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About GeoDelft

About DG>Plume

Thisis DG>Plume version 1.7 DG>Plume is adedicated tool for calculating the
transport of contaminantsin an uniform flowfield. GeoDelft started developing
DG>Plumein 2001. DG>Plumeisagraphical user interface around the existing
programs AT123D (for the calculation of transport of contaminants) and PRISM
(for making probabilistic calculations) See the Introduction [Chapter 1] for more
information about DG>Plume.

History

AT123D. AT123D, andytical, transient One-, Two-, and Three-Dimensional
Moddl, is an analytical groundwater transport model. AT123D computes the
spatial-temporal concentration distribution of contaminants in the agquifer system
and predicts the transient spread of a contaminant plume through a groundwater
aquifer. AT123D was originally developed at Oak Ridge National Laboratory, Oak
Ridge, Tennessee. Thefirst relase wasin 1981 by Dr Yeh, who is currently at
Pennsylvania State University, Dept. of Civil Engineering, University Park, PA
16802. The International Ground Water Modeling Center (IGWMC) has made
some improvements and corrections. GeoDelft has used the IGWMC AT123D
version 1.31 (November 1996) as a base version for the devel opment of
DG>Plume (Y eh, 1996).

PRISM. PRISM isasystem of programs designed to efficiently evaluate the
uncertainity associated with modelpredictions as aresult of uncertainities
associated with model parameters. The PRISM has been developed by the Studsvik
Energteknik. The program was released in 1983 and is best known for studies on
the risks of nuclear waste. [Gardner, R.H., B. Rojder and U. Bergstrom. 1983}

DG>Plume. DG>Plumeis agraphical user interface for the combined use of
AT123D and PRISM. The development of the program started in 2001.

About this manual

This manual describes how to use DG>Plume [Chapter 3],], with an explanation
about the stochastic options [Chapter 4] and includes examples and atutorial
[Chapter 5] and background information to the program [Chapter 6]. This
information is also available using DG>Plume's online Help function.

About GeoDelft

GeoDelft is one of the world’s most renowned ingtitutes for geotechnical and
environmental research. GeoDelft is continuously applying its growing knowledge
through consultancy, measurements and predictions — to projects that are often very
challenging. GeoDelft actively stimulates the dissemination and utilization of its
knowledge, especially through dedicated software such as DG>Plume.

For more information on GeoDelft, you can visit the GeoDelft website:
http://www.geodelft.nl. For more information about geotechnical and geo-
environmental software, including download options, visit

http://www.del ftgeosystems.nl.
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Definitions

Adsorption Distribution
Coefficient. (Kg)

the ratio of the concentration of a chemical species adsorbed
on a soil to the concentration of the speciesin the soil

Also called: solution.

Partition coefficient

Analytical model Exact mathematical solutions of the flow and/or transport
equation for all pointsin time and space. In order to produce
these exact solutions, the flow/transport equations have to be
simplified (e.g. very limited, if any, representation of the
spatial and temporal variation of the real system).

Aquifer A bed of saturated underground soil or rock that provides vast
amounts of water

Bulk density the ratio of the mass of dried soil to itstotal bulk volume

(solids and pores together).

Cumulative distribution

(CDF)

Mathematical function of a parameter representing the
probability distribution, usually conceptualised as agraph
showing the percentage of values less than or equal to agiven
value.function

Decay halflifetime (A)

the rate coefficient describing the first-order decay
process for dissolved constituent

Dependent parameter

Two parameters are dependent if knowledge of the value of
one of them alters the probability distribution of the other.

Deterministic model

A model where al elements and parameters of the model are
assigned unique values.

Diffusion the movement of a particle or substance from an area of high
concentration to an area of low concentration

Dispersivity A property that quantifies the physical dispersion of a solute
being transported in a porous medium.

Distribution Description of the frequency of observations.

Eigen value acentral concept in linear algebra (i.e. matrix algebra). The
number of eigenvaluesis used in DG>Plume to solve the
series evaluation of the transport equation

Event Single occurrence.

Flow gradient A coefficient of proportionality describing the rate at which

(also hydraulic gradient)

water can move through a permeable medium

Flexible Emission
Control (FEC)

Systematic monitoring strategy developed by GeoDelft. The
contamination is controlled within 4 predefined borders.
Intervention schemes are defined in the event that control
levels are exceeded.

Geometric mean

Exponential of mean of logarithms, the n™ root of the product
of nvalues.

Harmonic mean

Reciprocal of the arithmetic mean of the reciprocals of the
observations.

Heterogeneity

Variability in space.

Histogram

A column graph showing numbers of measured values
occurring within equally-spaced intervals.

Hydraulic gradient

Therate change in total hydraulic head with change in
distance in a given direction. (dimensionless).
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Latin Hypercube method

A sampling technique used in stochastic calculations by
DG>Plume where the parameter space is sub-divided and
parameter values are then picked from each interval as away
of ensuring that values are taken from the entire probability
distribution.

Limit border points (also
called fail safe limit)

Imaginary points where the concentration must not exceed a
predefined trigger concentration in order to protect targetsin
the vicinity

Log-normal distribution

A probability distribution whose logarithms are distributed
normally.

Mean (arithmetic) Arithmetic average of a set of values, 1/n™ of the sum of n
values.

Median Value for which there is a 50% probability of the actual value
from a distribution being greater.

Mode Most likely value of a set of observations.

Model A simplification of reality in order to aid in the understanding

of and/or predict the outcomes of the real system. In this
report the term “model’ is used to describe the code or
equations plus the data.

Monte-Carlo analysis

A method of carrying out a calculation using probability
distributions rather than numbers. It is simple and powerful
and involves repeated sampling from the input distributions.

Normal distribution

A probability distribution characterised by a mean and
standard deviation.

Numerical model

Solution of the flow and/or transport equation using numerical
approximations, i.e. inputs are specified at certain pointsin
time and space which allows for a more realistic variation of
parameters than in analytical models. However, outputs are
aso produced only at these same specified pointsin time and
space.

Observation points

Monitoring points where ground water samples can be taken
to check the calculated concentration.

Organic carbon partition
coefficient: (Koc)

Organic carbon partition coefficient is the partition coefficient
in asoil divided by the organic carbon content of the soil.

Parameter
(hydrogeological)

Physical property of the system under investigation (e.g.
hydraulic conductivity).

Parameter (distribution)

Characteristic of atheoretical probability distribution (e.g.
mean, standard deviation).

Percentile The value below which occur a specified proportion of
observations (in an ordered set of observations).

Plume A well-defined, usually mobile, area of contamination found
in surface water or groundwater.

Population All the possible outcomes of an event, e.g. hydraulic
conductivity of al possible | cm? of an aquifer.

Porosity The ratio of the volume of void spacesin arock or sediment to
the total volume of the rock or sediment. (dimensionless).

Probability Any outcome of an event can be allocated a probability p

(with 0<p< 1) such that, if the event happened an infinite
number of times, the proportion of times that this outcome
occurred would be p. If p=0 then the event never occurs, and
if p=1 the event always occurs.

Probability density
function

Mathematical function representing the probability (PDF)
distribution of a parameter, i.e. the likelihood that a given
value will occur.
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Probability distribution

The probabilities associated with the possible outcomes of an
event.

The‘event’ inthe context of this document is usualy the
value of a parameter.

Parameter of distribution

Characteristic of atheoretical distribution (e.g. mean, standard
deviation).

Probabilistic model

An aggregation of model realisations, where the input
parameters to each realisation are characterised by probability
distributions.

Redlisation

Single calculation with a single set of parameter values (in the
context of repeated parameter sampling in astochastic
calculation).

Retardation

A measure of the reduction in solute velocity relative to the
velocity of the advecting groundwater caused by processes
such as adsorption. Mathematically, the retardation factor, R,
isdefined as R=1+r K4/q, wherer isbulk density, Ky is
partition coefficient, and q is volumetric water content.

Sample

A sub-set of the population.

Saturated zone

The zone of geologica material that occurs below the water
table, the pores of which are filled with water (soil moisture
equals porosity), and the fluid pressure exceeds atmospheric

Scale dependency

The tendency of a parameter to take different values
depending on the scale over which it is being measured.

Sensitivity analysis

A process of identifying the model parameters that have most
effect on the model outpuit.

Skewed distribution

A distribution which has a degree of asymmetry about the
centre value of the distribution.

Stable plume
(also caled steady state
Situation)

The situation in which a groundwater plume marginis
stationary and concentrations at points within the plume do
not change over time. Usually defined at the front of the
plume

Standard deviation

Measurement of the variability of a distribution. Square root
of the variance.

Stochastic field

Used to describe the uncertainty of a parameter which varies
in space.

Triangular distribution

A simple probability distribution with a PDF graph that looks
like atriangle and is defined by a minimum, most likely and
maximum value.

Uncertainty

The degree to which a well-defined and located parameter
(e.g. the horizontal hydraulic conductivity of a 1 cm cube of
rock at adefined location) is unknown.

Uniform distribution

A simple probability distribution giving equal chance for a
range of values given a minimum and maximum value.

Upscaling

The process of deriving an effective value for a parameter
applicable to the scale of interest, using information about the
value of the parameter at a smaller scale, its variability, and
the process of interest.

Trigger concentration

A concentration of a contaminant which, if exceeded, will
trigger an action (e.g. the model output in DG>Plume)

Variability The degree to which a well defined parameter varies in space
and/or time, e.g. the hydraulic conductivity of al possible 1
cm cubes of rock from a particular aquifer horizon.

Variance Measurement of the variability of a distribution. Square of the

standard deviation
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For whom is DG>Plume intended? 11

1 Introduction

DG>Plumeisatool used to predict the transport of contaminants. The program
determines when a steady state situation is reached and how a monitoring system
can be optimised. For these calculatios a probabilistic aproach is used. For amore
detailed introduction too DG>Plume, see:

For whom is DG>Plume intended?[§ 1.1]
Why choose DG>Plume?[§ 1.2]
Features[§ 1.3]

System requirements [§ 1.4].

Y ou can aso switch directly to the descriptions of:

Getting started [Chapter 2]

Working with DG>Plume [Chapter 3]
Tutoria with examples [Chapter 5]
Background information [ Chapter 6].

1.1 For whom is DG>Plume intended?

DG>Plume was devel oped especially for engineers working on projects with
contaminated groundwater. With DG>Plume you can make predictions about the
transport of contaminants. With special options in DG>Plume a steady state
situation or a Flexible Emission Control (FEC) option can be checked.

DG>Plume’ s graphical interactive interface requires just a short training period for
novice users. This means that you can focus your skills directly on the input of the
data and on the subsequent cal culations.

1.2 Why choose DG>Plume?

DG>Plume enables you to calculate the transport of contaminants efficiently
and quickly. It uses powerful anaytical algorithms, thereby requiring no
difficult boundary conditions to be entered.

All major transport processes are included in the model: source strength,
dispersivity (horizontal and vertical), diffusion, adsorption (retardation) and
decay (first order).

With DG>Plume you can check if and when a steady state situation will be
reached

DG>Plumeis especially made to quantify FEC (Flexible Emission Control)
options. In the program the reliability of the designed monitoring system can
be checked

The most simple solution is to cal culate contaminant transport using fixed
parameters: a deterministic calculation. But in real problems the parameters
vary in awide range. This uncertainty may be quantified: each parameter can
be defined stochastically, e.g. with a uniform or log normal distribution
function. The easy to enter stochastic option makes this an unique transport
modelling program.

DG>Plume User Manual — Release 1.7 . '=.G_EGDE|FL' 25 October, 2002



Features

The functionality of DG>Plume will keep in step with future demands as a
conseguence of continuous further devel opment.

GeoDelft’ s expertise in transport of contaminants guarantees optimal usability
and high-quality support.

1.3 Features

This section contains an overview of DG>Plume’s options and limitations
[§ 1.3.3]. For more information, see Working with DG>Plume [Chapter 3] and
Background information [ Chapter 6].

1.3.1 The four main options Deterministic Stochastic

DG>Plume User Manual — Release 1.7 F

DG>Plume offers four main options Cavg
presented in Figure 1. All four options Cqq
can be calculated in adeterministic as P

12

well in astochastic way. In the stochastic 1. Plume calculation C>Cnorm
mode the distribution of probability can 1y
be cal culated, for example the detection 05
of a plume by the monitoring network.
0 ™ Widh
2. Plume width 2 0% W

1. Plume calculation

With this option concentrations of a 50

contaminant can be calculated for s

different time steps and for different

9 |pw)

depths 3 b o K
2 Plume width . Detection by monitoring networ
The plume width option is a useful tool 100 1
for afirst design of a monitoring system. 75 g o
With the cal cul ated maximum width of N 05
the plume an indication of the distance of 0l 8 Disance M0 | dth
the monitoring pointsis given. °o 2 % 10 0 2 0 1

4, Stable Plume length

Figurel Thefour main options

3. Detection by monitoring network

For the third option, the detection by the monitoring network, the probabilistic
options become very useful. By making automatically calculations with different
input parameters the chance of detection of the plume by the monitoring network
can be quantified

4. Steady state situation

In the Netherlands a steady state situation can be an acceptable remediation option,

if this situation is reached within 30 years. This can be checked with the fourth
option.

