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Example Summary

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.

kodel # | Title: .
Subtitle O Landfill wil : antration

Caze 2: Pure diffusion - specified surface and base concentrations

Caze 3: Advective diffusive tranzport, Constant source, Baze aquifer
Caze 4: Finite mass, leachate collection, baze aquifer

2
3
4
& Caze b: Hpdraulic trap, Finite mass, leachate collection, baze aquifer
B Caze B: 1m thick liner, 3m fractured till, finite maszs, sorption

7 Caze 7: Lateral migration in fractured rock.

8 Caze B: Analyziz of a Labratory Diffusion test with background

9 Caze 3: Freundlich Mon-inear sorption in a lab diffuzsion test

10 Case 10 Time-varying velocity; termination of leachate collection

1 Caze 11: Variable source concentration histary

12 Case 12 POLLUTE vz Analytical zolution --single fracture

13 Case 13 Comparison with an analytical method.

14 Case 14 Landfill with Primary and Secondary Leachate Collection

15 | Case 15 Landfill with Primary and Secondary Leachate Caollection with Failure.
16 Casze 16 Monte Carla Simulation

17 Case 17 Landfill with composite primary and clay secondary lingrs.

18  Case 18 Phase Change in Secondary Leachate Collection Systern

19 Case 13 Multiphase Diffusion Test by Buss et al.

20 Case 20 Sensitivity Analyzsis
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Example Summary

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 S
[llustrates 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.
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Example Summary

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.
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Example Summary

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 m?/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 POLLUTEvV7 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.
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Example Summary

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.
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Case 1: Subtitle D Landfill with Constant Concentration

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 cm? 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 pg/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 cm?
Hole Frequency 1 /acre
Source Concentration o 1500 pg/L
Source Type Constant -
Landfill Length L 200 m
Leachate Head on Liner 0.3 m
Geomembrane Thickness 60 mil
Geomembrane Diffusion Coef. 3.0x107 m2/a
Clay Thickness Hg 0.9 m
Clay Diffusion Coef. D 0.02 m2/a
Distribution Coefficient K4 0.5 mL/g
Soil Porosity n 0.35 -
Dry Density 1.9 g/cm3
Aquifer Thickness h 3.0 m
Aquifer Porosity ny, 0.3 -
Base Outflow Velocity Vb 10 m/a
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Case 1: Subtitle D Landfill with Constant Concentration

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, K4, 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

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.

Title |Case 1: Subtitle D Landfill with constant source concentration

Geomembrane

Collection System " No * Yes
" Mo o Yes
* Mo i “es

Aquitard Aquifer
" Mo o+ Yes
Units
» Metric " Imperial
« 0K X Cancel | ? Help

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.
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Case 1: Subtitle D Landfill with Constant Concentration

Primary Liner. Landfill

General Hydraulic Heads] Geomembrane] Leakage] Clay Liner] .ﬂquifel] Dutflow]
Concentration |15DD ||.lg.-"|_ j
Landfill Length 200 [ |
Source Type
{+ Constant Concentratian " Finite Mazs
o OK x Cancel | ? Help

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.

Primary Liner Landfill

Geomembrane] Leakage] Clay Liner] Aquifer] Dutflow]
Leachate Head an &imar}l Liner |D.3 |m ﬂ
Groundwater level relative to top af Aquifer |D |m ﬂ
o DK X Cancel | ? Help
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Case 1: Subtitle D Landfill with Constant Concentration

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.

Primary Liner Landfill

General ] Source ] Hydraulic Hea

Mame: | Geomembrane

- Change Symbal

Thickness |50

Diffusion Caef [3E-5

Phase Parameter |1

] Leakage] Clay Liner] Aquifer] Dutflow]

Leakage kethod

" LEAK, Rowe et al 2004

¢ Giroud & Bonaparte 1992

i Equivalent K.

? Help

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 3.929x1070

m/a

POLLUTEV7 Reference Guide




Case 1: Subtitle D Landfill with Constant Concentration

Primary Liner Landfill h

General] Source] Hudraulic Heads] Geomembrane  Leakage l Clay Liner] Aquifer] Dutflow]

Giroud & Bonaparte, 1992

Contact

Hale Frequency |1 acre -
+ Good " Paoar | | J

Ml T Hole Area |D.1 |c:m2 j

+ Circle " Laong

Permeation
" Yesg + Mo

Darcy Welocity  |3.923E-5 mia

« 0K | X Cancel | ? Help |

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.

Primary Liner Landfill

General | Source | Hydrauiic Heads | Gieomembrane | Leakage Clay Liner | Aquifer | Outflow |
Name: - Change Symbal

Thickness |09 [m |

Density [1.9 |a/ema ~| X
Conductivity K. |1E-7 [oms |
Diffusion Coef |0.02 |m2/a ~|
Distr, Coef |05 [mLtg |

Poosity [0.35
7 OK X Corcel | 9 Hebp
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Case 1: Subtitle D Landfill with Constant Concentration

Primary Liner Landfill

General] Source] Hydraulic Heads] Geomembrane] Leakage] Clay Limer  Aquifer ] Dutflow]

Change Symbol

M arne: |Aquifer

Thickness |E |m ﬂ
Forosity |02

W OK | X Cancel | ? Help |

Primary Liner, Landfill

General] Source] Hydraulic Heads] Geomemhranel Leakage] Clay Liner] Aquifer  Dlutflaw l
Outflow in Aquifer k

The minimurm outflow welocity in the Aquifer that will fulfill
the conditions of continuity of flow is: 0.00262 m/a

Dutfove Yelocity m'a :"

Calculated Results

Darcy Velocty  |3.929E-5 m/a

Leachate Head an Primary Liner |D-3 m

o OK XK Cancel | ? Help

POLLUTEV7 Reference Guide

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.
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Case 1: Subtitle D Landfill with Constant Concentration

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.

Run Parameters

Type l Concentrations at Specified Times ]

Type of O hut

{+ Concentrations at Specified Times

" Mauimurn Concentrations

Tirne Unitg: |wr -
Depth Unitg: {m -
Concentration Units; |pgrl -

x Cancel | ? Help |

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

trations.

POLLUTEV7 Reference Guide

Type  Coneentrations at Specified Times l

Times

Mumber of Times: |3

Humber: |1 4 4 » Pp

Time: |1D |yr ﬂ
All Depthz
* Yes
" No
X Cancel | ? Help
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Case 1: Subtitle D Landfill with Constant Concentration

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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Case 1: Subtitle D Landfill with Constant Concentration

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 source concentratioln

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va= 3929E-5 m/a

Layer Properties
Layer Thickness Number of Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers |Hydrodynamic b Coefficient
Dispersion
Geaomembrane B0 mil 1 IEEm2ia | 1 I Ocmdfg L 950 kg/m3
Clay Liner 0.9m 10 0.02 m2fa 0.35 0.5 mbldy 1.9 gfoma3
T ! L |
Boundary Conditions

Contant Concentration
Source Concentration = 1500 pg/L

Fixed Outflow Bottom Boundary
Landfill Length = 200 m
Landfill Width=1m
Base Thickness =3 m
Base Porosity =03
Base Outflow “elocity = 10 m/a

Laplace Transform Parameters

TAU=7 N=20 SIG=0 RNU=Z

Calculated Concentrations at Selected Times and Depths

Time Depth Concentration
yr m pg/L
10 0.000E-+10 1.500E+03
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Case 1: Subtitle D Landfill with Constant Concentration

1.524E-03 6.823E+H12
9.152E-02 4. 917EHIZ
1.815E-01 3.370E+HZ
27150 2190E+H12
3.615E-D1 1.345E+02
4.515E-01 i 7.798E+01
5. 415E-01 r 4. 254E+01
6.315E-01 2.176E+1
7. 215E-01 1.028E+01
3. 115E-01 4.107EHIO
9.015E-01 3.970E-01

20 0.000E-+10 1.500E+03
1.524E-03 §.250E+H12
9.152E-02 6.636E+H1Z
1.815E-01 i 4. 195E+H12
27150 3.966EH12
3.615E-M 2.942E+H02
4.515E-01 21M7EH2
5. 415E-01 1.471E+H2
6.315E-01 9.76BE+I1
7. 215E-01 5.006E+31
3. 115E-01 3.082E+11
9.015E-01 B.430E+H10

30 0.000E-+HID 1.500E+13
1.524E-03 9.082E+H12
9.152E-02 7 B3BEHIZ
1.815E-01 B.309E+H12
27150 4. 118E+H12
3.615E-M 4.062E+12
4.515E-01 3.148E+02
5.415E-01 2.365E+H12
6.315E-01 1.6958E+H12
7. 215E-01 1.126E+02
3. 115E-01 B.246E+H11
9.015E-01 1.675E+H11
NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assurmntions of the theory used. we make no warranty as to workahility of this software or anv other
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Case 2: Pure Diffusion

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 m%/a
Distribution Coefficient K4 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 o 1.0 g/L
Base Concentration Ch 0.0 g/L
Times of Interest t 10, 50, 100 a

150, 200 a
Data Entry

1
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.
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Case 2: Pure Diffusion

General Data

Title: |':ase 2 Pure diffusion - specified suiface and base concentrations

Number of Lavers: |1 P aximum Depth: |4 |m j

Darcy Welacity: |D |mx’_l,lear ﬂ

Laplace Transform Parameters

TAU: |7 N fz0 sIG: [0 RMU: |2

/ QK. x Cancel | ? Help |

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.

Layer Mumber |1 4 4 »p M

Layer Data l Laver Symbol]

M arne: |!‘§-Cll'lih?l“:I

Murnber of Sub Layers |4— Fractures
Thickness |4— m = Mohe
Dy Dersity |15— ,m 1 Dimensional
Porozity |U4— " 2 Dimengional
e f Mt B IF cm3lg - 3 Dimensional
Distribution Coef |0 m2ia -

/ 0k | x Cancel | ? Help
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Case 2: 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. 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.

Boundary Conditions
Boundary Conditions ] Top - Congtant Cone. ] Bottam - Constant Conc. ]

TopB d
- Dw - " ZeroFlux

" Finite Mass

Bottom Boundary  ZernFl
Er0 Fls

& Canstant Canc
" Fired Dutflow Yelozity

" Infinite Thickness

/ ok x Lancel | ? Help

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.
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Case 2: Pure Diffusion

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 - specified surface and base concentrations

W [ 10yr
v W 50y
W []100yr
v []150yr
v [0 200y

Concentration {maiL)
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Case 2: Pure Diffusion

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 - specified surface and base concentrations

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va =0 m/year

Layer Properties
Layer Thickness Number of Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers | Hydrodynamic Coefficient
Dispersion
Aguitard 4m 4 0.01 cm3fg 0.4 0 m2fa 1.5 gfocm3
Boundary Conditions

Contant Concentration

Source Concentration = 1 mg/L

Contant Concentration Bottom Boundary

Bage Concentration = 0 mg/L

Laplace Transform Parameters

TAU=7

=20

SIG=0

RNU =2

Calculated Concentrations at Selected Times and Depths

Time Depth ! Concentration
yr m L mg/L
10 0.000E+ID 1.000E+00
1.000E-+10 2.535E-02
2.000E+I0 I 7.744E-06
3.000E+J0 201E-11
4.000E+J0 0.000E-+I0

POLLUTEV7 Reference Guide
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Case 2: Pure Diffusion

a0 0.000E+H1O 1.000E+00
1.000E+00 3173EM

2.000E+00 4.580E-02

3.000E+10 2.R99E-03

4.000E-+H10 i 0.000E+10

100 0.000E+H1O 1.000E+00
1.000E+10 4.795E-01

2.000E+00 1.573E-01

3.000E+00 3.349E-02

4.000E-+H10 0.000E+10

150 0.000E+H1O 1.000E+00
1.000E+10 I 5.636E-01

os 2.000E+00 2477E-M

3.000E+00 7.937E02

4.000E+10 0.000E+10

200 0.000E+ID 1.000E+00
1.000E+10 6. 166E-01

2.000E+HIO 3. 146E-01

3.000E+00 1.212E-01

4.000E+10 0.000E+10

NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workability of this software or any other
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. Mo
responsibility is assumed for any errors, mistakes or misrepresentations that may occur from the use of this
computer prograrm. The user accepts full responsibility for assessing the validity and applicability of the results
obtained with this program for any specific case.

POLLUTEV7 Reference Guide
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Case 3: Advective Diffusive Transport

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 ish=3m.

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, g;,, is given by the inflow velocity (vj, = 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:

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

din = Vin

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

g = Vg * L* W=0.1*200 * 300 = 6000 m3/a
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Case 3: Advective Diffusive Transport

Hence the outflow at the down-gradient edge of the landfill is:
dout = 9in T 95 = 18000 + 6000 = 24000 m3/a

And the “Base Outflow Velocity”, vy, 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 = Aoyt / (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 m?%/a
Distribution CoefficientK 4 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 o 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 ny, 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, v, 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.
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Case 3: Advective Diffusive Transport

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 (v, =

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 = 9a * €0/ dout = 6000 * 1/24000 = 0.25 g/L

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

the simple hand calculation above, this would give ¢ .5 = 0.0164 g/L = 16.4 mg/L.]

Data Entry

1
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.

General Data

Title; ":ase 3 Advective diffusive tranzport, Constant source, Base aquifer

MNumber of Layers: |1 M asimum Depth: |? |m ﬂ

D arcy Welocity: |D.1 |m.-’_l,lear ﬂ

Laplace Transform Parameters

TAU: |7 N [20 50G: |0 RNU: |2

o DK x Cancel | ? Help |

Layer Data

The layer data for this model is the same as that in Case 2.
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Case 3: Advective Diffusive Transport

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.

Boundary Conditions

Top - Congtant Caonc.
Fixed Dutflaw Symbal

B oundary Conditions ]
Battom - Fied Cutflow ]

Landfill Lengtt: |EH] m =
Landfill \fidth: | 300 m -
Base Thickness: |3 m -

Basze Porosity: 03

Base Outflow Welocity: | 2667 mia -

Dy

l
l

o 0K XK Cancel |

? Help |

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.
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Case 3: Advective Diffusive Transport

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, Constant source, Base aguifer

v o
W 1
W [2
: : : : : : : : 3 : : : : V03
. S B P B B Bt e 4

Concentration (moily

T T T
5] 10 15 20 25 30 35 40 45 a0 5 B0 BS 70 75 a0 a5 an a5 100
Time ()
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Case 3: Advective Diffusive Transport

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, Constant source, Base aquifer

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va=0.1 m/year

Layer Properties
Layer Thickness Number of | Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers |Hydrodynamic Coefficient
Dispersion
Aquitard 4m 4 0.01 cr3fy 0.4 0 m2fa 1.5 gfem3
Boundary Conditions

Contant Concentration
Source Concentration = 1 mg/L

Fixed Outflow Bottom Boundary
Landfill Length = 200 m
Landfill Width = 300 m
Base Thickness =3 m
Base Porosity=0.3
Base Outflow Welocity = 26.67 m/fa

Laplace Transform Parameters

TAU=7 N=20 SIG=0 RNU=Z

Calculated Concentrations at Selected Times and Depths

Time Depth Concentration
yr m mg/L
5 0.000E-+I0 1.000E+00
1.000E+00 8.257E-01
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Case 3: Advective Diffusive Transport

2.000E+00 1.116E-02

3.000E+00 2.265E08

4.000E-+00 5.655E-11

10 0.000E-+00 1.000E+00
1.000E+1D 8 993E-01

2.000E+00 8.892E-01

3.000E+00 1.450E-01

Ii 4.000E+00 2.805E-05
15 0.000E-+00 1.000E+00
1.000E+1D 1.000E+00

2.000E+00 8.995E-01

3.000E+00 8.271E-01

4.000E-+0 4 101E02

20 0.000E-+00 1.000E+00
1.000E+1D 1.000E+00

2.000E+10 1.000E+00

3.000E+00 8.9394E-01

4.000E-+0 1.930E-01

25 0.000E-+00 1.000E+00
1.000E+HI0 1.000E+00

2.000E+10 1.000E+00

3.000E+00 1.000E+30

4.000E-+0 2 426E-01

30 0.000E-+00 1.000E+00
1.000E+00 1.000E+00

2.000E+10 1.000E+00

3.000E+10 1.000E+00

4.000E-+0 2 491E-01

50 0.000E-+00 1.000E+00
1.000E+00 1.000E+00

2.000E+00 1.000E+00

3.000E+10 1.000E+00

4.000E+00 2.500E-01

100 0.000E-+0 1.000E+10
1.000E+00 1.000E+00

2.000E+00 1.000E+00

3.000E+10 1.000E+00

4.000E-+10 2.400E-01
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Case 4: Finite Mass Source

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 (H,), Rate of Increase in Con-

centration (C,), and the Volume of Leachate Collected (Q,.).

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 (my.) is calculated by multiplying the proportion of chloride by the density of the waste

and the thickness of the waste.

ie. my=0.002* 600 * 6.25 kg/m?

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

Leachate is then:

Hy=m. /c,=0.002*600*625/1=75m
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 (C,)

would then be zero.

The Volume of Leachate (Q,) collected is equal to the difference between the infiltration through the cover

(g = 0.3 m/a here) and the exfiltration through the base (v, = 0.03 m/a here), and is given by:
Q;=qp-v,=03-0.3=0.27m/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 (v},) is then:

Vi = (Vp(in)*h*W + v, *LXW)/(h*W) = v, (in) + v, *L/h = 4 + 0.03*¥200/3 = 6 m/a
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Case 4: Finite Mass Source

The following parameters are assumed for the example:

Property Value Units
Darcy Velocity Va 0.03 m/a
Diffusion Coefficient D 0.01 m?%/a
Distribution CoefficientK 4 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 o 1000.0 mg/L
Rate of Increase in ¢, Cyp 0.0 mg/L/a
Ref. Height of Leachate H,. 7.5 m
Volume Collected Q¢ 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 ny, 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

1
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.
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Case 4: Finite Mass Source

General Data

Title: |':ase 4: Finite mass, leachate collection, base aguifer

Number of Lavers: |1 P aximum Depth: |? |m j

Darcy Velocity: |D.D3 |mx’_l,lear ﬂ

Laplace Transform Parameters

TaU: |7 N fz0 sIG: [0 RMU: |2

/ QK. x Cancel | ? Help |

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.

Boundary Conditions

Eoundary Conditions  Tap - Finite Mass l Bottom - Fixed Outfow ] Fized Outflow Symbol ]
Specify
Initial 5 ource Concentration: |1 oo |mg.f’L ﬂ
Rate of Increase in Conc: |[| |mg.n"La"_l,lr ﬂ
Wolume of Leachate Collected: |U.2? |m.f’a j
and either
Thickness of 'Wase: |EI |m ﬂ
‘wiazte Dengity: |EI |kga"m3 ﬂ
Proportion of Mazz: ’07
Yolumetric '/ ater Content: ’07
Conversion Fate Half Life: |D |year ﬂ
or
Ref Height of Leachate: |?.5 |m ﬂ
" 0K x LCancel | ? Help |
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Case 4: Finite Mass Source

Run Parameters

Boundary Conditions

Boundary Conditions ] Top - Finite Mazs  Bottom - Fised Outflow l Fixed Outflow Syrmbol ]

Landfil Length: [200 [m ]
Landfil width [300 m ~
Base Thickness: |3 m -

Baze Porosity: 03

Basze Outflow Weloity: |6 m'a -

o 0K x Cancel | ? Help |

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.

Run Parameters 5

Tupe  Marirmum Concertrations ]

Search Depth: |4 |m j

Accuracy [%): 0.1
Mumber of lterations: |25

Lower Time Limit: |25 |yr ﬂ
Upper Time Limit; |4UU |}lr j
All Depths
* Yes
" Mo
x Cancel | ? Help
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Case 4: Finite Mass Source

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, leachate collection, base aguifer

313,346
293,345
283346
273.346
263,346
253,346
243.345
233.345
223,346

5213346 |

2 203346

E 193.345 |

Z 183305 |

=

g 173 346

O 163.346 |
153.346
143.346 |
133.345
123346 §
113.346
103,346

93.346 |
83.346 |
73.345

B3.346

Depth (m)
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Case 4: Finite Mass Source

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, leachate collection, base aquifer

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va = 0.03 m/year

Layer Properties
T
Layer Thickness- Number of Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers | Hydrodynamic Coefficient
Dispersion
Aguitard 4'm 4 0.01 cm3fg 0.4 0 m2fa 1.5 gfemd]
Boundary Conditions

Finite Mass Top Boundary
Initial Concentration = 1000 mg/L
Rate of Increase = 0 mg/Lyyr
YYolume of Leachate Collected = 0.27 m/a
Thickness of Waste=0m
YWaste Density = 0 kg/m3
Proportion of Mass=0
“olumetric Water Content =0
Conversion Rate Half Life = 0 year
Reference Height of Leachate = 7.5 m

Fixed Outflow Bottom Boundary
Landfill Length = 200 m
Landfill Width = 300 m
Base Thickness =3 m
Base Porosity=0.3
Bage Outflow Velocity =6 m/fa

Laplace Transform Parameters
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Case 4: Finite Mass Source

Maximum Base Concentration Parameters

Depth to Search=4 m

Lowrer Time Limit = 25 yr

Upper Time Limit = 400 yr

Base Concentration Accuracy = 0.1
Maximurn Search Attempts = 25

I

Maximum Base Concentration and Time of Occurrence

Time

Depth Concentration | Preceeding Preceeding Exceeding Exceeding
yr m mg/L Time Concentration Time Concentration

7 0233E+01 0.0000E+0 6. 1040E+1
1.0000E+00 1.0820E+02
2.0000E+0 1.8995E+02
3.0000E-+00 3.1335E+02

4.0000E-+00 1.3589E+02 6.8517E+1 1.3550E+02 7. 1849E+01 1.35458E+02

Mumber of Search Attermpts =5
NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workability of this software or any other
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. Mo
responsibility is assumed for any errors, mistakes or misrepresentations that may occur from the use of this
computer program. The user accepts full responsibility for assessing the validity and applicability of the results

obtained with this program for any specific case.
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Case 5: Hydraulic Trap - Finite Mass Source

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, (q,) is 0.3 m/a. For this example the Darcy velocity

(v,) 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 (Q,) is:

Q.=qp=03m/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 (v},) is then:

Vi = Vp(in) + v, *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 o 1000.0 mg/L
Rate of Increase in c Cyp 0.0 mg/L/a
Ref. Height of Leachate H, 7.5 m
Volume Collected Q. 0.3 m/a
Landfill Length L 200.0 m
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Case 5: Hydraulic Trap - Finite Mass Source

Landfill Width W 1.0
Thickness of Aquifer h 1.0
Porosity of Aquifer ny, 0.35
Data Entry

B B

1

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.

-

Tite: |Case B Hydraulic trap, Finite mass, leachate collection, base aquifer

Number of Lavers: |1 M aximum D epth: |5

Darcy Velocity: |-D. om

Laplace Transform Parameters

Tal: |7 N: |20

|ma’year j

« 0K X Cancel |

Layer Data

The layer data for this model is the same as that in Case 4.
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Case 5: Hydraulic Trap - Finite Mass Source

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.

