred to as seepage, but the fundamental mathematical equations describing the 

water movement are essentially identical. As a result, a software formulation for 

the analysis of seepage problems can also be used to analyze the dissipation of 

excess pore-water pressures resulting from changes in stress conditions. In the 

context of the discussions and examples in this document and in using the 

VADOSE/W software, the term seepage is used to describe all movement of water 

through soil regardless of the creation or source of the driving force or whether the 

flow is through saturated or unsaturated soils.  

Balancing the sun's energy at the ground surface 

The energy from the sun drives the physical processes that occur at the ground 

surface. Figure 1-1 shows a brief example of how this energy is balanced within 

VADOSE/W. 

The sun's energy is driving the evaporation and transpiration processes. The 

following example describes how this energy may be distributed and accounted for 

in VADOSE/W. 

Let us assume the sun applies an energy of 20 MJ/day/m^2 to the ground surface. 

This energy is the equivalent of approximately 8.15 mm/day of potential 

evaporated water (VADOSE/W will calculate the actual value based on climate 

data or the user can input this value if they have measured data). 

If a combination of plants and bare ground exists at the surface, then this energy 

must be partitioned between the two. Assume the Leaf Area Index function for the 

plants indicates that there is significant but not total leaf coverage of the surface. 

Based on relationships discussed in subsequent pages of this manual, VADOSE/W 

determines that, for example, 6 mm/day of Potential Energy is intercepted by the 

plants and 2.15 mm/day is intercepted by the ground. 
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Figure 1-1 Physical processes relating to seepage 

Now assume the ground is not fully saturated at the surface. Because it is not 

saturated, the ground can not give up water to the sun at the full potential rate. 

Based on the Penman-Wilson (1990, 1994) method, VADOSE/W determines that 

of the 2.15 mm/day Potential Evaporation, only 1.15 mm/day actually evaporates 

(AE).  

Assuming in addition, that the ground beneath the surface is not fully saturated, the 

plant moisture limiting function, which deals with wilting pore pressures among 

other things, is used by the program to determine that the plant roots can only 

transpire 3 mm/day of the potential 6 mm/day intercepted by the leaves on surface. 

So, we have 8.15 mm/day of potential evaporative energy (PE) being demanded at 

the ground surface and only 1.15 mm/day actually evaporates (AE). The plants 

were able to transpirate 3mm/day (AT). The question that remains is; what 

happened to the other 4 mm/day? 

Since we must balance the energy, we can not ignore this 4 mm/day. It is the extra 

4 mm/day of previously unaccounted energy that results in heating of the ground 

surface. 

VADOSE/W accounts for all of these physical processes based on first principle 

physics. The user is not required to make any assumptions about how the energy is 

partitioned or applied. 
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Actual evaporation 

The key to geotechnical modeling of the vadose zone is the ability to accurately 

predict the surface boundary condition. The most significant variable to quantify is 

the magnitude of surface infiltration and actual evaporation, or in modeling terms, 

the surface unit flux boundary. VADOSE/W determines this value by coupling the 

moisture and heat stress states at the ground surface with climate conditions 

present above the ground surface. Vapor flow in the soil is mandatory and is 

included in VADOSE/W. 

It is not acceptable to have actual evaporation (AE) computed as a function of 

drying time or soil water content. Actual evaporation must be computed as a 

function of soil surface negative water pressure; a stress state variable. 

VADOSE/W is currently the only numerical 2D model capable of calculating AE 

based on first principle physical relationships, not empirical AE formulations that 

are developed for unique soil types, soil moisture conditions, or climate 

parameters. 

Typical applications 

Typical applications for VADOSE/W include: 

designing single or multi layered soil covers over mine waste and 

municipal landfill disposal sites; 

obtaining climate controlled soil pore pressures on natural slopes or man 

made covered slopes for use in stability analysis; 

determining infiltration and evaporation and plant transpiration from 

agricultural irrigation projects etc.  

VADOSE/W can be used wherever accurate surface boundary conditions 

are required. 

1.1 Overview of this book 

Modeling the flow of water through soil with a numerical solution can be very 

complex. Natural soil deposits are generally highly heterogeneous and non-

isotropic. In addition, boundary conditions often change with time and cannot 

always be defined with certainty at the beginning of an analysis; in fact, the correct 

boundary condition can sometimes be part of the solution. Furthermore, when a 

soil becomes unsaturated, the coefficient of permeability or hydraulic conductivity 
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becomes a function of the negative pore-water pressure in the soil. The pore-water 

pressure is the primary unknown and needs to be determined, so iterative 

numerical techniques are required to match the computed pore-water pressure and 

the material property, which makes the solution highly non-linear. These 

complexities make it necessary to use some form of numerical analysis to analyze 

seepage problems for all, but the simplest cases. A common approach is to use 

finite element formulations and VADOSE/W, the subject of this book, is an 

example of a numerical software tool. 

While part of this document is about using VADOSE/W to do seepage analyses, it 

is also about general numerical modeling techniques. Numerical modeling, like 

most things in life, is a skill that needs to be acquired. It is nearly impossible to 

pick up a tool like VADOSE/W and immediately become an effective modeler. 

Effective numerical modeling requires some careful thought and planning, and it 

requires a good understanding of the underlying fundamental physical concepts. 

Aspects such as discretization of a finite element mesh and applying boundary 

conditions to the problem are not entirely intuitive at first. Time and practice are 

required to become comfortable with these aspects of numerical modeling. 

A large portion of this book focuses on the general guidelines of how to conduct 

effective numerical modeling. Chapter 2, Numerical Modeling: What, Why and 

How, is devoted exclusively to discussions on this topic. The general principles 

discussed apply to all numerical modeling situations, but are used in the context of 

seepage analyses in this document.  

Broadly speaking, there are three main parts to a finite element analysis. The first 

is discretization: dividing the domain into small areas called elements. The second 

part is specifying and assigning material properties. The third is specifying and 

applying boundary conditions. Separate chapters have been devoted to each of 

these three key components within this document. 

Part of the Analysis Settings chapter is dedicated to using VADOSE/W in a one 

dimensional mode.  There are unique model settings that will help with the 

numerical solution when the mesh is a one dimensional column.  There are also a 

few key concepts to understand regarding runoff and lateral flow that have 

significance in this 1D mode. 

Saturated and unsaturated seepage numerical modeling is a highly non-linear 

problem that requires iterative techniques to obtain solutions. Numerical 

convergence is consequently a key issue. Also, the temporal integration scheme, 

which is required for a transient analysis, is affected by time step size relative to 
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element size and material properties. These and other numerical considerations are 

discussed the chapter called Numerical Issues. 

One chapter is dedicated to presenting and discussing illustrative examples. 

A full chapter is dedicated to theoretical issues associated with climate-ground 

coupling and the finite element solution of the partial differential flow equation for 

saturated and unsaturated heat and water flow in soils. Additional finite element 

numerical details regarding interpolating functions and infinite elements are given 

in Appendix A. 

The chapter entitled “Modeling Tips and Tricks” should be consulted to see if 

there are simple techniques that can be used to improve your general modelling 

method or to help gain confidence and develop a deeper understanding of finite 

element methods, VADOSE/W conventions or data results.  It also contains a 

checklist of key vadose zone modeling issues that you can print out and use to 

check that you are on the right path to solving a successful model. 

In general, this book is not a HOW TO USE VADOSE/W manual. This is a book 

about how to model. It is a book about how to engineer seepage problems using a 

powerful calculator; VADOSE/W. Details of how to use various program 

commands and features are given in the on line help inside the software.  
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