.. oDelft 25 QOctober, 2002
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System requirements 13

1.3.2 Results

Analysisresults are presented in areport, and in graphical form. The report
contains a summary of the input data and the results of the calculated
concentrations. Y ou can also view graphical output of the calculated concentrations
in the form of graphs or contour maps..

1.3.3 Limitations

When you work with DG>Plume, the following limitations apply:
Uniform horizonta flowfield
Only 1 layer
Only 1 contaminant at atime.
No variations of input in time

1.4 System requirements

Y ou will need the following configuration to run DG>Plume:
- IBM-compatible PC with Pentium processor

Windows 95/98/2000 or Windows NT 4.0 (Intel) operating system
A minimum of 32 Mb RAM

A minimum of 10 Mb free hard disk space

SVGA monitor.

The following display settings are supported for DG>Plume:
color: + 65536 colors/ high color 16 bits
resolution: 800 x 600 with small fonts

1024x768 with small fonts
1024x768 with large fonts

To display the DG>Plume Help texts properly, the Symbol TrueType font must be
installed on your system. To be sure of a correct display on screen and paper, the
font MS Sans Serif and the TrueType font Arial should beinstalled also.

1.5 Installation

Theinstallation procedure for DG>Plume will vary according to the system
configuration and type of license. GeoDélft will provide the proper installation
instructions, together with the installation software.

If you have questions about installing DG>Plume, please contact the support team
at GeoDelft: support@geodelft.nl.
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2 Getting Started

This section deals with the following topics:
- Filesused by DG>Plume[§ 2.1]

How to start DG>Plume [§ 2.2]

How the main window of DG>Plumeis organized [§ 2.3]
How to display online Help [§ 2.4]

How to obtain support [§ 2.5]

Program options[§ 2.6]
Filemenu [§ 2.7]
2.1 Files
* pui Input file (ASCII):
Contains the input with the problem definition. After interactive
generation, thisfile can be reused in subsequent DG>Plume
analyses.
* pud Output file (ASCII):
After a calculation has been performed, all output iswritten to this
file. If there are any errorsin the input, they are described in this
file.
*.set Settings file (ASCII):

Working file with settings data.

2.2 Starting DG>Plume

To start DG>Plume, click Start on the Windows menubar, or double-click a
DG>Plumeinput file that was generated during a previous session. When you start
DG>Plume from the Windows Menubar, the last project you worked on will open
automatically, unless configured otherwise in the Program Options. DG>Plume
will display the main window.

2.3 Main Window

When you start DG>Plume, the main window is displayed. Thiswindow contains a
menubar [§ 2.3.1], anicon bar [§ 2.3.2] and an Input View.
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Main Window

Menubar
Iconbar

Inputview

——  File Project Calculation Resul: Tool: Window  Help

T b= E

_E_DE)PIume - C:\. ADGPlume\Examples\Plume_2D_Det [Lic... [N[=] E3

R wEEE 7 o

Top Yiew | Cross Section I

s | 100
11 1 1 11

ol cR-IE

Fdu first DG Plunne
20 problem, plume determiniztic .

[5:82.35 [Z:-18,71 |Pan [ -
| | »

| /

Figure 2 - DG>Plume main window

2.3.1 The Menubar

To access the DG>Plume menus, click the menu names on the Menubar.

File  Project

Calculation  Resultz Tool: “Window Help

Figure 3 - DG>Plume Menubar

The menus contain the following functions:

File

Project

Calculation
Results

Tools
Window

Help

DG>Plume User Manual — Release 1.7

Standard Windows options for opening and saving files as well
as severa DG>Plume options for exporting and printing the
contents of the Output View data.

Options for defining Project Properties[§ 3.2], Model input
[& 3.2 and further] and the Input View.

To start acaculation

Options for presenting the resultsin areport, dump file, contour
plot or agraph [§ 3.8].

Options for editing DG>Plume program defaults [§ 2.6].

Default Windows options for arranging the DG>Plume windows
and choosing the active window.

OnlineHelp [§ 2.4].
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Getting Help

2.3.2 The icon bar

Y ou can use the buttons on the icon bar to quickly access frequently used functions

(see below).

hed B0 = E &8 B

Figure4 - DG>Plumeicon bar

Click on the following buttons to activate the corresponding functions:

o ([ i & O

Start a new DG>Plume project.

Open the input file of an existing project.

Save theinput file of the current project.

Print the contents of the currently active window.

Display a print preview of the current contents of the Results window.

Open the Project Properties window. Here you can enter the project title

and other identification data, the Graph Settings, and Contourplot settings
for your project.
Open the tree view Input window. In thiswindow all input datais entered.

w3 [B] (@

2.4 Getting Help

Open the Input View window
Start the DG>Plume calculation.

Display the contents of online Help.

There are a number of ways you can find the Help topic you are looking for:

Screen Help

Contents

Searching by word

Browsing through
Help

Extrainformation

DG>Plume User Manual — Release 1.7

F1

Press F1 for Help about the window in
which you are working.

Help Tapicz|  Click this button in the Help window for

an overview of the available Help topics.
Y ou can search in a Table of Contents or
an Index or you can use Find to search for
specific words.

Search Click this button to search for Help topics

[ [l
W [

on the basis of a specific word.

Use these buttons to browse through a
series of Help topics that follow each other
logicaly.

When a hand is being displayed as you
move the mouse over text marked in green
or over anillustration, you just have to
click for more information.

=GE aDelft 25 October, 2002
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Getting Support 17

There are two options for iri nti ni Help topics:

In aHelp window, click to print the contents of the window.

Mark alinein the Contents tab of the Help Topics window and click .
If you mark aline preceded by E] only this topic will be printed.

If you mark aline preceded by & or tﬂl, all corresponding topics will be printed.

To display and print the Help texts properly, the Symbol TrueType font must be
installed on your system.

2.5 Getting Support

If you encounter any problems, you should first consult the online Help and the
frequently asked questions (FAQ's) at http://www.delftgeosystems.nl. If you do not
find the answers you are looking for, you can e-mail (preferred) or fax your
problem descriptions to GeoDelft’ s support team.

When you send a problem description, please add afull description of your
working environment. To do this conveniently, choose the Support option in the
Help menu.

The 3¥steminfe. tah contains all relevant information about your system and the
DG>Plume software. The 'Frablem dezcription talh enables you to add a description of
the problem you may have encountered.

Y ou can either save your problem report to afile or send it to your printer or PC

fax. You can email the document to support@geodelft.nl or alternatively fax it to
(+31)(+15) 2610821.

2.6 Tools: options

On the Menubar, click Tools and then choose Options to open the corresponding
input window. In this window, you can optionally define your own preferences for
some of the program’ s default values.

View Tab

Wigw |General| Directories | Modules |
 Toolbar
[ Status bar

ar. I Cancel | Help

Figure 5 - Program Optionswindow, View tab

DG>Plume User Manual — Release 1.7 . '=.G_EGDE|FL' 25 October, 2002
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Tools: options

Toolbar &
Statusbar

General tab

Program Options

Wi | Direu:tu:uriesl Mndulesl
—Startup with—————— [ Sawve on Calculation
= Mo project % Alwaps Save
* Last uzed project " Always Save As
£ Mew project

I ndicate whether the toolbar and/or status bar must be
displayed each time you start DG>Plume.

]|

—Idze Enter key to

{* Press the default button fwindows-style]

™ Set focus to the next control [D05-style]

0k, Cancel Help

Figure 6 - Program Optionswindow, General tab

Sartup with

Use Enter key to

Save on
calculation

DG>Plume User Manual — Release 1.7

Click one of these toggle buttons to determine whether or not a
project should be opened or initiated when you start
DG>Plume.

No project: Each time you start DG>Plume, you must use the
buttonsin the toolbar or the optionsin the File menu to open
an existing project or start a new one.

Last used project: Each time you start DG>Plume, the last
project you worked on is opened automatically.

New project: When you start DG>Plume, anew project is
created. All parameters are set to O-values.

Note that this program option isignored when DG>Plume is
being started by double-clicking an input file.

The toggle buttons allow you to determine the way the Enter
key isused in DG>Plume, either as an equivalent of pressing
the default button (Windows-style) or to shift the focus to the
next item in awindow. The Enter key does not have a function
in the Tree Input.

The toggle buttons determine how input datais saved prior to
calculation. Y ou can either save the input data automatically,

using the same file name each time, or you can specify afile

name each time the data is saved.

- '=GEGDE|H' 25 October, 2002
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Tools: options

Directories tab

Program Options |
Yiew I General | Modules I
[v Save last uzed curent directary as warking directony
Wiorking directon
IS:'antwikkeIing'xDGPlume"-.E wamples _l
0k, Cancel Help
Figure 7 - Program Optionswindow, Directoriestab
Working Y ou can either automatically make the last used directory your
directory working directory, or you can specify a default path.

Thiswaorking directory is automatically set when DG>Plume

is started.

Modules tab

Program Options

e I Generall Directones  Modules |

—Licenze FlexLm

[+ DGEPlume baze module
[+ Stochastic

[~ Shiow at start program

OF.

Cancel

Helm

|

Figure 8 - Program Optionswindow, Modulestab

DG>Plume User Manual — Release 1.7 --=-G_EODE-|FL'
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File menu

Different modules can be selected. Only a module for which alicencseis obtained
can be activated. When no license is obtained the model will run in demo mode
(visible with the text DEMO MODE in the upper right corner of the screen). After
selecting a new module you have to close and restart DG>Plume to activate the
new module.

DG>Plume Base version of DG>Plume. Stochastic calculations are not
Base version possible

Sochastic Extended version with stochastic options

GD internal Enabl e this checkbox for use of GeoDelft users of DG>Plume
Version

Show at start Enabl e this checkbox to start DG>Plume with modules tab
program page

2.7 File menu

DG>Plume User Manual — Release 1.7 F

Besides the familiar Windows options for opening and saving files, the File menu
contains a number of options specific to DG>Plume:

Copy Active Window to Clipboard

Use this option to copy the contents of the active window to the Windows
clipboard so that you can paste them into another application. The contents are
being pasted either in text format or Windows Meta File format.

Export Active Window

Use this option to export the contents of the active window as a Windows Meta
File (*.wmf), a Drawing Exchange File (*.dxf) or atext file (*.txt).

Page Setup

The Page Setup option in the File menu allows you to define the way you want to
print DG>Plume plots and reports. Here you can define the printer, paper size,
orientation and margins. For plots, you can also specify whether and where axes
arerequired.

Click Aykafit
page.

Print Preview Active Window

Display a preview of the printout of the current contents of the Outline View
window or Result window.

Print Active Window

Print the current contents of the Outline View window or Results window.
Print Preview Report

Display a preview of the printout of the Report File with all the used input
parameters

Print Active Window
Print the current contents of the Report File with al the used input parameters

to get DG>Plume to define how the data can best fit on the

.. oDelft 25 QOctober, 2002
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Input menus 21

3 Working with DG>Plume

If you are a novice user, the tutorial and example files[Chapter 5] will help find
your way quickly. There are reference descriptions available for the following
subjects:
- Getting Started [Chapter 2]

Input Menus[§ 3.1]

Project Menu [§ 3.2]

Tree Input Menu [§ 3.3 and further]

Calculation [§ 3.7]

View Results Menu [§ 3.8].

Y ou can use the examples [Chapter 5] as a convenient starting point for your own
project.

3.1 Input menus

Before you can start a calculation, you must enter the input data. Y ou can do this
using the following input windows:
Project Menu [8 3.2]

Tree Input Menu [§ 3.3]
After entering the data, you can start the actual calculation [8 3.7].

3.2 Project menu

The project menu can be entered on two different ways:
On the Menubar, click Project and choose Properties:

Click on the Properties lcon:

The Project Properties window contains three tabs, on which you can change the
settings for the current project:
Identification [§ 3.2.1]

Input View [§ 3.2.2]
Contour Settings[§ 3.2.3]

DG>Plume User Manual — Release 1.7 . '=.G_EGDE|FL' 25 October, 2002
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3.2.1 Project Properties - Identification
The Identification tab is used to specify the project identification data:

Project Settings

| dentification |In|:|ut Wiew | Contour |

Title 1 [ My first DG> Plume

Title 2 IED prablem, plurme determiniztic

Date |4-E|-2EIEIE ¥ Use cument date

Dirawn by

Annes D

I-I—
FProject (D I—
I-—

[~ Save as default

] 4 Cancel HElm

Figure9 - Project Propertieswindow, Identification tab

Titles

Date

Drawn by

Project ID
Annex ID

Use Title 1 to give the calculation a unique, easily
recognizable name. Title 2 can be added to indicate specific
characteristics of the calculation. Both titles will be included
on printed output.

