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Example Summary
All the examples in this appendix have been stored in the Examples project, shown below.  When review-
ing these examples, you can either use the models in the Examples project or create a new project and cre-
ate the models using the New Model button. In the examples below, it is assumed that the models in the
Examples project are being used.

Example Summary
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Case 1

Shows how to create a Subtitle D landfill with a composite liner and constant concentration source. The
flow through the composite liner is calculated using a leakage rate calculation as proposed by Giroud et. al.
(1992).

Case 2

Shows the case of pure diffusion with constant source and base concentrations.

Case 3

Edits the previously entered data in Case 2 to include advective transport and fixed outflow in the base
stratum. 

Case 4

Shows how to add a finite mass source with leachate collection to Case 3. Also shows how to calculate
the Reference Height of Leachate and the Volume of Leachate Collected. Uses the automatic search for
the peak concentration.

Case 5

Illustrates use of the program to model a hydraulic trap, using essentially the same data as in Case 4.  

Case 6

This case has a 1 m thick compacted clay liner underlain by a 3 m thick fractured till layer. The source is
finite mass with a leachate collection system, and the base is an aquifer with fixed outflow. Different
sorption in the liner and the fractured till is also considered. 

Case 7

The lateral migration of a radioactive contaminant is modelled, in a fractured porous rock with a single
set of parallel fractures. The base of the  porous rock is assumed to extend to a considerable distance from
the source and is represented by an infinite thickness boundary condition. This example  illustrates the
case where the default integration is not adequate. The maximum sublayer thickness feature is also used
in this example.

Example Summary
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Case 8

Uses an Initial Concentration Profile in analyzing a laboratory diffusion test for Potassium. The speci-
men consists of a 4.5 cm thick clay sample with a background concentration of Potassium of 10 mg/L. In
this example the Reference Height of Leachate is equal to the actual height of leachate above the sample.

Case 9

Freundlich non-linear sorption is considered in analyzing a laboratory diffusion test for Phenol. The
sample is a 7 cm thick undisturbed clay, with a 6.5 cm leachate column above for a source. 

Case 10

The Variable Properties option is used to examine time-varying advective-dispersive transport from a
landfill. A landfill with a finite mass and a leachate collection system with an inward Darcy Velocity (i.e., a
hydraulic trap) is considered. The leachate collection system is assumed to begin to fail after 19 years.
After failure of the leachate collection system the leachate mound builds over a 10 year period, causing a
reversal  in the hydraulic gradient and a loss of the hydraulic trap.

Case 11

This example demonstrates the use of a time-varying source concentration and an initial concentration
profile. A landfill cell is initially filled with fresh water, and no waste is deposited for 7 years. The landfill
is situated in a clay with a pore water chloride concentration, during the initial 7 years the chloride from the
clay diffuses into the cell water. Between 7 and 10 years the cell is filled with waste and the chloride con-
centration increases linearly to 2100 mg/L. The source concentration then remains constant between 10 and
13 years. Between 13 and 15 years the source concentration decreases linearly to 1180 mg/L. The source
concentration then remains constant between 15 and 19 years.

Case 12

In this example the results of the program are compared with an analytical solution developed by Tang
et al. (1981).  The analysis is for a single fracture system. It is shown that the program gives exactly the
same results as the analytical solution.

Example Summary
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Case 13

The results of the program are compared to the results obtained by an analytical solution given by
TDAST. The TDAST program was developed by Javandel et al. (1984), and is for a 2-dimensional plane
dispersion problems in an infinitely deep porous media.  Concentrations obtained by both methods are in
close agreement for a dispersion coefficient of 0.01 m2/a. However, at higher dispersion coefficients, for
example 5 or 10 m2/a, the methods are not in agreement. This is because for the geometry and time frame
considered in this problem, a 2-dimensional solution is required and POLLUTEv7 considers only 1-dimen-
sional migration in the layer below the source.

Case 14

In this example a landfill with  primary and secondary leachate collection systems is modelled using the
Passive Sink option. The secondary leachate collection system is simulated using a passive sink to model
outflow from the collection system. The landfill contains a finite mass of a conservative species, and is
underlain by an aquifer with fixed outflow.

Case 15

The model of Case 14 is extended to incorporate failure of the primary leachate collection system after
20 years. This failure is modelled using the Variable Properties special feature. The use of the Variable
Properties and Passive Sink features together is illustrated in this example.

Case 16

This example illustrates the use of the Monte Carlo simulation feature, in conjunction with the Variable
Properties and Passive Sink features.  The landfill model used in Case 15 is modified to simulate uncer-
tainty in the time of failure of the primary leachate collection system. In this example the failure time is
given a triangular distribution, with a minimum of 15 years, a mode of 25 years, and a maximum of 50
years.

Case 17

This example demonstrates how to create a landfill with a composite primary liner, primary and sec-
ondary leachate collection systems, and a compacted clay secondary liner.

Example Summary
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Case 18

A phase change in the secondary leachate collection system is modelled using the Phase Change special
feature. The phase change occurs in the secondary leachate collection system at the interface between the
unsaturated and saturated zones, assumed to be .2 and .1 metres thick respectively. The landfill contains a
constant concentration of DCM, which experiences biological decay in the landfill, primary and secondary
liners, and the aquifer. 

Case 19

In this example a multiphase diffusion test performed by Buss et al. (1995) is modelled. This test involved
the migration of toluene from a ‘constant’ source through a 0.1 cm thick HDPE geomembrane, a 18.2 cm
thick airspace and into a 12.3 cm water reservoir (assumed to be well mixed).

Case 20

This example uses the same date as Case 16 for Monte Carlo simulation, except a Sensitivity Analysis is
performed.  In this example the failure time has a minimum of 15 years and a maximum of 50 years.

Example Summary



POLLUTEv7 Reference Guide 7

Case 1: Subtitle D Landfill

Description

This example illustrates the use of the program to model a U.S. RCRA Subtitle D landfill. The landfill con-
sists of a composite liner and a primary leachate collection system. The composite liner is composed of a
60 mil (1.5 mm) geomembrane in good contact with a 0.9 m thick compacted clay liner. Small holes with
an area of 0.1 cm2 and a frequency of 1 per acre (2.5 per hectare) are assumed for the geomembrane. The
method proposed by Giroud et al (1992) is used to calculate the flow (leakage) through the composite liner,
these calculations are performed automatically by the program. 

The landfill has a length (L) of 200 m in the direction parallel to groundwater flow in the underlying
aquifer. Consideration is being given to a volatile organic contaminant with an initial source concentration
of 1500 µg/L, which is assumed to remain constant with time over the time period being examined in this
example. The leachate head on the composite liner is assumed to be constant at 0.3 m. The flow in the
aquifer must be established based on hydrogeologic data and is represented in terms of the horizontal Darcy
velocity (the “Base Outflow Velocity”) in the aquifer at the down-gradient edge of the landfill. 

The parameters used for this example are listed below:

Property Value Units
Geomembrane Contact   Good -
Geomembrane Holes Circles -
Hole Area 0.1 cm2
Hole Frequency 1 /acre
Source Concentration co 1500 µg/L
Source Type Constant -
Landfill Length L 200 m
Leachate Head on Liner 0.3 m
Geomembrane Thickness 60 mil
Geomembrane Diffusion Coef. 3.0x10-5 m2/a
Clay Thickness Hs 0.9 m

Clay Diffusion Coef. D 0.02 m2/a
Distribution Coefficient Kd 0.5 mL/g
Soil Porosity n 0.35 -
Dry Density 1.9 g/cm3
Aquifer Thickness h 3.0 m
Aquifer Porosity nb 0.3 -
Base Outflow Velocity vb 10 m/a

Case 1: Subtitle D Landfill with Constant Concentration
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For more information regarding:
• Leakage through composite liners - see Giroud et al (1992).
• Diffusion through geomembranes - see Hughes and  Monteleone, (1987); Lord et al (1988).
• Diffusion, sorption, and effective porosity in clays (D, Kd, n) - see Rowe et al (1988)
• Modelling, hydrogeology, and engineering interaction - see Rowe (1992), Rowe et al, 1994.
• Theory used  - see Rowe and Booker (1985, 1991), Rowe et al (1994).

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 1 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, click on any layer to display the Primary
Liner Landfill form below.

Model Parameters

On the General tab, the title and layers present in the model are specified as shown above. In this example
there is a geomembrane, clay liner and aquifer.

On the Source tab shown on the next page, the Source Type, Source Concentration and Landfill Length are
specified. In this example, the source type is constant concentration. If the source type was finite mass
additional information for the source would need to be entered as discussed in Case 4.

Case 1: Subtitle D Landfill with Constant Concentration
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The Hydraulic Heads tab, shown below, is used to specify the leachate head on the primary liner and the
groundwater level relative to the top of the aquifer. These heads are used to calculate the Darcy velocity
through the liner.

Case 1: Subtitle D Landfill with Constant Concentration
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On the Geomembrane tab shown below, the Name, Thickness, Diffusion Coefficient, Phase Parameter, and
method to calculate the leakage through the geomembrane is specified. If the method is Rowe et. al. 2004
or Giroud & Bonaparte 1992, an additional tab will be displayed to enter the hole parameters. If the method
is equivalent K, then the Hydraulic Conductivity of the geomembrane can be entered on this tab. In this
example the leakage method used is Giroud & Bonaparte 1992.

The parameters for the holes in the geomembrane are specified on the Leakage tab shown on the next page.
These parameters include the Type of Contact, Hole Type, Use of Permeation, and Hole Frequency. If the
type of holes is Circles then the Hole Area can be specified, if the type is Long then the Hole Length and
Width can be specified. 

At the bottom of the tab, the Calculate Leakage button can be used to calculate and display the Darcy
velocity (leakage) through the primary liner .In this example the calculated Darcy velocity is 3.929x10-5
m/a

Case 1: Subtitle D Landfill with Constant Concentration
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The Clay Liner tab below is used to specify the properties of the clay liner below the geomembrane. These
properties  include the Name, Symbol, Thickness, Density, Hydraulic Conductivity, Diffusion Coefficient,
Distribution Coefficient, and Porosity.

Case 1: Subtitle D Landfill with Constant Concentration
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The Aquifer tab, shown below, is used to specify the Name, Symbol, Thickness and Porosity of the Aquifer.

The last tab is used to specify the Outflow Rate in the Aquifer. This rate should be at greater than or equal
to the minimum calculated by the program. In this example, the minimum is 0.00262 m/a.

Case 1: Subtitle D Landfill with Constant Concentration
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Run Parameters

To set the times and depths to calculate the concentrations, select the Run Parameters menu item from the
Data Entry menu. The Run Parameters form below will be displayed. The Type tab is used to specify the
Type of Output and the units for the output. The concentrations can either be calculated at specified times
or the time of the maximum concentration can be found. 

The Concentrations at Specified Times tab is used to specify the times and depths to calculate the concen-
trations. 

Case 1: Subtitle D Landfill with Constant Concentration
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Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Concentration vs Depth

The Concentration vs. Depth chart below can be displayed by pressing the Concentration vs Depth button
on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.

Case 1: Subtitle D Landfill with Constant Concentration
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Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar.

Case 1: Subtitle D Landfill with Constant Concentration
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Case 1: Subtitle D Landfill with Constant Concentration
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Case 2: Pure Diffusion
Description

This example illustrates the use of the program for the simple case of pure diffusion of a conservative
species (i.e., no sorption). The hydrogeology is comprised of a 4 m thick layer with a constant contaminant
concentration source at the top, and an underlying aquifer  at the base. There is a sufficiently high flushing
velocity in the aquifer that the concentration at the bottom of  the layer can be assumed to be zero and the
aquifer is not explicitly modelled. The following parameters are assumed for the example:

Property Value Units
Darcy Velocity va 0.0 m/a

Diffusion Coefficient D 0.01 m2/a
Distribution Coefficient Kd 0.0 cm3/g 
Soil Porosity n 0.4 -
Dry Density 1.5 g/cm3
Soil Layer Thickness H 4.0 m
Number of Sub-layers 4 -
Source Concentration co 1.0 g/L
Base Concentration cb 0.0 g/L
Times of Interest t 10, 50, 100 a

150, 200 a

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 2 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

To edit the general model data either click on the title or select the General Data menu item from the Data
Entry menu. On the General Data form on the next page the Title, Number of Layers, Maximum Depth,
Darcy velocity, and Laplace Transform parameters can be specified.. In this example there will only be one
layer and since it is for diffusion only the Darcy velocity is zero.

Case 2: Pure Diffusion
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Layer Data

The data for the layer can be specified by either clicking on the layer or by selecting the Layer Data menu
item from the Data Entry menu. On the Layer Data form shown below, the data and symbol for the layer
can be specified. In this example, the diffusion coefficient of 0.01 is specified for the layer.

Case 2: Pure Diffusion
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Boundary Conditions

The boundary conditions for the model can be specified by either clicking on the top or bottom boundary or
selecting the Boundary Conditions menu item from the Data Entry menu. On the Boundary Conditions
form below the top and bottom boundary conditions can be specified. In this example, the top boundary has
a constant concentration of 1 and the bottom boundary has a constant concentration of 0.