Boundary Conditions

Boundary Conditions T op - Finite Mazs I Biottom - Fixed Outflow I Fixed Outflave Symbal I
Specify
Initial Source Concentration; |1DDU |mga’L LI
Rate of Increaze in Conc: | malliw -
Wolume of Leachate Collected: |03 méa R
and either
Thickness of Wase: ID Im LI
Wazte Density: |0 Ikg.-"mS LI
Fropaortion of Mazs: |0
Yalumetric Water Content: {0
Conwverzion Fate Half Life: |0 I_l,leal LI
or
Fief Height of Leachate: |?.5 |m ;I
q/ Ok x LCancel | ? Help |

Boundary Conditions

Boundary Conditions | Top - Finite Mass  Bottom - Fixed Outflow | Fixed Outflaw Symbol |

Landfill Length: [200 m
Landfilwidb: [T |m |
Base Thickness: |1— m
B ase Porosity: IF
Base Outflow Yelocity: I38— lm

o OF XK Cancel | ? Help |
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Case 5: Hydraulic Trap - Finite Mass Source

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 3. Hydraulic trap, Finite mass, leachate collection, base aguifer

24529

23529 ||7 [ 208 2826461 42575 yr |

22529
21529
20520
19.520
18520
17.520
15520
15520

y

o 14520

£

T 13520

S

T 12529

ntr

o 11529

2

S 10529
9529
8520
7529
5520
5520
4529
3529

2528

1528

Depth (m)
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Case 5: Hydraulic Trap - Finite Mass Source

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, leachate collection, base aquifer

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va=-0.001 miyear

Layer Prope&ies

| Layer

Thickness

Number of
Sublayers

Coefficient of
Hydrodynamic
Dispersion

Matrix Porosity

Distributon
Coefficient

Dry Density

Aguitard

4m

]

0.01 cmdly

0.4

0 m2fa

1.5 gfem3

Finite Mass Top Boundary
Initial Concentration = 1000 mg/L

Rate of Increase = 0 mg/L/yr

Yolume of Leachate Collected = 0.3 m/fa

Thickness of YWaste =0m

YWaste Density = 0 kog/m3
Propartion of Mass =0

“olumetric Water Content =0

Conversion Rate Half Life = 0 year
Reference Height of Leachate =7.8m

Fixed Outflow Bottom Boundary

Landfill Length =200 m
Landfill Width=1m
Base Thickness =1m
Bage Porosity=0.35
Bage Outflow Velocity = 3.8 mfa

Laplace Transform Parameters

TAU=7

N=20
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Case 5: Hydraulic Trap - Finite Mass Source

Maximum Base Concentration Parameters

Depth to Search=4m

Lower Time Limit = 25 year

Upper Time Limit = 400 year

Base Concentration Accuracy = 0.01
Maximum Search Atternpts = 25

I
Maximum Base Concentration and Time of Occurrence
Time Depth Concentration | Preceeding Preceeding Exceeding Exceeding
yr m mg/L Time Concentration Time Concentration

2.0828E+)2 0.0000E-+HID 77AZTE-O
1.0000E-+10 2.2363E+01
2.0000E+10 2.4529E+H01
3.0000E+H10 1.4300E+11
4.0000E+00 2.2M93E+00 2.0800E+02 2.M93E+00 2.0857E+02 2.2198E+00

Murnber of Search Attempts =8

NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theary used, we make no warranty as to warkability of this software or any othed|
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. Mo
regponsibility is assumed for any errors, mistakes ar misrepresentations that may occur from the use of this
computer prograrn. The user accepts full responsibility for assessing the validity and applicability of the results
obtained with this program for any specific case.

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.
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Case 6: Fractured Layer and Sorption

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 (v,) of 0.02 m/a through the deposit and an infiltration through the cover (q,) of 0.3 m/a

are assumed. The Volume of Leachate Collected (Q,) is then given by:

Qg =dg - V4 =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 (v},) at the down gradient edge of the landfill is then:

v =4 +200%0.02 = 8 m/a

The following parameters are defined for this example:

Property
Darcy Velocity

Diffusion Coefficient
Distribution Coefficient
Soil Porosity

Dry Density

Soil Liner Thickness

Number of Sub-layers
Fractured Till Thickness

Number of Sub-layers
Fracture spacing in x direction

Fracture opening inx
Fracture spacing in y direction

113

Fracture opening in 'y

Dispersion along fractures

Fracture Distribution Coefficient K¢

POLLUTEV7 Reference Guide

0.0

YValue Units

0.02 m/a
0.01 m2/a
1.5 cm3/g
0.4 -

2.0 g/cm3
1.0 m

1 -

3.0 m

1 -

1.0 m

10 pm
1.0 m

10 pm
0.06 m?/a
cm3/g
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Case 6: Fractured Layer and Sorption

Property

Matrix Diffusion Coefficient

Matrix Distribution Coefficient
Matrix Porosity

Dry Density of Matrix

Source Concentration

Rate of Increase in Conc.
Reference Height of Leachate
Volume of Leachate Collected

Landfill Length
Landfill Width
Aquifer Thickness
Aquifer Porosity

Base Outflow Velocity

Lower and Upper Time Limits

Data Entry

Value Units

D, 0.01 m?/a
K 1.5 cm3/g
Ny, 0.4 -
2.0 g/cm3
o 1000 mg/L
Cr 0.0 mg/L/a
H, 7.5 m
Q. 0.28 m/a
L 200.0 m
W 1.0 m
h 1.0 m
nb 0.35 -
Vh 8.0 m/a
20, 300 a

1

Start the POLLUTEvV7 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.

POLLUTEV7 Reference Guide

Title: |Ca§5 E: T thick liner, 3m fractured till, finite mazs, sorption
Mumber of Lapers: |2 M axirnum Depth: |5 |m j
Darcy Yelocity: |U.U2 |ma’year j
Laplace Transform Parameters
TAU: |7 M |20 SIG: |0 RHU: |2
J ak x Cancel | ? Help |
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Case 6: Fractured Layer and Sorption

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.

Layer Number |1 M 4 » Py
L3

Layer Data l Laver Symbal ]

M amme: |C0mpacted Clay

MNumber of Sub Layers |1 Fractures
Thickness |1 m - o Mg
Dy Denzity |2 gfcm3 v " 1 Dimenzional
Porozity {04 2 Dimensional
Coef of Hydre Disp (0,01 cmifly - " 3 Dimensional

Distribution Coef (1.5 mitkg
/ ak. | x Cancel | ? Help

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.

Layer Humber |2 A 4 » p

Layer Data ] Layer Symbol] 2 Dimensional Frucl&es]

Mame: |Fractured Till

Mumber of Sub Lapers |1 Fractures
Thickness |3 m hd ~ None
Dy Density |2 géem3d - ~ 1 Dimensional
Porosity (0.4 + 2 Dimensional
Coef of Hpdro Digp |0.01 cm3’g - 3 Dimenzional

Distribution Coef [1.5 mitka -
q’ k. | x Cancel | ? Help
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Case 6: Fractured Layer and Sorption

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.

Layer Humber |2

Layer Data] Layer Symbol 2 Dimensional Fructures ]

k Dimension
1 2

4 )

Spacing |‘I |‘I|

Opening size |‘I E-H |‘I E-5

[
[

Mumber to Sum |10 10
Dizperzion Coefficient |0.06 m2ta -
Distribution Coefficient |0 mfa -

o OK x Cancel |

? Help

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.

Boundary Conditions

Boundary Conditions  Tap - Finite Mass l Bottam - Fixed Dutfow ] Fixed Outflow Symbal ]
Specify
Initial Source Concentration: |‘IDDE1 |mgx’L
Rate of Increase in Conc: ||j |mg,n'|_,n’}||- j
Wolume of Leachate Collected: ||j_28 |m.:"a
and either
Thickness of Wase: |IJ |m
“wiaste Dengity: |IJ |kga’m3
Froportion of Mazs: ’07
Yolumetric ' ater Content: ’07
Corversion B ate Half Life: |IJ |_l,lear
or
Fief Height of Leachate: |?.5 |m
o 0K x LCancel |
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Case 6: Fractured Layer and Sorption

Boundary Conditions

Landfill Length: | 200 m g -

Landfill width: |1 m -

Basze Thickness: |1 m -
Baze Parosity: 0.35

Baze Outflow Yelocity: |3 mia -

Boundary Conditions ] Top - Finite Mass  Bottom - Fixed Outflow ] Fired O utflow Symbol ]

/ Ok x LCancel |

7 o |

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.

POLLUTEV7 Reference Guide

Run Parameters b

Type  Maximurn Concentrations ]
Search Depth: |4 |Search ﬂ
Acouracy (%] 007
Mumber of Iterations: |25
Lower Time Limit; |2D |L0wer ﬂ
Upper Time Limit: |SUD |Upper ﬂ
All Depths
* Yes
" No
x Cancel | ? Help
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Case 6: Fractured Layer and Sorption

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.

26 568
25 868
24 B
23 566
22 868
21 R
20565
18868
18868
17 8656
18 868

315868
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£ 14368

E 13888

=

= 1268

5

2 11 868

[=3

S 10 86

8868
B85S
7 568
585G
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4568
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Case 6 1m thick liner, 3m fractured till, finite mass, sorption

Depth (m)
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Case 6: Fractured Layer and Sorption

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: 1m thick liner. 3m fractured till, finite mass, sorption

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va=0.02 m/year

Layer Properties
Layer Thickness Number of | Coefficient of | Matrix Porosity. Distributon Dry Density
Sublayers |Hydrodynamic I Coefficient
Dispersion
Compacted Clay Tm 1 0.01 cmddy 0.4 1.5 m3ky 2 gfcm3
Fractured Till 3Im 1 0.01 cmddy 0.4 1.5 m3ky 2 gfcm3
Layer Fracture | Opening | Number | Fracture | Opening | Number | Fracture | Opening | Number
Spacing Size Spacing Size Spacing Size
1 1 | 1 2 2 2 3 3 3
Fractured 1m 1E-Sm 10 1m 1E-Gm 10
Till
Layer Dispersion Distribution Fracture Porosity Retardation
Coefficient in Coefficient in Coefficient in Matrix
Fractures Fractures
Fractured Till 0.06 m2fa 0 m2/a 2.0000E-D5 8.5000E+00
Boundary Conditions

Finite Mass Top Boundary
Initial Concentration = 1000 mg/L
Rate of Increase = 0 mg/L/yr
Yolume of Leachate Collected = 0.28 mia
Thickness of Waste=0m
YWaste Density = 0 kg/m3
Proportion of Mass =0
“olumetric Water Content =0
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Case 6: Fractured Layer and Sorption

Conversion Rate Half Life =0 year
Reference Height of Leachate =7.8m

Fixed Outflow Bottom Boundary

Landfill Length = 200 m
Landfill Width =1 m
Base Thickness=1m
Bage Porosity =0.35

Base Outflow Velocity = 8 mfa

Laplace Transform Parameters

TAU=7 N=

Maximum Base Concentration Parameters

Depth to Search =

20 SIG=0

4 Search

Lower Tire Limit = 20 Lower
Upper Tirme Limit = 300 Upper
Base Concentration Accuracy = 0.01

Maximum Search Attempts = 25

RNU =2

Maximum Base Concentration and Time of Occurrence

Time Depth Concentration | Preceeding Preceeding Exceeding Exceeding
yr m mg/L Time Concentration Time Concentration
B.1816E+2 0.0000E-+D0 1.7644E-03
1.0000E-+00 2.9323E-01
| 4.0000E+10 2.6BEEE+HN 6.1770E+2 2.6B65E+ 6.1861E+)2 2.6BE9E+I
Mumber of Search Atternpts = 10
NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workability of this software or any other
licensed material. Mo warranties either expressed or implied (including warranties of fithess) shall apply. Mo
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Case 7: Fractured Rock and Radioactive Decay

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, c, 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 Dy, 0.0018 m2/a
Matrix Distribution Coefficient Ky 0.0 cm3/g
Matrix Porosity Ny, 0.05 -
Matrix Dry Density 2.0 g/cm3
Fractured Rock Thickness H 50 m
Number of Sub-layers 5 -
Fracture spacing 2H, 0.05 m
Fracture opening 2hy 10 pm
Dispersion along fractures D¢ 6.0 m2/a
Fracture Distribution Coefficient K¢ 0.0 cm3/g
Source Concentration o 1.0 unit
Half life of contaminant 100 a
Time period of interest 30 a
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Case 7: Fractured Rock and Radioactive Decay

Data Entry

1
Start the POLLUTEvV7 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.

-
Titlex “:ase 7: Lateral migration in fracturedock

Nurnber of Layers: |1 M aximurn D epth: |5D |m j

Darcy Yelocity: |D.DB |m.-’year j

Laplace Transform Parameters

TAU: |7 N [40 8IG: |0 RNU: |4

/ ak. x Cancel | '? Help |

POLLUTEV7 Reference Guide 52



Case 7: Fractured Rock and Radioactive Decay

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.

Layer Number |1 4 4 > p

Layer Data lLayer Symbol] 1 Dimensional Fractures]

Marmne: |Fractured Rock| T

MHurmnber of Sub Lapers ’5— Fractures
Thickness ’5— m © Mone
Dy Density ’2— ,m f* 1 Dimensional
Porazity ’F " 2 Dimensional
Coef of Hydro Digp |0.0072 m2ta - " 3 Dimenzional
Distribution Coef |0 mifka -

/ QK | x Cancel | ? Help

=

Layer Humber |1 4 4 » M

Layer Data] Layer Symbol 1 Dimensional Fractures ]

Dimension
1

Spacing ’W m
Opening Size |TE-6 m -

Numnber ta Sum "ID—
Dizperzion coefficient ’B— m
Distiubiton Cosfiicient [0~ [m3kg |

,/ ak x Cancel | ? Help |
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Case 7: Fractured Rock and Radioactive Decay

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.

Boundary Conditions

Boundary Conditions l Top - Constant Conc. ]

UL " Zero Flux

" Finite Mazs

Bottom Boundary o]
B0 FiLx

" Canstant Canc
" Fixed Outflow Yelocity

" Infinite Thickness

o 0K X Cancel | ? Help

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.
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Case 7: Fractured Rock and Radioactive Decay

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.

Radioactive/Biological Decay

Decay ] Hanges]
Mumber of Depth Rangers: 1|
Source Decay
& Yes Source Half-Life
e o I T
Baze Decay
& Yes Base Half-Life
e o I T
o OK x Cancel | ? Help |

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.

Radioactive/Biological Decay

Decay Ranges l %

Range Mumber [4 M4 p P

Top Depth @ |m ﬂ
Battamn Depth |50 |m j
Half Life [100 |pr |

o DK X Cancel | ? Help |
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Case 7: Fractured Rock and Radioactive Decay

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.

Maximum Sublayer, Thickness

Information

M aximurn Sublaper Thickness - When overiding the
default the program may crash or give false results

M awimum Layer Thickness hoo

« 0K X Cancel | ? Help |

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.
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Case 7: Fractured Rock and Radioactive Decay

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 DARCY VELOCITY (Flux) THROUGH THE LAYERS Va=0.03 m/year

Case 7: Lateral migration in fractured rock

Layer Properties 1
Layer Thickness Number of Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers | Hydrodynamic Coefficient
Dispersion
Fractured Rock 50 m 5 0.0013 m2/a 0.05 0 rmdfky 2 gforna
Layer Fracture | Opening | Number | Fracture | Opening | Number | Fracture | Opening | Number
Spacing Size Spacing Size Spacing Size
1 1 1 2 2 2 3 3 3
Fractured | 0.05 m 1E-5m 10
Rock
Layer Dispersion Distribution Fracture Porosity Retardation
Coefficient in Coefficient in Coefficient in Matrix
Fractures Fractures
Fractured Rock B mZfa 0 m3/ky 2.0000E-04 1.0000E-+H10

Boundary Conditions

Contant Concentration

Source Concentration = 1 moiL

Infinite Thickness Bottom Boundary

RADIOACTIVE OR BIOLOGICAL DECAY
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Case 7: Fractured Rock and Radioactive Decay

First Order Radioactive or Biological Decay Depth Ranges

Minimum Depth Maximum Depth Half Life
0 m g0 m 100 yr
Radioactive or Biological Decay Source Half Life = 100 yr
Radioactive or Biological Decay Base Half Life = 100 yr
Laplace Transform Parameters
TAU=7 N=40 SIG=0 RNU=14
Calculated Concentrations at Selected Times and Depths
Time Depth Concentration
year m mg/L
30 0.000E-+00 8.123E-01
1.000E-+01 8.123E-01
3.000E-+M 8.123E-01
4 O00E-+M 7.B81E-01
5.000E+M 2 588E-01
NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workability of this software or any other
licensed material. Mo warranties either expressed or implied {including warranties of fitness) shall apply. Mol
responsibility is assumed for any errors, mistakes or misrepresentations that may occur from the use of this
computer prograrm. The user accepts full responsibility for assessing the validity and applicability of the results

obtained with this program for any specific case.
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Case 7: Fractured Rock and Radioactive Decay

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.

First Order Radioactive or Biological Decay Depth Ranges

Minimum Depth Maximum Depth

Half Life

0m a0 m

100 yr

Radioactive or Biological Decay Source Half Life = 100 yr

Radioactive or Biological Decay Base Half Life = 100 yr

Laplace Transform Parameters

TAU=7 N=20 SIG=0 RNU=Z

I
Calculated Concentrations at Selected Times and Depths
Time Depth Concentration
year m mg/L
30 0.000E-+HI0 8.123E-01
1.000E-+31 8.123E-01
3.000E-+1 8.123E-01
4.000E-+01 7.883E-01
5.000E-+01 -1.384E+02
NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workability of this software ar any other
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. No
responsibility is assumed for any errors, mistakes or misrepresentations that may ocour from the use of this
computer program. The user accepts full responsibility for assessing the validity and applicability of the results

obtained with this program for any specific case.
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Case 8: Diffusion with Initial Concentration Profile

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 (c,) 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 0648 cm%/d
Distribution Coefficient Kqg 263 cm3/ g
Soil Porosity n 0.39 -
Dry Density 1.68 g/em3
Soil Layer Thickness H 4.5 cm
Number of Sub-layers 10 -
Source Concentration o 400.0 mg/L
Ref. Height of Leachate H, 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

1
Start the POLLUTEvV7 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.
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Case 8: Diffusion with Initial Concentration Profile

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 Da
zero for pure diffusion.

ta form below, the Darcy velocity is set to

General Data

Tithe: |l:ase 8 Analyziz of a Labratol}lfiffusion test with background
MNumber of Layers: ’3— Maximum Depth: |4.5 |m j
Darcy Yelocity: |El |ma"year j
Laplace Transform Parameters
TaU: [7 N [20 si; o mWw 2
o 0K x Cancel | ? Help |

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 lay

ers can be added as shown below.

Layer HNumber |1

Layer Data ] Layer Symbal ]

M4 >

Mame: |Ela_d

Mumber of Sub Lapers |1
Thickness |0.1 m -

Dy Denzity |1.68 glcmd v
Parosity |0.39

Coef af Hydro Disp |0.642 cm3fy
Distribution Coef |2.68 m

Fractures

+ Mone
" 1 Dimensional
" 2 Dimengional

" 3 Dimengional

" 0K |

x Cancel |

P Help
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Case 8: Diffusion with Initial Concentration Profile

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.

Layer Number |2 i 4 » M

Layer Data l Layer Symbal ]

-

Name: |Cla}{

MNumber of Sub Layers ’10— Fractures
Thickness |4.3 m - & Nans
Dy Density ,T lm 1 Dimenzional
Porosity ’F " 2 Dimensional
Coef of Hydra Disp ,W cmdfg o« " 3 Dimensional
Distribution Coef |28 m

J ak | x Cancel | ? Help |

Layer Nur*el 3 M 4 » b

Layer Data l Laver Symbol ]

M ame: |C|a_'|4

Mumber of Sub Layers |1— Fractures
Thickness |01 m v & Mone
Dy Dengity |1.68 lm " 1 Dimensional
Porosity W " 2 Dimengional
Coef of Hydro Disp IW cmi/g - 3 Dimensional
Distribution Coef |2.68 mitkg

\/ QK. | x Cancel | ? Help

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.
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Case 8: Diffusion with Initial Concentration Profile

Boundary Conditions

Boundary Conditiohs l Top - Finite Mass ]

Top Boundary " Zero Flus

" Constant Concentration

Bottom Boundary

iw

Zera Flug
Constant Con

Fixed Outflow W elocity

Y

Infinite: Thickness

o 0K x Cancel | ? Help |

Boundary Conditions h

Boundary Conditions  Top - Finite Mass l

Specify
Initial 5ource Concentratian: |4DE| |mga’L j
Fate of Increaze in Conc: |D |mg,-"|_.-"_l,l[ ﬂ
YYalume of Leachate Collected: |D |m.n’a ﬂ
and either
Thickness of Wage: |D |m ﬂ
Waste Dengity: |D |kgx’m3 ﬂ
Froportion of M azs: ’07
Vaolumetric Water Content: ’07
Coreeerzion Fate Half Life: |D |_I,Jear ﬂ
or
Fief Height of Leachate: |E |m j
/ ok x LCancel | ? Help |

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.
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Case 8: Diffusion with Initial Concentration Profile

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.

Initial Concentration Profile

Concentration Prof% ] Depth Intervals ]

Start Time |E‘ |yr j
Flux inta Soil [0 [m2ts |
Flu into Base |D |m2.-’a ﬂ

Type of Profile

e Depth Intervals " Sublayers

Number of Depth Intervals |1

o OK x Cancel | ? Help |

Initial Concentration Profile

Concentration Profile  Depth Intervals l

Depth Interval 1 I 4 4 » M

Top Depth |E‘ |m ﬂ

EBottom Depth |4.5 |m j

Concentration |1 0 |mg.="L j
« 0K X Cancel | ? Help |
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Case 8: Diffusion with Initial Concentration Profile

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 Analysis of a Labratory Diffusion test with background

v [0 year
200985(” v W& yesr
280955 W 09 vear
2709551 W 012 year
2609554 -\ b 15 year
250955 4 A
2409551
230955 4
2o0085 |
210,955
200955 4
190,855 4

1808554 o7
= &% 47
170,955 |
£ & o
Tie0gssy o
= o
F 150085
E 140955 |
5 e
21308554 -
= 5 /,
O1z09554 .
1109854
1008554 7
s0gss 4 o .
CIEECE M
08554
609554 -
CIEEE
409551
angss4
209854
10955

Depth (m)
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Case 8: Diffusion with Initial Concentration Profile

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: Analysis of a Labratory Diffusion test with background

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va=0 m/year

Layer Properties
T
Layer Thickness Number of Coefficient of [ Matrix Porosity] Distributon Dry Density
Sublayers | Hydrodynamic| I Coefficient
Dispersion
Clay 0.1 m 1 0643 cm3fy 039 268 m3ky 1.68 gioma3
Clay 43m 10 0648 cm3fy | 039 [ 268 m3ky 1.68 gfem3
Layer Properties
Layer Thickness Number of | Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers | Hydrodynamic Coefficient
Dispersion
Clay 01m 1 0648 cm3fy 0.39 268 m3fky 1.68 gfem3
Clay 4.3 m 10 0643 em3fy | 0.39 | 268 m3ky | 1.63giem3
Clay 0.1 m 1 0648 em3fy | 0.39 | 268 m3ky p  1.68 giom3
Boundary Conditions

Finite Mass Top Boundary
Initial Concentration = 400 mg/L
Rate of Increase = 0 mg/Lfyr
Yolume of Leachate Collected =0 mifa
Thickness of Waste=0m
Waste Density = 0 kg/m3
Proportion of Mass =0
“olumetric Water Content =10
Corversion Rate Half Life = 0 year
Reference Height of Leachate =6 m

Flux into Base = 0 m2/a
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Case 8: Diffusion with Initial Concentration Profile

Calculated Concentrations at Selected Times and Depths

Time Depth Concentration
year m mg/L
3 0.000E-+ID i 2.910E+02
1.000E-01 r 2.568EH12
5.300E-01 1.164E+12
9.600E-01 3.779E+H01
T 1.390E+00 1.426E+01
1.820E+00 1.038E+01
2.250E+H10 1.002E+01
2.BB0EHID 1.000E+1
3.110EHID 1.000E+01
3.540EHID 1.000E+31
3.570EHID 1.000E+01
4 400EHI0 1.000E+01
4 500E+I0 1.000E+01
B 0.000E-+HID 2.596E+H12
1.000E-01 2.398E+12
5.300E-01 1.491E+02
9.600E-01 7.573E+01
1.390E+00 3.391E+01
1.820E+00 1.664E+01
2.250EHI0 1.140E+01
2.6B0EHID 1.022E+01
3.110EHID 1.003E+01
3.540EHID 1.000E+01
3.570EHID 1.000E+01
4. 400E-+10 1.000E+01
4 500E+I0 L 1.000E+01
9 0.000E-+HID 2.394E+H12
1.000E-01 2.253EH2
5.300E-01 1.586E+02
9.600E-01 9.690E+01
1.390E+00 5.273E+01
1.820E+10 2.758E+01
2.250EHI0 1.602E+01
2 6BOEHID 1.172E+01
3.110EHID 1.040E+01
3.540EHID 1.008E+01
3.8970EHID 1.001E+01
4.400E-+10 1.000E+1
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Case 8: Diffusion with Initial Concentration Profile

4.500E+10 1.000E-+31

12 0.000E+I0 2243EH2
i 1.000E-01 2135EH2
5.300E-01 1.610E+HIZ

9.600E-01 1.088E+12

1.350E+00 5.682E+H01

1.820E+00 3.889E+HN

2.250E+10 2.256E+HN

2. 6BOEHID 1.4B0E+01

3. 110EHIO 1.160E+H11

3.540E-410 1.046E+01]

3.970E+I0 1.012E+11

4. 400E+10 1.004E+11

4 500E+I0 1.003E+1

18 0.000E+10 2124EH2
1.000E-01 2.036E+H12

5.300E-01 1.605E+12

9.600E-01 1.158E+02

1.390E+00 7.BI9EHN

1.820E+00 4. 814EHN

2.250E+10 2 948E+HMNM

2.680E+I10 1.891E+11

3.110E+HIO 1.365E+H11

3.540E+10 1.134E+01

3.970E+ID 1.045E+01

4. 400E-+ID 1.020E+01

4 500E+I0 1.019E+1

NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workability of this software or any other
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. No
responsibility is assumed for any errors, mistakes or misrepresentations that may occur from the use of this
computer prograr. The user accepts full responsibility for assessing the validity and applicability of the results

obtained with this program for any specific case.
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Case 9: Freundlich Non-linear Sorption

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 (c,) 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 K¢=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 cm?/hr
Sorption Coefficient K¢ 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 o 50.0 mg/L
Ref. Height of Leachate H, 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

1
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.
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Case 9: Freundlich Non-linear Sorption

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.