The date entered here will be used on printouts and graphic
plots for this project. Y ou can either use the current date on
each printout or enter a specific date.

Enter the name of the user performing the calculation or
generating the printout.

Enter your project identification number.

Specify the annex number of the printout.

Enable the checkbox Save as default if you want to use the current settings every
time you start DG>Plume, or create a new project.

DG>Plume User Manual — Release 1.7
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3.2.2 Project Properties — Input View
Use the Input View tab to specify the settingsin the input View.

Project Settings

|dentification  [nput Yiew |En:nntn:nur|

—Dizplay

v Info bar
[+ Bulers

[+ Origin
[T Large cursor

W Same scale for x and p axis

—anid
v Show grid
[~ Snapto gnd

[m] |1.00

Grid Distanzce

[~ Save as default

aF. Cancel Helm

Figure 10 - Project Propertieswindow, Input View tab

Grid
Show Grid

Shap to Grid
Grid Distance

Display
Title panel

Infobar

Rulers

Same scale
for xandy
axis

Origin
Large cursor

DG>Plume User Manual — Release 1.7

Enable this checkbox to display the grid points.

Enable this checkbox to ensure that objects align to the grid
automatically when they are moved or positioned in a graph.

Enter the distance between two grid points.

Enable this checkbox to display the title panel with the project
titles at the bottom of the Input View window.

Enable this checkbox to display the information bar at the
bottom of the Input View window.

Enable this checkbox to display therulers.

Enable this checkbox to display the x and y axis with the same
scale.

Enable this checkbox to draw acircle at the origin.

Enable this checkbox to use the large cursor instead of the
small one.

--=_G_eaDeIFt
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Project menu 24

Mark the checkbox Save as default if you want to use the current settings every
time you start DG>Plume.

3.2.3 Project Properties - Contour Settings

Use the Contour Settings tab to specify the settings for the graphic representation
of calculation resultsin a contour plot [§ 3.8.3].

Project Settings |

|dentification | Input iew Contour |

—Dizplay
[ Title panel [+ Options panel [T Mesh
¥ Info bar ¥ Same scale for x and p awis
[+ Legend v Rulers
— Contour option
[+ Shades wisible [~ Lines visible v Auto refresh
Palette I Topaz j

Legend decimals |2

—Cantour range

" Auta Range Shades |1EI
¥ Manual Fange  Minimum ID,UUD b axirnum |4'|,?4|:| Step |4,'|?4

[T Save az default Ok Cancel | Hel

Figure 11 - Project Propertieswindow, Contour Plot Settingstab
Display
Title panel Enable this checkbox to display the title panel with the project
titles at the bottom of the Contour Plot window.
I nfobar Enable this checkbox to display the information bar at the
bottom of the Contour Plot window.

Legend Enable this checkbox to display the legend

Optionspanel  Enable this checkbox to display the options pand at the top of
the Contour plot window. With the options panel the number
of colors can be adjusted within the contour plot window

Same scale Enable this checkbox to display the x and y axis with the same
for xandy scale.

axis
Rulers Enable this checkbox to display the rulers
Mesh Enable this checkbox to display the contour mesh.
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Contour options
Shadesvisible Enable this checkbox to display the colour shades

Linesvisible  Enablethis checkbox to display the contour lines

Autorefresh  Enable this checkbox to refresh the contour plot automatically
every time an option has been changed in the Contour

Properties
Palette Choose the desired colour scheme
Legend Enter the desired number of decimalsin the legend

decimals

Contour range
Autorange Choose this option for automatic display of the contours
within the minimum and maximum calculated values

Manual range Choose this option for display of the contours within the
chosen range of concentration values

Mark the checkbox Save as default if you want to use the current settings every
time you start DG>Plume

3.3 Treeinput menu

The project menu can be entered on two different ways:
On the Menubar, click Project and choose Input:
Click on the Properties Icon: [E

Fia Pojact Calnulstien Basults [och  deedow  Halp

0= | e E @A BT [ ]
= Model Mosel Type
= gy
IR T Plsme Qoenios
Flows Grbond —_— h
[T ——y A
Flow Posip T Testmeniking
Flows duinghe -
T bl Ly ]
=1 Conflarsnand e
Lyl [n bl ey
Loskerall Dspsisrty -
f [} gt e
Wertical Dispessaty L
Dol = Hoohadko

ijzoephion Dlistnbation
Adparption Bul, Dynsip
Dhenay H ol Time
Souroe Coordnstes
% o Dimencion:
S Shength

Siw TE
P simeteay
Pl whdth

il I;Ij

Figure 12 Treelnput Menu; Model Type
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3.3.1 Tree input Menu: Model Type

With DG>Plume four types of calculation can be made. The input starts with a
choice of one of these calculation types.

1. Plume calculation

With this option concentrations of a contaminant can be calculated for different
time steps and for different depths

2. Plumewidth

The plume width option is a useful tool for afirst design of a monitoring system.
With the cal culated maximum width of the plume an indication of the distance of
the monitoring pointsis obtained.

3. Detection by monitoring network

For the third option, the detection by the monitoring network, the probabilistic
options become very useful. With different input parameters the chance of
detection of the plume by the monitoring network can be quantified

4. Steady state situation

In the Netherlands a steady state situation can be an acceptable remediation option,
if this situation is reached within 30 years. This can be checked with the fourth
option.

The backgrounds of the four options are described in more detail with examples of
all four optionsin the tutoria [Chapter 5].

Secondly a choice has to be made between a deterministic and a stochastic
calculation. It is advised to start with a deterministic calculation. Later the
calculation can be done stochastically. Backgrounds about stochastic calculations
are presented in Chapter 4.

3.4 Tree input menu: Aquifer

Thetext for this paragraph is partly extracted from the BIOCHLOR user manual
[Aziz, C.E. et al, 2000].

3.4.1 Aquifer dimensions

DG>Plume calculates a semi-analytical solution for aindefinite flow field. The
user can limit the aquifer boundaries by enabling the checkboxes Finite Height and
Finite Width and entering the co-ordinates between the desired limits
(YLY2,21,22).
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;- DG=Plume - Ch.vexamples-new'\Plume _Determistic (Licensed to GeoDelft) - [Input]
File Project Calculation Fesulks Tools  Window  Help

I 7|

E‘ N!DdEI Aquifer Dimensions

- Aquifer [ Finite height
- Dimenzions

- Flow Gradient il [OL m] |-15.DD

- Flove Conductivity I—

- Flow Parosity Ta L °- X

- Flow &ngle [¥ Finitz width

[=]- Contaminark I—
- Longitudinal Dizpersivity =l [ra] 0.00

- Lateral Digpersivity Z2 [rn] |1 0.00

- Wertical Dispersivity

- Diffugion

- Bdearption Distribution

- tdzorption Bulk Dengity

- Decay Halflife Time

- Source Coordinates

- Source Dimenzions

- Source Shength

[=]- Calculation

- Parameters

- Grid Mesh

- Plurne Contour

Figure 13— TreeInput Menu, Aquifer

Note: the height of the co-ordinatesis defined in the Y -direction (see Figure 14).

X

v

aguifer

Figure 14 — Definition of dimensions of the aquifer and the source
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3.4.2 Flow gradient

Parameter Flow gradient (i)

Units m/m

Description The slope of the potentiometric surface. In
unconfined aquifers, thisis equivalent to the sope of
the water table.

Typical values 0.0001 - 0.02 m/m

Preferable probabilistic
distribution

Uniform

Source of data

Calculated by constructing potentiometric surface
maps using static water level data from monitoring
wells and estimating the slope of the potentiometric
surface.

3.4.3 Flow conductivity

Parameter Flow conductivity (k)

Units m/d

Description Horizontal hydraulic conductivity of the saturated
porous medium; a coefficient of proportionality
describing the rate at which water can move through
a permeable medium.

Typical values Clays: < 0.001 m/d

Silts; 0.001 — 1 m/d
Silty sands: 0.01 — 100 nvd
Clean sands; 0.1 — 100 m/d
Gravds: > 100 m/d

Note: DG>Plumeisintended for horizontal flow
only. Therefore it is advised not to enter low
conductivity values (e.g. for clay)

Preferable probabilistic
distribution function

Log-normal

Source of data

Pump tests or slug tests at the site

DG>Plume User Manual — Release 1.7
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3.4.4 Flow porosity

Parameter

Flow porosity (n)

Units

m/m°

Description

Dimensionless ratio of the volume of
interconnected voids to the bulk volume of the
aquifer matrix. Note that "total porosity" istheratio
of al voids (included non-connected voids) to the
bulk volume of the aguifer matrix. Differences
between total and effective porosity reflect
lithologic controls on pore structure. In
unconsolidated sediments coarser than silt size,
effective porosity can be less than total porosity
by 2-5% (Smith and Wheatcraft, 1993).

Typical values

Values for Effective Porosity:

Clay 0.01-0.20

Sandstone 0.005 -0.10

Silt 0.01-0.30

Unfractioned Limestone 0.001 -0.05

Fine Sand 0.10-0.30

Fractured Granite 0.00005 - 0.01

Medium Sand 0.15-0.30

Coarse Sand 0.20-0.35

Gravel 0.10-0.35

(From Wiedemeier et ., 1995; originally from
Domenico and Schwartz, 1990 and Walton, 1988).

Preferable probabilistic
distribution

Uniform, Norma

Source of data

Typically estimated. One commonly used value for
silts and sands is an effective porosity of 0.25.

DG>Plume User Manual — Release 1.7 A~ oDelft 25 October, 2002
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3.4.5 Flow angle

Parameter Flow angle ()

Units Degrees

Description Direction of the groundwater flow (clock-wise with
the x-direction)

Typical values All values between - 180 ° and 180°

&0’ c180°- -90° 90

Preferable probabilistic Uniform, Triangular

distribution

Source of data Calculated by constructing potentiometric surface
maps using static water level data from monitoring
wells

3.5 Tree input menu: Contaminant

Thetext for this paragraph is partly extracted from the BIOCHLOR user manual
[Aziz, C.E. et d, 2000].

3.5.1 Longitudinal dispersivity

Parameter L ongitudinal dispersivity (alpha x)
Units m
Description Dispersion refers to the process whereby a dissolved

solvent will be spatially distributed longitudinally
(along the direction of ground-water flow), laterally
(perpendicular to ground-water flow), and vertically
(downward) because of mechanical mixing and
chemical diffusion in the aquifer. These processes
develop the "plume" shape that is the spatial
distribution of the dissolved solvent massin the
aquifer. Selection of dispersivity valuesisadifficult
process, given the impracticability of measuring
dispersion in the field. However, simple estimation
techniques based on the length of the plume or
distance to the measurement point ("scale") are
available from a compilation of field test data.
Researchersindicate that dispersivity values can
range over 2-3 orders of magnitude for a given value
of plume length or distance to measurement

point [Gelhar et ., 1992].

Typical values One commonly used relation isto assume that apha
X 1S 10% of the estimated plume length.

Preferable probabilistic Uniform, Triangular
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distribution

Source of data

Typically estimated using the relations provided
above Moreinformation in literature [i.e. Gelhar et
al., 1992]

3.5.2 Lateral dispersivity

Parameter

Lateral dispersivity (alpha 2)

Units

m

Description

Dispersion refers to the process whereby a dissolved
solvent will be spatialy distributed longitudinally
(along the direction of ground-water flow), laterally
(perpendicular to ground-water flow), and vertically
(downward) because of mechanical mixing and
chemical diffusion in the aquifer. These processes
develop the "plume" shape that is the spatial
distribution of the dissolved solvent massin the
aquifer. Selection of dispersivity valuesisadifficult
process, given the impracticability of measuring
dispersion in the field. However, simple estimation
techniques based on the length of the plume or
distance to the measurement point ("scale") are
available from a compilation of field test data.
Researchersindicate that dispersivity values can
range over 2-3 orders of magnitude for a given value
of plume length or distance to measurement

point [Gelhar et d., 1992].

Typical values

One commonly used ratiois:

Alphaz: alphax =0.10

Based on high reliability points from [Gelhar et al.,
1992]

Preferable probabilistic
distribution

Uniform, Triangular

Source of data

Typically estimated using the relations provided
above more informationin literature[i.e. Gelhar et d.,
1992]

DG>Plume User Manual — Release 1.7
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3.5.3 Vertical dispersivity

Parameter Vertical dispersivity (alphay)
Units m
Description Dispersion refers to the process whereby a dissolved

solvent will be spatialy distributed longitudinally
(along the direction of ground-water flow), laterally
(perpendicular to ground-water flow), and vertically
(downward) because of mechanical mixing and
chemical diffusion in the aquifer. These processes
develop the "plume" shape that is the spatial
distribution of the dissolved solvent massin the
aquifer. Selection of dispersivity valuesisadifficult
process, given the impracticability of measuring
dispersion in thefield. However, simple estimation
techniques based on the length of the plume or
distance to the measurement point ("scale") are
available from a compilation of field test data.
Researchersindicate that dispersivity values can
range over 2-3 orders of magnitude for a given value
of plume length or distance to measurement

Point [Gelhar et ., 1992].