Run Parameters

To set the times and depths to calculate the concentrations, select the Run Parameters menu item from the
Data Entry menu. The Run Parameters form is the same as shown in Case 1. In this example, the concentra-
tions will be calculated at 5 times: 10, 50, 100, 150, and 200 years.

Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Case 2: Pure Diffusion
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Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Concentration vs Depth

The Concentration vs. Depth chart below can be displayed by pressing the Concentration vs Depth button
on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.

Case 2: Pure Diffusion
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Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar.

Case 2: Pure Diffusion
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Case 2: Pure Diffusion
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Case 3: Advective Diffusive Transport

Description

In this example the input data file from Case 2 will be edited to include advective transport and a permeable
base stratum (aquifer) with a fixed outflow. The hydrogeology is comprised of a 4 m thick aquitard layer
with a constant contaminant concentration in the landfill source at the top, and a 20 m thick underlying
aquifer  at the base. 

Although the aquifer is 20 m thick it is generally unrealistic to model dilution (mixing) of contaminant
through the full thickness.  The actual thickness that should be modelled depends on the hydrogeologic
conditions, the length of monitoring screens, and the local regulations. In this example dilution (mixing) of
the contaminant will only be considered in the upper 3m of the aquifer, and hence the aquifer thickness
used  is h = 3 m.

Since the aquifer (i.e., the contaminant receptor) is being modelled as a boundary condition the actual
deposit thickness that is explicitly modelled is the 4 m thick aquitard, and the concentration given in the
output at the 4 m depth is the concentration in the upper 3 m of the aquifer. It is assumed that this is uni-
formly distributed in the 3 m and that no contaminant moved lower than 3 m into the aquifer (if the aquifer
thickness, h, were to be increased, the concentration in the aquifer would drop).

In the underlying aquifer the inflow of water beneath the up gradient edge of the landfill is given by a
Darcy velocity of 20 m/a. 

The “base velocity” is the outflow velocity beneath the down-gradient edge of the landfill and corresponds
to the inflow velocity (20 m/a) at the up gradient edge plus the inflow from the landfill. 

Based on continuity of flow the initial flow in the aquifer, qin, is given by the inflow velocity (vin = 20 m/a
in this example) multiplied by the thickness of the aquifer being considered (h = 3 m in this example) and
the width of the landfill (the landfill dimension perpendicular to the direction of groundwater flow, W =
300 m in this example), thus: 

qin = vin * h * W = 20 * 3 * 300 = 18000 m2/a

The flow into the aquifer from the landfill, qa, is the downward Darcy velocity (va = 0.1 m/a in this case)
multiplied by the length (L = 200 m) and width (W = 300 m) of the landfill, thus:

qa = va * L * W = 0.1 * 200 * 300 = 6000 m3/a

Case 3: Advective Diffusive Transport
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Hence the outflow at the down-gradient edge of the landfill is:

qout = qin + qa = 18000 + 6000 = 24000 m3/a

And the “Base Outflow Velocity”, vb, is the outflow divided by the width of the landfill (W = 300 m) and
the thickness of the aquifer being considered (h = 3 m), therefore:

vb = qout / (W * h) = 24000 / (3 * 300) = 26.67 m/a

The following parameter  are assumed for the example:

Property Value Units
Darcy Velocity va 0.1 m/a

Diffusion Coefficient D 0.01 m2/a
Distribution CoefficientKd 0.0 cm3/g 
Soil Porosity n 0.4 -
Dry Density 1.5 g/cm3
Soil Layer Thickness H 4.0 m
Number of Sub-layers 4 -
Source Concentration co 1.0 g/L
Landfill Length L 200.0 m
Landfill Width W 300.0 m
Thickness of Aquifer h 3.0 m
Porosity of Aquifer nb 0.3 -
Base Outflow Velocity vb 26.67 m/a
Times of Interest t 10, 50, 100 a

150, 200 a

The landfill length (L) is measured in the direction parallel to groundwater flow. And the landfill width (W)
is the direction perpendicular to groundwater flow, since this is not a 3D analysis this parameter has no
effect on the results.

Warning: The evaluation of the base flow velocity, vb, requires consideration of the local hydrogeol-
ogy and the potential effect of the proposed landfill on flow conditions. For some situations, the
aquitard has sufficiently low hydraulic conductivity and the aquifer has sufficiently high transmissiv-
ity that simple hand continuity calculations as indicated above are appropriate. In other cases some
more sophisticated flow models may be required. The parameters used in any modelling should be
selected by a hydrogeologist/engineer with sufficient knowledge and experience to understand the
existing flow system and the flow system that is likely to exist after the landfill construction.

Case 3: Advective Diffusive Transport
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Note: The concentration at 4 m is the concentration at the bottom of the aquitard and in the 3 m thick
aquifer part of the aquifer beneath the landfill. This example was selected to have a downward flow (va =
0.1 m/a) so large that advection controls and in fact for the constant source boundary condition it is possible
to calculate the peak impact in the aquifer from a simple hand calculation, viz.

cmax = qa * co / qout = 6000 * 1 / 24000 = 0.25 g/L

[As an exercise the user may wish to repeat the calculation for va = 0.005 m/a, vb = 20.34 m/a. Based on

the simple hand calculation above, this would give cmax = 0.0164 g/L = 16.4 mg/L.]

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 3 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

To edit the Darcy velocity either click on the title or select the General Data menu item from the Data Entry
menu. On the General Data form below the Darcy velocity of 0.1 m/a can be specified.

Layer Data

The layer data for this model is the same as that in Case 2.

Case 3: Advective Diffusive Transport
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Boundary Conditions

The boundary conditions for the model can be specified by either clicking on the top or bottom boundary or
selecting the Boundary Conditions menu item from the Data Entry menu. In this example, the top boundary
has a constant concentration of 1 and the bottom boundary is represented as an aquifer with a fixed outflow
velocity as shown on the Boundary Condition form below.

Run Parameters

The run parameters for this model is the same as that in Case 2.

Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Case 3: Advective Diffusive Transport
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Concentration vs Time

The Concentration vs. Time chart below can be displayed by pressing the Concentration vs Time button on
the Output toolbar or selecting the Concentration vs Time menu item from the Output menu.

Case 3: Advective Diffusive Transport
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Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar.

Case 3: Advective Diffusive Transport
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Case 3: Advective Diffusive Transport
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Case 4: Finite Mass Source
Description

In this example the input data file from Case 3 will be edited to include a source with a finite mass of waste
and a leachate collection system. The hydrogeology is comprised of a 4 m thick layer with a finite mass
source at the top, and an underlying aquifer at the base with fixed outflow as discussed in Case 3.  All of
the parameters are the same as in Case 3, except the vertical Darcy velocity will be 0.03 m/a, the horizontal
inflow velocity will be 4 m/a and there will be a finite mass top boundary condition. The finite mass top
boundary condition requires  the input of the Reference Height of Leachate (Hr), Rate of Increase in Con-
centration (Cr), and the Volume of Leachate Collected (Qc).

It is assumed in this example that the waste has an average thickness of 6.25 m and a density of 600 kg/m3,
and that chloride represents 0.2% of the total mass of the waste. Thus, the total mass of chloride per unit
area of the landfill (mtc) is calculated by multiplying the proportion of chloride by the density of the waste
and the thickness of the waste.

i.e.   mtc = 0.002 * 600 * 6.25 kg/m2

A peak concentration (co) for chloride of 1000 mg/L (i..e., 1 kg/m3) is assumed. The Reference Height of
Leachate is then:

Hr = mtc / co = 0.002 * 600 * 6.25 / 1 = 7.5 m

If the peak concentration is reached relatively early in the life of the landfill and the analysis starts at this
time, then there will be no increase in concentration with time. The Rate of Increase in Concentration (Cr)
would then be zero. 

The Volume of Leachate (Qc) collected is equal to the difference between the infiltration through the cover
(qo = 0.3 m/a here) and the exfiltration through the base (va = 0.03 m/a here), and is given by:

Qr = qo - va = 0.3 - 0.3 = 0.27 m/a

In this example the inflow in the aquifer at the up gradient edge of the landfill will be 4 m/a and the outflow
at the down gradient edge (vb) is then:

vb = (vb(in)*h*W + va*L*W)/(h*W) = va(in) + va*L/h = 4 + 0.03*200/3 = 6 m/a

Case 4: Finite Mass Source
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The following parameters  are assumed for the example:

Property Value Units
Darcy Velocity va 0.03 m/a

Diffusion Coefficient D 0.01 m2/a
Distribution CoefficientKd 0.0 cm3/g 
Soil Porosity n 0.4 -
Dry Density 1.5 g/cm3
Soil Layer Thickness H 4.0 m
Number of Sub-layers 4 -
Source Concentration co 1000.0 mg/L
Rate of Increase in  co c r   0.0 mg/L/a
Ref. Height of Leachate Hr 7.5 m
Volume Collected Qc 0.27 m/a
Landfill Length L 200.0 m
Landfill Width W 300.0 m
Thickness of Aquifer h 3.0 m
Porosity of Aquifer nb 0.3 -
Base Outflow Velocity vb 6.0 m/a
Upper and Lower Time Limits 25, 400 a

The landfill length is measured in the direction parallel to groundwater flow. And the landfill width is the
direction perpendicular to groundwater flow, since this is not a 3D analysis this parameter has no effect on
the results.

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 4 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example is the same as in Case 3, except for the Darcy velocity. To edit the Darcy
velocity either click on the title or select the General Data menu item from the Data Entry menu. On the
General Data form below the Darcy velocity of 0.03 m/a can be specified.

Case 4: Finite Mass Source
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Layer Data

The layer data for this model is the same as that in Case 3.

Boundary Conditions

The boundary conditions for the model are the can be specified by either clicking on the top or bottom
boundary or selecting the Boundary Conditions menu item from the Data Entry menu. In this example, the
top boundary has a finite mass and the bottom boundary is represented as an aquifer with a fixed outflow
velocity as shown on the Boundary Condition forms below.

Case 4: Finite Mass Source
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Run Parameters

The run parameters for this model can be specified by selecting the Run menu item from the Execute menu
or pressing the Run button on the toolbar. In this example the automatic search for the peak base concentra-
tion option is going to be used. The search depth will be 4 m (the bottom of the layer) and the lower and
upper time limits will be 25 and 400 years. 

Case 4: Finite Mass Source
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Provided the initial estimate for these time limits are reasonable the program will find the maximum even if
it lies outside these limits. The default values for the Accuracy and Maximum number of Search Attempts
should prove sufficient for this example and most other problems.

Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Case 4: Finite Mass Source
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Concentration vs Depth

The Concentration vs. Depth chart on the previous page can be displayed by pressing the Concentration vs
Depth button on the Output toolbar or selecting the Concentration vs Depth menu item from the Output
menu.

Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. The
maximum concentration in the aquifer in this example is 136 mg/L. This peak occurs at 70 years.

Case 4: Finite Mass Source
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Case 4: Finite Mass Source
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Case 5: Hydraulic Trap - Finite Mass Source
Description

This illustrates the use of the program for the case where there is a hydraulic trap (i.e., flow is into the land-
fill). The parameters are essentially the same as in Case 4, (where there was a finite mass source with a
leachate collection system and a fixed outflow base) except that the Darcy velocity has been changed and
the base aquifer is now assumed to be only 1 m thick with a porosity of 0.35 and is underlain by a low per-
meability layer. We also now choose to ignore the width of the landfill and take W = 1 m. This is the same
as modelling a 1 m strip through the landfill. This width, W, has no effect on the results.

The calculation and values for the Reference Height of Leachate is the same as in Case 4.  Again it is
assumed that the average infiltration through the cover, (qo) is 0.3 m/a. For this example the Darcy velocity
(va) into the base of the landfill is assumed to be -0.001 m/a. The negative value for the Darcy velocity
implies that the flow is upward. Neglecting the small volume of groundwater collected the average Volume
of Leachate Collected (Qc) is:

Qc = qo = 0.3 m/a

In this example the inflow in the aquifer at the up gradient edge of the landfill will be 4 m/a and the outflow
at the down gradient edge (vb) is then:

vb = vb(in) + va*L/h = 4 - 200*0.001 = 3.8 m/a

The following parameters are assumed for the example:

Property Value Units
Darcy Velocity va -0.001 m/a

Diffusion Coefficient D 0.01 m2/a
Distribution CoefficientK 0.0 cm3/g 
Soil Porosity n 0.4 -
Dry Density 1.5 g/cm3
Soil Layer Thickness H 4.0 m
Number of Sub-layers 4 -
Source Concentration co 1000.0 mg/L
Rate of Increase in  co c r 0.0 mg/L/a
Ref. Height of Leachate   Hr 7.5 m
Volume Collected Qc 0.3 m/a
Landfill Length L 200.0 m

Case 5: Hydraulic Trap - Finite Mass Source
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Landfill Width W 1.0 m
Thickness of Aquifer h 1.0 m
Porosity of Aquifer nb 0.35 -

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 5 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example is the same as in Case 4, except for the Darcy velocity. To edit the Darcy
velocity either click on the title or select the General Data menu item from the Data Entry menu. On the
General Data form below the Darcy velocity of -0.001 m/a can be specified.