General Data K

Title: ":ase 9 Freundiich Mon-linzar sorption in a lab diffugion test

MNumber of Layers: |1 M aimum Depth: |? |c:m ﬂ

D arcy Yelocity: |D |I‘ﬂ.-"hl ﬂ

Laplace Transform Parameters

TAU: |7 N [20 5iG: |0 RNU: |2

o DK x Cancel | ? Help |

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.

Layer Humber |1 4 4 » b

Layer Data l Layer Symbol] %
Mame: [Clay
Humber of Sub Lapers |14 Fractures

Thickness ’?— crm - & Nore
Dy Density ’T m " 1 Dimenszional
Porosity ’T ™ 2 Dimensional
Coef of Hydro Dizp ’W m " 3 Dimensional
Diztribution Coef ’U— m

& 0K | x Cancel | ? Help
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Case 9: Freundlich Non-linear Sorption

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.

Boundary Conditions

Boundary Conditions  Top - Finite Mazs l
Specify
Initial Source Concentration: |5E‘ |mgf’L ﬂ
Rate of Increase in Conc: |D |mg,-'|_,-'}., ﬂ
‘Volume of Leachate Collected: |U |ma’a I j
and either
Thickness of Wase: |D |m j
Wazte Dengity: |D |kgx’m3 ﬂ
Froportion of Mazs: ,Di
Volumetric W ater Content: ,Di
Cornversion Fate Half Life: |D |_l,lear j
or
Fief Height of Leachate: |E.5 |cm j
o 0K x LCancel | ? Help |

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.
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Case 9: Freundlich Non-linear Sorption

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.

Mon-Linear Sorption

l Laver Data ]

Mondlinear Sorption Type

" Mone + Freundlich " Langruir

b awirurn Murber of lkerations [10

Minimiurn Reference Concentration |D.1 |mg.-’L j

o OK XK Cancel | ? Help |

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).
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Mon-Linear Sorption

Sorption Data |

Layer Humber 1 4 4 » M

S=KF*c=E

Coefficient Kf |2
Exporent B |0E28

o OK x Cancel | '? Help
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Case 9: Freundlich Non-linear Sorption

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 Mon-linear sorption in a lab diffusion test
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Case 9: Freundlich Non-linear Sorption

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 in a lab diffusion test

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va=0 m/hr

Layer Properties
Layer Thickness Number of | Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers |Hydrodynamic Coefficient
Dispersion
Clay 7cm 14 0.019 emZthr 0.45 0 cm3fy 1.47 gicm3
Dispersion
Clay 7cm 14 0.013 cm2ihr 0.46 0 em3fy 1.47 gfom3

Non-Linear Sorption

Maximum Number of lterations = 10
Minimum Reference Concentration = 0.1 mg/L
Freundlich Serption Isotherm S = K * ¢*E

Layer K E
1 2 . 0.E28

Boundary Conditions

Finite Mass Top Boundary
Initial Concentration = 50 mg/L
Rate of Increase = 0 mg/L/yr
Yolume of Leachate Collected =0 m/a
Thickness of Waste=0m
YWaste Density = 0 kg/m3
Proportion of Mass =0
“olumetric Water Content =0
Conversion Rate Half Life =0 year
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Case 9: Freundlich Non-linear Sorption

Laplace Transform Parameters

TAU=7 N=20 SIG=0 RNU=2

Calculated Concentrations at Selected Times and Depths

POLLUTEV7 Reference Guide

Time Depth Concentration
hr cm mg/L
200 0.000E+J0 3.B15EHN

5.000E-01 3.0Z22EHN
1.000E+00 2. 143E+N
1.800E+00 1.367E+1
2.000E+10 7 .618EHID
2.500E+10 3.521EHI0
3.000E+00 1.233E+00
3.500E+00 2.728ED1
4.000E+00 3.002E-02
4 .500E+00 1.801E-03
5.000E+10 BAT1E-05
5.500E+10 1.412E-06
6.000E+00 1.834E-08
6.500E+00 1.499E-10
7 .0D0E+OD 5.539E-12

Corvergence Check for Non-linear Sorption

0 lterations. Maximum Change: 0%

400 0.000E+J0 3.562EHN
5.000E-01 3.009E+MN
1.000E+00 2.439E+N1
1.500E+00 1.884E+01
2.000E+10 1.376E+
2.500E+00 9. 404E+10
3.000E+00 597EHID
3.500E+00 3.349E+10
4.000E+00 1.645E+00
4. 500E+10 6.5 E-01
5.000E+10 1.935E-01
5.500E+00 3.828E-02
6.000E+J0 5.748E-03
6.500E+00 6.747E-04
7.00D0E+00 1.213E-04
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Case 9: Freundlich Non-linear Sorption

1.500E+00 2.057E+01
2.000E+00 1.643E+
2. 500E+00 1.261E+01
3.000E-+00 8 Z39E+00
3.500E+00 & 403E-+00
4 000E-+00 4 156E-+00
4 500E+00 2.473E+00
5.000E+00 1.324E+00
5.500E-+00 5.085E-01
5.000E-+00 2267E-01
£ .500E-+00 6. 795E-02
7 .000E-+00 3012E02
Convergence Check for Mon-linegr Sorption
0 Iterations. Maximurm Change: &%
a00 0.000E-+00 3. 136E+01
£.000E-01 2812E+H01
1.000E-+00 2 AE9E+01
1.500E+00 2 119E+01
2 000E-+00 1.772E+1
2.500E+00 1 441E+1
3.000E-+00 1.136E+01
3.500E+00 8.617E+00
4.000E-+00 B.273E+00
4 500E+00 4 347E+00
5.000E-+00 2.841E+00
5.500E-+00 1.736E+I0
£ .000E-+00 8.974E-01
£ .500E-+00 5. 794E-01
7 .000E+00 4 451E-01
Convergence Check for Mon-linear Sorption
0 Iterations. Maximurn Change: 0%
NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workability of this software or any other
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. Mo
responsibility is assumed for any errors, mistakes or misrepresentations that may occur from the use of this
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Case 10: Time-varying Advective-dispersive Transport

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 (c,) 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:

my,, = 0.002 * 600 = 6.25 kg/m?

The Reference Height of Leachate (H,) is then calculated by dividing the total mass of contaminant per unit

area (my.) by the contaminant concentration (c).
H, = (0.002 * 600 * 6.25) /1 =7.5m

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 (c,) with time is zero.

The average infiltration through the cover (q,) is assumed to be 0.3 m/a. If the average exfiltration through

the base of the landfill is v, (which varies with time), then the Volume of Leachate Collected is:

Qc=qp-v3=03-v,

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 (v},) is assumed to be 2 m/a from years 0 to 20, then

increasing between 20 and 30 years according to the relationship:
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Case 10: Time-varying Advective-dispersive Transport

vb=2+200 * v,
After 30 years the outflow Darcy velocity (vy) 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.€., v4 < 0), and is 0.4 m for outward flow (i.e., v, > 0). The coefficient of hydrodynamic dispersion (D)

is then calculated by:
D=Dp, to*vy/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 002 m%/a
Distribution Coefficient K4 0.0 cm3/ g
Dispersivity (v, <0) 0.0 m
Dispersivity (v, > 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 o 1000 mg/L
Ref. Height of Leachate H, 7.5 m
Volume of Leachate Collected Q. variable m/a
Landfill Length L 200.0 m
Landfill Width W 1.0 m
Aquifer Thickness h 1.0 m
Aquifer Porosity ny 0.3 -
Aquifer Outflow Velocity Vi, variable m/a

When using the Variable Properties special feature the accuracy of the solution is dependent on the number
of sub-layers used.
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Case 10: Time-varying Advective-dispersive Transport

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

1
Start the POLLUTEvV7 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.

¢ -

Title: ’E&e 10: Time-varping welocity; termination of leachate collection

MNurnber of Layers: |1 Mawirurn Depth: |5 m j

Laplace Transform Parameters

TaU: |7 N [20 5IG: [0 RMU: |2

« 0K X Cancel | ? Help |
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Case 10: Time-varying Advective-dispersive Transport

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.

% Layer Number |1 4 4 » p

Layer Data l Laver Symbol]

N ame: |!‘5-CIU“E"EI

MNumber of Sub Layers |12 Fractures
Thickness |4 m hd & None
Dry Density |1.5 gfemad - " 1 Dimersional
Porozity {04 2 Dimensional
Coef of Hydio Disp {0.02 cma3dg - 3 Dimensional

Distribution Coef |0 makg -
/ QK. | x Cancel | ? Help
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Case 10: Time-varying Advective-dispersive Transport

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.

Boundary Conditions

Boundary Conditions  Bottam - Fixed Outflow l Fixed Outflow Symbol ]

Lamdfill Length: | 2001 m -

Landfill ‘width: |1 m v
Base Thickness: |1 m -
Base Paorosity: |03

/ ok x LCancel | '? Help

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.
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Case 10: Time-varying Advective-dispersive Transport

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.

i Time Varying Properties

k Time Period "I— M4 » M

Time Warying Data l Source Properties]

Mumber of Time Periods [E]

Start Time |D |_w ﬂ

Properties Increment within Periods
* Yes " Mo

Wanable Layer Properties:
" Yes * Mo

Wanable Decay:
" Yes * Mo

o OK x Cancel | '? Help
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Case 10: Time-varying Advective-dispersive Transport

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 Va rying Properties

Time Period [1 44 »

Time Waming Data  Source Properties l

Specify End Time [20] o |
Mumber of Increments "I— Increments
Source Conc |1DDD |mg.=’L ﬂ |U
Darcy Yelocity |-D.EIEI1 |m.-’a ﬂ |IJ
Dlizpersivity |U |m ﬂ
Base Velocity |2 |m.-’a ﬂ |IJ
Fiate far Conc |D |mg.f’Lx’_l,lr j
Yolume Collected |D.3 |m.=’a ﬂ |IJ
And either Waste Thickness |D |m ﬂ
Waszte Density |U |kga"m3 j

Proportion of Mazz |0
Water Content |0

Conw Rate Half Life |IJ |yr ﬂ
Or Fief Hight of Leach |7.5 |m |
o OK x Cancel | '? Help |

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.
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Case 10: Time-varying Advective-dispersive Transport

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).

A Time Varying Properties

Time Period |2 4 4 » M

Time Warying Data  Source Properties ]

Specify Erd Time"[2(] Jor |
Mumber of Increments |1D— Increments
Source Conc |-1 |rnga"L j |U

Darcy Yelocity [0 [mfa | |00021

Dizpersivity |D.4 |m j
Baze Yelocity |2 |m.f'a j |D.42

Fiate for Conc |D |I‘ng.-"L.-"_l,J[ j

Volume Collected [0.2 Imfa - [-0.0021
And either ‘waste Thickness |D |m j
waste Density |D |kgx’m3 j

Propartion of bass |0
“wiater Content |0

Corry Rate Half Life |U |_w j
o Fief Hight of Leach |7.5 |m |
o OK x Cancel | ? Help |

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).
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Case 10: Time-varying Advective-dispersive Transport

0l Time Varying Properties

Time Period R I
Time “arying Data  Source Propertiss l
Specify End Time 130 [yr |
Number of Increments "ID— Increments
Source Conc |-1 |mgx’L ﬂ |IJ
Darcy Yelocity |U.U2'I |m.=’a ﬂ |U
Dizperzivity |D.-'-1 |m ﬂ
Base Welocity |E.2 |m.f’a j |IJ
Rate for Conc |IJ |I‘ng.-"|_.-'l_l,|[ ﬂ
Wolume Collected [0.279 [ma ~| o
And either Waste Thickness |IJ |m ﬂ
Wwhaste Denzity |IJ |kga’m3 ﬂ
Froportion of Mazs ,U—
‘water Content ’D—
Cor Rate Half Life |D |5Jr ﬂ
Or Ref Hight of Leach |75 | |
o OK X Cancel | ? Help |

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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Case 10: Time-varying Advective-dispersive Transport

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 welocity, termination of leachate collection

Iv [ 20 year
v [l 21 year
W [ 22 year
W [ 23 year
v [ 24 year
v [ 25 year
v [l 26 vear
436 064 1 v Wl 27 vesr
18,064 | v W 28 vear
396.084 4 v [l 28 year
373064+ v W30 year
. v Il 40 year
3s8.054 1 v Bl 50 vear
335064 v Bl50 year
FE064 v Il 7o vesr
298 064 1 v Il 50 vear
278064 i [l 80 vesr
§‘258.UB4- ¢ v [l 100 vear
= 2zaoEs v W 110 year
= o v 120 year
5218'054'/ o v [0 130 year
FRECIITE A
g p
S 176.064 4
REELYIYS S

138,064 4
118084+ -
oa.064 |
78.064 4 -
sg064 4
38.064 4
18.054 |

T T . T T
0 1 2 3 4
Depth (m)
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Case 10: Time-varying Advective-dispersive Transport

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-varving velocity; termination of leachate collection

THE VARIABLE VELOCITY AND/OR CONCENTRATION OPTION HAS BEEN USED
NOTE THAT THE ACCURACY OF THE CALCULATIONS WITH THIS OPTION WILL DEPEND ON THE hUMBER OF
SUBLAYERS USED

Layer Properties
Layer Thickness Number of | Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers | Hydrodynamic| Coefficient
Dispersion |
Anuitard 4m 0.02 cm3fy 0.4 0 m3/ky 1.5 gfem3
I
Boundary Conditions
Finite Mass Top Boundary
Fixed Outflow Bottom Boundary
Landfill Length = 200 m
Landfill Width =1 m
Base Thickness =1m
Base Porosity=0.3
VARIATION IN PROPERTIES WITH TIME:
TIME PERIODS WITH THE SAME SOURCE AND VELOCITY
Period Start Time No. of Time Step | Source Conc Rate of Height of Volume
Steps Change Leachate Collected
1 0 yr 1 20 yr 1000 mgdl 0 75 m 0.3 mia
2 20 yr 10 1 yr -1 mafl 0 75 m 0.3 mfa
3 30y 10 10 yr -1 mgiL a 78 m 0.279 mfa
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Case 10: Time-varying Advective-dispersive Transport

Period Start Time End Time Darcy Velocity Dispersivity Base Velocity
1 0y 20 yr 0.001 mfa 0 m 2 méa
2 20 yr 30y 0 mfa 0.4 m 2 méa
3 30 yr 130 yr 0021 mfa 04 m |E.2 mia

Laplace Transform Parameters

TAU=7

=20

SIG=0

Calculated Concentrations at Selected Times and Depths

Time Depth Concentration
year m my/L

20 0.000E-+ID 4. 381E+H2
1.000E+00 1.730E+H12

2.000E+ID 1.858E+01

3.000E+I0 5.803E-01

4. 000E-+I0 2.130E-03

21 0.000E-+ID 4. 208E+H12
1.000E+00 1.762E+12

2.000E+ID 2.024E+01

3.000E+I0 7. 799E-01

4. 000E-+ID 3.240E-03

22 0.000E-+10 4.042E+H12
1.000E+00 1.794E+H12

2.000E+00 2391E401

4. 000E-+I0 1.416E-01

29 0.000E-+ID 3.05Z2E+H12
1.000E+00 2.11BE+2

2.000E+ID 5.485E+01

3.000E+I0 9.011E+HID

4. 000E-+I0 2.393E-01

30 0.000E-+ID 2933EH2
1.000E+00 2.155EH12

2 O00E-+HIN 7 3A2EHN

2.000E-+I0 3.190E+01

| 4.000E+00 3.955E-01

40 0.000E+I0 1.977E+H2
1.000E+00 2196E+12

2.000E+00 1. 465E+12

3.000E+00 6.029E+01

4.000E+00 1.003E-+01

a0 0.000E+I0 1.339E+12
1.000E+00 1.842E+012

2.000E+00 1.687E+H2

3.000E+00 1.063E+12

4.000E+00 3.505E+01

50 0.000E+I0 9.098E+N
1.000E+00 1 449E-+02
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Case 10: Time-varying Advective-dispersive Transport

3.000E+00 1.298E+02
4.000E+10 5.300E+H
70 0.000E+00 6. 198E+1
1.000E+0 1.106E+I12
2.000E+I0 1.406E+12
3.000E+00 1.336E+02
4.000E+00 8.275E+01
g0 0.000E+I0 4. 233E+HN
1.000E+0 §.303E+01
2.000E+I0 1.169E+12
3.000E+00 1.263E+02
4.000E+10 2. 140E+1
S0 0.000E+00 2.897E+01
1.000E+00 6. 184E+
2.000E+00 9. 440E+HN
3.000E+0 1.108E+12
4.000E+10 2.073E+01
100 0.000E+00 1.986E+01
1.000E+00 4 577EHN
2.000E+00 7. 479E+HN
3.000E+00 9.434E+01
4.000E+10 8.407E+11
110 0.000E+00 1.365E+01
1.000E+00 3.377EHN
2.000E+00 5.845E+HN
3.000E+10 7.B12EHN
4.000E+10 7 A1TEH
120 0.000E+00 9.400E+00
1.000E+00 2.486E+01
2.000E+00 4. 523E+H
3.000E+00 6.336E+HN
4.000E+00 6.318E+1
130 0.000E+00 B.486E+00
1.000E+00 1.828E+01
2.000E+10 3.473E+HN
3.000E+00 5.061E+HN
4.000E+I0 5.243E+1
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Case 11: Time-varying Source Concentration with Background

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=Dj+o*vy/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 Dy, 0.00663 mZ/a
Distribution Coefficient K4 0.0 cm3/ g
Dispersivity 0.0 m

Soil Porosity n 0.37 -
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Name of Section

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 o variable  mg/L
Reference Height of Leachate H, 6.0 m
Volume of Leachate Collected Q. 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

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

General Data
"'-.

Title: ||:ase 11: YWaniable source concentration histore

Nurmnber of Layers: |1

tawimum Depth: |1 5

Laplace Transform Parameters

= |

Tau: |7 N: |20 siG: [0

o OK X Cancel |

RNU: |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 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.

Ciry Density |15— m
Porosity |0.37

Cosf of Hydro Disp |0.00862 cmdlg -

Diiztribution Coef ID— ,m

Layer Humber |1— 4 4 » p
Layer Data l Layer S}lmbol]
M ame: |t|a.'r' k
Murnber of Sub Layers |15— Fractures
Thickness |15— m hd ‘o Mo

" 1 Dimensional
" 2 Dimensiohal

" 3 Dimensional

o 0K | x Cancel |

@ Help
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Case 11: Time-varying Source Concentration with Background

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.

Boundary Conditions

Boundary Conditions ]

Top Boundary ™~ Zem Flux

" Constant Concentration
" Finite Mass
Bottom Boundary
" Zeno Flux
" Cangtant Cat
" Fixed Dutflow Yelacity

" Infinite Thickness

o OK x Cancel | ? Help

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.
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Case 11: Time-varying Source Concentration with Background

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.

Initial Concentration Profile

Cancentration Praofile l '.u Intervals]

Start Time |1 r -

Flu into Soil |0 [m2/ia |
Flux into Baze |D |m2.-’a j
Type of Profile
» Depth Intervalz ™ Sublayerz

Nurnber of Depth Interval: |1

o OK | XK Cancel | ? Help

In this example the background concentration is uniform with depth, and can be specified as a constant 120

mg/L over 1 depth interval.

POLLUTEV7 Reference Guide

Initial Concentration Profile

Cancentration Profile  Depth Intervals l

Deplhlnlewalk 1 4 4 » p

Top Depth |q |m j

Battom Depth |1 R |m ﬂ

Concentration |1 20 |mg.-’L ﬂ
o OK XK Cancel | ? Help |
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Case 11: Time-varying Source Concentration with Background

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. 0to 7 years, 7 to 10 years, 10 to 13 years, 13 to 15 years, and 15
to 19 years.

A Time Va rying Properties

krime Period |1 M4 » M

Tirne: Varping Data | Source Properties ]

Murnber of Time Periods &

Start Time |IJ |_l,lr j

Properties Increment within Perods
" Yes &+ Mo

‘Yariable Layer Properties:
" Yes &+ Mo

‘Yariable Decay:
" Yes &+ Mo

« OK X Cancel | ? Help
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Case 11: Time-varying Source Concentration with Background

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.

£l Time Varying Properties EI[E|[Z|
Time Period |1 M4 > h

Time Warying Data  Source Properties ]

Specify Enlifime [7 [y |
Murnber of Increments |1—

Source Conc |D |mga"L j

Drarcy Welocity |D |ma"a j

Dispersivity |D |m ﬂ

B aze Welocity |D |ma"a j

Fiate for Conc |D |rnga"La’5Jr j

Wolume Collected |D |ma"a j

And either Waste Thickness |D |m j

Waste Density |D |kga’m3 j

Proportion of kazz |0
Water Content |0

Corv Fate Half Life |D |_l,ll j
Or Reef Hight of Leach |5 |m |
« 0K X Cancel | ? Help |
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Case 11: Time-varying Source Concentration with Background

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.

0l Time Varying Properties

Time “arying Data  Source Propertiss l

Time Period |2 4 4 » >

Specify End Time 10 [yr |
Number of Increments ’I—

Source Conc |-1 |mgx’L ﬂ

Darcy Yelocity |U |m.=’a ﬂ

Dizperzivity |IJ |m ﬂ

Base Welocity |D |m.f’a j

Rate for Conc |?DD |I‘ng.-"|_.-'l_l,|[ ﬂ

Yolume Collected |D |m.f’a ﬂ

And either Waste Thickness |IJ |m ﬂ

Wwhaste Denzity |IJ |kga’m3 ﬂ
Froportion of Mazs ,U—
‘water Content ’D—

Cor Rate Half Life |D |5Jr ﬂ

Or Ref Hight of Leach [1E15 | |

o OK x Cancel | ? Help |
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Case 11: Time-varying Source Concentration with Background

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.

3l Time Varying Properties

Time Yarying Data  Source Propertiss l

Time Period [3 M 4 » M

Specify End Time 13 m ~|
Number of Increments ’1—

Source Conc |-‘I |mgx’L j

Drarcy Velocity |EI |ma’a ﬂ

Dizperzidty |EI |m j

Basze Velocity |D |mx’a ﬂ

Rate for Conc |D |mga’La’yr ﬂ

WYolume Collected |D |mx’a j

And either Waste Thickness |D |m ﬂ

‘whaste Denszity |EI |kg.-’m3 j
Froportion of Mazs ,EI—
‘water Content ’D—

Conw Rate Half Life |D |5Jr j

Or Ref Hight of Leach [1E15 |m |

o OK x Cancel | ? Help |
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Case 11: Time-varying Source Concentration with Background

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.