Typical values One commonly used ratiois:

Alphay : dphax = 0.05 (ASTM, 1995)
Alternatively, aphay :aphax can be set to avery
low number (e.g., E-99) to yield a

conservative estimate of vertical dispersion.

Preferable probabilistic Uniform, Triangular

distribution
Source of data Typicaly estimated using the relations provided
above more information in literature [Gelhar et .,
1992]
DG>Plume User Manual — Release 1.7 ‘."_EGDE|F|.' 25 October, 2002
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3.5.4 Diffusion

Parameter

Diffusion coefficient (D)

Units

m?/d

Description

Diffusion is the process of transport of contaminants
due to concentration differences. The diffusion
coefficient is defined as the amount of solute that
passes across a unit cross section in a porous medium
in unit time under the influence of a unit
concentration gradient. Note that in various other
trangport programs this factor isincluded in the
advective dispersion equation. In these programs the
hydrodynamic dispersion is defined as the sum of the
mechanical dispersion and the molecular diffusion

Typical values

This value varies somewhat for different chemicals
and characteristics of the porous mediums, but a
typical valueto useis 8.5 x10° m?/d.

Preferable probabilistic
distribution

Uniform, Triangular

Source of data

Chemical and physical reference books

DG>Plume User Manual — Release 1.7
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3.5.5 Adsorption distribution

Parameter Adsor ption distribution coefficient (Ky)
Units m’/kg
Description Adsorption to the soil matrix can reduce the

concentration of dissolved contaminants moving
through the ground water. Especialy organic
humus material is capable of adsorption of
hydrocarbons (the longer the carbon chains the better
adsorption takes place). Heavy metals are adsorbed
by clays and (Fe)oxide coatings of sand grains.
DG>Plume calculates the linear isotherm: the
proportion between the concentration of the
contaminant dissolved in water phase and the one
adsorbed onto the solid phase:

K, =S/C andKy=fo* Ko

With:

C concentration of the contaminant dissolved
in the water phase (kg/m°)

S concentration of the contaminant adsorbed

onto the solid phase (kg/kg)
Kq distribution coefficient (m*/kg)

foc fraction organic carbon on uncontaminated
soil (kg/kg)

Koc organic carbon-water partition coefficient
(m*/kg)

The distribution coefficient is used to calculate the
retardation factor:

R=1+ K, r,/n
With:
R retardation factor of the contaminant (-)
Pb bulk density of solid soil material (kg/m°)
n porosity (m*/m?)

the retardation factor can be seen astheratio
between the average pore water velocity and the rate
of migration of the specific contaminant. A
retardation factor of 5 means that the pore water is
moving five times as fast as the contaminant. On the
contrary, when asiteis polluted it takes at least 5
pore volumes of clean water to desorp the
contaminant. A retardation factor can be defined
crafty by:
- Setting the Kd valueto: R -1
- Setting the p, value (adsorption bulk density) to
the same as the porosity value (the pyvalueis
only used for the calculation of the adsorption)

DG>Plume User Manual — Release 1.7
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Typica values Reported values for K4 cover awide range of values
for different contaminants and the values are
temperature dependent:

The following range of K are reported:
Benzene 0.02 - 0.4 m¥/kg

Pyrene 2 - 200 m¥/g

Ethyl Benzene 0.09 — 1.5 m3/kg
Tetrachloroethylene 0.1- 3 m3/kg
Dichloroethane 0.01 - 0.25 m3/kg
Trichloroethylene 0.02 — 0.5 m3/kg
Naphthalene 0.1 - 2.5 m3/kg

A typical f,.rangeis 0.0002 - 0.02 (kg/kg)

Preferable probabilistic Uniform, Triangular
distribution

Source of data Either from an analysis of soil samples at a
geotechnical lab or, more commonly estimated
with the given relations above.

3.5.6 Adsorption bulk density

Parameter Adsor ption bulk density (py)

Units kg/m’

Description the ratio of the mass of dried soil toitstotal bulk
volume (solids and pores together).

Typical values Although this value can be measured in thelab, in

most cases estimated values are used. A value of
1650 kg/m?is used frequently.

The following ranges are reported:
Clay 1200 — 1800 kg/m®

Silt 1100 — 1800 kg/m®

Sand 1300 — 1900 kg/m’

Gravel 1600 — 2100 kg/m®

Preferable probabilistic Uniform, Norma

distribution
Source of data Typically estimated using the relations provided
above
DG>Plume User Manual — Release 1.7 ‘."_EGDE|F|.' 25 October, 2002
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3.5.7 Decay halflife time

Parameter

Decay halflife time (A)

Units

Liyr

Description

the rate coefficient describing the first-order
decay process for dissolved constituents. The
first-order decay coefficient equals 0.693 divided
by the half-life of the contaminant in ground
water. If adissolved solvent is undergoing first
order decay

only, the rate of biotransformation depends on the
concentration of the contaminant and the rate
coefficient. In the case of sequential first order
decay, the solvent is assumed to degrade by first
order kinetics. But also simultaneously

it can be produced by the first order decay of the
preceding compound. This can only be simulated
in DG>Plume with a different model run.
Considerable care must be exercised in the
selection of afirst-order decay coefficient for
each constituent to avoid significantly over-
predicting or underpredicting actual decay rates.

Typical values

Perchloroethylene 0.07 t01.20 yr™
Trichloroethylene 0.05 to 0.9 yr*
cis-1,2-Dichloroethylene 0.18 to 3.3 yr*
Vinyl Chloride 0.12 to 2.6 yr*

DDT 15yr*

Radium 1580 yr™

(from Wiedemeier et al., 1999)

Preferable probabilistic
distribution

Uniform, Triangular

Source of data

One may adopt a trial-and-error procedure to
derive a best-fit decay coefficient for the
contaminant by varying the decay coefficient
until predicted concentrations match measured
concentrations.

Literature Values: Various published references
are available listing biotransformation rate
coefficients (e.g., USEPA, 1998; Howard et al.,
1991). Many references report the half-lives;
these values can be converted to the first order
decay coefficients using k = 0.693 / (dissolved
solvent half-life time).

Other Methods: The "Technical Protocol for
Evaluating Natural Attenuation of Chlorinated
Solventsin Ground Water" (USEPA, 1998)
describes other methods for obtaining rate
coefficients, including the use of microcosm data
and use of field tracer tests
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3.5.8 Source co-ordinates and source dimensions

The extent of the source of the contamination can be entered in the menus Source
Co-ordinates and Source Dimension. First the origin (X,Y,Z co-ordinate) of the
source is entered in the menu Source co-ordinates. From this point the extent of the
contamination is defined with the Source dimensions menu.

Note: the height of the co-ordinatesis defined in the Y -direction (Figure 14)

Depending on the source co-ordinates the source can be:
- A point (X = Xp, Y1 = Y2, 21 = 2,)

Aline(eg.y1=VY, 21=2)

Anarea(eg. yi =Y»)

A volume

The calculation will be one dimensional if y; and y, corresponds with the aquifer
dimensions (height) and z; and z, corresponds with the aquifer width. The
calculation will be two dimensional if either (yy, y») or (z;, z,) corresponds with the
aquifer dimensions.

3.5.9 Source strength

The source strength is entered in the menu Source Strength.

_E_DE)PIume - C:\ \examples-new\Plume_Determistic [Licensed to GeoDelft]

File Project Calculation Fesults Tools “Window Help
p@E s FEBE 7 )
= Input _[O]

E‘ N!Dde' Contaminant Source Strength

- Type

=8 Aquw?[ . Release type
Dlmensmn_s & |nztantantangous
- Flow Gradiert
- Flow Conductivity " Continuous
- Flows Porosity
- Flow &ngle =

[=I- Contaminant Release Time | Release Hatel
- Longitudinal Dispersivity
- Lateral Dispersivity Parameter tupe
- Yertical Dispersivity % Deterministic = Stochastic log normal distribution
- Diffusion " Stochastic nomal distibution € Stochastic tiangle distribution
- Adsarption Distribution " Stochastic uniform distribution € Stochastic from file
- Adzorption Bulk, Density
- Decay Halflife Time L
. Source Coordinates Deterministic value [d] {1.0000000E+30
- Source Dimensions
B Source Strength

[=1- Calculation
- Parameters
- Grid Mesh
- Plurne Contour

| /
Figure 15 Contaminant sour ce strength
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Releasetype  Enable this checkbox to choose a source which releases
instantaneous (eg. in case of atemporary emergency, like a

Releasetype  Enable this checkbox to choose a source which releases a

Continuous  continuous contamination (for a sequence of days or years,
e.g. asowly leaking tank). The source strength isdefined in a
release per day (kg/d). This means no concentrations are
defined as input value

Releasetime  For a continuous source: Time in days when the
contamination ends (the contamination starts spreading at

dayl).
For an instantaneous source: Time in days of the ‘accident’

Releaserate  For acontinuous source: Emission in kg/d of the
contamination

For an instantaneous source: Tota amount of contamination
inkg

3.6 Tree input menu: Calculation

The calculation parameters are dependent on the choice of one the four options [see
§ 3.3.1]. Therefore the calculation options are described separately for the four
model types. First the general calculation parameters are described [see § 3.6.1]

3.6.1 Calculation: Parameters

Dependent on the choice of calculation type the calculation parameters are
defined:

Deterministic (with one fixed value per parameter)

Stochastic ( with a Probability Distribution Function per parameter

It is advised to start with a deterministic calculation.
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_E_DE)PIume - C:\. \examples-new\Plume_D etermistic [Licensed to GeoD elft)
File Project Calculation Besult: Tool: ‘window Help

I
B nput BEE

Calculation Parameters

7

- faquifer Murnber of timesteps [] |60O

- Dimensions .
- Flow Gradisnt End time [d] |1 0957.5000

- Flows Conductivity MHumber of eigenvalues [ |&00

E:Ex E:;:t}l Mumber of reglizations [-] IU—
[=1- Cantaminarnt

- Longitudinal Dispersivity
- Lateral Dispersivity

- Wertical Dispersivity

- Diffusion

- Adzarption Distribution
- fidzorption Bulk. Dengity
- Decay Halflife Time

- Source Coordinates

- Source Dimensions

- Source Strength

[=1- Caloulation

- Grid Mesh
- Plurne Cortour

| /

Figure 16 Calculation parameters

The genera calculation parameters for al four models are:

Number of Number of (unitless) time steps used in the calculation.

timesteps (-) Note: the chosen time steps to present in a contour plot or

graph are entered later
Endtime(d) End time of the calculation

Eigenvalues  Number of eigenvalues used for series solution of the

) transport equation. The default valueis set to 500. Increasing
this number will improve the accuracy of the resuilts.
Decreasing this number will increase the speed of the
calculation.

Number of Number of calculations made with a single set of parameters.
realisations  In the deterministic mode this optionis not visible (and
automatically set to avalue of 1). With valueslarger than 1 a

) stochastic calculation is made. A minimum value of 10is
recommended. Increasing this number will improve the
accuracy of the stochastic calculations.
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3.6.2 Plume Contour model

With this option concentrations of a contaminant can be calculated for different

time steps and for different depths. For the general calculation parameters see
§3.6.1.

3.6.2.1 Calculation Grid mesh for Plume Contour

_E_DE)PIume - C:\__Aexamples-new\Plume_Determistic [Licensed to GeoDelft]

File Project Calculation Besults Tools Window Help

NER oo EBRE 7 o
B Input _[Of
- Model Calculation Grid Mesh
----- Type
El- Aquifer Origin and angle
.. Dimensions ¥ Origin from contamination source v Anale fram How
- Flows Gradient »
- Flaw Conductivity e [im] I anale s deares] I
-~ Flow Porosity  origit [l I
- Flow dingle 2 i I—
[=)- Contaminant Z il i
- Longitudinal Dizpersivit
- Lateral Dispersivity ~" Locations I Z" Locations I
- ertical Dizpersivity
g'cflfus'o'? Distibu —Regular grid
- Adzorphion Distribution . .
.. Adsrption Bulk Density Start location [m] |-10.00 Nurber of intervals [-] |20
- Decay Halflife Time End location  [m] |70.00
- Source Coordinates
- Source Dimenzions _ .
Cuztorn locatior
- Source Strength -
. = [ Locatian [m][
[=1- Calculation e i‘
- Parameters 3
% Cirid Mesh: It
- Plurne Caonbour
| /
Figure17 Grid mesh parametersfor Plume contour model
Origin and Angle

Originfrom  When this checkbox is enabled the origin of the grid mesh is

contamination automatically the same as the chosen origin (centre) of the

source contamination source. When this option is not chosen the co-
ordinates have to be entered manually

Anglefrom When this checkbox is enabled the angle of the grid meshis

flow automatically the same as the chosen angle of flow. When this
option is not chosen the angle of flow hasto be entered
manually
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Grid Mesh

Thegrid is defined

in the X direction (Iength of the plume) and the Z-direction

(width of the plume) by selecting a starting location, an end location and a number
of intervals. On this grid a concentration is calculated for the presentation on a
contour plot. Each grid point of the mesh can be seen on the Input View as ablue

dot.