Layer Data

The layer data for this model is the same as that in Case 4.

Case 5: Hydraulic Trap - Finite Mass Source
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Boundary Conditions

The boundary conditions for the model can be specified by either clicking on the top or bottom boundary or
selecting the Boundary Conditions menu item from the Data Entry menu. In this example, the top boundary
has a finite mass and the bottom boundary is represented as an aquifer with a fixed outflow velocity as
shown on the Boundary Condition forms below.

Case 5: Hydraulic Trap - Finite Mass Source
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Run Parameters

The run parameters for this model are the same as in Case 4. 

Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Case 5: Hydraulic Trap - Finite Mass Source
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Concentration vs Depth

The Concentration vs. Depth chart on the previous can be displayed by pressing the Concentration vs Depth
button on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.

Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. The
peak at 2008 years was found, even though the upper time limit specified by the user was 400 years. 

Case 5: Hydraulic Trap - Finite Mass Source
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The peak concentration in the aquifer at the down gradient edge of the landfill is only about 2 mg/L, com-
pared to the initial source concentration of 1000 mg/L. This peak is reached after 208 years. Thus with a
working hydraulic trap some contaminant reaches the base aquifer despite the inward gradient, however for
this diffusion coefficient and combination of parameters the impact is negligible. 

Case 5: Hydraulic Trap - Finite Mass Source
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Case 6: Fractured Layer and Sorption
Description

This example illustrates the use of the program for the case where one of the layers are fractured and there
is and sorption of the contaminant species. The “barrier” consists of a 1 m thick compacted clay layer over-
lying a 3 m thick fractured till. A reactive species (i.e., one that will sorb on to the clay) is modelled in this
case. The same finite mass source and leachate collection system is used as in the previous examples. 

A Darcy velocity (va) of 0.02 m/a through the deposit and an infiltration through the cover (qo) of 0.3 m/a
are assumed. The Volume of  Leachate Collected (Qc) is then given by:

Qc = qo - va = 0.3 - 0.02 = 0.28 m/a

As in the previous examples the inflow in the aquifer at the up gradient edge of the landfill is 4 m/a. The
outflow (vb) at the down gradient edge of the landfill is then:

vb = 4 + 200*0.02 = 8 m/a

The following parameters are defined for this example:

Property Value Units
Darcy Velocity va 0.02 m/a

Diffusion Coefficient D 0.01 m2/a
Distribution Coefficient Kd 1.5 cm3/g 
Soil Porosity n 0.4 -
Dry Density 2.0 g/cm3
Soil Liner Thickness HL 1.0 m
Number of Sub-layers 1 -
Fractured Till Thickness HT 3.0 m
Number of Sub-layers 1 -
Fracture spacing in x direction 2H1 1.0 m
Fracture opening in x     “ 2h1 10 µm
Fracture spacing in y direction 2H2 1.0 m        
Fracture opening in y    “ 2h2 10 µm 

Dispersion along fractures Df 0.06 m2/a

Fracture Distribution Coefficient Kf 0.0 cm3/g

Case 6: Fractured Layer and Sorption
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Property Value Units
Matrix Diffusion Coefficient Dm 0.01 m2/a

Matrix Distribution Coefficient Km 1.5 cm3/g
Matrix Porosity nm 0.4 -

Dry Density of Matrix 2.0 g/cm3
Source Concentration       co 1000 mg/L
Rate of Increase in  Conc. cr 0.0 mg/L/a
Reference Height of Leachate Hr 7.5 m
Volume of Leachate Collected Qc 0.28 m/a
Landfill Length L 200.0 m
Landfill Width W 1.0 m
Aquifer Thickness h 1.0 m
Aquifer Porosity nb 0.35 -
Base Outflow Velocity vb 8.0 m/a
Lower and Upper Time Limits 20, 300 a

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 6 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example can
be specified by either clicking on the
title or selecting the General Data
menu item from the Data Entry
menu. On the General Data form the
Darcy velocity of 0.02 m/a and the
number of layers of 2 can be speci-
fied.

Case 6: Fractured Layer and Sorption
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Layer Data

The layer data for the two layers can be specified by either clicking on the layers or selecting the Layer
Data menu item from the Data Entry menu. On this form the current layer number can be selected using the
arrows at the top of the form. The first layer in this model is a compacted clay with no fractures.

To enter the data for the second layer, click on the Next button at the top of the form. The second layer is a
fractured till with 2 dimensional fractures. 

Case 6: Fractured Layer and Sorption
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On the Fracture tab, the parameters for the two sets of fractures can be specified. The x and y directions for
a 2-dimensional fracture system refer to two sets of vertical fractures which are approximately perpendicu-
lar to each other. Fracture opening size is the gap between the walls of the fractures in m for metric units.

Boundary Conditions

The boundary conditions for the model are the can be specified by either clicking on the top or bottom
boundary or selecting the Boundary Conditions menu item from the Data Entry menu. In this example, the
top boundary has a finite mass and the bottom boundary is represented as an aquifer with a fixed outflow
velocity as shown on the Boundary Condition forms below.

Case 6: Fractured Layer and Sorption
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Run Parameters

The run parameters for this model can be specified by selecting the Run Parameters menu item from the
Data Entry menu.  On the Run Parameters form below, the parameters for searching for the maximum con-
centration can be specified.

Case 6: Fractured Layer and Sorption
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Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Concentration vs Depth

The Concentration vs. Depth chart below can be displayed by pressing the Concentration vs Depth button
on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.

Case 6: Fractured Layer and Sorption
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Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. The
peak concentration occurred at 618 years, which is outside the lower and upper time limits specified. In this
example the program was able to find the peak since the bounds were reasonably close to the peak time of
occurrence. 

Case 6: Fractured Layer and Sorption
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Case 6: Fractured Layer and Sorption
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Case 7: Fractured Rock and Radioactive Decay
Description

This example illustrates the use of the program for lateral migration of a radioactive contaminant in a frac-
tured porous rock with a single set of parallel fractures.  It considers advective-dispersive transport along
the fractures and diffusion into the rock matrix. The deposit is assumed to extend a considerable distance
from the source (effectively an infinite distance) but we are only interested here in what happens over the
first 50 m after 30 years.. 

It is assumed that the source concentration, co, is 1 unit and that the half life of the radioactive species is
100 years. The source is considered to have a sufficiently large supply that there is no significant change in
source concentration due to mass movement into the rock. However the source does experience radioactive
decay.

This example is also being used to illustrate the Maximum Sublayer Thickness Special Feature, for spec-
ifying sublayer thicknesses that are greater than 5 units.

The following parameters are defined for this example:

Property Value Units
Darcy Velocity va 0.08 m/a

Matrix Diffusion Coefficient Dm 0.0018 m2/a

Matrix Distribution Coefficient Km 0.0 cm3/g 
Matrix Porosity nm 0.05 -

Matrix Dry Density 2.0 g/cm3
Fractured Rock Thickness HT 50 m
Number of Sub-layers 5 -
Fracture spacing 2H1 0.05 m
Fracture opening 2h1 10 µm

Dispersion along fractures Df 6.0 m2/a

Fracture Distribution Coefficient Kf 0.0 cm3/g
Source Concentration c0 1.0 unit
Half life of contaminant 100 a
Time period of interest 30 a

Case 7: Fractured Rock and Radioactive Decay
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Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 7 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example can be specified by either clicking on the title or selecting the General
Data menu item from the Data Entry menu. On the General Data form below, the integration parameters for
the Laplace Transform have been increased for this example.  These parameters will need to be adjusted if
the output shows that the default parameters are insufficient.

Case 7: Fractured Rock and Radioactive Decay
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Layer Data

The layer data for the layer can be specified by either clicking on the layer or selecting the Layer Data
menu item from the Data Entry menu. On this form the data for the layer and fracture can be added as
below.

Case 7: Fractured Rock and Radioactive Decay
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Boundary Conditions

The boundary conditions for the model can be specified by either clicking on the top or bottom boundary or
selecting the Boundary Conditions menu item from the Data Entry menu. In this example, the top boundary
has a constant concentration and the bottom boundary is represented as a layer with infinite thickness, as
shown on the Boundary Condition forms below. For the Infinite Thickness boundary condition, the proper-
ties of the last layer in the Layer Data are assumed to extend infinitely.

Run Parameters

To set the times and depths to calculate the concentrations, select the Run Parameters menu item from the
Data Entry menu. The concentrations can either be calculated at specified times or the time of the maxi-
mum concentration can be found. In this example the concentrations will be calculated at a time of 30 years
and at 4 depths: 10, 30, 40, and 50 m.

Special Features

The radioactive decay and maximum sublayer thickness for this example are specified using the Special
Features menu.

Case 7: Fractured Rock and Radioactive Decay
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Radioactive Decay

To specify the radioactive decay, select the Radioactive/Biological Decay menu item from the Special Fea-
tures form. The Decay tab on the Radioactive/Biological Decay form shown on  the next page can be used
to specify the source and base decay.

The data for the depth ranges is entered on the Ranges tab, shown below. In this example there is one depth
range, corresponding to the entire thickness of the layer, with a half-life of 100 years.

Case 7: Fractured Rock and Radioactive Decay
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Maximum Sublayer Thickness

The Maximum Sublayer Thickness special feature allows the user to override the default maximum sub-
layer thickness of 5 units. This maximum is set to avoid problems with exponential overflow which can
sometimes occur if the sublayers are too large. When overriding the default you take the risk that the pro-
gram will crash or give false results - caveat emptor!.

To change the maximum sublayer thickness, select the Maximum Sublayer Thickness menu item from the
Special Features menu, the Maximum Sublayer Thickness form below will then be displayed. In this exam-
ple a value of 10.01 is used, each sublayer may be up to 10.01 m thick in this example. The reason for
changing this parameter is to allow the calculation of depth at 10 m intervals in the 50 m layer.

Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Concentration vs Depth

The Concentration vs. Depth chart on the next page can be displayed by pressing the Concentration vs
Depth button on the Output toolbar or selecting the Concentration vs Depth menu item from the Output
menu.

Case 7: Fractured Rock and Radioactive Decay
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Case 7: Fractured Rock and Radioactive Decay
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Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 

Case 7: Fractured Rock and Radioactive Decay
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Case 7: Fractured Rock and Radioactive Decay
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Below is the results using the default Laplace Transform parameters. These results are clearly wrong! The
other values  are correct. We can get the correct value at 50 m by increasing the amount of integration as
indicated in the previous output listing.

Case 7: Fractured Rock and Radioactive Decay
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Case 8: Diffusion with Initial Concentration Profile
Description

The results of a laboratory diffusion test are analyzed in this example [see Rowe, Caers & Barone, 1988;
Barone, Yanful, Quigley & Rowe, 1989]. In this example the diffusion of Potassium in a clay is examined.
The clay has an initial background concentration of Potassium of 10 mg/L. 

The leachate source has an initial concentration (co) of 400 mg/L, and the physical height of the leachate in
the reservoir above the soil was 6 cm. At the base of the specimen there was an impermeable barrier (i.e.,
zero flux). 

Following are the parameters used in this example:

Property Value Units
Darcy Velocity va 0.0 m/d

Diffusion Coefficient D 0.648 cm2/d
Distribution Coefficient  Kd 2.68 cm3/g 
Soil Porosity n 0.39 -
Dry Density 1.68 g/cm3
Soil Layer Thickness       H 4.5 cm
Number of Sub-layers 10 -
Source Concentration co 400.0 mg/L
Ref. Height of Leachate Hr 6.0 cm
Background Concentration 10.0 mg/L
Times of Interest t 3, 6, 9 d

12, 15 d

When using an initial concentration profile (eg. background 10 mg/L in this example) the user should have
at least three layers, with the top and bottom layer being very thin. In this example layers 1 and 3 are taken
to be 0.1 cm thick and layer 2 (the main layer) is taken to be 4.5 - 0.2 = 4.3 cm thick.

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 8 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

Case 8: Diffusion with Initial Concentration Profile
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General Data

The general data for this example can be specified by either clicking on the title or selecting the General
Data menu item from the Data Entry menu. On the General Data form below, the Darcy velocity is set to
zero for pure diffusion.

Layer Data

The layer data for the layers can be specified by either clicking on a layer or selecting the Layer Data menu
item from the Data Entry menu. On this form the data for the layers can be added as shown below.

Case 8: Diffusion with Initial Concentration Profile
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There are no fractures in these layers. For pure diffusion even if there were fractures it should be modelled
as if the soil was unfractured, since there would be no flow in the fractures for pure diffusion.