£ Time Va rying Properties

Time Yanying Data Sﬂlﬁe Properties l

Time Period [4 44 »

Specify End Time [15 o |
Mumber of Increments "I—

Source Conc |-1 |mg.=’L ﬂ

Darcy Yelocity |IJ |m.-’a ﬂ

Dlizpersivity |U |m ﬂ

Base Velocity |IJ |m.-’a ﬂ

Fiate far Conc |-4BD |mg.f’Lx’_l,lr j

Yolume Collected |IJ |m.=’a ﬂ

And either Waste Thickness |D |m ﬂ

Waszte Density |U |kga"m3 j
Proportion of Mazs ’D—
W ater Content ’D—

Conw Rate Half Life |IJ |yr ﬂ

O Fief Hight of Leach [1E15 |m |

o OK x Cancel | '? Help |
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Case 11: Time-varying Source Concentration with Background

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.

0l Time Varying Properties

Time Period |5 4 4 » >

Time “arying Data  Source Propertiss l

Specify End Time [19 [yr |
Number of Increments ’1—

Source Conc |‘I1SD |mgx’L ﬂ

Darcy Yelocity |U |m.=’a ﬂ

Dizperzivity |IJ |m ﬂ

Base Welocity |D |m.f’a j

Rate for Conc |IJ |I‘ng.-"|_.-'l_l,|[ ﬂ

Yolume Collected |D |m.f’a ﬂ

And either Waste Thickness |IJ |m ﬂ

Wwhaste Denzity |IJ |kga’m3 ﬂ

Froportion of Mazs |0
‘wiater Content |0

Cor Rate Half Life |D |5Jr ﬂ
(0 Ref Hight of Leach [1E15 |m -l
o OK X Cancel | ? Help |

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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Case 11: Time-varying Source Concentration with Background

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 11: Variahle source concentration history

W 07 year
24m 778 ™ W10 year
200778 4 [ [013 yesr

B v []15 year
1901778 | W D18 year

1,801.776 4
1700778 4
1,601,775 | -
1,501.775 -
1,401 775 | A
130778
1,201,778 | &
100778 4

10m7re4’

Concentration (mo/L)

a01.778 | S
o
e
s 7red’
sy

41 778 7

301778

201778 1

[ke-E

1778 —
0

Drepth (m)

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 11: Time-varying Source Concentration with Background

Case 11: Variable source concentration history

THE VARJABLE VELOCITY AND/OR CONCENTRATION OPTION HAS BEEN USED
NOTE THAT THE ACCURACY OF THE CALCULATIONS WITH THIS OPTION WILL DEPEND ON THE NUMBER OF
SUBLAYERS USED

Layer Properties
Layer Thickness Number of Coefficient of | Matrix Porosity| Distributon || Dry Density
Sublayers | Hydrodynamic Coefficient
Dispersion
Clay 15m 15 0.00563 cm3/y 0.37 0 m3fky 1.6 gfcm3
Boundary Conditions

Finite Mass Top Boundary

Infinite Thickness Bottom Boundary

INITIAL CONCENTRATION PROFILE

Tirme =0 yr
Flux into Soil =0 m2/a
Flux into Base = 0 m2/fa

Top Depth Bottom Depth Concentration

0m 15 m 120 mgfl

VARIATION IN PROPERTIES WITH TIME:

TIME PERIODS WITH THE SAME SOURCE AND VELOCITY

Period Start Time No. of Time Step | Source Conc Rate of Height of Volume
Steps Change Leachate Collected

1 0 yr 1 7oy 0 moil 0 E m 0 mia

2 7oyr 1 3y -1 mgfl 700 1E15 m 0 mia
3 10 yr 1 3y -1 gl 0 1E152 m 0 méa
4 13 yr 1 2y -1 gl -460 1E152 m 0 méa
5 15 yr 1 4 yr 1180 mug/l 0 1E15 m 0 méa
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Case 11: Time-varying Source Concentration with Background

Period Start Time End Time Darcy Velocity Dispersivity Base Velocity
1 0 wr 7oy 0 mia 0m 0 mia
2 7o 10 yr 0 mia 0m 0 mia
3 10 yr 13 yr 0 mfa 0m 0 mia
4 13 yr 15 yr 0 mfa O0m 0 mfa
5 15y 19 yr 0 mfa 0 m 0 mfa

Laplace Transforl;n Parameters

TAU=7

N

=20 SIG=10

RNU =2

Calculated Concentrations at Selected Times and Depths

Time Depth Concentration
year m mg/L

7 0.000E+00 1.778E+00
1.000E-01 3.201E+N

2.000E-01 5.930E+N

3.000E-01 8.141E+0

4.000E-01 9.749E+01

5.000E-01 1.080E+02

5.000E-01 1. 142E+02

7.000E-O1 1174E+02

8.000E-01 1.190E+12

9.000E-01 1.196E+12

1.000E+30 1.199E+02

1.100E+00 1.200E+02

1.200E+00 1.200E+02

1.300E+00 1.200E+02

1.400E+10 1.200E+02

1.500E+10 1.200E+12

10 0.000E+HID 2102E+03
1.000E-01 9.045E+02

2.000E-01 3.B44E+02

3.000E-01 1.653E+02

4.000E-01 1.107E+HI2

5.000E-01 1.042E+12

6.000E-01 1.086E+12

7 .000E-D1 1.134E+02

8.000E-01 1.165E+02

9.000E-01 1.183E+02

1.000E+00 1.192E+12

1.100E+00 1.197E+H12

1.200E+00 1.199E+12

1.300E+00 1.200E+02

1.400E+00 1.200E+02

1.500E+00 1.200E+02

13 0.000E-+0 2. 102E+H13
1.000E-01 1. 449E+13

I 2.000E-01 9.023E+H12
3.000E-01 5. 194E+12

4.000E-01 2937E+HI2

5.000E-01 1.816E+02

5.000E-01 1.351E+H12
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Case 11: Time-varying Source Concentration with Background

£.000E-01 L 1.351E+12
7.000E-01 1.198E+02
5.000E-01 1.166E+12
9.000E-01 1.171E+H2
1.000E+00 1.182E+H12
1.100E+00 1.190E+H12
1.200E+00 1.195E+02
1.300E+00 1.198E+02
1. 400E+00 1.199E+H2
1.500E+00 1.200E+2
18 1 0.000E-+1D 1.182E+13
1.000E-01 1.247E+03
2.000E-M A934EH2
3.000E-01 6.826EHI2
4.000E-01 4. 355EHI2
5.000E-01 2 763EHZ
£.000E-01 1.879EHIZ
7.000E-01 f 1.445E+H12
8.000E-01 L 1.267E+12
9.000E-01 1.203E+02
1.000E+00 1.188E+02
1.100E+00 1.188E+02
1.200E+00 1192E+HT2
1.300E+00 1.196E+HI2
1.400E+00 1.198E+02
1.500E+00 1.199E+12
19 0.000E+I0 1.180E+13
1.000E-01 1.030E+13
2.000E-01 8.730E+H2
3.000E-01 7.092E+H2
4.000E-01 5.501EH2
5.000E-01 4 104EH2
6.000E-01 3.005EHI2
7.000E-O1 2232EH2
§.000E-01 1.740E+HI2
4.000E-01 1.457EHIZ
1.000E+00 1.310E+02
1.100E+00 1.240E+02
1.200E+00 1.21ME+H2
1.300E+00 1.200E+02
1.400E+00 1.198E+12
1.500E+00 1.198E+02
I
NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workability of this software ar any other
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. No
responsibility is assumed for any errors, mistakes or misrepresentations that may occur from the use of this
computer program. The user accepts full responsibility for assessing the validity and applicability of the results
obtained with this program for any specific case.
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Case 12: POLLUTE vs Analytical Solution

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 pm 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:

v, = 10x10°0 * 1 % 730 = 0.73x1072

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:

Dy, =0.077 * 0.0000983 = 7.5691x1070

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 2H; 1.0 m
Fracture opening 2hy  10E-6 m
Dispersion along fractures D 0.077 m2/a
Fracture Distribution Coef. K¢ 0.0 cm3/ g
Matrix Diffusion Coefficient D, 7.57E-6 m2/a
Matrix Distribution Coef. Ky, 1.0 cm3/ g
Matrix Porosity n, 0.05 -

Dry Density of Matrix 0.0 g/cm3
Source Concentration o 1.0 mg/L
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Case 12: POLLUTE vs Analytical Solution

Data Entry

1
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 0.73x1072.

General Data

Title: ||:ase 12 POLLUTE s Analytic:al solution --fngle fracture

Number of Layers: |1 M aximum Depth: |4UU |m j

D arcy Yelocity: |EI.DD?3 |ma"_l,.lear j

Laplace Transform Parameters

TaU: |7 N f20 5iG: [0 RN |2

o 0K x Cancel | ? Help |

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.
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Case 12: POLLUTE vs Analytical Solution

Layer Number |1 A 4 » »

Layer Data lLayer Symhol] 1%imensional Fracluresl

MName: |50il

Mumber of Sub Layers ’4— Fractures
Thickness ’W m £ Mone
Diry Density ’U— ,m + 1 Dimensional
Porosity ’W " 2 Dimenzional
Coef of Hypdro Disp |7.5639E-6 m2ia - 3 Dimetsional
Distribution Coef |0 mitkg -

\/ oK | x Cancel | ? Help |

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.

Layer Humber |1 M 4 » M

Layer Data] Layer Symbol 1 Dimensionaf Fractures l

Dimension
1

Spacing |1| m -

Opening Size ’r m =
Mumber to Sum "ID—

Digpersion coefficient ’W m

0

Distirubition Coefficient m3ka -

« DK X Cancel | ? Help |
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Case 12: POLLUTE vs Analytical Solution

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.

Boundary Conditions

Boundary Conditions  Top - Constant Cone. l

b

Constant Top Concentration: |'|| |mg.-’L ﬂ

\/ ok x LCancel | ? Help

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.
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Case 12: POLLUTE vs Analytical Solution

Run Parameters

Tupe  Concentrations at “Recified Times l

Times

Mumber of Times: |1
MNumber: |1 4 4 » P

Time: |25 |_l,lear j

All Depth:
s Nurber of Depths: |4

" Yes
MNumber: {1 A 4 » )
ol Depth: |1UU |m ﬂ
x Cancel | ? Help |

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.

Maximum Sublayer Thickness

In[%malion

I aximurn Sublayer Thickness - When overriding the
default the program may crash or give falze results

Maximum Layer Thickness 1 o0.o1

« 0K X Cancel | ? Help |
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Case 12: POLLUTE vs Analytical Solution

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.
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Case 12: POLLUTE vs Analytical Solution

Case 12: POLLUTE ws Analytical solution --single fracture

|
0.95 1 v I ~nalytical Solution
nat’
085"
os
0754’
074’
nEs
064"
nss 1
nst’

0454°

Concentration (ma/L)

04t
03s4"
03}’
nzs
024’
o154

014’

0054,

Y u u u u u u u u Y Y u u u u u u u u
a 20 40 @0 g0 100 120 140 160 180 200 220 240 260 2580 300 320 340 360 380 400
Drepth (m)

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 12: POLLUTE vs Analytical Solution

Case 12: POLLUTE vs Analytical solution --single fracture

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va= 0.0073 miyear

Layer Properties
Layer Thickness Number of Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers | Hydrodynamic Coefficient
Dispersion
Saoil 400 rm 4 7569E-6 m2/a 0.05 0 m3/ky 0 gfcm3
Layer Fracture | Opening | Number | Fracture | Opening | Number | Fracture | Opening [ Number
Spacing Size Spacing Size Spacing Size
1 1 1 2 2 2 3 3 3
Soil 1m 1E-5m 10
Layer I Dispersion Distribution Fracture Porosity Retardation
Coefficient in Coefficient in Coefficient in Matrix
Fractures Fractures
Soil 0077 m2/a 0 3k 1.0000E-05 1.0000E-+00
Boundary Conditions
Boundary Conditions

Contant Concentration
Source Concentration = 1 moil

Infinite Thickness Bottom Boundary

TAU=7 N=20 SIG=0 RNU=2

Calculated Concentrations at Selected Times and Depths

Time Depth Concentration
year m myg/L
T 25 0.000E+HID | 1.000E+00
1.000E+02 " 5.530E-01
2.000E+02 2.83BE-01
3.000E+02 1.069E-01
4.000E+HIZ JTELZ
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Case 13: Comparison with Analytical Method

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 m%/a
Distribution Coefficient Ky4 0.0 em3/ 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 o 1.0 g/L
Times of Interest t 4 a
Data Entry

1
Start the POLLUTEvV7 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.
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Case 13: Comparison with Analytical Method

"-._

Title: |':ase 13 Comparizon with an analytical method.

Number of Layers: |1 M aimum Cepth: |TU |m ﬂ

Drarcy Yelocity: |'| |ma’_l,lear ﬂ

Laplace Transform Parameters

TAU: |7 (VAT 5iG: |0 RNU: |10

o DK x Cancel | ? Help |

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.

Layer Humber |1 M 4 » M

Layer Data l Layer Symbal ]

- P
I anne: |B oil 3

Number of Sub Layers |2D— Fractures
Thickness ITU— m & Mone
Dy Density ID— ’m " 1 Dimensional
Porosity |1— " 2 Dimensional
Coef of Hydo Disp IT m2/a - " 3 Dimensional
Distribution Coef |0 mitkg -

o 0K | X Cancel | ? Help
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Case 13: Comparison with Analytical Method

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.

Boundary Conditions

Boundary Conditions  Top - Constant Cone. l

X

Constant Top Concentration: |1| |mg.f’L ﬂ

/ Ok x LCancel | '? Help

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.
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Case 13: Comparison with Analytical Method

I Type Concentratior&atSpecified Times ] o
Times
Mumber of Times: |1
Mumber: |1 4 4 » D
Time: |4 |5Jear j
albeot Mumnber of Depths: {15
™ Yes
Mumber: |1 4 4 » D
Qe Depth: |U-5 |m j
o DK x Cancel | ? Help |

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.
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Case 13: Comparison with Analytical Method

Case 13: Comparison with an anaktical method

v [0 4 year
[ TDasT

Concentration {rmgfLy

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 mz/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.
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Case 13: Comparison with Analytical Method

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 an analytical method.

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va= 1 miyear

Layer Properties
Layer Thickness Number of Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers | Hydrodynamic| Coefficient
Dispersion
Sail 10 m 20 0.01 ri2fa 1 0 m3ky 0 gfcma
Boundary Conditions 1

Contant Concentration

Source Concentration =1 mg/L

Infinite Thickness Bottom Boundary

Laplace Transform Parameters

TAU=7

N=100 SIG=0

RNU =10

Calculated Concentrations at Selected Times and Depths

Time Depth Concentration
year m mg/L
4 0.000E+J0 1.000E+00
5.000E-01 1.000E+00
1.000E+00 1.000E+00
1.500E+00 1.000E+00
2.000E+I0 1.000E+00
2.500E+10 1.000E+00
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3.000E+HIO 9.953E-01
3.500E+00 9.B46E-01
4.000E+00 5 141E-01
4. 500E+10 4133602
5.000E+HIO 2277E04
5.000E+10 1.928E-09
7.000E+HIO 1.927E09
g.000E+HI0 1.927E09
9.000E+00 1.927E09
1.000E+1 1.927E09
NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workability of this software or any other
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. Mo
responsibility is assumed for any errors, mistakes or misrepresentations that may occur from the use of this
computer prograrm. The user accepts full responsibility for assessing the validity and applicability of the results

obtained with this program for any specific case.
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Case 14: Primary and Secondary Leachate Collection

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 (c,) 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:

my, = 0.002 * 600 * 6.25 = 7.5 kg/m?

The Reference Height of Leachate (H,) is then calculated by dividing the total mass of contaminant per unit

area (my.) by the contaminant concentration (c).
H,=0.002*600*6.25/1=75m

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 (c,) with time is zero.

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

Qc=qy-V4=03-0.01=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.
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Case 14: Primary and Secondary Leachate Collection

The outflow Darcy velocity at the down gradient edge of the landfill (vy) 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:

Vp=4+200/1%v,=4m/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:

Vg =(Va] - Vg2) * 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 A variable m/a
Sink Outflow Velocity Vg variable m/a
Diffusion Coefficient D variable m?/a
Distribution Coefficient K4 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 o 1000 mg/L
Ref. Height of Leachate H, 7.5 m
Vol. of Leachate Collected Q. 0.29 m/a
Landfill Length L 200.0 m
Landfill Width W 1.0 m
Aquifer Thickness h 1.0 m
Aquifer Porosity g, 0.3 -
Aquifer Outflow Velocity Vb 4.0 m/a
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Case 14: Primary and Secondary Leachate Collection

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

1
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.

P N K

Title: |Ease 14: Landfill with Primary and Secondary Leachate Collection

MNumber of Layers: |3 b airunn Depth: |4.3 m ﬂ

Laplace Transform Parameters

TAL: |7 N |20 siG: [0 RN f2

elp |

o OK x Cancel | '?

1=
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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 Data
Layer Number |1 4 4 » M
Layer Data ] Layer Symbol] %
M arne: |Claﬂ
Mumber of Sub Layers |4 Fractures
Thickness |1 m i &+ Nona
Dy Denzity |1.5 g/cm3 - £~ 1 Dimensianal
Paragity |04 " 2 Dimenszional
Coef of Hydm Disp |0.02 méda - ™ 3 Dimengional
Distribution Cosf |0 mkg -
\/ ak. | x Cancel | '? Help
Layer 2

La}l%Numhet 2 4 4 » p

Layer Data l Laver Symbol]

Name: |Collection Syster|

Murnber of Sub Layers |4— Fractures
Thickness |D3— m & None
Dry Density |15— ,m " 1 Dimengional
Porasity IDE— (™ 2 Dimensional
Coef of Hydro Disp lm— ’m " 3 Dimensional
Drigtribution Coef ID— ,m

/ QK. | x Cancel | ? Help
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Layer 3

Layer Humber |3 M 4 » M

Layer Data l Layer Symbal ]

Name: |Aquitard %
Nurnber of Sub Layers ’4— Fractures
Thickness ’2— m 52 o Mz
Dy Drensity ’15— m " 1 Dimensional
Porozity |04 ™ 2 Dimensional

Coef of Hydro Disp |0.02 m2/a - " 3 Dimensianal
Distribution Coef |0 mitkg

« DK | X Cancel | ? Help

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.

Boundary Conditions

Boundary Conditions TD&' Firite: b azs ] Bottom - Fiked Outflow ] Fized Outflow Symbaol ]
Specify
Initial Source Concentration: |1DDE| |mg.f'L ﬂ
Rate of Increass in Cons: |D |mga"La"yr j
Yolurme of Leachate Collected: |D_ 25 |mfa j
and either
Thickness of Wase: |D |m j
Waste Density: |U |g.=’cm3 j
Froportion of Mazs: ,Ui
Walumetric Water Content: ,Ui
Carrverzion R ate Half Life: |D |_l,lear j
or
Fief Height of Leachate: |?.5 |m ﬂ
/ oK x LCancel | ? Help |
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Boundary Conditions i

Boundary Conditions ] Top - Finite Mas Boattom - Fized Outflow ] Fixed Outflow Symbol ]

Landfll Length: [200  [m =]
Landfil width: |1 m -
Base Thickness: |1 m -

Base Parosity: |03

Base Dutflow Velocity: (4 mda -

o OK X Cancel | ? Help |

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.

Run Parameters

Type  Concentrations at Specified Times l

Times
Mumber of Times: |5 I
Nurnber: |1 4 4 p M

Timne: |1 0 |year j

Al Depths
* Yes

" Mo

x Cancel | ? Help
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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.

Data ] Interval Data ]

Mumber of Intervals |3

Phase Change

+ Ma " Yes
Inflov R ate
+ Ma " Yes

o DK | X Cancel | ? Help
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Sink Interval 1

Data Interval Data ]

Depth Interval: |1 q 4 » M

Top Depth |E‘ |m j

Boattom D epth |1 |m

=l
Darcy Yelocity |D. o |ma"a j
=l

Riate of Remowval |D |mx’a

o OK | x Cancel | ? Help

Sink Interval 2

Data  Interval Data ]

Depth Interval: |2 M 4 ¢ M

Top Depth ||1 |m ﬂ

Bottom Depth |1.3 |m j
Darcy Yelocity |D.EI1 |mfa j
=

Fiate of Femowal |B. &7 |ma’a

o OK | x Cancel | ? Help
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Sink Interval 3

R

Data  Interval Data l

Depth Interval: |3 4 4 » M

Top Depth [i.3 [m |
Bottom Depth |3.3 [m |
Darcy Velocity |0 [mia |
Rate of Remaval |0 [mia ~|

o OK | X Cancel | ? Help

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.

POLLUTEV7 Reference Guide 129



Case 14: Primary and Secondary Leachate Collection

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 14: Landfill with Primary and Secondary Leachate Collection

658.922 1. o W10 vear
gsgozzd’ ¥ W25 year
glaazzd v Q50 year
seaazm 1 v [] 100 year
sragoed o v [0 150 vear

ssaazzd
saggzzf
51692247 4
49892247,
areszzy’
456922 4.7 4
43aa224 .-
aaazz g
gIssszy
@arsend’.
Saseszz g’
Samand
Easazd
@ 298927 ]
S orgazd -
Coomganzd
230221
Magzd
1989224
178922470
158022
138022
1e922 4.7 4
@89224 .7
788224,
s89224".7
389224 o
18922 4

Depth (m)

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 14: Landfill with Primary and Secondary Leachate Collection

THE PASSIVE SINK OPTION HAS BEEN USED
NOTE : THE USER IS RESPONSIBLE FOR ENSURING THAT VELOCITY
CHANGES ARE CONSISTENT WITH THE PASSIVE SINK

Layer Properties
Layer Thickness Number of Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers | Hydrodynamic Coefficient
Dispersion
Clay 1m 4 0.02 m2fa 0.4 0 m3kg 1.5 gfcm3
Collection 0.3m 4 10 m2fa 0.3 0 r3dky 1.5 gfoma3
Systemn
Aquitard 2m 4 0.02 m2fa 0.4 0 m3fky 1.5 gfem3
Boundary Conditions

Finite Mass Top Boundary
Initial Concentration = 1000 mg/L
Rate of Increase = 0 mo/Liyr
“Wolume of Leachate Collected = 0.29 mfa
Thickness of Waste=0m
Waste Density = 0 gfcmia
Propartion of Mass =0
Yolumetric Water Content =0
Conversion Rate Half Life = 0 year
Reference Height of Leachate =7 5 m

Fixed OQutflow Bottom Boundary
Landfill Length = 200 m
Landfill Width=1m
Basze Thickness=1m
Base Porosity=0.3
Base Outflow Yelocity = 4 mfa

VELOCITY AND SINK PROFILE:
Time Period . _Minimum Depth Maximum Depth Vertical Velocity Horizontal Outflow
1 0 m T m b 0.01 mfa 0 mia
1 m 1.3 m 0.01 mfa B.E7 mfa
13 m 33 m 0 mia 0 mia

Laplace Transform Parametefs

TAU=7 N=

S1G=1

RNU =2
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Calculated Concentrations at Selected Times and Depths

Time Depth Concentration
year m mg/L

10 0.000E+00 B.589E+02
2.500E-01 5.818E+02

5.000E-01 4 425E+H12

7 500E-01 2.803E+12

1.000E+00 1.231E+H12

Il 1.075E+0 1.230E+02
1.150E+00 1.229E+02

1.225E+00 1.228E+02

1.300E+00 1.228E+02

1.800E+10 1.873E+01

2.300E+00 1.587E+I0

2.800E+D 7 A3ZEDZ

3.300E+00 5.162E-04

25 0.000E+10 3B27EH2
2.500E-01 3.891E+H2

5.000E-01 3.801E+H2

7 .500E-01 3.364E+02

1.000E+00 2B32E+02

1.075E+00 2631E+02

1.150E+00 2631E+02

1.225E+00 2.630E+H12

1.300E+10 2.630E+12

1.800E+00 1.245E+H2

2.300E+00 4. 525E+01

2.800E+00 1.254E-+H01

3.300E+00 1.337E+00

a0 0.000E-+10 1.363E+12
2.500E-01 1.698E+02

5.000E-01 1.948E+12

7 .500E-01 2.086E+02

1.000E+00 2.097E+02

1.075E+00 2.097E+02

1.150E+00 2.098EH)2

1.225E+H00 2.098E+H2

1.300E+00 2.098EH2

1.800E+00 1.627E+02

2.300E+10 1.040E+02

2.800E+10 5.353E+HN

3.300E+10 1.595E+01

100 0.000E+I0 2.019E+HN
2.500E-01 3.310E+HN

5.000E-01 4 B99E-+HN

7.500E-01 6.133EHN

1.000E+00 7.553EHN

1.075E+00 7.554EHN

1.150E+00 7 .556EHN

1.225E+00 7.558E-+HN

1.300E+00 7 SE0E-+HN

1.800E+00 g.454E+HN

2.300E+10 7.584EHN

2.B00E+I0 5. 456E+HN

3.300E+10 2B35EHN
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150 0.000E+I0 3.300E+HID
2.500E-01 7.810E+HI0
5.000E-01 1.322E+11
7.500E-M 1.945E+01
1.000E+00 2B49EHN
1.075E+00 2.649E+HN
1.150E+00 2 BS0EHMN
1.225E+00 2.651EHN
1.300E+00 2.652E+HN
1.800E+00 3.452E+H1
2.300E+10 3.469E+1
2.800E+10 2.753E+HN
3.300E+10 1.491E+01

NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workability of this software or any other
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. No
responsibility is assumed for any errors, mistakes or misrepresentations that may occur from the use of this
computer prograrm. The user accepts full responsibility for assessing the validity and applicability of the results
obtained with this program for any specific case.
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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 (c,) 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 (q,) is assumed to be 0.3 m/a. If the average exfiltration through

the base of the landfill v, (which varies with time), then the Volume of Leachate Collected is:
Qc=9p-vy=03-v,

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:

Vg = (Vg2 - V41) *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 Vg variable m/a
Diffusion Coefficient D 0.02 m?/a
Dispersivity 0.4 m
Distribution Coefficient Ky 0.0 em3/ 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 H, 7.5 m
Vol. of Leachate Collected Q¢ variable m/a
Landfill Length L 200.0 m
Landfill Width w 1.0 m
Aquifer Thickness h 1.0 m
Aquifer Porosity ny 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

1
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.