3.6.2.2 Calculation Plume Contour

_E_Dﬁ)Plume - C:\.\examples-new'Plume_D etermistic [Licenzed to GeoDelft]

Eile Project Calculation Besults Tools ‘#findow Help
pe R sr sEB8] 7] o
B input - [BIx]
B N!odel Calculation Plume Contour
LR Type
= Aquifer Parameter
- Dimengions ’7Trjgger concentration  [mg/l] ID,1 aoo
- Flowe Gradiert
- Flow Conductivity . -
- Flow Parasity Vissstes I Haghtsl
- Flow Angle -
[=1- Cantaminant = 3 Tlmeste%-uﬂ
- Longitudinal Dispersivity 3 B 300
- Lateral Dispersivity Eal 500
- ertical Dizpersivity E3
. Diffusion > =
- Bdzorption Distribution
- Adzorption Bullk. Density
- Decay Halflife Time
- Source Coordinates
- Source Dimensions
- Source Strength
[=]- Calculation
- Parameters
- Grid Mesh
& Plurne Contour:
| /
Figure 18 Plume contour: calculation parametersfor Plume contour
model
Trigger This option is only used when a stochastic calculation is made.
concentration In this case the chance (%) of exceeding the trigger
(mgl/l) concentration is presented on the contour plot.
Timesteps(-)  Timesteps for which a contour plot can be presented on the
contour plot. The timesteps are (unitless) steps within the
interval defined in Calculation Parameters[§ 3.6.1]
Rows can be added or deleted with the icons besides the rows:
3 o
* and
Heights Height relative to the defined origin for which a contour plot

DG>Plume User Manual — Release 1.7

can be presented on the contour plot.

Rows can be added or deleted with the icons besides the rows:
3 e
& and
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3.6.2 Plume Width model

The Plume Width option is an useful tool for afirst design of a monitoring system.
The cal culated maximum width of the plume can be used as afirst guess for the
distance between the monitoring points. For a good understanding of the concept
see the chapter about Flexible Emission Control [§ 6.1] and the tutorial [§ 5.4]

In the Plume Width option the observation points and intervention point can be

defined. The location of the points can be checked in the Input View Window (see
Figure 19). For the generd calculation parameters see § 3.6.1.

_E_DE)PIume - C:A_A\PlumeWidth_Determistic [Licensed to GeoDelft] - [Input Yiew]

HEiIe Project  Calculation Hesults Tools  Window Help

0= ER #0887 =
Top Yiew | Cross Sectionl

[Ee A

My firzt DG > Plume
2D problem, Plume width

|><: -BB. 74 |Z:-?1 .33 |Zoom rectangle

|Graphic wiew of project

Figure19 Input view: Plumewidth model
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3.6.3 Plume width: parameters
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Figure 20 Calculation parameters for Plume Width model

General Parameters

Trigger
concentration
of observation

points (mg/l)

Distance of
observation
points (m)

Trigger
concentration
of
intervention

points (mg/l)

Distance of

intervention
DG>Plume User Manual — Release 1.7

Trigger concentration for exceedence in one of the
observation points

Distance of the row of observation points from the origin of
the source of contamination in the direction of the ground
water flow (see Figure 19). The distance is derived from the
observation point nearest to the origin. The location of the
observation pointsis defined under the Tab Observation
Points [§ 3.6.3.1]

Trigger concentration for exceedence in the intervention point

Distance of the intervention point from the origin of the
source of contamination in the direction of the ground water
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point (m) flow (see Figure 17).

Height Height relative to the origin for cal culating the concentrations

Timesteps(-)  Timesteps for which the concentrations are calculated. The
timesteps are (unitless) steps within the interval defined in
Calculation Parameters.Rows can be added or deleted with
the icons besides the rows:

and

_=_DE>Plume - C:ACAPlumeWidth_Determistic [Licensed to GeoDelft)

File Project Calculation Besultz Toolz Window Help

nsElan #6 ? ®
B Input Mi[=]E3
- Modsl Calculation Plume Width
i e Type
=1 Aquifer Pararmeters  Obzervation Points |
- Dimengions
- Flow Gradient ~Fegular giid
- Flowe Conductivity ) )
80,00 . |1EI
- Flow Porosiy Start location  [m] Mumber of intervals [-]
- Flow Anigle End location  [m] |-10.00
[=I- Caontaminant
- Longitudinal Dizpersivity —Custom lacatior
- Lateral Dizpergivity -
Lacat
- Wertical Dispersivity S 2 I?IHD[B“D”
- Diiffuzian | 2D’DD
- ddzorption Distribution EIJE | 30.00
- Adsorption Bulk Density %,, > 40,00
- Decay Halflite Time | 50,00
- Source Coordinates | £0.00
- Source Dimension: = gggg
- Source Strenath El -
(- Ealeulation -
i Parameters
o Plume 'Width
| Y
Figure21 Observation points parametersfor Plume Width mode

The location of the observation points can be entered in two different ways: with a
regular Grid or with Custom locations. Both ways can be combined as well. The
observation points are placed on arow perpendicular to the direction of the ground
water flow.
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3.6.3.1 Plume width: Observation points

Observation points

Regular grid  Observation points are entered in aregular grid onarow ina
fixed Number of Intervals between a Sart Location and End

Location.
Custom Custom locations can be entered per row. Rows can be added
Locations or deleted with the icons besides the rows:
3 e
& and

3.6.4 Test Monitoring model

The Test Monitoring option is an useful tool for athe design of amonitoring
system.

_E_DE)PIume - C:\.\Monitoring_Determistic [Licensed to GeoDelft)

File Project Calculation Besults Tools Window Help

neH EBR BB E| 2 o

bu firgt DG > Plume
2D problem, Plume width Stochastic

%6494 7228 43
|Glaphic wiew of project 7
Figure 22 Input View of the Test Monitoring option
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In the Test Monitoring option the observation points, the limit border point and the
calculation points can be defined. DG>Plume checks whether calculated
concentrations will be exceeded above a defined trigger concentration behind the
limit border points (‘fail safelimit’). In that case the area of the polluted area can
be calculated. Besidesthereisan option to check if the monitoring network is set
up well for protecting the fail safe limit. The location of the points can be checked
in the Input View Window (see Figure 22). For a good understanding of the FEC
concept see the chapter about Flexible Emission Control [§ 6.1]. For the general
calculation parameters see § 3.6.1.

3.6.4.1 Test Monitoring Parameters

;..- DG>Plume - C:%..\Monitoring_Determistic [Licensed to GeoDelft] - [Input]

Hfile Project  Calculation  Fesults Tools “window Help -|ﬁ'|5|
s e ER=0=0 12 )
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- Diffusion

- Adzarption Distribution
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- Source Dimensions

- Source Strength

[=]- Calzulation
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Trigger concentration [ma1] ID,1 000
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—Timestep:
Je 5 T|mestegé—é|
| -
=1 G0
kd

A
Figure23 General Parametersfor Test Monitoring model
Parameters
Trigger Trigger concentration for exceedence in one of the
concentration observation points
of observation
points (mg/l)
Height Height relative to the origin where the exceedence of the
observation  trigger concentration in the observation pointsis checked
point(m)
Trigger Trigger concentration for exceedence in the limit border
concentration points
of limit
border (mg/l)
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Height limit
border
point(m)

Timesteps

Height relative to the origin where the exceedence of the
trigger concentration in the limit border pointsis checked

Timesteps for which the concentrations are calculated. The
timesteps are (unitless) steps within the interval defined in
Calculation Parameters. Rows can be added or deleted with
the icons besides the rows:

Je

and

Sl

3.6.4.2 Test Monitoring: Observation points

;..- DG>Plume - C:%._.\Monitoring_Determistic [Licensed to GeoDelft] - [Input]
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A
Figure24 Observation points parametersfor Test monitoring model

The location of the observation points can be entered in two different ways: with a
Regular Grid or with Custom locations. Both ways can be combined as well.

Observation points

Regular grid  Observation points are entered in aregular grid with either a
fixed X co-ordinate or afixed Z-co-ordinate.

Custom
Locations

DG>Plume User Manual — Release 1.7

Custom X,Z locations can be entered per row. Rows can be

added or deleted with the icons besides the rows:

e

Sl

and
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3.6.4.3 Test Monitoring: Limit Border points

_E_DG)PIume - C:\__\Monitoring_Determigtic [Licenzed to GeoDelft)

File Project Calculation Besults Tools Window Help
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Figure25 Test monitoring model: Limit border points parametersfor
Limit border points
Sarting point X and Z co-ordinate of first limit border point
Line parts Limit border line between the defined Starting Point and the
entered X and Z co-ordinate. The number of points are defined
in the Number of Intervals. More lines of limit borders can be
added of removed with the icons besides the rows:
3 o
& and
> — .
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3.6.4.4 Test Monitoring: Calculation Points

_E_DE)PIume - C:\..AMonitoring_Determistic [Licensed to GeoDelft)
File Project Calculation Fesults Tool: ‘window Help
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Figure 26 Test monitoring model: Calculation points
Calculation points are used for the calculation of the polluted area. Therefore the
origin (0,0) of the calculation poinsislocated in the centre of the limit border.
Negative co-ordinates for the cal culation points can not be entered.
The program checks if the calculated concentration exceeds the defined trigger
value for the limit border points. Calculation points can be entered in aregular grid
or at customs locations. A combination of the two is possible aswell. The last
calculation point should be placed far enough for the the calculation of the
polluted area. Else DG>Plume will give awarning in the dump file.
Calculation points
Regular grid  Calculation points are entered in aregular grid in aregular
Number of Intervals between a Sart Location and End
Location
Custom Custom X,Z locations can be entered per row. Rows can be
Locations added or deleted with the icons besides the rows:
3 o
& and
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3.6.5 Stable Plume Length Model

With the Stable Plume Length option it can be checked if and when a steady state
situation is reached in the calculation points (located on row in the direction of the
groundwater flow). For the general calculation parameters see § 3.6.1.

lE.DE)PIume - C:\_.\Plumel ength_Determistic [Licenzed to GeoD elft]

File Project Calculation Besults Tools “window Help
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Figure 27 Input View of the Stable Plume L ength option
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3.6.6 General parameters
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Calculation parametersfor Stable Plume Length model

General Parameters

This option is only used for the stochastic option. When the
trigger concentration in the plume is spreading |ess than the
minimum velocity it is assumed that a Stable Plume Length is
reached

This option is only used for the stochastic option. When the
trigger concentration in the plume is spreading |ess than the
minimum velocity it is assumed that a Stable Plume Length is
reached

Height relative to the origin (Y direction)

Timesteps for which the concentrations are calculated. The
timesteps are (unitless) steps within the interval defined in
Calculation Parameters. Rows can be added or deleted with
the icons besides the rows:

Sl

=
"Fand
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3.6.6.1 Calculation points

lE_DE)PIume - C:%_APlumel ength_Determistic [Licensed to GeoD elft]
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Figure29 Calculation Points parametersfor Stable Plume Length model
The location of the observation points can be entered in two different ways: with a
Regular Grid or with Custom locations. Both ways can be combined as well.

The observation points are aways located on arow in the direction of the
groundwater flow. Therefore only one co-ordinate for the distance from the source

has to be defined.

Calculation points

Regular grid  Calculation points are entered in aregular grid onarow in a
Number of Intervals between a Start Location and End

Location
Custom Custom locations for calculation points. Rows can be added or
Locations deleted with the icons besides the rows:
3 =L
& and
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3.7 Calculation

On the Menubar, click Calculation, Sart to start the calculation. The calculation
can be started aswell with the Calculation icon:

3.8 View results Menu

On the Menubar, click Results to display the following menu options:
- Report [§ 3.8.1]

View dump file [§ 3.8.2]
Plume contour [§ 3.8.3]
Plume Width [8§ 3.8.4

Test Monitoring [§ 3.8.5]
Stable Plume Length [§ 3.8.6]

3.8.1 Report
On the Menubar, click Results and then choose Report to view awindow

displaying areport of the analysis results. Click % to print the report. The report
can be saved in Acrobat Reader (PDF) format, Internet format (HTML) or in Rave
Snapshot File (NDR) format.

The report contains the following elements:
Header with general data.

Overview of all the input data

3.8.2 Dump File

On the Menubar, click Results and then choose View Dumpkile to view awindow
displaying the contents of the ASCII dump file. The report contains the following
elements:

Header with general data.

Overview of all the input data
Overview of all the output data

The dump file can only be saved as ASCII text with Copy and Paste commands
into another text editor (eg. WORD).