Boundary Conditions

The boundary conditions for the model can be specified by either clicking on the top or bottom boundary or
selecting the Boundary Conditions menu item from the Data Entry menu. In this example, the top boundary
has a finite mass and the bottom boundary is represented as a zero flux layer, as shown on the Boundary
Condition forms on the next page. 

Case 8: Diffusion with Initial Concentration Profile
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Run Parameters

To set the times and depths to calculate the concentrations, select the Run Parameters menu item from the
Data Entry menu. The concentrations can either be calculated at specified times or the time of the maxi-
mum concentration can be found. In this example the concentrations will be calculated at 5 times: 3, 6, 9,
12, and 15 years.

Case 8: Diffusion with Initial Concentration Profile
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Special Features

The initial concentration profile for this example is specified using the Special Features menu.

Initial Concentration Profile

To specify the initial concentration profile, select the Initial Concentration Profile menu item from the Spe-
cial Features form. The Concentration Profile tab on the form shown below can be used  to specify the type
of profile as either Depth Intervals or Sublayers.

Case 8: Diffusion with Initial Concentration Profile
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Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Concentration vs Depth

The Concentration vs. Depth chart below can be displayed by pressing the Concentration vs Depth button
on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.

Case 8: Diffusion with Initial Concentration Profile
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Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 

Case 8: Diffusion with Initial Concentration Profile
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Case 8: Diffusion with Initial Concentration Profile
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Case 8: Diffusion with Initial Concentration Profile
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Case 9: Freundlich Non-linear Sorption

Description

In this example a laboratory test is simulated using  diffusion and Freundlich non-linear sorption.  The sam-
ple is a 7 cm thick clay with an impermeable base and a finite mass source of Phenol. The leachate source
has an initial concentration (co) of 50 mg/L, and the physical height of the leachate in the reservoir above
the soil was 6.5 cm. Parameters for the Freundlich isotherm were obtained experimentally from batch tests,
these are Kf=2 and =0.628 (see the section on  Freundlich Non-linear Sorption in Chapter 4 for a discussion
on these parameters).

Following are the parameters used in this example:

Property Value Units
Darcy Velocity va 0.0 cm/hr

Diffusion Coefficient D 0.019 cm2/hr
Sorption Coefficient  Kf 2.0 cm3/g 
Sorption Exponent 0.628 -
Soil Porosity n 0.46 -
Dry Density 1.47 g/cm3
Soil Layer Thickness       H 7.0 cm
Number of Sub-layers 14 -
Source Concentration      co 50.0 mg/L
Ref. Height of Leachate Hr 6.5 cm
Times of Interest t 200, 400 hr

600, 800 hr

When using non-linear sorption the accuracy of the solution is dependent on the number of sub-lay-
ers used.

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 9 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

Case 9: Freundlich Non-linear Sorption
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General Data

The general data for this example can be specified by either clicking on the title or selecting the General
Data menu item from the Data Entry menu. On the General Data form below, the Darcy velocity is set to
zero for pure diffusion.

Layer Data

The layer data for the layer can be specified by either clicking on a layer or selecting the Layer Data menu
item from the Data Entry menu. On this form the data for the layer can be added as shown below. When
using non-linear sorption the Distribution Coefficient is automatically calculated. The value entered below
is ignored by the program.

Case 9: Freundlich Non-linear Sorption
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There are no fractures in the layer. For pure diffusion even if there were fractures it should be modelled as
if the soil was unfractured, since there would be no flow in the fractures for pure diffusion through the
matrix.

Boundary Conditions

The boundary conditions for the model can be specified by either clicking on the top or bottom boundary or
selecting the Boundary Conditions menu item from the Data Entry menu. In this example, the top boundary
has a finite mass and the bottom boundary is represented as a zero flux layer, as shown on the Boundary
Condition form below. 

Run Parameters

To set the times and depths to calculate the concentrations, select the Run Parameters menu item from the
Data Entry menu. The concentrations can either be calculated at specified times or the time of the maxi-
mum concentration can be found. In this example the concentrations will be calculated at 4 times: 200, 400,
600, and 800 years.

Special Features

The non-linear sorption for this example is specified using the Special Features menu.

Case 9: Freundlich Non-linear Sorption
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Non-linear Sorption

To specify the Freundlich non-linear sorption, select the Non-linear Sorption menu item from the Special
Features form. The Sorption Data tab on the Non-linear Sorption form shown on the next page can be used
to specify the type of sorption as either Freundlich or Langmuir.

The Freundlich non-linear sorption parameters are entered on the Layer Data tab shown below. These para-
meters are determined experimentally. The iterative procedure used to determine the distribution coefficient
is repeated until either the maximum change in concentrations between iterations is less than 0.1% or the
maximum number of iterations is reached. Minimum reference concentration is the minimum value that
will be used in calculating the distribution coefficient. If the average concentration in a sub-layer is less
than this minimum reference value, then the reference value is used in the calculation of the distribution
coefficient (see the section on Freundlich Non-linear Sorption in Chapter 4 for more information).

Case 9: Freundlich Non-linear Sorption
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Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Concentration vs Depth

The Concentration vs. Depth chart below can be displayed by pressing the Concentration vs Depth button
on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.

Case 9: Freundlich Non-linear Sorption
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Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 

Case 9: Freundlich Non-linear Sorption
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Case 9: Freundlich Non-linear Sorption
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Case 9: Freundlich Non-linear Sorption
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Case 10: Time-varying Transport
Description

This example illustrates the use of the programs to study time-varying rates of advective-dispersive trans-
port from a landfill, using the  Variable Properties special feature. The landfill contains a finite mass of a
conservative species, and has a leachate collection system. Initially there is an inward hydraulic gradient
causing a hydraulic trap. After 20 years the collection of leachate is terminated and the leachate mound
begins to build reaching it’s maximum height after another 10 years. The increased leachate mound causes
a reversal in the hydraulic gradient, that results in a reversal of the Darcy velocity and the loss of the
hydraulic trap.

The analysis starts at time zero which corresponds to the completion of the landfill and the development of
a peak leachate concentration (co) of 1000 mg/L. It is assumed that the average waste thickness is 6.25 m
with a density of 600 kg/m3, and that the contaminant represents 0.2% of the total mass of the waste. Thus
the total mass of contaminant per unit area of landfill is:

mtc = 0.002 * 600 = 6.25 kg/m2

The Reference Height of Leachate (Hr) is then calculated by dividing the total mass of contaminant per unit
area (mtc) by the contaminant concentration (co).

Hr = (0.002 * 600 * 6.25) / 1 = 7.5 m

It is also assumed that the peak concentration in the landfill is reached relatively early in the life of the
landfill, and that the analysis starts at this time. Consequently there is no increase in concentration with
time and the Rate of Increase in Concentration (cr) with time is zero. 

The average infiltration through the cover (qo) is assumed to be 0.3 m/a. If the average exfiltration through
the base of the landfill is va (which varies with time), then the Volume of Leachate Collected is:

Qc = qo - va = 0.3 - va

In this example the landfill is situated in a 4 m thick clay, which in underlain by an aquifer. The landfill  is
assumed to be 200 m long in the direction parallel to the groundwater flow in the aquifer. At the up gradient
edge of the landfill the inflow in the aquifer is given by a Darcy velocity of 2 m/a. The outflow Darcy
velocity at the down gradient edge of the landfill (vb) is assumed to be 2 m/a from years 0 to 20, then
increasing between 20 and 30 years according to the relationship:

Case 10: Time-varying Advective-dispersive Transport
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vb = 2 + 200 * va

After 30 years the outflow Darcy velocity (vb) is 6.2 m/a.

When using the Variable Properties special feature it is possible to independently specify the diffusion coef-
ficient (Dm) and the dispersivity (). In this example the dispersivity is assumed to be zero for inward flow
(i.e., va <  0), and is 0.4 m for outward flow (i.e., va > 0). The coefficient of hydrodynamic dispersion (D)
is then calculated by:

D = Dm + α * va/n

where n is the porosity, in this example 0.4.

Following are the parameters used in this example:

Property Value Units
Darcy Velocity va variable m/a

Diffusion Coefficient D 0.02 m2/a
Distribution Coefficient  Kd 0.0 cm3/g 
Dispersivity (va < 0) 0.0 m
Dispersivity (va > 0) 0.4 m
Soil Porosity n 0.4 -
Dry Density 1.5 g/cm3
Soil Layer Thickness       H 4.0 m
Number of Sub-layers 12 -
Source Concentration       co 1000 mg/L
Ref. Height of Leachate     Hr 7.5 m
Volume of Leachate Collected Qc variable m/a
Landfill Length L 200.0 m
Landfill Width W 1.0 m
Aquifer Thickness h 1.0 m
Aquifer Porosity nb 0.3 -
Aquifer Outflow Velocity vb variable m/a

When using the Variable Properties special feature the accuracy of the solution is dependent on the number
of sub-layers used.

Case 10: Time-varying Advective-dispersive Transport
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This example is for a hypothetical landfill and is used to illustrate how to prepare an input file and
run an analysis using the Variable Properties option. The example is not a prescription for modelling
contaminant migration during operation and failure of a landfill. Each landfill has its own unique
characteristics and no general prescription can be made. The Variable Properties option should only
by used by someone with the hydrogeologic and engineering background necessary to appreciate the
subtleties associated with the physical situation and the steps necessary for appropriate modelling of
this physical situation. 

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 10 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example can be specified by either clicking on the title or selecting the General
Data menu item from the Data Entry menu. In the General Data form below, the Darcy velocity can  be
specified if the Time-varying Properties special feature is used. Any Darcy velocity entered will be ignored.

Case 10: Time-varying Advective-dispersive Transport
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Layer Data

The layer data for the layer can be specified by either clicking on a layer or selecting the Layer Data menu
item from the Data Entry menu. On this form the data for the layer can be added as shown below. 

Case 10: Time-varying Advective-dispersive Transport
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Boundary Conditions

The boundary conditions for the model can be specified by either clicking on the top or bottom boundary or
selecting the Boundary Conditions menu item from the Data Entry menu. In this example, the top boundary
has a finite mass and the bottom boundary is represented by a fixed outflow aquifer, as shown on the
Boundary Condition form below.  If the Time-varying Properties special feature has been selected, the
Mass tab will not be shown and the source parameters will be entered in the Time-Varying Properties form.
If the Time-varying Properties special feature has not been selected yet, any parameters entered on the
Finite Mass tab will be ignored.

Run Parameters

To set the times and depths to calculate the concentrations, select the Run Parameters menu item from the
Data Entry menu. The concentrations can either be calculated at specified times or the time of the maxi-
mum concentration can be found. When the time-varying properties special feature is used the times to cal-
culate the concentrations are specified in the Time-Varying Properties form. In this example the
concentrations will be calculated at 5 depths: 0, 1, 2, 3, and 4 m.

Case 10: Time-varying Advective-dispersive Transport
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Special Features

The time-varying properties for this example is specified using the Special Features menu.

Time-Varying Properties

To specify the time-varying properties, select the Time-Varying Properties menu item from the Special Fea-
tures form. The Time-Varying Data tab on the Time-Varying Properties form shown below can be used  to
specify the number of time periods and whether there are variable layer properties and variable decay. In
this example there are 3 time periods viz.  0 to 20 years, 20 to 30 years, and 30 to 130 years.

Case 10: Time-varying Advective-dispersive Transport
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Time Period 1

The data for each time period is specified on the Source Properties tab shown below. In the first time
period, specifying only one time increment means that the concentrations will only be calculated at the end
time (i.e., 20 years).  A negative Darcy velocity indicates the flow is upwards.Since the first time period
corresponds to an operating leachate collection system and there is no additional mass entering the landfill;
there is no increase in source concentration, Darcy velocity, Volume of Leachate Collected, or Base veloc-
ity.

Time Period 2

The data for time period two can be specified by pressing the next button at the top of the form. This time
period is from 20 to 30 years and is shown on the next page.Between the years 20 and 30 the velocities
increase linearly with time, this will be approximated by a series of incremental increase at 1 year intervals.
Thus there are 10 increments starting at year 21 and ending at year 30. Specifying the source concentration
as -1 causes the calculated concentration at the end of the previous period to be used as the concentration at
the beginning of this period. 

The Darcy velocity and dispersivity are the values at the beginning of the time period. When operation of
the leachate collection system is terminated the leachate mound begins to rise causing the Darcy velocity to
reverse direction and become positive. A positive Darcy velocity results in the dispersivity becoming 0.4.

Case 10: Time-varying Advective-dispersive Transport
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The increment in Darcy velocity represents the change for each one year increment. Assuming the infiltra-
tion through the cover is constant the increment in the volume of leachate collected will be equal and oppo-
site to the increment in the Darcy velocity. The increment in the base velocity is equal to the increment in
the Darcy velocity multiplied by the length of the landfill (i.e., 0.0021 * 200 = 0.42 m/a).

Time Period 3

The data for time period three should be entered next, this time period is from 30 to 130 years and is shown
on the next page. During the 100 years between 30 and 130 years the velocities remain constant. By speci-
fying 10 increments the concentrations will be calculated and listed every 10 years during this period. The
Darcy velocity is the resulting velocity from the build-up of leachate after the failure of the leachate collec-
tion system. 