0l Time Varying Properties

9 (=)E

Time Period I‘I— [ 4 p Py

Time Yarying Data l Souice Properties]

Murnber of Time Periads |&

Start Time |D |_l,lr
Froperties Increment within Periods
v Yes " Mo

“ariable Layer Properties:
" Yes v Mo

“ariable Decaw
" Yes v Mo

o OK X Cancel |

? Help
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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.

3l Time Va rying Properties : E][ﬁ| [z|

Time Period |1— 4 4 » M
Time “awing Data  Seurce Propertiss l
Specify End Time [20] |y |
Number of Increments "I— Increments
Source Conc |‘IDDD |mg.-’L ﬂ |IJ
Darcy Yelocity |‘I |m.fa j |U
Dizpersivity |D.4 |m ﬂ
Base Velocity |4 |m.f’a ﬂ |IJ
Rate for Conc |IJ |F|ate ﬂ
Volume Collected [0.29 mia =] o
And either Waste Thickness |U |m ﬂ
Waste Denzity |IJ |kga"m3 ﬂ
Froportion of Mazs ’D—
‘W ater Content ’D—
Con Rate Half Life |D |_l,lr ﬂ
Or Ref Hight of Leach |7.5 | |
o DK x Cancel | ? Help |
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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.

Al Time Va rying Properties

Tide Period 2 WM 4 b M
Time Warying Data  Source Praperties ]
Specify Erd Time |30 Jor |
MNumber of Increments ’5— Increments
Source Conc |-'| |mg.f'L ﬂ |U
Drarcy Welocity |1 |ma’a j |D
Dizpersivity |U.4 |m j
Baze Welocity |4 |ma’a j |D
Rate for Conc |D |Hate j
Volume Collected 0.2 mfa | |0018
And either Waste Thickness |D |m ﬂ
Wazte Density |D |kga’m3 j
Propartion of Mazz ’D—
Water Content ’D—
Corw Rate Half Life |D |_l,lr j
Or Fief Hight of Leach |7.5 |m |
\/ ] x Cancel | '? Help |
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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.

0l Time Varying Properties E][E”‘z(l

Time Period IS— M 4 » M
Time Yarying Data  Souree Propertiss l
Specify End Time |l'501r [pr -]
MNumber of Increments ,2— Increments
Source Conc |-1 |mga’L ﬂ |IJ
Drarcy VYelociy |‘I |m.f’a ﬂ |D
Dizpersivity |D.4 |m ﬂ
Base Welocity |-'1 |m.-’a ﬂ |D
Rate for Conc |IJ |F|ate ﬂ
Yolume Collected |D.2 |m.-’a ﬂ |IJ
And either waste Thickness |0 [ |
waste Density |IJ |kg.-’m3 ﬂ
Froportion of M azs ’D—
‘W ater Content ’U—
Conw Rate Half Life |IJ |_l,.lr ﬂ
Or Ref Hight of Leach |7.5 [ |
o DK X Cancel | ? Help |
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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.

A Time Varying Properties E|[E|E|
Time Period ,4— 44 » )
Time Yarying Data  Source Properties l %
Specify End Time |fi00 m |
Nurnber of [ncrements ,5— Increments
Source Conc |-‘I |mga’L j |D
Drarcy Velocity |1 |mx’a ﬂ |D
Dizpersivity |D.4 |m j
Basze Velocity |4 |m£a j |4
Rate for Conc |D |F|ate j
Wolume Caollected |EI.2 |ma’a j |EI
And either waste Thickness [0 | -
‘whaste Density |D |kg.=’m3 ﬂ
Proportion of Mazs ’D—
‘W ater Content ’U—
Conw Fate Half Life |EI |_l,lr j
Or Ref Hight of Leach |7.5 | -
« 0K x Cancel | ? Help |
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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.

Time Varying Properties

& Time Period |5 |4 1 _

Time “Warying Data  Source Properties ]

Specify Erd Time |00 Jvr ~|
Number of Increments ’5— Increments
Saource Conc |-1 |mgx’L j |D
Darcy Yelocity |1 |m.f'a j |D
Digpergivity |D.4 |m j
B aze Velocity |4 |ma"a j |D
Rate fior Conc |D |F|ate j
Wolurme Collected |D.2 |ma"a j |D
And either ‘waste Thickness |D |m j
wiazte Density |D |kga’m3 j
Proportion of Mass ’D—
W ater Content ’D—
Cony Rate Half Life |D |_l,lr j
Or Ref Hight of Leach |7.5 |m |
o OK x Cancel | ? Help |
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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.

ariable Properties Y ariable Prrties Yariable Properties k

Time Period: |1 4 4 » M Time Period: |1 M4 » ) Time Period: |1 4 4 » M
Data  Interval Data I Data  Interval Data ] Data  Interval Data 1

Depth Interval: |1 M 4 » M Depth Interval: |2 M4 p Depth Interval: |2 4 4 » M

Top Depth |0 m - Top Depth (i m - Top Depth il 3 m -

Battorn Depth |1 m hd Battorn Depth |1.3 m - Battom Depth |3.3 m -

Darcy Welaciy |0.01 ma - Drarcy Velocity |0.01 méa = D arcy Yelociy |0 mia -

Fiate of Removal [0 m/a 57 Rate of Remaval |6.67 méa - Rate of Removal |0 mi'a -

S oK | Kcaeel | P e SOk | Xcwee | P Hep SOk | Kcacel | P Hep

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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“Yariable Properties

Time Period: |2 4 4 » M

Data  Interval Data ]

Depth Interval: |1 4 4 » p

Top Depth ’D— m
Bottam Depth ’1— m
Drarey Yelacity ’W mda -

Rate of Removal ’D— mia -

“ariable Properties
Time Period: |2 4 p M

X

Data  Interval Data ]

Depth Interval: |2 4 4 p M

Top Depth [ m -
Battom Depth (1.3 m -
Darcy Velocity (0.028 mda -

FRate of Remaval (187 ma -

' OK |

x Cancel | ? Help

" OK x Cancel | ? Help

‘Yariable Properties

Time Period: |2 M 4 » M

Data  Interval Data ]

Depth Interval: |3 M4 4 p M

Top Depth ’|13— m
Battom Depth ,337 m
Darcy Welocity ’U— m/a -

Rate of Remaval ’D— m/a -

& 0K | X Cancel | ? Help

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.

ariable Properties

Time Period: |3 M 4 » M

Data  Interval Data ]

Depth Interval: |1 M4 4 » M

Top Depth ’E‘— m
Bottam Depth ’1— m
Drarcy Yelocity ’W mia -

Rate of Removal ’D— rta -

« OK | X Cancel | ? Hep

Time Period: |3 4 4 » M

Data  Interval Data ]

Depth Interval: |2 4 4 p Py

Top Depth i m -
Bottom Depth |1.3 m -
Darcy Velocity |0.045 méa -

Rate of Remaval |30.7 méa -

“Yariable Properties "'-

Passive Sink
‘Wariable Properties
Time Period: ’3— 44 » M

Data  Interval Data I

Depth Interval: |2 M 4 » p

Top Depth ’h?.— m
Battom Depth ’33— m
Drarcy Yelocity ,07 mda -

Fate of Removal ’D— ma -

" OK | XK Cancel | ? Help

« OK x Cancel | ? Help
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Case 15: Leachate Collection with Failure

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.

Warnable Properties

Time Period: |4 4 ;k b M

Data  Interval Data 1

Depth Interval: |1 44 p M

Top Depth ’D— m
Battom Depth ’1— m
Darcy Velocity ’W méa -

Rate of Removal ’EI— mia -

“Yariable Properties R

o 0K X Cancel ‘

? Help

Time Period: |4 4 4 » M

Data  Interval Data ]

Depth Interval: |2 4 4 » p

Top Depth i m -
Bottam Depth |1.3 m -
Drarey Yelacity |0.064 mda -

Rate of Removal |42.7 IE] -

Variable Properties

Time Period: |4 4 4 r M

Data  Interval Data ]

Depth Interval: |2 4 4 M

Top Depth ’hB— m
Bottom Depth ’33— m
Darcy VYelocity ,07 mla -

FRate of Remaval ’U— mia -

o 0K ? Help

x Cancel |

W« OK x Cancel | ? Help

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.

“ariable Properties

Time Period: |5 4 4 » M

Data  Interval Data ]

Depth Interval: |1 M 4 p »p

Top Depth ’I]— m
Bottam Depth ’1— m
Drarcy Yelacity W mia -

Rate of Removal ’D— mia -

“Yariable Properties

Time Peliok 5 4 4 » Pp

Data  Interval Data ]

Depth Interval: |2 M 4 » p

Top Depth i m -
Battom Depth |1.3 m -
Darcy Velocity |0.052 méa -

Rate of Removal |54.7 méa -

“ariable Properties

Time Period: |5 4 4 » P

Data  Interval Data I

Depth Interval: |3 M 4 p M

Top Depth ’“3— m
Bottom Depth ’33— m
Drarey Yelocity ’U— mta -

Rate of Removal ’D— m'a -

o OK | x Cancel | ? Help \/ Ok | x Cancel | ? Help \/ ak. x Cancel | ? Help
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Case 15: Leachate Collection with Failure

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 15 Leachate Collection with Failure.

445 414
4254144 )
54144 .
sssata | o
ssatat’
345.414 4
325.414 4
30541447 7 7
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T 265.414 | ‘
LILEILE NN
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Case 15: Leachate Collection with Failure

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 15: Leachate Collection with Failure.

THE VARIABLE VELOCITY AND/OR CONCENTRATION OPTION HAS BEEN USED
NOTE THAT THE ACCURACY OF THE CALCULATIONS WITH THIS OPTION WILL DEPEND ON THE NUMBER OF
SUBLAYERS USED
I

THE PASSIVE SINK OPTION HAS BEEN USED
NOTE : THE USER IS RESPONSIBLE FOR ENSURING THAT VELOCITY
CHANGES ARE CONSISTENT WITH THE PASSIVE SINK

Layer Properties
Layer Thickness Number of Coefficient of | Matrix Porosityl Distributon | Dry Density
Sublayers | Hydrodynamic Coefficient
Dispersion | L .
Clay 1m 4 0.02 m2fa 0.4 0 raldy 1.5 gfoma3
Collection 0.3m 4 10 m2fa 0.3 0 mLfy 1.5 gfcm3
Systemn
Aquitard 2m 4 0.02 m2fa 0.4 0 mLfy 1.5 gfcm3
Boundary Conditions
Finite Mass Top Boundary
Fixed Outflow Bottom Boundary
Landfill Length = 200 m
Landfill Width=1m
Basze Thickness =1m
Base Porosity=0.3
VARIATION IN PROPERTIES WITH TIME:
TIME PERIODS WITH THE SAME SOURCE AND VELOCITY
Period Start Time No. of Time Step |Source Conc Rate of Height of Volume
Steps Change Leachate Collected
1 0 yr 1 20 yr 1000 g/l 1] 7.5 m 0.29 mfa
2 200 yr T 5 2 owr -1 gl 0 75 m 0.2 méa
3 300 wr 2 10 yr -1 mgll 0 75 m 02 mfa
4 a0 wr a 10 yr -1 mgll 0 75 m 02 mfa
= 100 yr a 20 yr -1 mafl 0 75 m 0.2 mfa
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Case 15: Leachate Collection with Failure

Period Start Time End Time Darcy Velocity [ Dispersivity Base Velocity
1 0 yr 20 yr 1 mia 04 m 4 méa
2 20 yr 30 wr 1 mia 0.4 m 4 mia
3 30 yr a0 yr 1T mia 0.4 m 4 mia
4 a0 yr 100 yr 1 mfa 0.4 m 4 mia
5 100 yr 200 yr 1 mia 04 m 4 mia

VELOCITY AND ﬁ:!NK PROFILE:
Time Period Minimum Depth Maximum Depth Vertical Velocity Horizontal Outflow
1 0 m 1 m 0.01 mfa 0 mia
1 m 1.3 m 0.01 mfa G667 mfa
13 m 33 m 0 mfa 0 mfa
2 0 m T m 0028 mia 0 rmfa
1 m 13 m 0028 mia 18.7 mfa
1.3 m 33 m 0 mia 0 mia
3 0 m 1 m 0.046 rmia 0 mia
1 m 13 m 0046 mia 307 mia
13 m 33 m 0 mfa 0 mfa
4 0m Tm 0.064 mia 0 mia
1 m 1.3 m 0.064 rmia 427 mfa
1.3 m 33 m 0 mia 0 mia
5 0 m T m 0082 mia 0 mfa
1 m 13 m 0082 mia 547 mia
13 m 33 m 0 rmfa 0 rmfa
5 0 m 1 m 0.1 mfa 0 mia
1 m 13 m 0.1 mfa 667 mfa
13 m 33 m 0 mfa 0 mfa
7 0 m T m 0.1 mia 0 rmfa
1 m 1.3 m 0.1 mfa BE.7 mfa
1.3 m 33 m 0 mia 0 mia
8 0 m T m 0.1 mia 0 mfa
1 m 13 m 0.1 mia B6.7 mfa
13 m 33 m 0 mfa 0 rmfa
9 0 m 1 m 0.1 mia 0 mia
1 m 1.3 m 0.1 mia G667 mfa
13 m 33 m 0 mfa 0 mfa
10 0 m 1 m 0.1 mia 0 rmfa
1 m 13 m 0.1 mia BE.7 mia
1]_.3 rm 33 m 0 mia 0 mia
11 0 m 1 m 0.1 mfa 0 mia
1 m 13 m 0.1 mia B6.7 mfa
13 m 33 m 0 mfa 0 mfa
12 0m 1 m 0.1 mia 0 mia
1 m 1.3 m 0.1 mia G667 mfa
13 m 33 m 0 mfa 0 mia
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Case 15: Leachate Collection with Failure

13 0 m T m 0.1 mia 0 rmfa
1 m 13 m 0.1 mia BE.7 mia

1.3 m 33 m 0 mia 0 mia

14 0 m 1 m 0.1 mfa 0 mia
1 m 13 m 0.1 mia B6.7 mfa

_|_ 13 m 33 m 0 mfa 0 mfa

15 0m Tm 0.1 mfa 0 mia
1 m 1.3 m 0.1 mfa G667 mfa

I 1.3 m 33 m 0 mia 0 mia

16 0 m T m 0.1 mia 0 mfa
1 m 13 m 0.1 mia BE.7 mia

13 m 33 m 0 rmfa 0 rmfa

17 0 m 1 m 0.1 mfa 0 mia
1 m 13 m 0.1 mfa G657 mfa

13 m 33 m 0 mfa 0 mfa

18 0 m T m 0.1 mia 0 rmfa
1 m 1.3 m 0.1 mfa BE.7 mfa

1.3 m 33 m 0 mia 0 mia

Laplace Transform Parameters

TAU=7 N=20 SIG=0 RNU=Z

Calculated Concentrations at Selected Times and Depths

POLLUTEV7 Reference Guide

Time Depth Concentration
yr m mg/L
20 0.000E+J0 4 395E+02

2.500E-01 4 A54EHI2
5.000E-01 421MEH2
7.500E-01 371ZEHZ
1.000E+00 3.033EHI2
1.075E+00 3.033EH2
1.150E+00 3.032ZEHZ
1.225E+00 3.032ZEHZ
1.300E+00 3.032EHI2
1.800E+00 1.307E~+D2
2.300E+10 4 108E+HN
I 2.800E+10 9.391E+HID
3.300E+10 7.095E-01
22 0.000E+00 4 137E+H)2
2.500E-01 4 158E+12
5.000E-01 4.017EHI2
7.500E-01 3701EH2
1.000E+00 3Z24EHZ
1.075E+00 3ZZ3EHZ
1.150E+00 JZL3EHZ
1.225E+00 J224EH)2
1.300E+00 J.225EH2
1.600E+00 1.411E+H2
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Case 15: Leachate Collection with Failure

POLLUTEV7 Reference Guide

7.500E-01 3701E+H2
1.000E+00 3224E+02
1.075E+00 3.223E+02
1.150E+00 3.223EH12
1.225E+00 3.224EH12
1.300E+00 3.225E+02
1.600E+I0 1.411E+H12
2.300E+00 4.899E+01
2.800E+00 1.236E+01
I 3.300E+00 1.062E+10
24 0.000E+00 3.895E+12
2.500E-01 J927EH2
5.000E-01 3.861E+12
7 .500E-01 3.679E+D2
1.000E+00 3.372E+02
1.075E+00 3371EHI2
1.150E+00 3.372EHI2
1.225E+10 3.373E+H2
1.300E+10 3.376E+H12
1.800E+00 1.530E+02
2.300E+00 5.647E+01
2.800E+00 1.551E+H01
3.300E+00 1.518E+10
26 0.000E+I0 3.667E+H2
2.500E-01 37I7EH2
5.000E-01 3.705E+02
7 500E-01 JB14EH12
1.000E+00 3 426EH12
1.075E+00 3 A26EHI2
1.150E+10 JAZTEH2
1.225E+10 3.430E+H2
1.300E+00 3434E+02
1.800E+00 1.645E+I2
2.300E+00 5.390E+N
2.800E+00 1.875E+01
3.300E+00 2.077E+I0
28 0.000E+00 3.454E+02
2.500E-01 3512E+H2
5.000E-01 3A531EHIZ
7.500E-01 JAYVEH2
1.000E+00 3.388E+H02
1.075E+00 3.388EH2
1.150E+00 3.390EH2
1.225E+00 3.384EH2
1.300E+00 3.399E+H2
1.800E+00 1.741E+H2
2.300E+10 7. 118E+HN
2.800E+I0 2. 208E+HMN
3.300E+10 2737EHID
30 0.000E-+H10 3.263EH12
2.500E-01 3.312EH2
5.000E-01 3.345E+H12
7.500E-01 3.3 EHZ
1.000E+00 3282EH2
1.075E+00 3282EH)2
1.150E+00 3.285E+H12
1.225E+00 3.289E+H12
1.300E+00 3.2965E+H12
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Case 15: Leachate Collection with Failure

POLLUTEV7 Reference Guide

T.500E+IU S 298EHIL
1.800E+00 1.803E+02
2.300E+I0 7.B03E+H
2.800E+10 2.547E+H
3.300E+10 3.490E+10
40 0.000E-+10 2193E+02
2.500E-01 2.276EH2
5.000E-01 2.345EH12
7 .500E-01 240MEHZ
1 1.000E+00 2437EHZ
1.075E+00 2437EH2
1.150E+00 2.440EH12
1.225E+00 2.443E+02
1.300E+00 2.445E+02
1.800E+00 1.881E+H12
2.300E+I0 1.076E+HI2
2.800E+10 4.712EH11
3.300E+10 1.035E+11
a0 0.000E-+10 1.488E+02
2.500E-01 1.546E+H12
5.000E-01 1.602E+H12
7 .500E-01 1.656E+12
1.000E+00 1.704E+H12
1.075E+00 1.705E+02
1.180E+00 1.706E+02
1.225E+00 1.7089E+12
1.300E+00 1.713E+H12
1.800E+00 1.603E+12
2.300E+10 1.120E+H12
2.800E+10 5.935E+11
3.300E+10 1.785E+01
60 0.000E-+ID 1.008E+12
2.500E-01 1.050E+12
5.000E-01 1.093E+H12
7.500E-01 1.135E+H12
1.000E+00 1.183E+02
1.075E+10 1.184E+02
1.150E+10 1.1685E+12
1.225E+00 1.187E+02
1.300E+10 1.190E+12
1.800E+10 1.282E+H12
2.300E+10 1.023E+02
2.800E+I0 5. 254 E+11
3.300EHI0 2307 E+O1
70 1 0.000E+HI0 B.G25E+H11
2.500E-01 7132EH1
5.000E-01 7. 456E+01
7.800E-01 7.808E+11
1.000E+10 8.201E+01
1.075E+10 8. 206E+11
1.150E+10 8.215E+01
1.226E+10 8.230E+01
1.300E+00 8. 245E+01
1.800E+00 9.970E+01
2.300E+I0 8.7 28E+01
2.800EHIO 5.698E+11
3.300EHID 1.817E+01
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POLLUTEV7 Reference Guide

a0 0.000E+10 4. B29E-+1
2.500E-O1 4 847EHN

5.000E-01 5.087E+HN

7.500E-01 5.358E+HMN

1.000E+00 5.679E+H

1.075E+00 5.662E+H1

1.180E+00 5.689E-+H1

1.225E+00 5.B99EHN

1.300E+00 5.713E+HMN

1.600E+00 7.584EHN
2.300E+10 7.026E+H1
2.600E+10 4.642E+H01
3.300E+10 1.154E+1

a0 0.000E-+I0 3. 140E+HMN
2.500E-01 3.Z95E+HMN

5.000E-01 3. A70EHN

7.800E-01 3.674E+HN

1.000E+00 3.925E+HN

1.075E+00 3.927E+HN

1.150E+00 3.8932EHN

1.225E+00 3.939E+HMN

1.300E+00 3.949E+HMN

1.600E+00 5.637E+HN

2.300E+10 5.393E+HN
2.800E+10 3.537E+HN
3.300E+10 6.8683E+10

100 0.000E+I0 2.130E+HMN
2.500E-01 2.240E+HN

5.000E-01 2.366E+H1

7.500E-M 2.516E+HN

1.000E+00 2.705E+M

1.075E+H10 2707 E+H
1.150E+10 2.710E+H1
1.226E+10 2.715E+H1
1.300E+00 2722EH1
1.800E+00 4.101E+01
2.300EHI0 4.000E-+I1
2.800E+HI0 2597 E+H
3.300E+H10 4.082E+10