3.8.3 Plume Contour

On the Menubar, click Results and then choose Plume Contour to view a window
displaying the calculated plume contours. This option will only be shown when the
option Plume Contour in the Input Menu: Type [§ 3.3.1] has been chosen.
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Figure 30 Output window of Plume Contours

In the output window the desired contours can be chosen out of the defined
Calculation Parameters (see § 3.6.1 and 3.6.2.2)

On the desired height with the button Height

On the desired timestep with the button Time

For the deterministic option only one contour plot (for the calculated
concentration) is presented. In the stochastic mode different calculations are made
with astochastic field (see Chapter 4). For the stochastic option three tab pages are
available:
- Average (mg/l): the average cal cul ated concentration.
Variation (-): the variation coefficient defined as: standard deviation / mean
concentration. This parameter givesinsight in the relative uncertainity in the
calculated results. The variation coefficient will increase on the edges of the
flow field
Chance (%): the chance that the defined trigger concentration will be exceeded

3.8.4 Plume Width

On the Menubar, click Results and then choose Plume Window to view awindow
displaying the graph of the plume width. This option will only be shown when the
option Plume Width in the Input Menu: Type (see § 3.3.1) has been chosen.
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Figure31 Output window of Plume Width Deterministic

3.8.4.1 Deterministic

In the output window a graph is shown with the cal culated maximum plume width
versustime. In the graph three intervals can be seen (Figure 31).

The plume width equals 0 meters. This means the defined trigger concentration
isnot exceeded at the observation points

The plume width has a negative value. The absolute value equal s the plume
width when the defined trigger concentration is exceeded in the observation
points, but not in the intervention points

The plume width has a positive value. This value equals the plume width when
the defined trigger concentration is exceeded in the intervention point

Best results are obtained when the trigger concentrations for the observation points
and the intervention point are set to an equal value. When no valid solution is
obtained (e.g. when the trigger concentration is not exceeded) no graph is shown.
In this case look with Results View Dumpfile in the generated dumpfile.

3.8.4.2 Stochastic

When the stochastic option is chosen a chance distribution graph is shown. In the
output window two tab pages can be chosen:
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Width: chance distribution of the calculated plume width.

Time: chance distribution of the exceedence of the trigger concentration in the
intervention point

3.8.5 Test Monitoring

On the Menubar, click Results and then choose Test Monitoring to view awindow
displaying the results of the hits by the monitoring wells. This option will only be

shown when the option Test Monitoring in the Input Menu: Type (see § 3.3.1) has
been chosen.
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Figure 32 Output window of test Monitoring Deter ministic

3.8.5.1 Deterministic

In the output window a map is shown with the results of the hits and no hits by the
different monitoring points. The meaning of the coloured symbolsis explained
below in Figure 34. For a good understanding of the meaning of the limit border, the

observation points and the cal culation points see § 6.1 about the FEC concept and 8
3.5.8 inthetutorial.
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3.8.5.2 Stochastic

When the stochastic option is chosen in the output window three tab pages can be
chosen:

Surface: The cumulative chance versus the surface that will be contaminated
above the defined trigger concentration in the intervention point

Time: The cumulative chance versus the time that the defined trigger
concentration in the intervention point will be exceeded

Detection: the chance that a contamination will be detected by the observation
points and/or the limit border points. With this option it can be checked
whether the monitoring network is functioning properly (see Figure 33)

_E_DE)PIume - C:\__\Monitoring_Stochastic [Licensed to GeoDelft] - [Test Monitoring Stochastic]

HEiIe Project  Calculation Besults Toolz ‘Window Help 18] =]
DEe BGR #EEE 7 o

Surface I Time

1000

80,0

60,0

Detection [%)]

Mo plume detected in observation points and limit border (37,000 %)

Flume d d in ob=ervation peints and limit border (11,00 %)

Plume d d in ob=ervation points but not at border (false alarm) (17,00 %)
Ho plume detected in observation points but at border (failure) (35,00 %)

Figure 33 Output window of Test Monitoring Stochastic: Detection

In Figure 33 the output window of the detection option is shown. In this window
the four main results of the monitoring network are presented. Thisis explained
schematicly in Figure 34.
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Detection by Detection by limit Meaning Color
observation points | border points
No No No critical situation
Yes No Falseaarm
Yes Yes Good working
system
No Yes Failure of system
Figure 34 Schematic presentation of the output options. Monitoring

Stochastic: Detection

3.8.6 Stable Plume Length

On the Menubar, click Results and then choose Sable Plume Length to view a
window displaying the results of the hits by the monitoring wells. This option will
only be shown when the option Sable Plume Length in the Input Menu: Type (see
§ 3.3.1) has been chosen.

A stable plume is defined as a situation where the defined trigger concentration is
moving with avelocity smaller than the defined plume velocity. The plume
velocity and trigger concentration are defined in the Calculation Stable Plume
Length menu (see § 3.6.6).
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Figure 35 Output window of Stable Plume Length Deterministic

Deterministic

In the output window a graph is shown of the calculated plume length versus the
concentration. For each defined time step a graph is presented. In the example
shown in Figure 35 it can be seen that for concentrations higher than 10 mg/l a
stable state situation will be reached. For concentrations lower than 10 mg/l the
graphs differ for the three timesteps.

Stochastic

When the stochastic option is chosen in the output window three tab pages can be
chosen:

Length: The cumulative chance versus the calculated length of the stable

plume. A negative plume length means that no stable plume length has been
reached.

Time: The cumulative chance versus the time that a stable plume length will be

reached
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4 Stochastic calculations

Thetext for this chapter is partly extracted from the Guidance on Assigning Vaues
to Uncertain Parameters in Subsurface Contaminant Fate and Transport Modelling
[McMahon et a., 2001]

4.1 General background

Risks may be assessed qualitatively (e.g. ahigh, medium or low risk of pollution)
or quantitatively (e.g. by predicting the concentration and consegquences of a
contaminant at a specified location at a certain time). This report deals specifically
with quantitative approaches for contaminant transport modelling in groundwater,
as part of quantitative risk assessment, which can be divided into two categories:
deterministic and probabilistic. Deterministic assessments involve the assignment
of asingle value to each parameter, and the calculation resultsin a single number.
This approach implies a high degree of certainty in the input data, e.g. the input
parameter can be defined by a single value or its variability is known everywhere.
A high proportion of environmental risk assessments involve studies of the
subsurface where such alevel of certainty is not present.

Probabilistic approaches provide methods of addressing uncertainty or variability
in aknown and structured way using probability distributions of values; as
knowledge increases the corresponding reduction in uncertainty can be
incorporated. A range of possible outcomes, which can be described by a
probahility distribution, will be generated by a probabilistic model as aresult of the
combination of different input parameter values (e.g. by calculating the percentage
chance that a specified concentration will be exceeded at a specified location at a
certain time).

4.2 Uncertainty and variability

In theory, if the values of all the relevant hydrogeol ogical parameters are known,
and the contaminant release history is known, it is possible to calculate the
expected concentration of a contaminant at any subsequent time and location of
interest. In practice, such precise calculations are rarely possible because of lack of
knowledge in key parameters. Two basic kinds of lack of knowledge can be
distinguished: uncertainty in a parameter that clearly has asingle value (e.g. the
catastrophic failure of a storage tank is a discrete event, even though the precise
date of failure may not be known), and variability in a parameter that is afunction
of location or time (e.g. the hydraulic conductivity of the material comprising an
aquifer).

A parameter having asingle, abeit uncertain, value can be described by a
probability density function or PDF. The PDF describes how likely it isthat the
parameter has any particular value.

A parameter that variesin space, for example hydraulic conductivity, could be
defined if sufficient datawere available. However, thiswill seldom be the case. As
aresult our knowledge of the hydraulic conductivity at every point, other than at
the point of measurement, is uncertain. Thisiswhat is known as astochastic field.
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In practice, there will usually be some relationship between the hydraulic
conductivities at adjacent points. It may be possible to derive a statistical
description of the spatial variability of a parameter, for example using geostatistics.
From this description, it is possible to generate realisations of the spatial
distribution of a parameter value. The generation of these realisationsis avery
large subject, beyond the scope of this guidance.

In practice for many models, stochastic fields will be simplified into single
parameters. For example, rather than modelling the spatial variation of hydraulic
conductivity between contaminant source and receptor, asingle appropriate
average value of hydraulic conductivity may be used. Because the detailed
distribution of hydraulic conductivity is unknown, this overall average valueis
uncertain. An uncertain single value can be described by a PDF. There are
statistica technigques that can be used to derive the PDF of the appropriate average,
given measurements of point values.

4.3 Probability Distribution Functions (PDF)

This section explains and defines the probability distributions used in DG>Plume.
Figure 36 gives the mathematical and graphical representation of four distribution
functions. Figure 36 has been drawn so that each of the distributions presented have
been derived using the same mean (10), standard deviation (3) and ensuring that
the area under the curveis aways 1.

Probability density functions require different numbers of parameters to be defined.
For example, the Uniform distribution requires a minimum and maximum value to
be defined, whereas the Triangular distribution requires a minimum, most likely
and a maximum value. Thus the definition of a PDF is not necessarily the answer
for al data shortage problems as an uncertain hydrogeological parameter valueis
described in terms of two or more uncertain statistical parameters. This may not
represent an increase in knowledge!
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Probability Distribution Functions (PDF)
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4.3.1 Normal Distribution

The most common observed distribution is the Normal distribution (also called the
Gaussian distribution). The Normal distribution implies a symmetrical grouping of
the sample around a specific value (mean) with less chance of a sample further
away from this value. The graph of the PDF is often referred to as the "bell-curve'.
An example of anormally distributed parameter is the distribution of the porosity
in a certain geological unit.

Probabilities from Normal distributions can be described as either a one-tailed or
two-tailed distributions. DG>Plume is using only atwo-tailed distribution where
with both high and low extreme values (i.e. the range in values across the mean). A
one-tailed probability is used when outcomes above or below a certain value are of
concern.

It isuseful to note that 68.3% of a Normal distribution occurs within one standard
deviation on either side of the mean (two-tailed probability), 95.4% within two
standard deviations and 99.7% within three standard deviations.

The Normal distribution function can theoretically take any value from minus
infinity to plusinfinity (i.e. it is unbounded). In principle, therefore, any parameter
known always to be positive cannot be perfectly normal because thereis zero
probahility that a negative number will occur. In practice, the Normal distribution
isthe best distribution for very many observationsin nature and as long asthe
mean is more than three standard deviations away from zero (in which case the
distribution produces a probability of a negative number of only 0.15%), it can be
safely used.

The Normal distribution is symmetrical about its mean. If thereis evidence that a
distribution is skewed, then the Normal distribution should not be used.

The Normal distribution can usually be used to describe the variation in porosity
measurements

4.3.2 Uniform Distribution

The Uniform distribution distributes probability equally between two extreme
values. Example: If monitoring occurs on the first of each month and thereisno
contamination on 1 January but there is contamination on the 1 February a Uniform
distribution assumes that there is an equal probability that the contamination event
happened on any of the intervening days.

In selecting a minimum and maximum value in DG>Plume for aUniform or a
Triangular PDF (see § 4.3.4) based on observed measurements, it isimportant to
recognise that these are unlikely to describe the actual population range. For this
reason, it may be appropriate to use expert opinion to define higher and lower
values than those determined from observed measurements (although this would
need to be justified). However, care needs to be exercised as the maximum and
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minimum measurements may be anomal ous (due to measurement error) or
inappropriate to the problem (i.e. avery low value of hydraulic conductivity may
relate to a clay lenswithin a sand and gravel deposit, and where contaminant
movement is viathe coarser sand and gravel fraction).

Uniform distributions typically are used to describe variation in porosity and
measured lengths (e.g. source dimensions).

4.3.3 Log-Normal Distribution

A distribution is Log-normal if the logarithms of the values are distributed
normally. A common example is hydraulic conductivity, which has been observed
tovary in thefield by severa orders of magnitude. The true average of a Log-
normal distribution is the geometric mean (which isthe exponentia of the
arithmetic mean of the natural logarithms). A Log-normal distribution contains no
negative values and is skewed.

A Log distribution is recommended for distributions that span more than one order
of magnitude and which appear to be skewed. It is not appropriate where
distributions appear to be linear, i.e. no biasto one end or the other, in which case a
Uniform distribution should be used.

The Log-normal distribution istypically used to describe the variation in hydraulic
conductivity values.