Since the leachate collection has completely failed by the start of this time period and the leachate mound
has fully developed, there is no further increase in the velocities. Note that there will still be some leachate
collected by the toe drains, which are assumed to be functioning even though the leachate collection system
has failed.

The volume of leachate collected by the toe drains is equal to the infiltration through the cover minus the
downward Darcy velocity (i.e., 0.3 - 0.021 = 0.279 m/a). And the base velocity is equal to the inflow plus
the Darcy velocity times the landfill length (i.e., 2 + 200*0.021 = 6.2 m/a).

Case 10: Time-varying Advective-dispersive Transport
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Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Case 10: Time-varying Advective-dispersive Transport
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Concentration vs Depth

The Concentration vs. Depth chart below can be displayed by pressing the Concentration vs Depth button
on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.

Case 10: Time-varying Advective-dispersive Transport
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Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 

Case 10: Time-varying Advective-dispersive Transport
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Case 10: Time-varying Advective-dispersive Transport
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Case 10: Time-varying Advective-dispersive Transport
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Case 11: Time-varying Source Concentration
Description

In this example there is a time-varying source concentration history and diffusive transport of a conserva-
tive species (i.e., no sorption) from a landfill. Time zero corresponds to the excavation of a landfill cell, the
cell then filled quickly with water to a depth of 6 m. No waste was added to the cell  for 7 years. The land-
fill is situated in a clay that contains chloride in its pore water at a concentration of 120 mg/L. During the 7
years that the cell contained water the chloride began to diffused out of the clay pore water and into the cell
water. Between the years 7 and 10, waste was added to the cell and the source concentration of chloride
increased linearly with time reaching a peak value at year 10 of 2100 mg/L. The source concentration of
chloride then remained relatively constant between the years 10 and 13. During the years 13 to 15 the
source concentration decreased linearly with time to a value of 1180 mg/L at year 15. The source concen-
tration then remained relatively constant again from years 15 to 19. This example will calculate the pre-
dicted chloride distribution with depth at year 19.

There is no leachate collection system in the landfill, and the water level in the waste corresponds to the
natural water level. The hydraulic gradient is zero, and hence the Darcy velocity is zero. And the clay is
sufficiently thick that it can be assumed to be infinite for the time period under consideration.

When using the Variable Properties special feature it is possible to independently specify the diffusion coef-
ficient (Dm) and the dispersivity (). In this example the dispersivity is assumed to be zero since there is no
flow. Clearly if there is no flow then the value of the dispersivity is not relevant since the coefficient of
hydrodynamic dispersion (D) is then calculated by:

D = Dm + α * va /n

The Reference Height of Leachate for this example is the same as the depth of water in the cell (i.e., 6 m).
In this example the source concentration is assigned specific values at various times by setting the value of
the Reference Height of Leachate very large. Setting the Reference Height of Leachate very large will
ensure that the source concentration remains constant during that time interval.

Following are the parameters used in this example:

Property Value  Units
Darcy Velocity va 0.0 m/a

Diffusion Coefficient Dm 0.00663 m2/a

Distribution Coefficient  Kd 0.0 cm3/g 
Dispersivity 0.0 m
Soil Porosity n 0.37 -

Case 11: Time-varying Source Concentration with Background
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Property Value  Units
Dry Density 1.6 g/cm3
Soil Layer Thickness       infinite m
Thickness of Interest H 1.5 m
Number of Sub- layers 15 -
Source Concentration       co variable mg/L
Reference Height of Leachate Hr 6.0 m
Volume of Leachate Collected Qc 0.0 m/a

When using the Variable Properties special feature the accuracy of the solution is dependent on the number
of sub-layers used.

This example is for a hypothetical landfill and is used to illustrate how to prepare an input file and
run an analysis using the Variable Properties option. The example is not a prescription for modelling
contaminant migration from a landfill. Each landfill has its own unique characteristics and no gen-
eral prescription can be made. The Variable Properties option should only by used by someone with
the hydrogeologic and engineering background necessary to appreciate the subtleties associated with
the physical situation and the steps necessary for appropriate modelling of this physical situation. 

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 11 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example can be specified by either clicking on the title or selecting the General
Data menu item from the Data Entry menu. In the General Data form on the next page, the Darcy velocity
can not be specified if the Time-varying Properties special feature is used. Any Darcy velocity entered will
be ignored.

Name of Section
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Layer Data

The layer data for the layer can be specified by either clicking on a layer or selecting the Layer Data menu
item from the Data Entry menu. On this form the data for the layer can be added as shown below. Although
the clay layer is assumed to be infinite, the concentrations for only the top 1.5 m will be calculated. This is
the depth interval where the contaminant plume is expected.

Case 11: Time-varying Source Concentration with Background
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Boundary Conditions

The boundary conditions for the model can be specified by either clicking on the top or bottom boundary or
selecting the Boundary Conditions menu item from the Data Entry menu. In this example, the top boundary
has a finite mass and the bottom boundary is represented by a layer of infinite thickness, as shown on the
Boundary Condition form below.  If the Time-varying Properties special feature has been selected, the
Finite Mass tab will not be shown and the source parameters will be entered in the Time-Varying Properties
form. If the Time-varying Properties special feature has not been selected yet, any parameters entered on
the Finite Mass tab will be ignored.

Run Parameters

To set the times and depths to calculate the concentrations, select the Run Parameters menu item from the
Data Entry menu. The concentrations can either be calculated at specified times or the time of the maxi-
mum concentration can be found. When the time-varying properties special feature is used the times to cal-
culate the concentrations are specified in the Time-Varying Properties form. 

Special Features

The initial concentration profile and time-varying properties for this example are specified using the Spe-
cial Features menu.

Case 11: Time-varying Source Concentration with Background
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Initial Concentration Profile

To specify the initial concentration profile, select the Initial Concentration Profile menu item from the Spe-
cial Features form. The Concentration Profile tab on the form shown on the next page can be used  to spec-
ify the type of profile as either Depth Intervals or Sublayers. The concentration profile can be specified as a
constant for given depth intervals or as a different value for every sublayer. 

In this example the background concentration is uniform with depth, and can be specified as a constant 120
mg/L over 1 depth interval.

Case 11: Time-varying Source Concentration with Background
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Time-Varying Properties

To specify the time-varying properties, select the Time-Varying Properties menu item from the Special Fea-
tures form. The Time-Varying Data tab on the Time-Varying Properties form shown below can be used  to
specify the number of time periods and whether there are variable layer properties and variable decay. In
this example there are 5 time periods viz.  0 to 7 years, 7 to 10 years, 10 to 13 years, 13 to 15 years, and 15
to 19 years.

Case 11: Time-varying Source Concentration with Background
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Time Period 1

The data for each time period is specified on the Source Properties tab shown on the next page. In the first
time period, specifying only one time increment means that the concentrations will only be calculated at the
end time (i.e., 7 years).The beginning source concentration is zero, since fresh water is initially filling the
cell.

Case 11: Time-varying Source Concentration with Background
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Time Period 2

The data for time period two can be specified by clicking on the next arrow at the top of the form. This time
period is from 7 to 10 years, and is shown below. Between the years 7 and 10 the source concentration
increase linearly with time at a rate of 700 mg/L per year. 

Only one time increment is necessary, since we are not interested in calculating the concentrations at any
intermediate times. Specifying the source concentration as -1 causes the calculated concentration at the end
of the previous period to be used as the concentration at the beginning of this period. The Leachate Refer-
ence Height is set very high in order to ignore the effects of source depletion.

Case 11: Time-varying Source Concentration with Background
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Time Period 3

Next the data for time period three should be entered, this time period is from 10 to 13 years, and is shown
below. During the 3 years between 10 and 13 years the source concentration remains constant. 

Specifying the beginning concentration as -1 indicates to use the calculated concentration at the end of the
previous time period as the concentration at the start of this time period. The Leachate Reference Height is
set very high in order to ignore the effects of source depletion.

Case 11: Time-varying Source Concentration with Background
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Time Period 4

Next the data for time period four should be entered as shown on the form below, this time period is from
13 to 15 years. Between the years 13 and 15 the source concentration decreases linearly with time at the
rate of 460 mg/L per year. 

Specifying the beginning concentration as -1 indicates to use the calculated concentration at the end of the
previous time period as the concentration at the start of this time period. The Leachate Reference Height is
set very high in order to ignore the effects of source depletion.

Case 11: Time-varying Source Concentration with Background
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Time Period 5

Data for the last time period should be entered, this time period is from 15 to 19 years.  For the 4 years
between 15 and 19 the source concentration is assumed to remain constant at 1180 mg/L. The Leachate
Reference Height is set very high in order to ignore the effects of depletion of the source.

Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Case 11: Time-varying Source Concentration with Background
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Concentration vs Depth

The Concentration vs. Depth chart below can be displayed by pressing the Concentration vs Depth button
on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.

Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 

Case 11: Time-varying Source Concentration with Background
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Case 11: Time-varying Source Concentration with Background
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Case 11: Time-varying Source Concentration with Background
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Case 11: Time-varying Source Concentration with Background
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Case 12: POLLUTE vs. Analytical Solution
Description

The results obtained from POLLUTE are compared to those obtained by an analytical solution developed
by Tang et al. (1981) for a single fracture system. A conservative contaminant is considered with a constant
source concentration of 1. The fractures are 10 µm wide, have a groundwater (seepage) velocity along the
fracture of 730 m/a, a dispersivity of zero, and a diffusion coefficient along the fractures of 0.077 m2/a. In
this comparison the fracture spacing is  1 m. Because of the very low matrix diffusion coefficient there is
no interaction between fractures over the time frame considered, thus the same result would be obtained if
the fracture spacing were increased to 10 m. The Darcy velocity, which occurs along the fractures, can be
calculated by multiplying the fractures per m times the fracture width times the seepage velocity:

va = 10x10-6 * 1 * 730 = 0.73x10-2

A porosity of 0.05 and tortuosity (the ratio of effective diffusion coefficient to the molecular diffusion coef-
ficient in water) of 0.0000983 were assumed for the matrix material. The matrix diffusion coefficient is
then given by multiplying the fracture diffusion coefficient and the tortuosity:

Dm = 0.077 * 0.0000983 = 7.5691x10-6

The following parameters are defined for this example:

Property Value Units
Darcy Velocity va 0.73E-2 m/a
Soil  Thickness H 400.0 m
Number of Sub-layers 4 -
Fracture spacing 2H1 1.0 m
Fracture opening 2h1 10E-6 m

Dispersion along fractures Df 0.077 m2/a

Fracture Distribution Coef. Kf 0.0 cm3/g

Matrix Diffusion Coefficient Dm 7.57E-6 m2/a

Matrix Distribution Coef. Km 1.0 cm3/g
Matrix Porosity nm 0.05 -

Dry Density of Matrix 0.0 g/cm3
Source Concentration       co 1.0 mg/L

Case 12: POLLUTE vs Analytical Solution
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Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 12 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example can be specified by either clicking on the title or selecting the General
Data menu item from the Data Entry menu. In the General Data form on the next page, the Darcy velocity
can be specified as 0.73x10-2. 

Layer Data

The layer data for the layer can be specified by either clicking on a layer or selecting the Layer Data menu
item from the Data Entry menu. On this form, shown on the next page, the data for the layer can be added. 

Case 12: POLLUTE vs Analytical Solution
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On the Fractures tab, the data for the one dimensional fractures can be specified. The fracture opening size
is the gap between the walls  of the fracture.

Case 12: POLLUTE vs Analytical Solution
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Boundary Conditions

The boundary conditions for the model can be specified by either clicking on the top or bottom boundary or
selecting the Boundary Conditions menu item from the Data Entry menu. In this example, the top boundary
has a constant concentration and the bottom boundary is represented by a layer of infinite thickness, as
shown on the Boundary Condition form below. 

Run Parameters

To set the times and depths to calculate the concentrations, select the Run Parameters menu item from the
Data Entry menu. The Run Parameters form on the next page will be displayed. The concentrations can
either be calculated at specified times or the time of the maximum concentration can be found.  In this
example the concentrations will be calculated at 25 years and at 4 depths: 100, 200, 300, and 400 m.

Case 12: POLLUTE vs Analytical Solution
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Special Features

The maximum sublayer thickness for this example can be specified using the Special Features menu.

Maximum Sublayer Thickness

The default maximum sublayer thickness is 5 depth units. This maximum is set to avoid problems with
exponential overflow, which can sometimes occur if the sublayers are too thick. To override the default
maximum sublayer thickness the Maximum Sublayer Thickness feature is used, when over riding this
default the user takes the chance that the program will “crash” or give false results - caveat emptor.

Case 12: POLLUTE vs Analytical Solution
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To specify the maximum sublayer thickness select the Maximum Sublayer Thickness menu item from the
Special Features menu, the Maximum Sublayer Thickness form on the previous page will be shown. By
specifying the maximum sublayer thickness as 100.01 the sublayers can be up to 100.01 units thick. In this
example the sublayers are 100 units thick.

Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Output Comparison

The calculated concentrations from the POLLUTE program and the analytical solution by Tang et al.
(1981) are listed below. Both solutions give identical results.

Depth POLLUTE Analytical Solution
(m) (mg/L) (mg/L)

100 0.5930 0.5930
200 0.2838 0.2838
300 0.1069 0.1069
400 0.0311 0.0311

Concentration vs Depth

The Concentration vs. Depth chart below can be displayed by pressing the Concentration vs Depth button
on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.

Case 12: POLLUTE vs Analytical Solution
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Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 

Case 12: POLLUTE vs Analytical Solution
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Case 12: POLLUTE vs Analytical Solution
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Case 13: Comparison with Analytical Method
Description

In this example the results of POLLUTE are compared to those obtained by the analytical solution given by
TDAST. TDAST is a computer program for 2-D plane dispersion in an infinitely deep porous media, devel-
oped by Javandel et al. (1984). An infinitely thick layer is considered, however for comparison purposes the
calculations will be restricted to the first 10 m. Below the layer the bottom boundary is assumed to extend
to infinity and have the same properties as the layer above. The following parameters are assumed for the
example:

Property Value Units
Darcy Velocity va 1.0 m/a

Diffusion Coefficient    D 0.01 m2/a
Distribution Coefficient Kd 0.0 cm3/g
Soil Porosity n 1.0 -
Dry Density 0.0 g/cm3
Soil Layer Thickness H 10.0 m
Number of Sub-layers 20 -
Source Concentration       co 1.0 g/L
Times of Interest t 4 a

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 13 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example can be specified by either clicking on the title or selecting the General
Data menu item from the Data Entry menu. The General Data form on the next page will be displayed. In
this example there is one layer and the Darcy velocity is 1 m/a.

Case 13: Comparison with Analytical Method
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Layer Data

The layer data for the layer can be specified by either clicking on a layer or selecting the Layer Data menu
item from the Data Entry menu. When there is no sorption (i.e., the distribution coefficient is zero) the dry
density is not used and can be specified as zero. 

Case 13: Comparison with Analytical Method
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Boundary Conditions

The boundary conditions for the model can be specified by either clicking on the top or bottom boundary or
selecting the Boundary Conditions menu item from the Data Entry menu. In this example, the top boundary
has a constant concentration and the bottom boundary is represented by a layer of infinite thickness, as
shown on the Boundary Condition form below. 

Run Parameters

To set the times and depths to calculate the concentrations, select the Run Parameters menu item from the
Data Entry menu. The Run Parameters form on the next page will be displayed. The concentrations can
either be calculated at specified times or the time of the maximum concentration can be found.  In this
example the concentrations will be calculated at 4 years and at 14 depths from 0.5 to 10 m.

Case 13: Comparison with Analytical Method
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Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Concentration vs Depth

The Concentration vs. Depth chart on the next page can be displayed by pressing the Concentration vs
Depth button on the Output toolbar or selecting the Concentration vs Depth menu item from the Output
menu.

Case 13: Comparison with Analytical Method
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The results of the POLLUTE program are compared to those obtained by the TDAST program in the figure
below. Concentrations obtained by both methods are in close agreement for a dispersion coefficient of 0.01
m2/a. However, it should be noted that at higher values of dispersion coefficient, for example 5 or 10 m2/a,
the POLLUTE program will not give the same result as TDAST. This is because POLLUTE considers only
1-dimensional migration in the layer below the source, whereas TDAST considers 2-dimensional migra-
tion.

Case 13: Comparison with Analytical Method
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Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 

Case 13: Comparison with Analytical Method
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Case 13: Comparison with Analytical Method
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Case 14: Primary and Secondary Collection 
Description

In this example a landfill with both a primary and a secondary leachate collection system is modelled using
the Passive Sink special feature. The landfill contains a finite mass of a conservative contaminant species,
and is underlain by an aquifer with fixed outflow. A passive sink is used to model the secondary leachate
collection system, which is assumed to be composed of a 0.3 m thick granular layer. The Darcy velocity is
assumed to be 0.01 m/a downward from the landfill to the secondary leachate collection system, and 0.0
m/a between the secondary leachate collection system and the aquifer (i.e., the water table is assumed to be
at the base of the secondary leachate collection system).

The analysis starts at time zero which corresponds to the completion of the landfill and the development of
a peak leachate concentration (co) of 1000 mg/L. It is assumed that the average waste thickness is 6.25 m
with a density of 600 kg/m3, and that the contaminant represents 0.2% of the total mass of the waste. Thus
the total mass of contaminant per unit area of landfill is:

mtc = 0.002 * 600 * 6.25 = 7.5 kg/m2

The Reference Height of Leachate (Hr) is then calculated by dividing the total mass of contaminant per unit
area (mtc) by the contaminant concentration (co).

Hr = 0.002 * 600 * 6.25 / 1 = 7.5 m

It is also assumed that the peak concentration in the landfill is reached relatively early in the life of the
landfill, and that the analysis starts at this time. Consequently there is no increase in concentration with
time and the Rate of Increase in Concentration (cr) with time is zero. 

The average infiltration through the cover (qo) is assumed to be 0.3 m/a. If the average exfiltration through
the base of the landfill (va) is 0.01 m/a, then the Volume of Leachate Collected is:

Qc = qo - va = 0.3 - 0.01 = 0.29 m/a

The strata beneath the landfill consists of a 1 m clay layer, a 0.3 m  granular layer (i.e., secondary leachate
collection system), a 2 m aquitard layer, underlain by a 1 m thick aquifer. The landfill is assumed to be 200
m long in the direction parallel to the groundwater flow in the aquifer. At the up gradient edge of the land-
fill the inflow in the aquifer is given by a Darcy velocity of 4 m/a. 

Case 14: Primary and Secondary Leachate Collection
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The outflow Darcy velocity at the down gradient edge of the landfill (vb) is then by multiplying the landfill
length (200 m) by the Darcy velocity below the secondary leachate collection system (0.0 m/a) and adding
the inflow, viz:

vb = 4 + 200 / 1 * va = 4 m/a

When using the Passive Sink Properties special feature the deposit is divided into layers which can have
vertical and horizontal flows In the example 3 layers are necessary, the first is from the base of the landfill
to the top of the secondary leachate collection system, the second is the secondary leachate collection sys-
tem, and the third is from the base of the secondary leachate collection system to the aquifer. In the first
layer there is a vertical downwards Darcy velocity of 0.01 m/a and no horizontal flow. The second layer has
a horizontal flow which is equal to the difference in Darcy velocity between the layers above and below,
multiplied by the landfill length and divided by the layer thickness, viz:

vs = (va1 - va2) * L /h = (0.01 - 0.0) * 200 / 0.3 = 6.67 m/a

In the third layer there is no vertical or horizontal advective flow, there will however still be diffusive flow.

Following are the parameters used in this example:

Property Value Units
Darcy Velocity va variable m/a
Sink Outflow Velocity vs variable m/a

Diffusion Coefficient D variable m2/a
Distribution Coefficient  Kd 0.0 cm3/g 
Soil Porosity n 0.4 -
Granular Layer Porosity n 0.3 -
Dry Density 1.5 g/cm3
Layer 1 Thickness       H 1.0 m
Layer 2 Thickness H 0.3 m
Layer 3 Thickness H 2.0 m
Source Concentration       co 1000 mg/L
Ref. Height of Leachate Hr 7.5 m 
Vol. of Leachate Collected Qc 0.29 m/a
Landfill Length L 200.0 m
Landfill Width W 1.0 m
Aquifer Thickness h 1.0 m
Aquifer Porosity nb 0.3 -
Aquifer Outflow Velocity vb 4.0 m/a
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This example is for a hypothetical landfill and is used to illustrate how to prepare an input file and
run an analysis using the Passive Sink option. The example is not a prescription for modelling conta-
minant migration during operation of a landfill. Each landfill has its own unique characteristics and
no general prescription can be made. The Passive Sink option should only by used by someone with
the hydrogeotechnical background necessary to appreciate the subtleties associated with the physical
situation and the steps necessary for appropriate modelling of this physical situation. 

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 14 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example can be specified by either clicking on the title or selecting the General
Data menu item from the Data Entry menu. The General Data form on the next page will be displayed. In
this example the Darcy velocity will be ignored, the Darcy velocity will be read during the input of the Pas-
sive Sink parameters. After the Passive Sink special feature has been selected the Darcy velocity will no
longer appear in the General Data form.
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Layer Data

The layer data for the 3 layers can be specified by either clicking on a layer or selecting the Layer Data
menu item from the Data Entry menu. 

Layer 1

Layer 2
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Layer 3

Boundary Conditions

The boundary conditions for the model can be specified by either clicking on the top or bottom boundary or
selecting the Boundary Conditions menu item from the Data Entry menu. In this example, the top boundary
has a finite mass and the bottom boundary is represented by a fixed outflow aquifer, as shown on the
Boundary Condition forms below. 
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Run Parameters

To set the times and depths to calculate the concentrations, select the Run Parameters menu item from the
Data Entry menu. The Run Parameters form below will be displayed. The concentrations can either be cal-
culated at specified times or the time of the maximum concentration can be found.  In this example the con-
centrations will be calculated at 10, 25, 50, 100, and 150 years.
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Special Features

The passive sink data for this  model can be entered using the Passive Sink menu item in the Special Fea-
tures menu.

Passive Sink

When the Passive Sink menu item is selected the Passive Sink form below will be displayed. On the Data
tab the number of depths and whether there is a phase change or inflow can be specified. In this example
there are 3 depth intervals. The first depth interval is for the clay liner, the second for the secondary
leachate collection system, and the third for the aquitard.
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Sink Interval 1

Sink Interval 2
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Sink Interval 3

Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Case 14: Primary and Secondary Leachate Collection



POLLUTEv7 Reference Guide 130

Concentration vs Depth

The Concentration vs. Depth chart below can be displayed by pressing the Concentration vs Depth button
on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.

Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 
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Case 15: Leachate Collection with Failure

Description

This example is similar to case 14 except the failure of the primary leachate collection system is also mod-
elled using the Variable Properties special feature. Prior to the failure of the primary leachate collection sys-
tem there is a downward Darcy velocity of 0.01 m/a between the landfill and the secondary leachate
collection system. The primary leachate collection system is assumed to fail between 20 and 30 years, caus-
ing the leachate mound in the landfill to rise resulting in an increase in the Darcy velocity. After 30 years
the collection system has completely failed and the Darcy velocity is now assumed to be 0.1 m/a.  

As in case 14 the landfill contains a finite mass of a conservative species, and is underlain by an aquifer
with fixed outflow. A passive sink is used to model the secondary leachate collection system, which is
assumed to be composed of a 0.3 m thick granular layer. The Darcy velocity is assumed to be initially 0.01
m/a downward from the landfill to the secondary leachate collection system, and 0.0 m/a between the sec-
ondary leachate collection system and the aquifer (i.e., the water table is assumed to be at the base of the
secondary leachate collection system).

The analysis starts at time zero which corresponds to the completion of the landfill and the development of
a peak leachate concentration (co) of 1000 mg/L. As in example 14 the Reference Height of Leachate is 7.5
m, and the Rate of Increase in Concentration is zero.

The average infiltration through the cover (qo) is assumed to be 0.3 m/a. If the average exfiltration through
the base of the landfill va (which varies with time), then the Volume of Leachate Collected is:

Qc = qo - va = 0.3 - va

The strata beneath the landfill, landfill dimensions, and aquifer characteristics are the same as in example
14. 

Passive sink layers are divided the same as in example 14, except that the Darcy velocity in the first layer
and the outflow in the second layer will be variable. The Darcy velocity in the first layer will be 0.01 m/a
between 0 and 20 years, then will increase linearly between 20 and 30 years to 0.1 m/a, and then will be 0.1
m/a.

In the second layer the horizontal outflow is equal to the difference in Darcy velocity between the layers
above and below, multiplied by the landfill length and divided by the layer thickness, viz:

vs = (va2 - va1) * 200/0.3 m/a
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In the third layer there is no vertical or horizontal advective flow, there will however still be diffusive flow.

When using the Variable Properties special feature with the Passive special feature it is possible to specify
the Darcy velocities in both features. The Darcy velocity used by POLLUTE will be the result from the
multiplication of the two velocities. For most practical applications, it is recommended that the Darcy
velocity be entered as 1.0 in one of the features, and then the actual value entered in the other feature. In
this example the Darcy velocity is entered as 1.0 in the Variable Properties special feature, and the actual
values are entered in the Passive Sink special feature. 

Using the Variable Properties special feature the dispersivity can also be specified, in this example it is
assumed to be 0.4 since there is outward flow from the landfill.