120 0.000E-+10 9.819E+10
2.500E-01 1.037E-+1

5.000E-01 1.101E+HN

I 7 500E-01 1.1682E+01
1.000E+00 1.287E+01
1.075E+10 1.268E+11
1.150E+10 1.290E+11
1.225E+00 1.293E+01
1.300E+10 1.296E+01
1.800E+10 2.176E+1
2.300EHI0 2. 284E+01
2.800E+H10 1.723E+H11
3.300E+H10 g.033E+10

140 0.000E-+10 4.534E+00
2.500E-01 4.811E+H0

5.000E-01 5.153E+H10

7 .500E-01 5.595E+H10

1.000E+10 B.199E+10
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Case 15: Leachate Collection with Failure

auucHog [ eth) iy W}
1.075E+00 £.204E+10
1.150E+00 6.213E+I10
1.225E+10 6.226E+I0
1.300E+30 6.243E+10
1.800E+00 I 1.201E+H11
2.300E+10 1.374EH11
2.800E+00 1.149E+01
3.300E+00 £.350E+10
160 0.000E+I0 2.099E+I0
2. 500E-01 2. 243E+10
5.000E-01 2.423E+10
7 .500E-01 I 2677E+HI0
1.000E+00 3.030E+10
1.875E+10 3.033E+I0
1.150E+10 3.035E+I0
1.225E+10 I 3.044E+10
1.300E+00 3.052E+H10
1.800E+00 B.754E+I0
2.300E+00 8.230E+10
2.800E+00 I 7.285E+10
3.300E+10 4. 279EHID
180 0.000E+20 A.745E-01
2.500E-01 I 1.050E+00
5.000E-01 1.151E+00
7 .500E-01 1.292E+00
1.000E+30 1.493E+00
1.075E+10 1.500E+00
1.225E+10 1.505E+10
1.300E+10 1.510E+10
1.800E+00 3.803E+00
2.300E+10 4.858E+00
2.800E+HI0 i 4. 426E+10
3.300E+HI0 2701EHID
200 0.000E+HI10 4.542E-01
1 2.500E-01 I 4.945E-01
5.000E-01 5.493E-01
7 .500E-01 5.294E-01
1.000E+10 7. 481E-01
1.075E+00 i 7 490E-01
1.150E+10 7.803E-01
1.225E+10 7.822E-01
1.300E+00 7.544E-01
1.800E+10 i 2.144E+00
2.300E+HI0 2.830E+H10
2.800E+HI0 2637EHID
3.300E+H10 1.644E+10
NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workability of this software or any other
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. No
responsibility is assumed for any errors, mistakes or misrepresentations that may occur from the use of this
computer program. The user accepts full responsibility for assessing the validity and applicability of the results
obtained with this nproaram for anv snecific case.
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Case 16: Monte Carlo Simulation

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 Vg variable m/a
Diffusion Coefficient D 0.02 m?%/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 o 1000 mg/L
Ref. Height of Leachate H, 7.5 cm
Vol. of Leachate Collected Q. variable m/a
Landfill Length L 200.0 m
Landfill Width W 1.0 m
Aquifer Thickness h 1.0 m
Aquifer Porosity g, 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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Case 16: Monte Carlo Simulation

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

1
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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Case 16: Monte Carlo Simulation

Type  Concentrations atSpecifiedTimes] % B
&l Depth:
e Murnber of Depths: |1
" Yes
Hurnber: |1 4 4 »r M
+ Mo
Depth: |3.3 |m ﬂ
\/ aK x Cancel | ? Help |

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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Case 16: Monte Carlo Simulation

Monte Carlo Simulation

il Wariable Entry

Mumber of Simulations | 5000
Nurnber of ¥ ariables |1
Mumber of Data Ranges |20

List &l Results

* Mo i Yes

o OK x Cancel | ? Help

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.

Monte Carlo Simulation

Yariable Type

Initial Source Concentration Variable Number |1 4 4 » »
Darcy Welocity

~
~
" Layer Thickness

(" Diffusion Cosfficient Time Group: |1

™ Distibution Coefficient

i*

‘ariable Properties End Time

Digtribution Type

£ Uriform Minimum: {15
+ Triangular
b awirmum: |50
" General
" Momal Mode Value: |25
™ Lognormal
W Ok x Cancel | ? Help |
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Case 16: Monte Carlo Simulation

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.

Case 16: Monte Carlo Simulation

Expected Max. Conc. = 23.508 mo/L
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0217
o207 4
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04187 ]
o7 4|
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Probahility
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0.027

amr P

0.007

Concertration (mo/L)
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Case 16: Monte Carlo Simulation

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.

Case 16: Monte Carlo Simulation

Expected Time of Max. Conc. = 68.544 yr
0,099 : :

0.084 |
0079}
0074 |
ooeat ]
0.064 |
0.0z |

noss 4]
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= =
==
EE

0.039 4
0.034 |
0.029 4
0.024 |
omat]
0.014 4

0.009 4

0.004

Time (yr)
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Case 16: Monte Carlo Simulation

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.

Case 16: Monte Caro Simulation

Expected Variahle Valuge = 30.033
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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

Case 16: Monte Carlo Simulation

THE VARIABLE VELOCITY AND/OR CONCENTRATION OPTION HAS BEEN USED

NOTE THAT THE ACCURACY OF THE CALCULATIONS WITH THIS OPTION WILL DEPEND ON THE NUMBER OF

SUBLAYERS USED

THE PASSIVE SINK OPTION HAS BEEN USED

NOTE : THE USER IS RESPONSIBLE FOR ENSURING THAT VELOCITY
CHANGES ARE CONSISTENT WITH THE PASSIVE SINK

I
Layer Properties
Layer Thickness Number of Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers | Hydrodynamic Coefficient
Dispersion
Clay 1m 4 0.02 m2fa 0.4 0 cr3dy 1.5 gfoma3
Collection 03 4 10 m2fa 0.3 0 crddy 1.5 gfoma3
Systemn
Aquitard 2m 4 0.02 m2fa 0.4 0 cm3fy 1.5 gfcm3
Boundary Conditions
Finite Mass Top Boundary
Fixed Qutflow Bottom Boundary
Landfill Length = 200 m
Landfill Width =1 m
Basze Thickness =1m
Base Porosity=0.3
VARIATION IN PROPERTIES WITH TIME:
Period Start Time No. of Time Step |Source Conc Rate of Height of Volume
Steps Change Leachate Collected
1 0w 1 200 yr 1000 mgdl 0 75 m 0.29 mfa
2 20 yr s 2y -1 mgfl 0 75 m 0.2 mfa
3 30 yr 2 10 yr -1 mgfl 0 75 m 0.2 mfa
4 a0 yr 5 10 yr -1 mgll 0 78 m 0.2 mfa
5 100 yr 5 20 yr -1 mgll 0 758 m 0.2 mfa
Period Start Time Eng Time Darcy Velocity Dispersivity Base Velocity
1 0y 2y 1 mia 04 m 4 mifa
2 20 yr 30 yr 1 mia 04 m 4 mfa
3 300 yr a0 yr 1 mia 04 m 4 mia
4 a0 yr 100 yr 1 mia 04 m 4 mia
= 100 yr 2000 wr 1 mfa 04 m 4 mia
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Case 16: Monte Carlo Simulation

VELOCITY AND SINK PROFILE:
Time Period Minimum Depth Maximum Depth Vertical Velocity Horizontal Outflow

1 0m 1 m 0.01 mfa 0 mfa
T m 13 m 0.01 mfa B.67 mfa

13 m 33 m 0 mia 0 mfa

2 0Om 1 m 0.028 mfa 0 mfa
1 m 13 m 0.028 mfa 18.7 mfa

I 13 m 33 m 0 mia 0 mfa

3 0Om T m 0.046 mia 0 mfa
1 m 13 m 0.046 mfa 307 mia

13 m 33 m 0 rmia 0 mfa

4 0m 1 m 0.064 rmfa 0 mfa
1 m 13 m 0.064 mfa 427 mfa

13 m 33 m 0 mia 0 mfa

=} 0Om 1 m 0.082 mfa 0 mfa
Tm 13 m 0.082 mfa 247 mfa

13 m 33 m 0 mia 0 mfa

5} 0Om T m 0.1 mfa 0 mfa
T m 13 m 0.1 mfa BE.7 mfa

13 m 33 m 0 rmia 0 mfa

7 0m 1 m 0.1 mfa 0 mfa
1 m 13 m 0.1 mfa BB.7 mfa

13 m 33 m 0 mfa 0 mfa

8 0Om T m 0.1 mia 0 mfa
1 m 13 m 0.1 mia BB.7 rn/a|

9 0m 1 m 0.1 mia 0 mfa
1T m 13 m 0.1 mia BE.7 mfa

1.3 m 33 m 0 mia 0 mia

10 0m T m 0.1 mfa 0 mia
T m 13 m 0.1 mfa BE.7 mia

13 m 33 m 0 mia 0 mfa

M 0m Tm 0.1 mia 0 mia
1 m 13 m 0.1 mia BB.7 mfa

13 m 33 m 0 mia 0 mia

12 0m T m 0.1 mfa 0 méa
1T m 13 m 0.1 mia BE.7 mfa

13 m 33 m 0 rmia 0 mfa

13 0m 1 m 0.1 mia 0 mia
T m 13 m 0.1 mfa BE.7 mia

13 m 33 m 0 mia 0 méa

14 0m 1 m 0.1 mia 0 mfa
T m 1.3 m 0.1 mfa BE.7 mfa

1.3 m 33 m 0 mia 0 mia

15 0m T m 0.1 mfa 0 méa
T m 13 m 0.1 mfa BE.7 mfa

13 m 33 m 0 rmia 0 mfa
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Case 16: Monte Carlo Simulation

1B 0 m m 01 mfa 0 mfa
T m 13 m 0.1 mia BE.Y mia
13 m 33 m 0 mia 0 mfa
17 0m m 0.1 mfa 0 mia
1 m 13 m 01 mfa B6.7 m/a
13 m 33 m 0 mia 0 mia
18 0m m 0.1 mia 0 mia
T m 13 m 0.1 mia BB.Y mfa
13 m 33 m 0 mia 0 mfa
Laplace Transform Parameters
TAU=7 N=20 SIG=0 RNU=2
Monte Carlo Simulation Results
Number of Simulations = 5000
Number of Variables = 1
Number of Data Ranges = 20
Variable #1  Variable Properties End Time
Time Period =1
Triangular Distribution [ Minimum =15 Maximum =50  Mhode = 25
Depth = 3.3
DISTRIBUTION OF PEAK CONCENTRATION
Minimum Maximum Number Prohability Cumulative Expected
Value Value T Occur. Probability Value
2.285EHN 2.294E+07 78 0.0z 0.0z 3.572E-01
2Z294E+HN 2.303E+M 196 0.04 0.05 9.011E-01
2.303E+HMNM 2.313E+HN 208 0.04 0.10 9.601E-01
2313E+HN 2.322EHN 304 0.06 0.16 1.409E+00
2322E+HN 2.331E+N 383 0.08 0.23 1.782E+00
233 EHN 2.340E+HN 439 0.10 0.33 2.2B4EH1D
2.340E+HMN 2.350E+HMN a41 0.1 0.44 2537EHID
2.350E+HMNM 2.359E+HN 1044 0.21 0.65 4 916EHID
2.359E+HN 2.368E+MN 1133 023 0.88 5.356EHI0
2.36BEHN 2.377EHN 66 0.01 0.89 3.132E-01
2377EHN 2.387E+N 83 0.0z 0.9 3.854E-01
2.387E+HN 2.396E+N 64 0.01 092 3.061E-01
2.396E+HN 2. 405E+HN 73 0.01 083 3.505E-01
2405E+HN 2414E+HN 73 0.01 0.95 3.518E-01
2A14E+HN 2 4Z24E+HN 65 0.01 0.96 3.338E-01
2A424EHN 2 433E+HN 65 0.01 0.87 3157E-01
2433EHN 2. 442E+HN 57 0.01 0.99 2779E-01
2.442E+H1 2451E+1 64 0.01 1.00 3.132E-01
2451E+HN 2461EHN & 0.00 1.00 284702
2461EHN 2470E+HN 4 0.00 1.00 1.972E-02
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Case 16: Monte Carlo Simulation

Expected Maximum Concentration = 2.351E+11

DISTRIBUTION OF TIME OF PEAK CONCENTRATION

Minimum Maximum Number Probabhility Cumulative Expected
Value Value Occur. Prohability Value
5.500E+01 5.618E+01 20 0.00 0.00 2. 224E-01
5.619E+N 5. 737EH 52 0.01 0.0 5.905E-01
5.737E+HN 5.856E+01 107 0.0z 0.04 1.241E+00
5.856E+01 5.975E+01 140 0.03 0.06 1.656E+00
5. 575E+01 5.094E+11 163 0.03 0.10 1.967E+00
6.094E+01 B.212E+01 216 0.04 0.14 2.B58E+00
B.212E+01 5.331E+01 264 0.05 019 3311E+D0
6.331E+ 5. 450E+11 303 0.06 025 3.873E+00
6. 450E+1 5.568E+11 334 0.07 03z 4. 345E+00
6.568E+01 5.687 E-+I1 324 0.06 038 4.285E+00
6.6587E+01 5.806E+01 300 0.06 0.44 4.045E+00
6.806E+01 B.925E+01 369 0.07 052 5.067E+10
B.8925E+01 7.043E+01 447 0.09 061 B.244E+00
7 .043E+01 7 162E+01 3580 0.08 0.68 5.398E+00
7 162E+HN 7. 281E+H1 355 0.07 075 5.127E+0
7. 281E+1 7 400E+HI1 320 0.06 nez 4. 698E+00
7 A00E+ 7 .518E+01 279 0.06 087 4162E+00
7.518E+1 7 B37EHD1 223 0.04 0.92 3.380E+00
7 B37E+O 7 T5BE+01 231 0.05 0.97 3.556E+00
7 TEBE+H 7.874E+01 173 0.03 1.00 2.704E+10

Expected Time of Maximum Concentration = 68.5444849240847
VARIABLE NUMBER: 1
Minimum Maximum Number Prohability Cumulative Expected
Value Value Occur. Probability Value
1.500E-+01 1.674E+01 42 0.01 0.01 1.333E-01
1.674E+H1 1.847E+01 128 0.03 0.03 4. 506E-01
1.847E+H1 2.021E+01 210 0.04 0.08 8.122E-01
2.021E+01 2.194E+01 276 0.08 0.13 1.163E+00
2.194E+01 2.36B8E+01 403 0.08 0.21 1.838E+00
2.36BE+N 2.541E+ 475 0.10 0.31 2.332E+10
2.541E+ 2. 715E+01 450 0.09 0.40 2 418E+10
2715E+01 2.B5BE+01 455 0.09 0.4 2.545E+00
2.88BE+ 3.062E+01 418 0.08 0.57 2 487E+0
3.062E+ 3.235E+01 360 0.07 0.65 2. 267E+ID
3.235E+01 3.408E+01 333 0.07 0.71 2.212E+00
3.409E+ 3.5582E+01 295 0.06 0.77 2.062E+10
3.582E+1 3.756E+01 259 0.05 0.52 1.901E+10
3.756E+N 3.920E+01 209 0.04 0.56 1.60GE+0
3.529E+ 4 103E+01 212 0.04 0.91 1.703E+HI0
4. 103E+01 4. 276E+01 163 0.03 0.94 1.366E+10
4. 276E+1 4. 450E+01 133 0.03 0.97 1.161E+00
4. 450E+01 4. B23E+01 81 0.02 0.98 7. 349E-01
4.623E+1 4797 E+I1 64 0.01 1.00 6.029E-01
4. 797E+HN 4 870E+I1 24 0.00 1.00 2.344E-01

Expected Walue = 3.003E+J1
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Case 17: Landfill with Composite Primary Liner

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 cm? 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 pg/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 cm?
Hole Frequency 1 /acre
Geomembrane Thickness 60 mil
Geomembrane Diffusion Coef. 3.0x10™ m?2/a
Source Concentration o 1500 pg/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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Case 17: Landfill with Composite Primary Liner

Property Value Units
Clay Distribution Coef. K4 0.5 mL/g
Clay Hydraulic Conductivity k 1.0x107° 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 m?/a
Collection System Density 1.9 g/cm3
Collection System Distr. Coef. K4 0.0 mL/g
Collection System Porosity n 0.3 -
Aquitard Thickness H 3.0 m
Aquitard Hydraulic Conductivity k 1.0x107 m/s
Aquitard Diffusion Coef. D 0.02 m?/a
Aquitard Dry Density 1.9 g/cm3
Aquitard Distribution Coef. K4 0.0 mL/g
Aquitard Porosity n 0.35 -
Aquifer Thickness h 3.0 m
Aquifer Porosity ny 0.3 -
Base Outflow Velocity Vb 10 m/a
Data Entry

1
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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Case 17: Landfill with Composite Primary Liner

23 Primary and Secondary Liner

S.Clay Liner I Aquitard 1 Aquiter I 0. Welacity
Source ] Heads 1 P Geomembrane ] F. Leakage ] PF. Clay Liner ] S.Callection I
Iy,
Title: |Case 17. Landfill with composite primary liner. N
Primary Geamembrane
i Mo v “Yes
Primary Collection System Frimary Liner
" Mo v “Yes

Secondary Geomembrane

+ Mo

" Yes

Secondary Liner

Secondary Collection System Mo & Ves
Aguitard

i Mo v ‘Yes
Aquifer

Aquitard " Mo i Yes

3 Uitz
Aquitard & Metric " Imperial

W O | X Cancel | ? Hep

Source Tab

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

M primary and Secondary L en
5.Clay Liner ] Aquilard ]

0. Welocity ]
Heads ] P.Geomembrane } F. Leakage ] P. Clay Liner ] 5.Collection ]

Aguifer ]
General

Concentration |1500 poll -
Landfill Length |200 m -

Source Type

(+ Canstant Concentration " Finite Mass

o O XK Cancel |

? Help

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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Case 17: Landfill with Composite Primary Liner

£ Primary and Secondary Liner ['__\['Elrb_q
. = [ (|

S.Clay Liner ] Aquitard Aquifer ] 0 Melacity ]

General 1 Sowrce | Heads P.Geomembrane ] F. Leakage ] P. Clay Liner 1 5 Callection ]

Leachate Head on Primary Liner (0.3 m -
Leachate Head on Secondary Liner  [0.3 m -
Groundwater level relative to top of Aquiter |3 m -

& 0K X Cancel | ? Help

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.

31 Primary and Secondary

S.Clay Liner ] Aquifer ] 0. Velocity ]
General I Source I Heads F. Leakage 1 P. Clay Liner I S.Collection ]
Marme: |Geomembrana - Change Symbal
Thickness |60 mil - Leakage Mathod

" LEAK, Rowe et al 2004

Diffusion Coef |3E-5 m2fa -

' Giroud % Bonaparte 1992

™ Equivalent K.

Phase Parameter |1

o 0K X Cancel | ? Help
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Case 17: Landfill with Composite Primary Liner

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.

5 Primary and Secondary Liner

S.Clay Liner ] Aguitard Auguifer ] 0. Velocity ]
General ] Source ] Heads ] P.Geomembrane P. Leakage ] P. Clay Liner ] S.Callection ]

Giroud & Bonaparte, 1992

Contact

Hole Frequency 2.5 hectare -
+ Good i~ Poor q _','l | J

Hole & 01 cm2 -

Hole Type ol fisa ‘ | J
* Cicle " Long
Permeatior
" Yes & Mo

Darcy Yelocity  |3.975E-5 m/a

" OK | X Cancel ‘ ? Help |

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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Case 17: Landfill with Composite Primary Liner

13 Primary and Secondary Liner

5.Clay Liner ] ard ] Aquifer ] 0. Welocity ]
General ] Source ] Heads ] P.Geamembrane 1 P. Leakage P. Clay Liner 1 5 .Collection ]

Hame: |Clay Lined - Change Symbal

Thickness ’09— m
Drensity ’19— 'm
Conductivity K. ’T m
Difusion Coef [0.02 [m2ia =]
Distr. Coef ’05— m
Porosity ’T

« OK X Cancel | ? Help

Secondary Collection Tab

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

o Primary and Secondary Liner.

S.Clay Liner ] Aquitar ] Aquifer ] 0.Melacity ]
General 1 Source 1 Heads ] P Geomembrane ] F. Leakage ] P. Clay Liner 5 .Collection

- Change Symbal

Mame: |Enllechnn Spatem

Thickness ’m— m
Density ’19— ka/m3 -
Diffusion Cosf [100 [m2ia =]
Distr. Coef ’U— 'm
Parozity ’03—
Phase Parameter ’1—

& 0K x Cancel | ? Help
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Case 17: Landfill with Composite Primary Liner

Secondary Liner Tab

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

Aquitard Tab

2 | Primary and Secondary Liner

General I Source I Heads ] P Geome
5.Clay Liner I Aquitard

n&ana] ] P. Leakage 1

Aquifer ] 0. Welocity

- Change Symbol

Thickness ’US— m
Density ’18— ka/m3 -
Conductivity K. ’F més -
DifusionCoef (002 [m2/a |
Digtr. Coef ’05— ’m
Parosity W

E=IClay Linet

0K x Cancel | ? Help

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

n Primary and Secondary Liner. _ :”l_(‘
General ] Source ] Heads ] P.Geomembrane ] F. Leakage I P. Clay Liner ] S.Collection 1
5 Clay Liner Aquitard I Agquifer 1 0. WVelocity

M ame //:////I Charge Symbal
PR
Thickness ’3— m
Density ’19— kgdm3 -
Conductivity K. ’T méz -
Diffusion Coef |0.02 m
Distr. Coet ’05— m
Porosity ’03—

 OK x Cancel | ? Help
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Case 17: Landfill with Composite Primary Liner

Aquifer Tab

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

5 primary and Secondary Liner

General 1 Source 1 Heads ] P.Geomembrane ] F. Leakage ] P. Clay Liner 1 S Collection ]
S.Clay Liner ] Aquitard kAquiFer 1 0 Melacity ]

> Change Symboal

Narne:

Thickness |3 m -
Porosity (0.3

W 0K X Cancel | ? Help

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.

General Source } Heads ] P.Geomembrane ] F. Leakage ] P. Clay Li
S Clay Liner ] Aquitard ] Aquifer k

Ouatflow Velacity

The minirmurm outflow velocity in the Aguifer thatwill
fulfill the conditions of cantinuity of flowis:  2.803 mfa

Ouitflowe Velocity |1 0 |m”la j

o 0K | x Cancel | ? Help
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Case 17: Landfill with Composite Primary Liner

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.

Run Parameters

Type  Concentrations at Specified Times l

Humber of Times: |5
Mumber: |1 4 4 » D

Tirne: |1 0 |year ﬂ

Times

Al Depths
(s ez

" Mo

X Cancel | ? Help

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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Case 17: Landfill with Composite Primary Liner

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 17. Landfill with composite primary liner.
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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 17: Landfill with Composite Primary Liner

Case 17. Landfill with composite piimarvliner.