4.3.4 Triangular distribution

The Triangular distribution can be regarded as a simple approximation of the
Normal distribution. It is called triangular because of the shape of the PDF. It has
three parameters. a minimum value, a maximum value and a most likely value
(mode). Asfor the Uniform distribution (see § 4.3.1) maximum and minimum
values should be defined based on expert judgement rather than the observed range
of measurements. By definition, values cannot be lower than the minimum or
higher than the maximum. Most experts have afeeling for the range of aphysica
property in terms of a maximum credible value and minimum credible value rather
than as a standard deviation or some other parameter of distribution. Understanding
of these three parameters (maximum, minimum and mode) isfairly intuitive.
Consequently for Uniform, Triangular and Log-triangular distributions the range of
values are constrained compared to Normal and Log-normal distribution. For this
reason, the Triangular distribution is useful for estimated and dlicited distributions,
where the variation (between lowest and highest values) islessthan an order of
magnitude. Triangular distributions are generally recommended if there are fewer
than 10 readings since they are intuitive to estimate
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4.4 Other distributions (from File)

There are anumber of other less commonly used distributions including
Exponential, Gamma, Binomial, Poisson, Log-Triangular and L og-uniform. These
distributions are generally less appropriate for describing aquifer or contaminant
properties. But one of those mentioned distributions or another distribution may be
appropiate for certain case. Therefore afile with a user-defined PDF can be
imported. This function is not implemeted yet in DG>Plume version 1.7.

4.5 Entering stochastic data

In most modelling and risk assessment scenarios the possible range of values for
some parameters will not be known. There may be very limited or, in some cases,
no site-specific data with which to define some parameter ranges and a method of
selecting appropriate values and PDFs must be found. If thereis no site-specific
information on any of the parameters then modelling is inappropriate.

Certain parameters can readily be measured in the field (e.g. hydraulic
conductivity, hydraulic gradient), but others are generally not measured (e.g.
dispersivity) and values must be obtained from other sources. Where site-specific
data are available they may be limited and consideration must be given to the way
in which they are used to generate PDFs.

4 5.1 With sufficient data

The estimation of the PDF parameters should be made using site-specific data
wherever possible. For example, the parameter pin aNormal distributionis
estimated by the sample mean and the parameter ¢ is estimated by the sample
variance. Similarly, for the Log-normal distribution, the parameter p is estimated
by the geometric sample mean (i.e. loge(p) is estimated by the mean of the
logarithms) and the parameter loge(c?) is estimated by the variance of the
logarithms of the sample data.

The estimation of the PDF parameters should be made using site-specific data
wherever possible. For example, the parameter 1 in aNormal distribution is
estimated by the sample mean and the parameter o is estimated by the sample
variance. Similarly, for the Log-normal distribution, the parameter 1 is estimated
by the geometric sample mean (i.e. loge(11) is estimated by the mean of the
logarithms) and the parameter log«(c?) is estimated by the variance of the
logarithms of the sample data.

1. Check the characteristics of the data for patterns and trends. Thiswill usually
involve constructing a graph against time, or plotting maps and sections.
Incorporate the understanding first in the deterministic model with aveage
values. Only proceed when the data-points come from a single population.

2. Plot the data as a histogram, frequency plot, or cumulative frequency plot (e.g.
use the Histogram function in Excel). If the curve has more than one mode, this
isan indicator that the samples may be from more than one population and (1)
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above should be revisited. Note that in DG>Plume only one PDF function per
parameter can be entered.

3. The preparation of probability plots (involving plotting the datain order
according to its percentile) is a useful graphical method of identifying the PDF.
If the dataform a straight line on normal graph paper, then thisis areasonable
justification for assuming normality without formal proof.

4. If there are fewer than 30 data points, it will probably be necessary to assume
the type of PDF as it may not be possible to prove the distribution with a high
degree of dtatistical certainty. Thiswill be the typical case for most site
investigations such that the choice of a PDF will involve some expert
judgement (see 8§ 4.5.2).

5. Choose the distribution type most likely to fit the data from the shape of the
histogram and knowledge of the property. Probability plots are also useful if
the distribution is uncertain.

6. If the curveisskewed and if the data range over more than one order of
magnitude then a L og distribution may be most appropriate.

7. Estimate the parameters (average, standard deviation) of the PDF from the data
(see Figure 36). Some commercial packages have the option to fit PDFsto
data; alternatively, most spreadsheets include statistical analysis packages. The
estimation of the PDF parameters should be made using the data.

8. Useadtatistical test procedure to determine if the selected distribution fits the
data, i.e. isit statistically valid? For example, if aNormal distributionis
proposed then a statistical test for normality should be undertaken. Such
procedures include Chi-squared, Kolmogorov-Smimov, Shapiro-Wilks and
D'Agostino. The Chi-squared test can be used to test the fit of any selected
distribution. The Shapiro-Wilks and D'Agostine tests are better tests but are
specific for Normal distributions (less effort and more reliable). If the test (e.g.
Chi-squared) fails, then try other possible distributions until it succeeds.

9. Runthe model.

10. Reality Check. The results of the modelling must be examined critically
against any field data that exist (see Figure 36).

45.2 Limited or insuficient data

When there are only few site-specific data some assumptions must be made about
the likely distribution of the parameter values whilst still taking into account the
measured values. Experience suggests that certain parameters commonly exhibit
certain types of distributions and that there are other preferred distributions based
on the number of data points available.

Some recommendations are listed below:
The recommended default distribution for hydraulic conductivity is Log-
normal . In all cases where data spans an order of magnitude a log-based
distribution should be used. If sufficient data are available to define that
distribution, a PDF other than Log-normal may be more applicable.
Normal distributions are recommended for other parameters (e.g. porosity), if
there are more than 10 readings where the histogram suggests normality. The
distribution should be checked to ensure that negative values are not assigned
to a parameter which cannot be negative e.g. porosity. Also the mean value
should be at |east three standard deviations from zero. DG>Plume will
automatically set the minimum value as 0,0001 for the porosity or zero for
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other parameters, if the specified distribution resultsin negative values. It
should be noted that this will skew the distribution slightly.

Triangular distributions are generally recommended if there are fewer than 10
readings since they are intuitive to estimate. The paragraphs 3.4 and 3.5 give
suggested distributions for different parameters. However, they can be over
constrained it isunlikely that a set of 10 measurements will include either the
lowest or highest real measurement. After defining the parameters and running
the model the results of the modelling must be examined critically. The model
runs can be improverd by using an uncertainity anaysis (see § 4.8).

4.6 heterogeneity and uncertainty (upscaling)

For some contaminant problems, the ‘average’ parameter value may best describe
the system behavior. In this case, measurements of a parameter at one scale (e.g.
laboratory measurements) can be used to define the parameter at alarger scale.
This approach of using sample measurements to define the “average' system
behavior is described as upscaling. Where the system is believed to be
heterogeneous, then upscaling should be used with care. In DG>Plume a
heterogeneous system can be simulated by defining one average deterministic
value. However it is advised to simulate a heterogenous system with a probabilistic
approach.

It is emphasised that upscaling by averaging should be used only whereit can be
shown that the average value of a parameter isthe controlling factor in contaminant
trangport. If the system behaviour is controlled by a small heterogeneous part of the
system, it should not be used as the upscaling is only describing the uncertainty in
the mean, not the heterogeneity of the system.

A pragmatic approach given below is based on simple analytic considerations of
combining two blocks of different properties together and take no account of
dispersion.

- For variation parallel to the direction of flow, hydraulic conductivity is
upscaled using the harmonic mean of the data and porosity with the arithmetic
mean (to get travel time).

For variation perpendicular to the direction of flow, then hydraulic
conductivity is upscaled using the arithmetic mean. Porosity is upscaled
differently according to whether it isthe first arrival that counts or the mode of
arrival time. For first arrival, the minimum porosity counts and for the mode of
arrival time it is the arithmetic mean.

For variation in both directions in two dimensions (a quasi-random variability -
the usual situation) it is generally considered that the hydraulic conductivity
can be upscaled using the geometric mean of the data set and the porosity using
the arithmetic mean.

For variation in three dimensions [Gelhar 1993] has shown that the effective
hydraulic conductivity is the geometric mean multiplied by the term exp(c?/6),
where 6? is the variance of the distribution of the logarithm of the values of
hydraulic conductivity.

DG>Plume User Manual — Release 1.7 . '=.G_EGDE|FL' 25 October, 2002



Latin Hypercube sampling 69

4.7 Latin Hypercube sampling

Thetext of this paragraph is derived from A Users Guide to LHS: Sandia s Latin
Hypercube Sampling Software [ Wyss, G.D. and K.H. Jorgensen, 1998].

For stoachastic cal culations DG>Plume is using the Latin Hypercube sampling
method. Latin hypercube sampling was devel oped to address the need for
uncertainty assessment for a particular class of problems.

A conventional approach to these questionsis to apply Monte Carlo sampling. By
sampling repeatedly from the assumed joint probability density function of the
input parameters (i.e porosity, hydralic conductivity and dispersivity) and
evaluating the cal culated concentration for each sample, the distribution of the
concentration, along with its mean and other characteristics, can be estimated. An
aternative approach, which can yield more precise estimates, isto use a
constrained Monte Carlo sampling scheme. One such scheme, developed by
McKay, Conover, and Beckman is Latin hypercube sampling.

Latin hypercube sampling selects n different values from each of k variables X4, ...
X in the following manner. The range of each variableisdividedinto n
nonoverlapping intervals on the basis of equa probability. One value from each
interval is selected at random with respect to the probability density in theinterval.
The n values thus obtained for X, are paired in a random manner (equally likely
combinations) with the n values of XZ. These n pairs are combined in arandom
manner with the n values of X3 to form n triplets, and so on, until n k-tuplets are
formed. These n k-tuplets are the same as the n k-dimensional input vectors
described in the previous paragraph. Thisisthe Latin hypercube sample. Itis
convenient to think of this sample (or any random sample of size n) asforming an
(n x k) matrix of input where the ith row contains specific values of each of the k
input variables to be used on the ith run of the computer model.

For more information about the Latin Hypercube Sampling see § 6.2.

4.8 Uncertainty analysis

When severa different distributions are combined in a calculation, the resulting
distribution hasits own characteristics and may not even be of the same type as any
of the constituent distributions. To find the probability of the output parameter
exceeding a certain value, it is necessary to search throughout the parameter space
(@l the possible parameter values) for the sub-space where the combination takes
this value or larger and then find the probabilities of each of the parametersfalling
in this sub-space. Unfortunately the mathematics of determining such distributions
are extremely complex and even the multiplication of two Normal distributions
becomes very complicated.

Routinely when we attempt to calcul ate an impact we use scoping values in our
equations. Sometimes they may be best-case estimates and sometimes they may be
worst-case estimates, both of which are examples of combinations of extreme
values of parameters. One problem with combinations of extreme estimates is that
these may be far more unlikely than we appreciate. Thisis because the chance of
al the parameters taking their extreme values simultaneously is far more remote
than the chance of any one of them taking its extreme value individually.
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Therealisation of thisfact is one of the reasons for using uncertainty analysis and
trying to establish exactly how much of aworst case we are talking about. Isit 1in
amillion chance, Linabillion, 1 in 10? These are all unlikely but thereis
significant difference between them. Whilst aworst-case analysis may be justified
under the precautionary approach, decisions based solely on such results may have
financial implications disproportionate to the actual level of risk.

4.9 Dependent parameters

One limitation of DG>Plume isthat the sampling generally assumes all the
parameters are independent of one another. Unfortunately thisis not always true.
For example, the hydraulic gradient is not independent of the hydraulic
conductivity of an aquifer since there is a negative correlation between the two. For
example, shalow hydraulic gradients are typically associated with higher values of
hydraulic conductivity and steeper gradients by lower values of hydraulic
conductivity.

DG>Plume does not allow dependency to be taken into account; the expectation is
that expert users will input reasonable values given their knowledge of the
hydrogeology. However, it should be recognised that the Monte Carlo method can
and will pick extreme values from dependent ranges that would not be expected to
occur in nature e.g. high hydraulic conductivity with low hydraulic gradient.
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5 Examples and tutorial

The following lessons are discussed below:

- Lesson 1: Deterministic Plume Contour [see 8 5.1]
Lesson 2: Making and reviewing a caculation [see § 5.2]
Lesson 3: Making a stochastic calculation [see 8§ 5.3]
Lesson 4: Plume Width [see § 5.4]

Lesson 5: Stable Plume Length see § 5.5]
Lesson 6: Test Monitoring Network [see § 5.6]

Theinput files belonging to these examples are located in the DG>Plume
installation directory.

5.1 Lesson 1: Deterministic Plume Contour

Always start with a deterministic calculation. Thisisthe most easy approach for
setting up a problem definition. When the calculation results are satisfactory later a
stochastic cal culation can be made.