Following are the parameters used in this example:

Property Value Units
Darcy Velocity va variable m/a
Sink Outflow Velocity vs variable m/a

Diffusion Coefficient D 0.02 m2/a
Dispersivity 0.4 m
Distribution Coefficient  Kd 0.0 cm3/g 
Soil Porosity n 0.4 -
Granular Layer Porosity n 0.3 -
Dry Density 1.5 g/cm3
Layer 1 Thickness       H 1.0 m
Layer 2 Thickness H 0.3 m
Layer 3 Thickness H 2.0 m
Source Concentration       co 1000 mg/L
Ref. Height of Leachate Hr 7.5 m 
Vol. of Leachate Collected Qc variable m/a
Landfill Length L 200.0 m
Landfill Width W 1.0 m
Aquifer Thickness h 1.0 m
Aquifer Porosity nb 0.3 -
Aquifer Outflow Velocity vb 4.0 m/a

When using the Variable Properties special feature the accuracy of the results is dependent on the number
of sublayers used.
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This example is for a hypothetical landfill and is used to illustrate how to prepare an input file and
run an analysis using the Variable Properties and Passive Sink option. The example is not a prescrip-
tion for modelling contaminant migration during operation of a landfill. Each landfill has its own
unique characteristics and no general prescription can be made. These options should only by used
by someone with the hydrogeologic and engineering background necessary to appreciate the sub-
tleties associated with the physical situation and the steps necessary for appropriate modelling of this
physical situation. 

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 15 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example is the same as for Case 14, except that the title is different.

Layer Data

The layer data for this example is the same as for Case 14.

Boundary Conditions

The boundary conditions for this example is the same as for Case 14.

Run Parameters

The run parameters for this example is the same as for Case 14.

Special Features

The time-varying data and passive sink data for this  model can be entered using the Time-varying Data and
Passive Sink menu items in the Special Features menu.
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Time-varying Data

To specify the time-varying properties, select the Time-Varying Properties menu item from the Special Fea-
tures form. The Time-Varying Data tab on the Time-Varying Properties form shown below can be used  to
specify the number of time periods and whether there are variable layer properties and variable decay. In
this example there are 5 time periods.
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Time Period 1

The data for each time period is specified on the Source Properties tab shown on the next page. In the first
time period, specifying only one time increment means that the concentrations will only be calculated at the
end time (i.e., 20 years). The Darcy velocity is set to one here and will be entered in the Passive Sink
option. Since this is the first time period the primary leachate collection system is still functioning and there
is no increase in any of the above parameters.
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Time Period 2

The data for the second time period, from 20 to 30 years, can be specified by pressing the next arrow at the
top of the form. The increment in the Leachate collected results from the increasing Darcy velocity during
this period. This increase in Darcy  velocity will be taken into account in the Passive Sink option.
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Time Period 3

Next the data for time period three from 30 to 50 years must now be entered.. Two increments are used to
calculate the concentrations at 40 and 50 years. At this point the primary leachate collection system has
completely failed and there is no further increase in the Darcy velocity. The Volume of Leachate collected
is now equal to the infiltration through the cover 0.3 m/a minus the final Darcy velocity 0.1 m/a.
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Time Period 4

The data for time period four should now be entered. Five increments are used to calculate the concentra-
tions at 60, 70, 80, 90, and 100 years.
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Time Period 5

Finally the data for time period five is entered.. Five increments are used to calculate the concentrations at
120, 140, 160, 180, and 200 years.
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Passive Sink

When the Passive Sink menu item is selected the Passive Sink form on the next page will be displayed. On
the Data tab the number of depths and whether there is a phase change or inflow can be specified. In this
example there are 3 depth intervals. The first depth interval is for the clay liner, the second for the sec-
ondary leachate collection system, and the third for the aquitard. 

When the Time-varying Properties special feature is also used, the current time period is displayed and con-
trolled at the top of the form. The passive sink data must be entered for each time period.

Time Period 1

The first time period corresponds from 0 to 20 years. For this time period the data for the 3 passive sink
depth intervals can be entered on the Interval tab as shown below.

Time Period 2

The first time period corresponds from 20 to 30 years. For this time period the data for the 3 passive sink
depth intervals can be entered on the Interval tab as shown on the next page. There is an increase in the
Darcy velocity during this time period due to the failure of the primary leachate collection system. This will
also result in a proportional increase in the Outflow velocity of the secondary leachate collection system as
shown.
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Time Period 3

The first time period corresponds from 30 to 50 years. For this time period the data for the 3 passive sink
depth intervals can be entered on the Interval tab as shown below. 
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Time Period 4

The first time period corresponds from 50 to 100 years. For this time period the data for the 3 passive sink
depth intervals can be entered on the Interval tab as shown below. 

Time Period 5

The first time period corresponds from 100 to 200 years. For this time period the data for the 3 passive sink
depth intervals can be entered on the Interval tab as shown below. 
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Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Concentration vs Depth

The Concentration vs. Depth chart below can be displayed by pressing the Concentration vs Depth button
on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.
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Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 
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Case 16: Monte Carlo Simulation
Description

In this example, Monte Carlo simulation will be used to examine the effect of uncertainty in the service life
of a Primary Leachate Collection system. The landfill from example 15 will be used, except the time that
the Primary Leachate Collection system begins to fail will vary between 20 and 50 years with a mode of 25
years. Case 15 should be reviewed prior to reading this example, where the implementation of the Variable
Properties and Passive Sink special features are described in detail.

The parameters for this example are the same as in Case 15, except for the addition of the Monte Carlo
parameters. 

Property Value Units
Darcy Velocity va variable m/a
Sink Outflow Velocity vs variable m/a

Diffusion Coefficient D 0.02 m2/a
Dispersivity 0.4 m
Distribution Coefficient  K 0.0 cm3/g 
Soil Porosity n 0.4 -
Granular Layer Porosity n 0.3 -
Dry Density 1.5 g/cm3
Layer 1 Thickness       H 1.0 m
Layer 2 Thickness H 0.3 m
Layer 3 Thickness H 2.0 m
Source Concentration       co 1000 mg/L
Ref. Height of Leachate Hr 7.5 cm 
Vol. of Leachate Collected Qc variable m/a
Landfill Length L 200.0 m
Landfill Width W 1.0 m
Aquifer Thickness h 1.0 m
Aquifer Porosity nb 0.3 -
Aquifer Outflow Velocity vb 4.0 m/a
Minimum Failure Start Time 20 a
Modal Failure Start Time 25 a
Maximum Failure Start Time 50 a 
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This example is for a hypothetical landfill and is used to illustrate how to prepare an input file and
run an analysis using the Variable Properties and Passive Sink option. The example is not a prescrip-
tion for modelling contaminant migration during operation of a landfill. Each landfill has its own
unique characteristics and no general prescription can be made. These options should only by used
by someone with the hydrogeologic and engineering background necessary to appreciate the sub-
tleties associated with the physical situation and the steps necessary for appropriate modelling of this
physical situation. This option should not be used for an actual project of importance without the
guidance of the program developers.

The use of the Monte Carlo simulation feature for the variation of Variable Properties time periods
should be done in consultation with the program developers, since it requires a very thorough knowl-
edge of the program.

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 16 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example is the same as for Case 15, except that the title is different.

Layer Data

The layer data for this example is the same as for Case 15.

Boundary Conditions

The boundary conditions for this example is the same as for Case 15.

Run Parameters

The run parameters for this example are the same as for Case 15, except that the concentrations will be only
be calculated at a depth off 3.3 m. This depth corresponds to the base of the aquitard.
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Special Features

The time-varying data, passive sink, and Monte Carlo simulation data for this  model can be entered using
the Time-varying Data and Passive Sink menu items in the Special Features menu.

Time-Varying Properties

The time-varying properties for this example is the same as for Case 15.

Passive Sink

The passive sink data  for this example is the same as for Case 15.

Monte Carlo Simulation

The Monte Carlo simulation data can be specified by selecting the Monte Carlo Simulation menu item from
the Special Features menu, the form below will be displayed. The number of simulations, variables, and
data ranges can be specified on the General tab. The number of simulations is usually between 1000 and
10000. However, the time to compute this many simulations may be quite large. It is suggested as a trial to
use less than 50 simulations. In this example we are only going to have one variable.
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On the Variable Entry tab below, the type and distribution for the variable can be specified. To vary the fail-
ure time of the Primary Leachate Collection system, the Variable Properties end time that corresponds to
the time of failure in the input data set is used. 
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Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Distribution of Peak Concentration

The Distribution of Peak Concentration chart below can be displayed by pressing the Distribution of Peak
Concentration button on the Output toolbar or selecting the Distribution of Peak Concentration menu item
from the Output menu.
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Using the chart of the probability of peak chloride concentration predictions can be made about the concen-
tration in the aquifer. For example, in this case, the expected maximum concentration is 23.5 mg/L.

Distribution of the Time of Peak Concentration

The Distribution of the Time Peak Concentration chart below can be displayed by pressing the Distribution
of Time of Peak Concentration button on the Output toolbar or selecting the Distribution of Time of Peak
Concentration menu item from the Output menu. Using this chart the expected time of  the maximum con-
centration can be predicted. In this example, the expected time is 68.5 years.
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Distribution of Variable

The Distribution of Variable chart below can be displayed by pressing the Distribution of Variable button
on the Output toolbar or selecting the Distribution of Variable menu item from the Output menu. Using this
chart the distribution of the variable can be checked against the distribution that was specified. In this
example, the specified distribution was a triangular distribution with a  minimum of 15, mode of 25 and
maximum of 50.

Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 
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Case 17: Landfill with Composite Primary Liner
Description

This example demonstrates how to create a landfill with a composite primary liner, primary and secondary
leachate collection systems, and a compacted clay secondary liner. The composite primary liner is com-
posed of a 60 mil (1.5 mm) geomembrane in good contact with a 0.9 m thick compacted clay liner. Small
holes with an area of 0.1 cm2 and a frequency of 2.5 per hectare (1 per acre) are assumed for the geomem-
brane. The method proposed by Giroud et al (1992) is used to calculate the flow (leakage) through the com-
posite liner, these calculations are performed automatically by POLLUTE.  Below the composite primary
liner is a 0.3 m thick granular secondary leachate collection system, overlying a 0.9 m thick compacted clay
secondary liner. There is a 3 m thick aquitard under the secondary liner, which overlies a 3 m thick aquifer.

The landfill has a length (L) of 200 m in the direction parallel to groundwater flow in the underlying
aquifer. Consideration is being given to a volatile organic contaminant with an initial source concentration
of 1500 µg/L, which is assumed to remain constant with time over the time period being examined in this
example. The leachate head on the composite primary liner is assumed to be constant at 0.3 m, the head on
the secondary liner is assumed to be 0.3 m, and the groundwater level relative to the top of the aquifer is
assumed to be 3 m (i.e., at the top of the aquitard).

The flow in the aquifer must be established based on hydrogeologic data and is represented in terms of the
horizontal Darcy velocity (the “Base Outflow Velocity”) in the aquifer at the down-gradient edge of the
landfill (see Example 3 for more discussion of Base Outflow Velocity and Aquifer thickness). The parame-
ters used for this example are listed below:

Property Value Units
Geomembrane Contact   Good -
Geomembrane Holes Circles -
Hole Area 0.1 cm2
Hole Frequency 1 /acre
Geomembrane Thickness 60 mil
Geomembrane Diffusion Coef. 3.0x10-5 m2/a
Source Concentration co 1500 µg/L
Source Type Constant -
Landfill Length L 200 m
Leachate Head on Primary Liner 0.3 m
Leachate Head on Secondary Liner 0.3 m
Groundwater level in Aquifer 3.0 m
Clay Thickness H 0.9 m

Clay Diffusion Coef. D 0.02 m2/a
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Property Value Units
Clay Distribution Coef. Kd 0.5 mL/g

Clay Hydraulic Conductivity k 1.0x10-9 m/s
Clay Porosity n 0.35 -
Clay Dry Density 1.9 g/cm3
Collection System Thickness H 0.3 m
Collection System Dispersion Coef. 100 m2/a
Collection System Density 1.9 g/cm3
Collection System Distr. Coef. Kd 0.0 mL/g
Collection System Porosity n 0.3 -
Aquitard Thickness H 3.0 m
Aquitard Hydraulic Conductivity k 1.0x10-5 m/s
Aquitard Diffusion Coef. D 0.02 m2/a
Aquitard Dry Density 1.9 g/cm3
Aquitard Distribution Coef. Kd 0.0 mL/g
Aquitard Porosity n 0.35 -
Aquifer Thickness h 3.0 m
Aquifer Porosity nb 0.3 -
Base Outflow Velocity vb 10 m/a

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 17 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model. The data for this type of model is
entered differently than the previous models, since it was created using the Primary and Secondary Liner
Landfill quick model. The Data Entry menu has two items, model parameters and run parameters.

Model Parameters

To specify the model parameters either click on the model or select the Model Parameters menu item from
the Data Entry menu.  The Primary and Secondary Liner form on the next page will be displayed.