THE PASSIVE SINK OPTION HAS BEEN USED
NOTE : THE USER IS RESPONSIBLE FOR ENSURING THAT VELOCITY
CHANGES ARE CONSISTENT WITH THE PASSIVE SINK

Layer Properties
Layer Thickness Number of | Coefficient of | Matrix Porosity| Distributon | Dry Density
porL
Fixed Outflow Bottom Boundary
Landfill Length = 200 m
Landfill Width =1 m
Basze Thickness =3 m
Base Porosity = 0.3
Base Qutflow Yelocity = 10 mia
VELOCITY AND SINK PROFILE:
1
Time Period Minimum Depth | Maximum Depth | Vertical Velocity Horizontal Phase
Outflow Parameter
1 0m 0001524 m 3975E5 mia 0 mia 1
0.001524 m 08 m 3975E-5 mia 0 mia 1
09 m 1.2 m 3.975E5 mfa 0 mfa 1
1.2 m 21 m 3.975E5 mfa 0 mfa 1
21 m 21 m 3.975E5 mfa 0 mfa 1
I

Laplace Transform Parameters

TAU=7 N=20 SIG=0 RNU=2

Calculated Concentrations at Selected Times and Depths

Time Depth Concentration
yr m pg/L
10 0.000E+I0 1.500E+03

1.524E-03 6.823E+H2
9.152E02 4 97EH2
1.815E-01 3.370EH2
2.715E-01 2. 190EH2
3B15E-01 1.345E+02
4.515E-01 7. 79BEHMN
5.415E-01 4 256E+HN
6.315E-01 2.181E+N
7.215E-01 1.044E+01
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Case 17: Landfill with Composite Primary Liner
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[Py | I W ) LolgiLTul
7.215E-01 1.044E+01
8.115E-01 4.532E+00
5,015E-01 1.496E+00
1.202E-+00 1.495E+00
1.292E-+00 5. 7E2E-01
1.362E-+00 2.090E-01
1.472E+00 7.051E-02
1.562E-+00 2. 238ET2
1.652E-+00 B.GOAE-03
1.742E+00 1.619E-03
1.832E+00 4 BESE-04
1.922E+00 1.115E-04
2.012E+00 2 457E05
2.102E+00 5. 395E-05
2.402E+00 1.203E-08
2.702E+00 B.039E-11
3.002E+00 B.ATTE-12
3.302E+00 7 519E-13
3.602E+00 B.4T9E-14
3.502E+00 4.344E-15
4.202E+00 2.236E-15
4.502E+00 B.703E-15
4.502E+00 2.517E-19
5.102E+00 B.435E-22
20 0.000E-+00 T B00E+03
1.524E-03 B.250E+12
9,152E-02 B.GIREHIZ
1.615E-01 5.199E+012
2.715E-01 3.965E+02
3B15E-01 2.945E+12
4.515E-01 2125E+02
5. 415E-01 1.485E+02
B.315E-01 1.007E+02
7. 215E-01 B.553E+01
B.115E-01 4.031E+01
9.015E-01 2.239E+01
1.202E-+00 2.235E+01
1.292E-+00 1.332E-+01
1.382E+00 7 B70E+00
1.472E+00 4.275E+00
1.562E+00 2.305E+00
1.652E+00 1.202E-+10
1.742E+00 B.0B0E-O1
1.832E-00 2.954E-01
1.922E-+00 1.393E-01
2.012E+00 B.361E402
2.102E+00 2913602
2.402E+00 1.208E-03
2.702E+00 3221E05
3.002E+00 5 50E-07
3.302E+00 B.278E-09
3.602E+00 1.248E-10
3.902E+00 2A72E-11
4.202E+00 4.960E-12
4.502E+00 1.028E-12
4.802E+00 1.848E-13
5. 102E+00 B.495E-15
]| 0.000E +00 TEOUE+03
1.524E-03 9.085E+02
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9.152E-02 7 B44E+02
1.815E-01 B.322E+02
2.715E-01 5 137E+02
3.B15E-01 4.095E +02
4.515E-01 3.205E +02
5. 415E-01 2.455E +02
B.315E-01 1.837E+02
7.215E-01 1.337E+02
8.115E-01 5, 389E +01
9.015E-01 B.252E+01
1.202E-+00 B.250E +01
1.292E+00 4317E+01
1.352E-+00 2.519E+01
1.472E+00 1.992E+01
1.562E+00 1.252E+01
1.652E-+00 7. 534E+00
1.742E+00 4.520E+00
1.832E+00 2.586E +00
1.922E+00 1.776E+00
2.012E+00 1.040E+00
2.102E+00 B.0GGE-01
2.402E+00 B.G24E02
2.702E+00 5.7208E03
3.002E+00 3567E04
3.302E+00 1.671E-05
3.B02E+00 5 7EZEO7
3.502E+00 1.516E-08
4.202E+00 4.244E-10
4.502E+00 5.ATIE-11
4.802E+00 1.512E-11
5. 102E+00 9.851E-13
] 0.000E+00 1.500E+03
1.524E-03 1.007E+03
9.152E02 B.650E-+12
1.615E-01 7 HOIE+I2
2.715E-01 B.623E+12
3615601 5 EI4E+I2
4.515E-01 4.734E+02
5.415E-01 3.027E+12
B.315E-01 3.210E+02
7 215E-01 2.583E+02
B.115E-01 2.039E+012
5.015E-01 1.573E+02
1.202E-+00 1.573E+02
1.292E+00 1.231E+02
1.352E+00 5.522E+01
1.472E+00 7.273E+01
1.562E-+00 5 486E+01
1.652E+00 4.067E+01
1.742E+00 3.008E+01
1.832E+00 2.189E+01
1.922E+00 1.57GE+01
2.012E+00 1.127E+01
2.102E+00 B.056E-+00
2.402E+00 2.028E+00
2.702E+00 4.309E-01
3.002E+00 7 7OREI2
3.302E+00 1.158E-02
3.B02E+00 1.459E-03
3.502E+00 1.539E-04
4 2NZFEHIN 1 3ARF-NA
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4.202E+10 1.358E-05
4.502E+10 1.003E-08
4 .802E+HID 5.204E-08
5.10ZE+I0 6.335E-10
100 0.000E+10 I 1.500E+13
1.624E-03 I 1.124E+H13
A152E-02 1.030E+03
1.815E-01 9.383EH12
2715E0T 8.503EHI2
3.B15E-01 7. BEZEHIZ
4.515E-01 6.062E+HI12
a.415E-01 6. 106E+HI12
6.315E-01 5.398E+H12
7. 215E-M 4.738E+H2
8.115E-01 4127EH2
2.015E-01 JE67EHIZ
1.202E+00 3.566EHIZ
1.292E+10 3.092EH12
1.362E+10 2.B66EHI2
1.472E+00 2.285E+02
1.862E+00 1.948E+02
1.652E+10 L 1.652E+H12
1.742E+10 L 1.393E+H2
1.832E+00 1.170E+02
1.922E+10 9.780E+11
2012E+H0 8. 154E+01
2102E+H10 B.783E+11
2402EHID 3197EHN
2.702EHI0 1.3687E+01
3.002E+00] 5.537EHID
3.302E+H10 2.031E+0
J.602E+HI0 £.639E-01
3.902E+H10 2112E-M
4.202E+10 5.978E-02
4 502EHID 1.548E-02
4.802EHI0 3.554E-03
5. 102E+HI0 1.703E-04
NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workability of this software or any other
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. No
responsibility is assumed for any errors, mistakes or misrepresentations that may ocour from the use of this
computer program. The user accepts full responsibility for assessing the validity and applicability of the results
abtained with this pragram for any specific casel
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Case 18: Phase Change

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 mz/a, and in the saturated zone to be 100 m?/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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Case 18: Phase Change

Data Entry

1

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.

General Data

Title: |l:ase 18 Phage Change

MNurnber of Layers: |4

Laplace Transform Parameters

tawirmurm Depth: |2.65

TAL: |7 N: |20

0K

s1G: |0

x Cancel |

?

|

RMU: |2

Help |

)

[ |

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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Case 18: Phase Change

Layer 1 Primary Liner

Layer Data l Layer Symbal ]

DiyDensiy [18  [glem3 ]
Porosit_&,ﬂﬂ—

Cosfof Hydro Disp [002 [m2fa ]

Distrbution Coef [15  [cm3a  +|

Layer Number |1 4 4 » p
Marme: |F'limar_l,l Lirer
Mumber of Sub Lapers |4 Fractures
Thickness |LE m - % Hone

" 1 Dimengional

2 Dimengional

" 3 Dimengional

W Ok | X Cancel |

P Help

Layer 2 Unsaturated Collection System

Layer Data l Laver Symbol]

Diry Density |19— ,m
Porozity IF

Coef of Hydro Disp |200 m2ta -

Diigtribution Coef IU— m

Layer Mumber |2 4 4 »p M
M arme: |Llfsaturated Collection System
MNurnber of Sub Layers |4 Fractures
Thicknessz |0.2 m - & None

" 1 Dimengional
" 2 Dimengional

" 3 Dimengional

o OK | x Cancel |

P Help
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Case 18: Phase Change

Layer 3 Saturated Collec

M

tion System

Layer Data ] Laper Symbal ]

Diry Density 1.9

% Layer Humber |3 4 4 » M
M ame: |Baturated Collection System
umber af Sub Layers |4 Fractures
Thickness |01 m - % MNons

" 1 Dimensional

Forasity |0.45 " 2 Dimensional
Coef of Hydro Disp {100 mada - " 3 Dimensional
Distribution Coef |0 cm3fy -
\/ ak. | x Cancel | ? Help

Layer 4 Secondary Liner

Layer Data l Layer Symbal ]

Layer Mumber |4 i 4 » M
Narme: [Secondary Liner N
Murnber of Sub Layers Fractures
Thickness m 7 o [Mem

Dy Density

T
—
e

Poosity [14
e
e

" 1 Dimensional

2 Dimetsional

Coef of Hpdro Disp ma/a A 3 Dimensional
Digtribution Coef cmilg -
/ oK | x Cancel | F Help
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Case 18: Phase Change

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.

Boundary Conditions

Battam - Fised Dutflow ] Fized Outflavs Syrbol ]
Boundary Eond%ns Top - Congtant Conc.
Constant Top Concentration: |D.D4| |m0|.-’m3 j
o OK X Cancel | 7 Help |

Boundary Conditions

Boundary Conditions ] Top - Constant Conc. l
Bottom - Fixed Outflow ] Fixed Outflow Symbol ]

LandilLengtt: [500 [m +|
Landfill tdidth: |500 i -
Base Thickness: |1 m -

B aze Parosity: 0.3

Base Dutflow Yelocity: |3 méa -

" OK X Cancel | ? Help |
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Case 18: Phase Change

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.

Run Parameters

Type  Concentrations at Specified Times l

Times

Mumber of Times: |5
MNumber: ’1— 4 4 » M
Time: |30 |}'f j

Al Depths
v Yes

Special Features

The biological decay and passive sink data for this model can be entered using the Special Features menu.
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Case 18: Phase Change

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.

Radioactive/Biological Decay

Decay l Hanges]
Numxl of Depth Rangers: g
Source Decay
& Yes Source Half-Life
" Mo 10 |5' ' ﬂ
Base Decay
& Yes Base Half-Life
" Mo 40 |5' ' ﬂ
o 0K x Cancel | ? Help |

Radioactive/Biological =cay

Radioactive/Biological Decay

Decay HanQBSI
RangeNumber [T | ¢ p M R
TopDepth [ Im |
Bottom Depth |06 |m =l
Half Life [40 |y =l
& 0K X Cancel | 7 Hep |

Radioactive/Biological Decay

Decay Fanges Decay Ranges |
Range Number [3 ¢ ¢ ) )| Range Number [37 | ¢ ) )|
TopDepth g fm =] TopDepth g [m =]
Eottom Depth [0.3 |m | Bottom Depth [1.65 |m |
Half Lite [0 Jor | Half Lit= |40 Jvr |
o OK X Caricel | ? Help | o OK X Cancel | ? Help |
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Case 18: Phase Change

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.

Data llntewalData] Data IntewaIData]

Depth Interval: |1 i 4 » M
Mumber of Intervals |4

Phase Change Top Depth "j |m j
" No = Yes Bottarm Depth |D.E |m j
Darcy Welocity |D.DDS |ma"a j
Inflaw Fiate Riate of Remowal |D |ma"a j
+ Ma " “es
Phaze Parameter |1
o 0K X Cancel | 2 Help | 0K X Cancel | P Help |

Data  Imterval Data l Data  Interval Data ] k

Depth Interval: |2 4 4 » » Depth Interval: |3 it 4 » M

Top Depth |DE |m j Top Depth |TE] ™ -
Bottom Depth [0.3 m ~] Bottom Depth [0.5 [m |
Darcy Yelacity |U.DDB |m.-"a j Darcy Yelocity |D'EIDS |m"la j
Rate of Remaval |D |ma’a j Fiate of Remaoval |15 |mx’a j

Phase Parameter |0.1 Phase Parameter |1
o 0K x Cancel | ? Help o OK | x Cancel | ? Help
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Case 18: Phase Change

Data Interval Data ]

R

Depth Interyal: |4 4 4 » p

Tap Depth 1.3 |m |
Battom Depth |1.65 |m |
Darcy Velncity |0 [mia |

Rate of Remaval |0 [mia |

Phase Parameter |1
o OK | XK Cancel | ? Help

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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Case 18: Phase Change

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 18! Phase Change

prmm e ] [yeemmmeeomoonassmmamady Moo R —————— ¥ [ a0y
’ g v W a5y
""""""""""""""""""""""""""""""""""""""" v 090y
W 095y
"""""""""""""""""""""""""" v 100y
oot o e W L ¥ [aayr
. 2 L P =
vomi 0 T A = e N Nged Npeeeesesemsomsocoocaeaaacd ~ W90y
o o 2 . v [l 95 yr
0.001 PRI A A A B e, 1 - T v W 100y
0001 RPN &Y Ve N A el B B YA U W W0y
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oom b - T T N N v W00y
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o004
00004
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ol
i 1
Drepth (m)

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

Case 18: Phase Change

THE PASSIVE SINK OPTION HAS BEEN USED
NOTE : THE USER IS RESPONSIBLE FOR ENSURING THAT VELOCITY
CHANGES ARE CONSISTENT WITH]THE PASSIVE SINK

Layer Properties
Layer Thickness Number of Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers | Hydrodynamicp Coefficient
Dispersion
Prirnary Liner 0.6 m 4 0.02 m2fa 0.4 1.5 cm3fy 1.9 gfom3
Unsaturated 0.2m 4 300 m2fa 0.45 0 cm3fy 1.9 gfom3
Collection
Systemn
Saturated 01m 4 100 m2fa 0.45 0 cm3fy 1.9 gfem3
Collection
System
Secondary Liner 075 m 4 0.02 m2fa 0.4 1.5 cm3fy 1.9 gfom3
Boundary Conditions
Contant Concentration
Source Concentration = 0.04 molim3
Fixed Outflow Bottom Boundary
Landfill Length = 500 m
Landfill Width = 500 m
Base Thickness=1m
Base Porosity = 0.3
Basge Outflow Welocity = 3 m/fa
RADIOACTIVE OR BIOLOGICAL DECAY
First Order Radioactive or Biological Decay Depth Ranges
Minimum Depth Maximum Depth Half Life
o m 06 m L 40 yr
06 m 08 m L 0y
09 m 165 m 40 yr
I
Radioactive or Biological Decay Source Half Life = 10 yr
Radioactive or Biological Decay Base Half Life =40 yr
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VELOCITY AND SINK PROFILE:

Case 18: Phase Change

Time Period Mflimum Depth | Maximum Depth | Vertical Velocity Horizontal Phase
Qutflow Parameter
1 0 m 06 m 0.003 mfa 0 mia 1
06 m 08 m 0.003 mfa 0 mia 01
08 m 09 m 0.003 mfa 15 mfa 1
0.9 m 1.65 m 0 mfa 0 mfa 1

Laplace Transform Parameters

TAU=7 N

=20 SIG=10

RNU =2

Calculated Concentrations at Selected Times and Depths

Time Depth Concentration
yr m mol/m3
a0 0.000E+00 1.563E-04

1.500E-01 491204
3.000E-01 7.185E-04
4 500E-01 8.173E-04
6.000E-01 8.009E-04
6.500E-01 8.009E-04
7.000E-01 8.009E-04
7 500E-01 §.009E-04
8.000E-01 5.009E-04
8.250E-01 5.009E-04
8.500E-01 8.009E-04
8.750E-01 8.008E-04
9.000E-01 8.008E-04
1.085E+00 6.483E-04
1.275E+10 4 B20E-04
1.463E+10 3.048E-04
1.650E+00 2.079E-04
g5 0.000E+10 1.105E-04
1.500E-01 JO22E-04
3.000E-01 5.5930E-04
4 500E-01 6.923E-04
6.000E-01 6.960E-04
6.500E-01 6.960E-04
7 .000E-01 6.960E-04
7 .S00E-01 6.960E-04
5.000E-01 6.960E-04
8.250E-01 6.960E-04
8.500E-01 6.960E-04
8.750E-01 6.960E-04
9.000E-01 6.959E-04
1.085E+00 5.830E-04
1.275E+10 4 321E-04
1. 463E+10 2982E-04
1.650E+10 2.118E-04
90 0.000E+00 7.B1BE-05
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Case 18: Phase Change

1.500E-01 3.151E-04
3.000E-01 4.912E-04
4.500E-01 5.670E-04
I 5.000E-01 B.040E-04
B.500E-01 B.040E-04
7.000E-01 6.040E-04
7.500E-01 6.040E-04
8.000E-01 5.040E-04
§.250E-01 B.040E-04
5.500E-01 B.040E-04
8.750E-01 B.040E-04
9.000E-01 5.040E-04
1.085E+00 5.220E-04
1.275E+00 4.010E-04
1.463E+00 2.681E-04
1.650E+00 2.118E-04
95 0.000E+10 5.527VE-05
1.500E-01 2.547E-04
3.000E-01 4.083E-04
4.500E-01 4.935E-04
B.000E-01 5. 239E-04
B.500E-01 5.233E-04
7.000E-01 5.233E-04
7.500E-01 5.239E-04
5.000E-01 5.230E-04
8.250E-01 5.235E-04
§.500E-01 5. 239E-04
g.7a0E-01 5.239E-04
9.000E-01 5.233E-04
1.088E+00 4 B55E-04
1.275E+00 3.695E-04
1.463E+00 2.754E-04
1.650E+00 2.087E-04
100 0.000E+I0 3.905E-05
1.500E-01 2.072E-04
3.000E-01 3.403E-04
4.500E-01 4.242E-04
5.000E-01 4.544E-04
5.500E-01 4.544E-04
7.000E-01 4.544E-04
7.500E-01 4.544E-04
§.000E-01 4.544E-04
§.250E-01 4.544E-04
5.500E-01 4.544E-04
8.750E-01 4.544E-04
9.000E-01 4. 544E-04
1.085E+00 4. 149E-04
1.275E+00 3.392E-04
1.463E+00 2.609E-04
1.680E+00 2.023E-04
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Case 19: Multiphase Diffusion Test

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 cm?2/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

1
Start the POLLUTEvV7 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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Case 19: Multiphase Diffusion Test

Title: ICase 19: Muliphase Diffusion Test

Mumber of Layers: |2 M aximum Depth: |3D.B Icm LI

Laplace Transform Parameters

Tal: |7 N |20 siG: |0 RNU: |2

f ak x Cancel | ? Help |

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

Layer Number |1 A 4 » »

Layer Data I Layer Symbal I

Marne: IGeomembrane

Murnber of Sub Layers |1— Fractures
Thickness |U1— m & MNone
Dry Density |2-? Ikg“""“3 'l ¢~ 1 Dimensional
Porozity |1— 2 Dimensional
Cosf of Hydra Disp W m 3 Dimensional
Distribution Coef ID |m3.-’kg vl

J aK I x Cancel | ? Help
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Layer 2 Air Space

Lay%Numher |2 4 4 » M

Layer Data | Layer Symbol I

Mame: IAir Space

Mumber of Sub Lapers |4— Fractures
Thickness IT m & Mone
Dry Density IZ?— Im 1 Dimengional
Parosity |1— 2 Dimengional
Coef of Hydro Disp IW m £ 3 Dimensianal
Distribution Coef IU— m

o 0K I X Cancel | ? Help

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.

Boundary Conditions
Bottorn - Fized DLQOW | Fixed Outflow Symbol

Boundary Conditions Top - Canstant Conc.
Constant Top Concentration: IEDD Imga’L j
o OF XK Cancel | ? Help
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Case 19: Multiphase Diffusion Test

Boundary Conditions

Boundary Conditions | Top - Congtant Conic.
Bottom - Fixed Outflow | Fired Dutflo%}lmbol

Landfill Length: I‘I— cm -
Landhilwidth: [T |em S
Baze Thickness: IF m
Base Porozity: I'I

Baze Dutflow Yelocity: ID mda -

o 0K

x LCancel | ? Help |

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.

POLLUTEV7 Reference Guide

Run Parameters

b

Type  Concentratiedys at Specified Times I

Time:

Murnber of Tires: |15
Mumber: |1— 4 4 » M
Tirne: |1 Ihr ;l
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Case 19: Multiphase Diffusion Test

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.

Data  Interval Data ] Data Interval Data ]

Depth Interval: |1 4 4 ¢ M Depth Interval: |2 4 4 p M
Top Depth |D |cm j Top Depth |D.‘I |cm j
Boattom D epth |D.1 |cm j Bottom Depth |18.3 |cm j
Darcy Yelocity |D |ma"a j Drarcy Yelocity |EI |mx’a j
Riate of Remowval |D |mx’a j Rate of Removal |D |m£a j

Phaze Parameter (43.8 Phase Parameter |0.27
g/ oK | x Cancel | ? Help ¢ oK | x Cancel | ? Help

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.