General Tab

On the General tab shown on the next page, the layers present in the model can be specified. In this exam-
ple, the model consists of a primary geomembrane, primary liner, secondary liner, aquitard, and aquifer.
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Source Tab

The Source tab shown below is used to specify the source information. In this example the source has a
constant concentration 1500 µg/L and a landfill length of 200 m.

Heads Tab

The Heads tab shown on the next page is used to specify the heads on the liners and the groundwater level
relative to the aquifer.
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Primary Geomembrane Tab

The Primary Geomembrane tab shown below is used to specify the parameters for the geomembrane and
the method to calculate the leakage through the geomembrane. In this example, the leakage through the
geomembrane will use the method proposed by Giroud & Bonaparte.
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Primary Leakage Tab

The Primary Leakage tab below is used to specify the parameters for the leakage through the primary
geomembrane. After the all of the parameters have been  specified the Calculate Leakage button can be
pressed to calculate the Darcy velocity through the primary composite liner.

Primary Clay Liner Tab

The parameters for the primary clay liner are specified on the Primary Clay Liner tab shown on the next
page.
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Secondary  Collection Tab

The parameters for the secondary leachate collection system are specified on the Secondary Collection tab
shown below.
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Secondary  Liner Tab

The parameters for the secondary clay liner are specified on the Secondary Liner tab shown below. 

Aquitard Tab

The parameters for the aquitard are specified on the Aquitard tab shown below. 
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Aquifer Tab

The parameters for the aquifer are specified on the Aquifer tab shown below. 

Outflow Velocity Tab

The outflow velocity in the aquifer can be specified on the Outflow Velocity tab shown below.  The mini-
mum outflow velocity for the model will be calculated and shown by the program.
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Run Parameters

The  times and depths to calculate the concentrations can be specified using the Run Parameters menu item
on the Data Entry menu. On the Run Parameters form below the times for this model can be specified.

Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.
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Concentration vs Depth

The Concentration vs. Depth chart below can be displayed by pressing the Concentration vs Depth button
on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.

Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 
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Case 18: Phase Change

Description

In this example a phase change in the secondary leachate collection system is modelled using the Phase
Change special feature. The landfill has a secondary leachate collection system and liner which overlies a 1
metre thick aquifer. A phase change occurs in the secondary leachate collection system at the interface
between the unsaturated and saturated zones, assumed to be .2 and .1 metres thick respectively.

The landfill contains a constant concentration of DCM, which experiences biological decay in the landfill,
primary and secondary liners, and the aquifer. A half-life of 10 years in the landfill and 40 years every-
where else is assumed. No biological decay is assumed to occur in the secondary leachate collection sys-
tem.

The diffusion coefficient of the DCM in the unsaturated zone of the secondary leachate collection system is
assumed to be 300 m2/a, and in the saturated zone to be 100 m2/a (to represent a high degree of mixing in
the saturated zone). The phase change parameter for the DCM in the unsaturated zone is Henry’s Constant
which is assumed to be 0.1 for DCM in this example.

Two layers are used to model the unsaturated and saturated zones of the .3 metre thick secondary leachate
collection system. The first layer represents the unsaturated zone and is .2 metres thick. And the second
layer represents the saturated zone and is .1 metre thick.

A Darcy velocity of 0.003 m/a is assumed through the primary liner, and 0 m/a through the secondary liner.
Thus, for a 500 metre long landfill the outflow rate in the saturated portion of the secondary leachate col-
lection system would be:

Outflow Rate = (500 * 0.003) / 0.1 = 15 m/a

This example is for a hypothetical landfill and is used to illustrate how to prepare an input file and
run an analysis using the Phase Change option. The example is not a prescription for modelling cont-
aminant migration during operation of a landfill. Each landfill has its own unique characteristics and
no general prescription can be made. The Phase Change option should only by used by someone with
the hydrogeologic background necessary to appreciate the subtleties associated with the physical situ-
ation and the steps necessary for appropriate modelling of this physical situation. 
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Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 18 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example can be specified by either clicking on the model title or selecting the
General Data menu item from the Data Entry menu. On the form below, the Darcy velocity will not show
up if the Passive Sink option has already been selected. If the Passive Sink option has not been selected yet,
the Darcy velocity will be displayed but will be ignored when the Passive Sink option is selected.

Layer Data

The layer data for this example consists  of four layers: a primary liner, a unsaturated collection system, a
saturated collection system, and a secondary liner. The data for these layers can be specified on the forms
on the next page, by clicking on the model layer or be selecting the Layer Data menu item from the Data
Entry menu.
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Layer 1 Primary Liner

Layer 2 Unsaturated Collection System
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Layer 3 Saturated Collection System

Layer 4 Secondary Liner
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Boundary Conditions

The boundary conditions for this example are a constant concentration top boundary and a fixed outflow
bottom boundary. These boundaries can be specified on the forms below,either by clicking on the boundary
or by selecting the Boundary Conditions menu item from the Data Entry menu.
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Run Parameters

The run parameters for this example can be specified by selecting the Run Parameters menu item from the
Data Entry menu. On the form below the times t o calculate the concentration can be specified as 80, 85,
90, 95, and 100 years.

Special Features

The biological decay and passive sink data for this  model can be entered using the  Special Features menu.
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Radioactive/Biological Decay

The data for the biological decay of the DCM can be specified by selecting the Radioactive/Biological
Decay menu item from the Special Features menu. In this example there are three decay intervals: one for
the primary liner, one for the unsaturated and saturated collection system, and one for the secondary liner.
This data is entered on the forms shown below.
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Passive Sink

The passive sink data  is used to specify the Phase parameter and the horizontal and vertical Darcy veloci-
ties. In this example there are four depth intervals for  the passive sink as shown in the forms below.
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Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.
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Concentration vs Depth

The Concentration vs. Depth chart below can be displayed by pressing the Concentration vs Depth button
on the Output toolbar or selecting the Concentration vs Depth menu item from the Output menu.

Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 
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Case 19: Multiphase Diffusion Test
Description

In this example a multiphase diffusion test performed by Buss et
al. (1995) is modelled. This test involved the migration of
toluene from a ‘constant’ source through a 0.1 cm thick HDPE
geomembrane, a 18.2 cm thick airspace and into a 12.3 cm
water reservoir (assumed to be well mixed). Based on Buss et
al. the geomembrane diffusion coefficient was 6 x 10-8 cm2/s
and the phase coefficient was 43.8. From Schwarzenbach et al.
(1993), the diffusion coefficient and phase coefficient for toluene
in air are 0.088 cm2/s and 0.27 respectively. Based on these
parameters the test is modelled for 600 hours and the calcu-
lated and observed concentrations in the receptor are provided
at the end of this example.

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select
Case 19 and open the model by double clicking on it in the model list.
After the model is displayed, the data for the model can be displayed
and edited using the Data Entry menu or by clicking on that part of the
model.

General Data

The general data for this example can be specified by either clicking
on the model title or selecting the General Data menu item from the
Data Entry menu. On the form on the next page, the Darcy velocity
will not show up if the Passive Sink option has already been selected.
If the Passive Sink option has not been selected yet, the Darcy velocity
will be displayed but will be ignored when the Passive Sink option is
selected.
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Layer Data

The layer data for this example consists  of two layers: a geomembrane and an air space. The data for these
layers can be specified on the forms below, by clicking on the model layer or be selecting the Layer Data
menu item from the Data Entry menu.

Layer 1 Geomembrane
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Layer 2 Air Space

Boundary Conditions

The boundary conditions for this example are a constant concentration top boundary and a fixed outflow
bottom boundary. These boundaries can be specified on the forms below,either by clicking on the boundary
or by selecting the Boundary Conditions menu item from the Data Entry menu.
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Run Parameters

The run parameters for this example can be specified by selecting the Run Parameters menu item from the
Data Entry menu. On the form below the times t o calculate the concentration can be specified as 1, 20, 40,
70, 100, 150, 200, 250, 300, 350, 400. 450, 500, 550, and 600 hours.
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Special Features

The passive sink data for this  model can be entered using the  Special Features menu.

Passive Sink

The passive sink data  is used to specify the Phase parameter and the horizontal and vertical Darcy veloci-
ties. In this example there are two depth intervals for  the passive sink as shown in the forms below.

Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.
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Concentration vs Time

The Concentration vs. Time chart below can be displayed by pressing the Concentration vs Time button on
the Output toolbar or selecting the Concentration vs Time menu item from the Output menu.

Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 
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Case 20: Sensitivity Analysis
Description

In this example, Sensitivity Analysis will be used to examine the effect of uncertainty in the service life of a
Primary Leachate Collection system. The landfill from Cases 15 and 16 will be used, except the time that
the Primary Leachate Collection system begins to fail will range from 15 to 50 years. Cases 15 and 16
should be reviewed prior to reading this example, where the implementation of the Variable Properties and
Passive Sink special features are described in detail.

The parameters for this example are the same as in Case 15, except for the addition of the Sensitivity
Analysis parameters. 

Property Value Units
Darcy Velocity va variable m/a
Sink Outflow Velocity vs variable m/a

Diffusion Coefficient D 0.02 m2/a
Dispersivity 0.4 m
Distribution Coefficient  K 0.0 cm3/g 
Soil Porosity n 0.4 -
Granular Layer Porosity n 0.3 -
Dry Density 1.5 g/cm3
Layer 1 Thickness       H 1.0 m
Layer 2 Thickness H 0.3 m
Layer 3 Thickness H 2.0 m
Source Concentration       co 1000 mg/L
Ref. Height of Leachate Hr 7.5 cm 
Vol. of Leachate Collected Qc variable m/a
Landfill Length L 200.0 m
Landfill Width W 1.0 m
Aquifer Thickness h 1.0 m
Aquifer Porosity nb 0.3 -
Aquifer Outflow Velocity vb 4.0 m/a
Minimum Failure Start Time 15 a
Maximum Failure Start Time 50 a 
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This example is for a hypothetical landfill and is used to illustrate how to prepare an input file and
run an analysis using the Variable Properties and Passive Sink option. The example is not a prescrip-
tion for modelling contaminant migration during operation of a landfill. Each landfill has its own
unique characteristics and no general prescription can be made. These options should only by used
by someone with the hydrogeologic and engineering background necessary to appreciate the sub-
tleties associated with the physical situation and the steps necessary for appropriate modelling of this
physical situation. This option should not be used for an actual project of importance without the
guidance of the program developers.

Data Entry 
l 

Start the POLLUTEv7 program and open the Examples project. Select Case 20 and open the model by dou-
ble clicking on it in the model list. After the model is displayed, the data for the model can be displayed and
edited using the Data Entry menu or by clicking on that part of the model.

General Data

The general data for this example is the same as for Case 15, except that the title is different.

Layer Data

The layer data for this example is the same as for Case 15.

Boundary Conditions

The boundary conditions for this example is the same as for Case 15.

Run Parameters

The run parameters for this example are the same as for Case 15, except that the concentrations will be only
be calculated at a depth off 3.3 m as shown on the next page. This depth corresponds to the base of the
aquitard.
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Special Features

The time-varying data, passive sink, and sensitivity analysis data for this  model can be entered using the
Time-varying Data and Passive Sink menu items in the Special Features menu.

Time-Varying Properties

The time-varying properties for this example is the same as for Case 15.

Passive Sink

The passive sink data  for this example is the same as for Case 15.

Sensitivity Analysis

The sensitivity analysis data can be specified by selecting the Sensitivity Analysis menu item from the Spe-
cial Features menu, the form on the next page will be displayed. The number of simulations and data ranges
can be specified on the General tab. The number of simulations is usually between 1000 and 10000. How-
ever, the time to compute this many simulations may be quite large. It is suggested as a trial to use less than
50 simulations. 
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On the Variable Entry tab below, the type and distribution for the variable can be specified. To vary the fail-
ure time of the Primary Leachate Collection system, the Variable Properties end time that corresponds to
the time of failure in the input data set is used. 
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Model Execution

To run the model and calculate the concentrations either select the Run menu item from the Execute menu
or press the Run button on the toolbar.

Model Output

After the model has been executed, the output for the model will be displayed. The initial display will
depend on your settings in the program’s preferences.

Distribution of Peak Concentration

The Distribution of Peak Concentration chart below can be displayed by pressing the Distribution of Peak
Concentration button on the Output toolbar or selecting the Distribution of Peak Concentration menu item
from the Output menu.
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Using the chart of the probability of peak chloride concentration predictions can be made about the concen-
tration in the aquifer. For example, in this case, the expected maximum concentration is 23.6 mg/L.

Distribution of the Time of Peak Concentration

The Distribution of the Time Peak Concentration chart below can be displayed by pressing the Distribution
of Time of Peak Concentration button on the Output toolbar or selecting the Distribution of Time of Peak
Concentration menu item from the Output menu. Using this chart the expected time of  the maximum con-
centration can be predicted. In this example, the expected time is 68.9 years.

Output Listing

To display the output as a text listing that will show the calculated concentrations as numbers, select the
List Output menu item from the Output menu or press the Output Listing button on the Output toolbar. 
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