POLLUTEV7 Reference Guide 196



Case 19: Multiphase Diffusion Test

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 19 Multiphase Diffusion Test

V do
W W0
v []465
W []a.2
W 01375
W @183

s004" .0,
ECIE :

ELIE & o
4404 :

404" & 4
4004
3|0L &
w04
ELUE & =
s}

3004
= e
Eat o
S04
Soad -
=
Eomd”
[=3 - -
Gt -
180 4"
1wl
[ETE S
1204 [T
1047
IE
[IF S
LITE A
204’

R s A B o o o e o AN
20 40 6O 80 100 120 140 160 150 200 220 240 260 280 300 320 340 360 350 400 420 440 460 480 500 520 540 560 360 6500
Time hr)

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

THE PASSIVE SINK OPTION HAS BEEN USED
NOTE : THE USER IS RESPONSIBLE FOR ENSURING THAT VELOCITY
CHANGES ARE CONSISTENT WITH THE PASSIVE SINK

Layer Properties
Layer Thickness Number of Coefficient of [ Matrix Porosity|, Distributon Dry Density
Sublayers | Hydrodynamic Coefficient
Dispersion
Geaormermbrane 0.1 crm 1 0.000216 1 0 m3fky 2.7 kgfrnd
cmz2/hr
Air Space 18.2 cm 4 6.8 em2fhr 1 0 m3fky 2.7 kgfrma
Boundary Conditions

Contant Concentration
Source Concentration = 500 mg/L

Fixed Outflow Bottom Boundary
Landfill Length =1 cm
Landfill Width =1 cm
Base Thickness = 12.3 cm
Baze Porosity =1
Bage Outflow Velocity =0 m/fa

VELOCITY AND SINK PROFILE:
Time Period Minimum Depth | Maximum Depth | Vertical Velocity Horizontal Phase
Qutflow Parameter
1 0 cm 0.1 cm 0 mia 0 mia 438
0.1 cm 18.3 cm 0 méa ' 0 mfa 027

Laplace Transform Parameters

TAU=7 N=20 SIG=0 RNU=2

Calculated Concentrations at Selected Times and Depths
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Time Depth Concentration
hr cm mg/L
1 0.000E+00 5.000E+02
1.000E-01 1.771E-04
4.650E 7.045E-05
9.200E 26B7ED5
1.375E+01 9.110E-06
1.830E+01 6.365E-07
20 0.000E+1O 5.000E+02
1.000E-01 3.622E+01
4.650E+H10 3.420E+01
9.200E+00 3.234E+01
1.375E+01 3.062E+01
1.830E+01 2.806E+01
40 0.000E-+IO 5.000E+02
1.000E-01 8.022E+01
4 650E+HI0 7 .834E+01
9.200E+00 7 BE0E+I1
1.375E+01 7 .500E+01
1.830E+01 7. 354E+01
70 0.000E-+IO 5.000E+02
1.000E-01 1.387E+02
4. 650E+HI0 1.370E+02
9.200E+00 1.355E+02
1.375E+01 1.342E+02
1.830E+01 1.329E+02]
100 0.000E+ID 5.000E+2
1.000E-01 1.890E+02
4. 650E+HI0 1.876E+2
9.200E+00 1.863E+02
1.375E+01 1.851E+02
1.830E+01 1.840E+02
150 0.000E+ID 5.000E+02
1.000E-01 2577EHZ
4. 650E+H10 2.566E+2
9.200E+00 2.556E+02
1.375E+01 2547EH12
1.830E+01 2.530E+H12
200 0.000E-+10 5.000E+2
1.000E-01 I 13EH2
4 650E+HI0 3. 104E+02
9.200E+10 3.097E+H2
1.375E+01 3.089E+02
1.830E+01 3.083E+02
240 0.000E-+10 5.000E+12
1.000E-01 3.530E+02
4 650E+HI0 3.523E+02
9.200E+00 3517EH2
1.375E+01 3512E+02
1.830E+01 3.507EHZ
300 0.000E+ID 5.000E+02
1.000E-01 3.855E+02
4 650E+HI0 3.850E+02
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Case 19: Multiphase Diffusion Test

9.200E+10 3.845E+02'

1.375E+01 3.841E+D2

T 1.830E+01 3.837E+D2

330 0.000E-+10 5.000E+2
1.000E-01 4 10BE+02

4.850E+H10 4. 104E+12

9.200E+10 4. 100E+22

1.375E+01 k 4.097E+02

1.830E+01 F 4.094E+02

400 0.000E-+IO 5.000E+12
1.000E-01 4.305E+12

4.850E+H10 4. 302E+12

9.200E+00 4. 299E+02

1.375E+01 4. 297E+02

1.830E+01 r 4. 294E+12

450 0.000E+ID 5.000E+02
1.000E-01 4. 459E+12

4.650E+10 r 4. 456E+12

9.200E+00 4 454E+02

1.375E+01 4. 452E+12

1.830E+01 4 450E+H12

400 0.000E+H1O 5.000E+22
1.000E-01 4.8573E+12

4.850E+10 4.577E+D2

9.200E+00 4.575E+02

1.375E+01 4 573E+H12

1.830E+01 4 572E+H12

450 0.000E+H1O 5.000E+22
1.000E-01 4.672E+02

4.850E+10 4.670E+02

9.200E+10 4 BESEHIZ

1.375E+01 4 6EBE+HIZ

1.830E+01 4 BEEE+I2

B00 0.000E+H1O 5.000E+22
T.UudE-U1 4./ 44EHIL

4.650E+10 4. 743E+H2

9.200E+00 4 742E+H02

1.375E+01 4 74E+HD2

1.830E+ 4 TAOEHI2

1
NOTICE

Although this program has been tested and experience would indicate that it is accurate within the limits given
by the assumptions of the theory used, we make no warranty as to workahility of this software or any other
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. Mo
regponsibility is assumed for any errorg, mistakes or misrepresentations that may occur fram the use of this
computer program. The user accepts full responsibility for assessing the validity and applicability of the results
obtained with this program for any specific case.
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Case 20: Sensitivity Analysis

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
Darcy Velocity

Sink Outflow Velocity

Diffusion Coefficient
Dispersivity

Distribution Coefficient
Soil Porosity

Granular Layer Porosity
Dry Density

Layer 1 Thickness

Layer 2 Thickness

Layer 3 Thickness
Source Concentration
Ref. Height of Leachate
Vol. of Leachate Collected
Landfill Length

Landfill Width

Aquifer Thickness
Aquifer Porosity

Aquifer Outflow Velocity

Minimum Failure Start Time
Maximum Failure Start Time

POLLUTEV7 Reference Guide

BB R

T T T

Value
variable

variable

0.02
0.4

0.0
0.4
0.3

1.5
1.0
0.3
2.0
1000

7.5
variable

200.0
1.0
1.0
0.3

4.0

15
50

Units
m/a
m/a
m2/
m

a

cm3/ g
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Case 20: Sensitivity Analysis

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

1
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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Case 20: Sensitivity Analysis

(

)

Type  Concentrations at Specified Times

AllDepths Murnber of Depths: |1
" Yes
Mumber: |1 4 4 » M
« N
° Depth: |3.3 |m j
J ak. x Cancel | ? Help |

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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Sensitivity Analysis

Wariable Entry ]

Humber of Simulations | 2000

Murmber of ['ata Ranges |50

List &l Results

+ Mo i Yes

\/ Ok x Cancel | '? Help

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.

Sensitivity Analysis

General

Wariable Type %
" Initial Source Concentration

" Darcy Velocity

" Layer Thickness

£ Diffusion Coefficient Time Growp: |1
" Digtribution Coefficient

{+ ‘ariable Properties End Time

Mirirurm: |15
Mairmurn; |50

s/ oK x Cancel | '? Help
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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.

Case 20: Sensitivity Analysis

Expected Max. Conc. = 23.624 mo/L

0122
0417 ]
omz4|
0107
0102
oor 4
0092 ]
0.087 |
oosz4|
0077
0072

Eomr 4]

3

£ 062

T pos7 |
oos2 4|
0.047
0042
oo ]
0.032
0.027 ]
ooz 4]
0017
0012

0.007

Concentration (mailL)
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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.

Case 20: Sensitivity Analysis

Expected Time of Max. Conc. = 68.946 yr

0.041 ; ;

004 4
0039
0.036 |
oo 4]
ooss4|
ooasd|
oozt
0.033
0.032
ooz 4|

ooat|
ooze 4|

% 0.026

2 007 4

]

& 0,026 |
oozsd|
oo2e 4|
oozad|
oozz4|
oo 4]

onz4|
oot
omad|
o7 4|
0.016
0015
0014

Titne (yr])

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

THE VARIABLE VELOCITY AND/OR CONCENTRATION OPTION HAS BEEN USED

NOTE THAT THE ACCURACY OF THE CALCULATIONS WITH THIS OPTION WILL DEPEND ON THE NUMBER OF

SUBLAYERS USED

THE PESSIVE SINK OPTION HAS BEEN USED
NOTE : THE USER g‘S RESPONSIBLE FOR ENSURING THAT VELOCITY
CHANGES ARE CONSISTENT WITH THE PASSIVE SINK

Layer Properties
Layer Thickness Number of | Coefficient of | Matrix Porosity| Distributon Dry Density
Sublayers | Hydrodynamic Coefficient
Dispersion
Clay 1m 4 0.02 m2fa 0.4 0 cm3fy 1.5 gfcm3
Collection 0.3 m 4 10 m2fa 0.3 0 em3fy 1.5 gfom3
System
Aguitard 2m 4 0.02 m2fa 0.4 0 cm3fy 1.6 gfom3
Boundary Conditions
Finite Mass Top Boundary
Fixed Outflow Bottom Boundary
Landfill Length = 200 m
Landfill Width =1 m
Base Thickness=1m
Base Porosity=0.3
VARIATION IN PROPERTIES WITH TIME:
TIME PERIODS WITH THE SAME SOURCE AND VELOCITY
Period Start Time No. of Time Step |Source Conc Rate of Height of Volume
Steps Change L eachate Collected
1 0 1 20 yr 1000 g/l 0 758 m 0.29 méa
2 20 yr 5 2y -1 mgll 0 758 m 0.2 mfa
3 30 yr 2 10 yr -1 mgfl 0 75 m 0.2 mfa
4 a0 yr a 10 yr -1 mgfl 0 75 m 0.2 mfa
a 100 yr s 200 yr -1 mgfl jU; 75 m 0.2 mfa
Period Start Time End Time Darcy Velocity Dispersivity Base Velocity
1 0 yr 20 yr 1 mfa 04 m 4 mia
2 200 yr 30 yr 1 mfa 04 m 4 mia
3 30 yr a0 yr 1 mia 0.4 m 4 mfa
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4 all yr 1 mfa U4 m 4 mfa
5 100 yr ‘ ‘ 1 mfa { 0.4 m l 4 mfa ‘
I

VELOCITY AND SINK PROFILE:

Time Period Minimum Depth Maximum Depth Vertical Velocity Horizontal Qutflow
1 0m 1 m 0.01 mfa 0 mia
1 m 13 m 0.01 mfa B.67 mfa
13 m 33 m 0 mfa 0 mfa
2 0m T m 0.028 mfa 0 mfa
1 m 13 m 0.028 mfa 187 mia
13 m 33 m 0 mfa 0 mfa
3 0m 1 m 0.046 mfa 0 mfa
T m 13 m 0.046 mia 307 mia
13 m 33 m 0 mfa 0 mfa
4 0m 1 m 0.064 mifa 0 mfa
1 m 13 m 0.064 rmfa 427 mfa
13 m 33 m 0 mfa 0 mfa
5 0m T m 0.082 mia 0 mfa
T m 13 m 0.082 mfa 547 mia
13 m 33 m 0 mfa 0 mfa
5 0m 1 m 0.1 mfa 0 mfa
1 m 13 m 0.1 mfa BB.7 mfa
13 m 33 m 0 mfa 0 mfa
7 0m 1 m 01 mia 0 mfa
1 m 13 m 01 mia BE.7 mfa
13 m 33 m 0 mfa 0 mfa
8 0m T m 01 mfa 0 mfa
T m 13 m 01 mfa BE.7 mfa
13 m 33 m 0 rmfa 0 rmia
9 0 m T m 0.1 mfa 0 mia
1 m 1.3 m 0.1 mfa BB.7 mia
13 m 33 m 0 mia 0 mia
10 0m T m 0.1 mia 0 rmia
T m 13 m 0.1 mia BE.7 mia
1.3 m 33 m 0 mia 0 mia
++
1 0m 1 m r 0.1 mfa 0 mia
T m 13 m 0.1 mia BE.7Y mia
13 m 33 m 0 mfa 0 mia
12 0m 1T m 0.1 mia 0 rmia
1 m 1.3 m 0.1 mfa BB.7 mia
1.3 m 33 m 0 mia 0 mia
13 0m T m 0.1 mia 0 mia
T m 13 m 0.1 mia BE.7 mia
13 m 33 m 0 rmfa 0 rmia
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14 0 m m 0.1 mfa 0 mia
1T m 1.3 m 0.1 mia B6.7 mfa
13 m 33 m 0 mfa 0 mia
15 0 m m 0.1 mia 0 mia
1 m 13m | 0.1 mia BB.7 mia
13 m 33 m 0 mia 0 mia
16 0 m m 0.1 mia 0 mia
1 m 1.3 m 0.1 mia BE.7 mfa
13 m 33 m 0 mfa 0 mia
17 0 m m 0.1 mia 0 mia
1T m 13 m 0.1 mfa 66.7 mfa
13 m 33 m 0 mfa 0 mia
158 0 m m 0.1 mia 0 mia
T m 13 m 0.1 mfa 65.7 m/a
13 m 33 m 0 mia 0 mia
Laplace Transform Parameters
TAU=7 N=20 SIG=0 RNU=2
Sensitivity Analysis Results
Number of Simulations = 2000
Number of Data Ranges = 50 “ariable Properties End Time
Time Period =1
Uniform Distribution  { Minirmurn =15 Maxirmum =50
Depth =3.3
DISTRIBUTION OF PEAK CONCENTRATION
Minimum Maximum Number Probability Cumulative E xpected
Value Value Occur. Prohability Value
2.285E+01 2. 285E+01 65 0.03 0.03 7. 7T5E-01
2.289E+01 2. 293E+01 53 0.03 0.06 6.070E-01
2.293E+01 2. 296E+01 47 0.02 0.08 5.392E-01
2.296E+01 2.300E+01 43 0.02 0.11 4.941E-01
2.300E+N 2.304E+01 41 0.02 0.13 4.719E-01
2.304E+01 2.30BE+01 34 0.02 0.15 4 497 E-01
2.30BE+ 2.312E+01 35 0.02 0.16 4.389E-01
2.312E+01 2.315E+01 35 0.02 0.18 4.396E-01
2.315E+01 2.318E+01 35 0.02 0.20 4. 403E-01
2.319E+N 2.323E+ 37 0.0z 0.22 4.294E-01
2.323E+0 2.327E+ 35 0.02 0.24 4. 418E-01
2.327E+HN 2.331E+01 39 0.02 0.26 4 .541E-01
2.331E+ 2.335E+01 40 0.02 0.28 4 6E5E-01
2.335E+01 2.338E+01 42 0.02 0.30 4.907E-01
2.33BE+01 2.342E+01 44 0.02 0.32 5.149E-01
2.342E+01 2.346E+01 47 0.02 0.35 5.509E-01
2. 346E+N 2.350E+01 52 0.03 0.37 6.105E-01
2.350E+ 2.354E+01 83 0.04 0.41 9.760E-01
234EA0 | 23BEAT 153 008 0.49 18026400




Case 20: Sensitivity Analysis

2. 358E+HN 2361EHN 244 012 0.61 2.879EHI0
2361E+ 2.385E+ 178 0.03 0.70 2.030E+010
2.385E+HN 2.369E+M 14 0m 0.1 1.657E-01
2.369E+HN 2373E+N 14 0.m o 1.660E-01
2.373E+HN 2377EHN 14 0.m 072 1.662E-01
2377EHN 2331EHN 14 0.m 0.73 1.784E-01
2331EHN 2.384E4N 14 0.m 0.74 1.787E-01
2384E+ 2.388E+ 15 0.m 0.74 1.790E-01
2.388E+ 2392E+ 16 0.m 0.745 1.912E-M
2.392E+ 2.396E+ 17 0.m 0.76 2.035E-M
2.396E+HN 2. 400E+N 17 0.m 077 I 2.033E-M
2. 400E+HN 2. 403E+M 13 0.m 0.78 2161E-0
2. 403E+HNM 2 407E+HN 13 0.m 0.79 2.165E-01
2407E+HN 2411E+HN 20 0.m 0.80 24029E-01
2411E+N 2.415E+ 20 0.m 0.81 2413E-M
2.415E+HN 2419+ 22 0m 0.82 2B53E-01
2 419E+HN 2.423E+ 22 0.m 0.83 2.B63E-01
2. 423E+N 2. 426E+1 25 0.m 0.54 J.031E-M
2 426E+HN 2. 430E+4N 26 0.m 0.85 3.187E-M
2. 430E+HN 2. 434E4N 30 0.m 0.87 3.648E-01
2434E+ 2.433E+ 32 0.0z 0.88 3.893E-M
2.433E+ 2442E+ 38 0.0z 0.50 4. B36E-0
2. 442E+ 2. 446E+1 45 0.0z 0.93 4.620E-01
2. 446E+1 2. 449E+ 65 0.03 0.96 7.954E-0
2 449E+HN 2. 453E4N 21 0.m 057 2574E-M
2. 453E+HN 2. 457E+HN =] 0.00 04587 1.1056E-01
2457E+N 2461E+ 10 0.m 0.98 1.229E-0
2461E+ 2.465E+ 10 0.m 0.98 1.2Z31E-M
2.465E+HN 2.469E+ 10 0m 099 1.233E-M
2. 469E+H1 2472E+M 10 0m 099 1.235E-01
2472E+HN 2.476E+ 11 0.m 1.00 1.361E-01
Expected Maximum Concentration = 2.362E+11
DISTRIBUTION OF TIME OF PEAK CONCENTRATION
Minimum Maximum Number Probability Cumulative Expected
Value Value QOccur. Probability Value
5.500E+ 5 548E+1 28 0.m 0o 7733EM
5.545E+HN 5.495E+N 27 0.m 0.03 7E21E-M
5.495E+HN 5.643E+N 27 0.m 0.04 7.A586E-01
5 B43EHN 5 BI0EHN 27 0.m 0.05 7.Ba0E-01
5 BINEHN 5.738E+HN 27 0.m 0.07 v 7714E01
5.738E+ 5.786E+ 28 0.m 0.08 8.067E-01
5.786E+ 5.833E+ 2 0.m 0.10 7.843E-M
5.833E+H 5.831E+M 2 0m on 7.8907E-]
5831E+HN 5929+ 27 0.m 012 7ETEM
5.929E+HN 5.976E+HN 27 0.m 014 g.036E-01
5.976E+HN 6.024E+N 28 0.m 014 g.400E-01
6.024E+HN 6.071E+HN 2 0.m 0.16 8. 164E-01
6.071E+M 8. 119E+ 2 0.m 018 8.229E-M
6. 119E+H1 6.167E+N 27 0m 019 3.293E-01
6.167E+H1 6.214E+N 27 0.m 0.20 3.357E-01
6.214E+HN 6.262E+ 28 0.m 0.2 3.733E-M
6.262E+HN 6.310E+HN 27 0.m 0.23 g.486E-01
6.310E+HN 6.357E+HN 27 0.m 0.25 8.5460E-01
6.357E+N §.405E+1 2 0.m 0.26 8.614E-01
5.405E+1 5.452E+ e 0.m 027 8.679E-01
6.452E+H1 6.500E+1 28 0.m 0.29 9.067E-01
6.500E+HN 6.545E+1 27 0.m 0.30 3.807E-01
R RARFHT R RBAFHT pr i n31 ARTIFM
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5.595E+01 6.643E+H1 27 0.01 033 8.536E-01
B.643E+01 6.690E+H 27 0.01 0.34 9.000E-01
B.690E+01 B.738E+H1 28 0.01 0.35 9.400E-01
B.738E+01 6.786E+01 27 0.01 0.37 9.129E-01
B.786E+11 6.833EHNM 27 0.01 0.38 9.193E-01
6.833E+01 6.881E+HN 30 0.01 0.40 1.028E+10
5.881E+01 B.929E+HN g2 0.04 0.44 2831EH0D
B.529E+01 6.576EHN g2 0.04 0.48 2.850E+10
B.876E+01 7024E+HN 65 0.03 0.51 2.380E+00
7024E+01 7071 E+H 54 0.03 0.54 1.903E+00
7.071E+01 7. 119E+HN 54 0.03 057 1.916E+00
7. 119E+01 7ABTEHN 55 0.03 0.58 1.964E+10
7167 E+I1 72T4EHN 35 0.03 062 1.977E+0
7. 2T4E+01 7 2B2EHN 54 0.03 0.65 1.954E+0
7. 262E+01 7. 310E+HN 54 0.03 0.68 1.967E+10
7.310E+01 7.357EHN 54 0.03 0.7o 1.980E+00
7357 E+D1 7 A05E+H1 55 0.03 073 2.030E+00
7 A05E+01 7 AS2EHN 55 0.03 076 2.043EH0
7 A5Z2E+I1 7.500E+HN a4 0.03 0.78 2.018E+H0
7 500E+01 7 54BEHN 54 0.03 0.581 2031E+D
7 548E+01 7595EHN 54 0.03 0.54 2.044E+00
7 595E+01 7 B43EHN 55 0.03 087 2.095EH10
7 B43E+01 7 BI0E+HN 55 0.03 0.89 2.108E+00
7 BO0E+I 7. 73BEHN 54 0.03 092 2.083E+H10
7. 73BE+HN 7 FEEEHI a4 0.03 095 2.086E+10
7. 786E+ 7 .833E+H1 a4 0.03 097 2.108E+00
7 .833E+01 7.881E+01 52 0.03 1.00 2.043E+00
Expected Time of Maximum Concentration = B3.9456445222611
VARIABLE NUMBER: 1
Minimum Maximum Number Probability Cumulative Expected
Value Value Occur. Prohability T Value
1.500E+01 1.570E+01 40 0.0z 0.0z 3.070E-01
1.570E+01 1.640E+01 40 0.0z 0.04 3.210E-01
1.640E+01 1.710E+01 40 0.02 0.06 3.350E-01
1.710E+1 1.780E+01 40 0.0z 0.08 3.490E-01
1.780E+01 1.850E+01 40 0.0z 010 3.630E-01
1.850E+01 1.920E+01 40 0.0z 012 3.770E-01
1.920E+01 1.990E+01 40 0.0z 0.14 3.80E-01
1.990E+01 2.060E+01 40 0.0z 016 4.050E-01
2.060E+01 2.130E+01 40 0.0z 018 4. 190E-01
2.130E+N 2. 200E+01 40 0.0z 020 4.330E-01
2.200E+N 2.270E+ 40 0.0z 0.2z 4.470E-01
2.270E+N 2.340E+01 40 0.0z 024 4.610E-01
2.340E+01 2.410E+01 40 0.0z 026 4. 750E-01
2.410E+01 2.480E+01 40 0.0z 028 4.890E-01
2.480E+01 2.550E+01 40 0.0z 0.30 5.030E-01
2.550E+ 2.620E+01 40 0.0z 032 5.170E-01
2.620E+ 2.620E+HI1 40 0.0z 034 5.310E-01
2.BE0E+N 2. 760E+01 40 0.0z 0.36 5.450E-01
2.760E+ 2.830E+01 40 0.0z 0.38 5.580E-01
2.830E+ 2.800E+01 40 0.0z 0.40 5.730E-01
2.800E+01 2.970E+01 40 0.0z 0.42 5.870E-01
2.8970E+01 3.040E+01 40 0.0z 0.44 6.010E-01
3.040E+N 3.110E+01 40 0.0z 0.46 6.150E-01
3.110E+N 3.180E+01 40 0.0z 0.48 5.290E-01
3.180E+ 3.250E+01 40 0.0z 0.50 6.430E-01
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2.900E+0 25970EHN 40 0.0z 0.42 5.870E-01
2.970E+1 3.040E+HN 40 0oz 0.44 6.010E-01
3.040E+01 3. 110E+HMNM 40 0.0z 0.46 6.150E-01
3. 1M10EHD1 3. 180E+HN 40 0.0z 0.48 B.290E-01
3.180E+01 3.250E+HN 40 0.0z 0.50 B.430E-01
3.250E+01 3.320E+HMN 40 0.0z 052 B.570E-01
3.320E+01 3.390E+HM 40 0.0z 0.54 B.710E-01
3.390E+01 3.460E+HN 40 0oz 0.56 5.850E-01
3.460E+11 3.530E+HMNM 40 0oz 0.58 5.990E-01
3.530E+01 3.600E+H 40 0.0z 0.60 7.130E-01
3.600E+11 3.670EHN 40 0.0z 0.62 7.270E-01
3.670E+HT 3.740E+HN 40 0.0z 0.64 7 410E-01
3.740E+01 3.810E+HN 40 0.0z | 0.66 7.550E-01
3.810E+01 3.880E+HM 40 0oz 0.68 7 .BO0E-01
3.850E+01 3.950E+HM 40 0oz 070 7 .530E-01
3.950E+01 4 0Z0E+HN 40 0.0z 072 7 570E-01
4.020E+11 4.030E-+H1 40 0.0z | 0.74 3. 110E-01
4.090E+01 4. 160E-+1 40 0.0z 076 2250E-01
4.160E+01 4.230E+ 40 0.0z 0.78 8-390E-01
4.230E+01 4. 300E+HM 40 0.0z 0.80 3.530E-01
4.300E+01 4. 370E+HN 40 0oz | 0.&2 8.670E-01
4.370E+01 4 440E-+HN 40 0.0z 0.54 8.810E-01
4.440E+11 4.510E+HN 40 0.0z 0.86 3.950E-01
4.510E+11 4.580E+H1 40 0.0z 0.68 9.090E-01
4.580E+01 4. B50E-+H 40 0.0z 0.20 9.230E-M1
4.650E+11 4.720E+HN 40 0.0z 092 9.370E-M
4. 720E+01 4 790E+HN 40 0.0z 0.94 9.510E-01
4.790E+11 4.860E-+H11 40 0.0z 0.96 9.650E-01
4.860E+11 4.930E+1 40 0.0z 0.9 9.790E-01
4.930E+01 5.000E+HM 40 0.0z 1.00 9.930E-01

Expected Value = 3. 250E+01

NOTICE

Althaugh this program has been tested and experience would indicate that it is accurate within the limits given|
by the assumptions of the theory used, we make no warranty as to workability of this software or any other
licensed material. Mo warranties either expressed or implied (including warranties of fitness) shall apply. Mo
responsibility is assurmed for any errors, mistakes or misrepresentations that may occur from the use of this
cormputer prograrmn. The user accepts full responsibility for assessing the validity and applicability of the results
obtained with this program for any specific case.
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