To make a deterministic plume contour:

- Start DG>Plume with Sart > Programs > DG>Plume
- With Tools> Options > Directories aworking directory can be set

Progiam Options K|

Wiew IGeneraI Directnriesl

[T Save last uzed curent directary as working directony

Wiorking directon
IE: WProgram FilesGecDelft D GPUmesE ramples

k. | Cancel Helm
Figure 37 Lesson 1: Program Options

- Choose with the;l icon the working directory with the DG>Plume sample files.
Default directory is: c:\Program Files\GeoDel ft\DGPlume\Exampl es

- Open with L= icon the file: Plume_Deterministic
- Now you will seethe Input View:
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.E.DG)Plume - D:\data\dgplume\Plume_Determistic [Licensed to GeoDelft)] [Read Only]

File Project Calculation Hesulte Toole Window Help

0&E =3 %E‘@ ‘?‘

p.- Input Yiew
Top View | Crozs Section I

Fdu first DG Plume
2D problem, plume deterministic

[x:-37 64 Z:-44,72 Zoom out
| 2
Figure 38 Lesson 1; explanation of the Input View
El- Model
- Click on the tabpage Cross Section to see the cross section o Type
- Click on the tabpage Top View to seethe top view again - Aquifer
- Dimensions

- Click on theicon: E to see the Input View.

- All theinput parameters can be entered in this tree view
- Click on Model > Type

- Themodeltypeis set to Plume Contour

- Click on Aquifer > Flow > Conductivity

- Choose a Deterministic Conductivity value of 2 m/d
- Click on Contamination > Source Dimensions

- Choose the tabpage Width (2)

- Changethe value from5in 10 meters

- The source of contamination is how increased in size
- Click on Calculation > Grid Mesh

- Choosethe tabpage X'’ locations

- Changethe End Location from 70 into 100 meters

- Click ontheicon: to seethe Input View

- The Grid Mesh and Source of Contamination are changed now
- Click on Project > Input to see the Input View again

- ClickonFile> Close

- Choose No for not saving the file

B C

- Flow Gradient

« Flows Conductivity

< Flows Porogity

« Flows &nigle

=)~ Contaminant

- Longitudinal Dispersivity
- Lateral Disperzivity

- ertical Dizpersivity

- Diffuzion

- ddgorption Diztibution
- ddgorption Bulk D enzity
- Decay Halflife Time

- Source Coordinates

B Source Dimensions
- Source Strength
alculation

- Parameters

- [End Mesh

- Plurne Contour

Figure39 Lessonl; Tree
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5.2 Lesson 2: Making and reviewing a calculation

- Open with L= icon the file: Plume_Deterministic
- Choose Tools> Options > General
- Click on Always Save As. With this option the user will aways be asked to specify the

filename
- Click ontheicon: . Start and save the calculation as Lesson 2
- A DG>Plume calculation is started now.
- Click on Results > Plume Contour to see the contour plot

_E_DE)PIume - D:\data\dgplumeitestje [Licensed to GeoDelft)
File Project Calculation Besults Tool: Window  Help

e d BR &EE ? ®
p.- Plume Concentrations M=
Ddld
Height [m] |-5.000 = Options 3> |
Time [d[1826250 7|
Lo, N N N O

Conc. [mo]

447
835

1252
16,70
2087
2504
2922
33,39
37 &7

/

P A=
&

a
Iy first DG>Flume
20 problem, plume deterministic

[%:-7617 Z-3.19 Zoom in

| /

Figure 40 L esson 2; Results of the Deter ministic Plume calculation

- Click on Options>> to see the extra options for contouring

- Click on Manual Range and Fit to change the contouring range
- Click on Time to choose another time step

- Click on Height to choose another height

- Click ontheicon: a and the plot window to zoom
K

- Click ontheicon: .- | to undo the zoom action

- Click on File > Page Setup. Choose Orientation Portrait

- Click on File > Copy Active Window to Clipboard

- Start WORD program

- Click on Pastein WORD. The plot is now pasted in WORD and can beincluded in a
report describing the project

- Returnto DG>Plume

- Click on Results > Report. A report with al the input parametersis now generated

- ClickonFile> Saveas.

- Type: Test to generate areport in Acrobat Reader format (PDF)

- Click File> Exit to leave the report generator
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5.3 Lesson

Click on Results > View Dumpfile to see the generated dumpfile. This ASCII file
contains all the entered data and calculated values

3: Making a stochastic calculation

Open with = icon the file: Plume_Deterministic

Thisfile was used before in Lesson 2 for making a deterministic calculation
Click on Project > Input to see the Tree Input View

Click on Type > Sochastic to change the type of calculation

Click on Aquifer > Flow Conductivity and choose alog-normal distribution
Click on Calculation > Parameters

Set the Number of Realisations to 10. Now 10 calculations will be made

Click on Calculation > Start to start the calculation

Note that it takes more time now to make a calculation. The highest calculated
concentration is presented during the calculation process

Click on Results > Stochastic Plume Contour

Now the results can be reviewed on three tabpages: Average, Variation and Chance
Choose the tabpage Average:

_E_DE)PIume - D:\data\dgplumeitestje [Licensed to GeoDelft)

File Project Calculation Besults Tool: Window  Help

D | & @\ BEEE 7 ®
p.- Plume Stochastic M=
Diata Option =
Height [m] |-5.000 - << Options | ¢ Auta range Shades |10 =
Time  [d] [1826.250 x| " Manualrange  Min 000 | Max 5146 | Step|5.146
Average | Y ariation I Chance I
N Pl i, B0, L. 0L, %, L., m| cane. g

515
10,29
15 44
2058
2573
3058
36,02
4117
45,31

/

cn
(=

[E]

Iy first DG>Flume
20 problem, plume deterministic

[%:8.13 Z:-45.11

Figure4l L esson 3; Results of the Stochastic Plume calculation

DG>Plume User Manual —

Choose Options >> Manual Range to change the contouring range

Choose the S icon to zoom into the contouring plot
Note that the calculated concentrations contours are more fanciful. Thisis caused by
the different input parameters in the stochastic calculation
Note that in the window the flow angle of the determinitic flow angle is presented
(becauseit is not possible to show arange of flow angles). The same approach is
chosen for the source of concentration
Choose the tabpage Variation:
Choose Options > Manual Range to change the contouring range
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- Notethat the variation is largest on the edges of the model area. The variation is
defined as the standard deviation divided by the mean concentration.

- Choose the tabpage Chance:

- Choose Options > Manual Range to change the contouring range

- Thechanceis defined as the chance that the defined trigger concentration will be
exceeded. This chance is decreasing towards the edges of the model area
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5.4 Lesson 4: Plume Width

Open with

)

=g

Click on theicon:

icon the file: PlumeWidth_Stochastic

- A DG>Plume calculation is started now.

_E_DE)PIume - D:\data\dgplumeitestie [Licensed to GeoDelft)

Click on Results > Sochastic Plume Width to see the results

File Project Calculstion Besults Tools indow Help
DB @.‘ E 7 ®
_- me Width Stochastic =]
| Time I
" _,.4"/"
2
& 600
G
% 40,0
=
&
0,0 —
-20,0 0.0 I I I 0.0
Width [rm]
| /
Figure42 L esson 4; Results of the Stochastic Plume Width calculation

- InFigure 42 can be seen that:

Thereis 0 —20 % cumulative chance that the trigger concentration will not be
exceeded in the obeservation points. The width of the plumeislimited to a

maximum of 20 meters

Thereis 20 — 75 % cumulative chance that the trigger concentration will be
exceeded in the obeservation points, but not in the intervention point

Thereis 75 % -100 % cumulative chance that the trigger concentration will be
exceeded in the intervention point. The plume width will be between 20 and 30

meters

- Theresults can be used for the design of the monitoring network
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5.5 Lesson 5: Stable Plume Length

)

=g

Open with icon the file: PlumeLength_Stochastic

- Click ontheicon: E to seethe Tree Input View.
- Click on Calculation > Stable Plume Length

_E_DE)PIume - 7. APlumel ength_Stochastic [Licensed to GeoDelft)
File Project Calculation Besults Tool: Window  Help

ns e e #8868 7 ®

Calculation Stable Plume Length
- Type

- Aquifer Parameters | Calculation Paints |

- Dimensions

- Flow Gradient - Parameter

- Flow Conductivity Minimum plume velocity  [mdd] |1.0000000E-05 Height [OL m] |-5.00

- Flow Porogity . .

- Flow Angle Trigger concentration [ma] 10,0000
El- ContLamin.?n;. o " CTieep

- Longitudinal Dispersivity =

Timestep [-

- Lateral Dispersivity =0 3 e eiéél

Vn.artic:faIDispetsivity 3 : 500

- Diffusion H B 500

- Adsorption Distribution = | #|

- Adzarption Bulk Density
- Decay Halflife Tima
- Source Coordinates
- Source Dimensions
- Source Strength

[=1- Calculation

. Parameters

table Plume Length:

Figure43 Lesson 5; Treelnput View for Stable Plume Length

- Notethat astable plumeis defined as a situation where areas with a concentration of
10 mg/l are moving less than 0,00001 m/d

- Click ontheicon:
- A DG>Plume calculation is started now.
- Click on Results > Sochastic Stable Plume Length
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Figure44 Results of the stochastic Plume Length calculation .

In
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Figure 44 can be seen that:

- Thereis0—50 % cumulative chance that no stable plume will be reached
(negative plume length). In this case the plume length will be between 100 and

150 meters

- For the remaining 50 % of the cases a stable plume will be reached. The stable

plume length will differ between 25 and 75 meters
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5.6 Lesson 6: Test Monitoring network

)

=g

Open with icon the file: Monitoring_Stochastic

- Click ontheicon: E to see the Input View.
- Click on Calculation >Test Monitoring

File Project Calculation Besults Tool: Window  Help
ns e e #8868 7 ®
=] 3

Calculation Test Monitoring

Parameters I Observation Pointsl Limit Barder Pointsl Calculation F'ointsl
- Dimensions

- Flows Gradient —Observation poink

- Flow Canductivity Trigger cancentration [mgA] 10,0000

- Flow Porogity .

- Flow &ngle Hight [OL m] |-5.00
= Eantaminant r—Limit border poirt

- Longitudinal Dispersivity

- Lateral Dispersivity Trigger cancentration [mgd] |10.0000

- Wertical Dispersivity Height [OL m] |-5.00
- Diffuzion
- Adzorption Distribution Timestep:
- Adzarption Bulk Density = Timestep [-]|
- Decay Haliife Tims =il 200
- Source Coordinates dc | 300
- Source Dimensions o - 400
- Source Strength %‘“ I ggg
El- Calculation 7

i Parameters
ezt Monitoring

Figure45 Treelnput View: Test Monitoring: Parameters

- Atrigger concentration of 10 mg/l is set for both the observation points and the limit
border points. It will be checked whether thistrigger concentration will be exceeded in
the observation and limit border points

- Click ontheicon:

- A DG>Plume calculation is started now.

- Thiscalculation takes more time, because 100 realisations will be calculated
- Click on Results > Stochastic Test Monitoring

- Click on the tab page Surface
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_E_DE)PIume - G5 ADGPlumeh\examples-newitestied [Licensed to GeoDelft)

File Project Calculation Besults Tool: Window  Help

PsH BR $8HE 7 ®
t Monitoring Stochastic M=
Time IDetectionI
_,—o—I—'—'_'_._'__
@ '_J’.-_I‘.-.—.(
Q 80,0 "'rH
% 60,0 ]
&
= a0
g
&
20,0
0.0 I I I I 5000 I I I I 1000,0 I I I I 15000 I I I I 20000 I
Surface [m2]
| ’
Figure 46 Results of the Stochastic Test Monitoring calculation: Surface

- Thechance that the limit border will not be reached is 65 %

- For the remaining 25 % the limit border will be exceeded. In the graph it can be seen
that the surface beyond the limit border will vary between 0 and 2100 m?

- Click on the tab page Detection

_E_DE)PIume - LA ADGPlume\examples-newitestied [Licensed to GeoDelft)

File Project Calculstion Besults Tools indow Help

O - %@.‘@

K ‘ ®

I
0
Q
Q

;..- Test Monitoring Stochastic

Surface I Time

00,0

80,0

20,0

0.0

—————  Plume detected in observation points but not at border (false alamm) (17.00 %)

Ho plume detected in obsenvation points and limit border (37,00 %)
Plume detected in observation points and limit border (11,00 %)

Mo plume detected in observation points but at border (failure) (35,00 %)

|>< - 2,737, = 82,979

A
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Figure 47 Results of the Stochastic Test Monitoring calculation:
Detection

- Inthistab page the detection chance of the monitoring network is presented
- The meaning of the four colorsis explained before in this manual in Figure 34
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Figure 48 Results of the stochastic Plume L ength calculation

- InFigure 48 can be seen that:
- Thereis0—50 % cumulative chance that no stable plume will be reached
(negative plume length). In this case the plume length will be between 100 and
150 meters
- For the remaining 50 % of the cases a stable plume will be reached. The stable
plume length will differ between 25 and 75 meters
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6 Background information

Below, you will find background information on the following topics:
The concept of Flexible Emission Control (FEC) [8§ 6.1]

Latin Hypercube Method [§ 6.2]

6.1 Flexible Emission Control (FEC)

Thetext of this article is derived from the article Flexible Emission Control: a
process-like approach [Van Meurs, et. a, 2000].

6.1.1 Introduction

Flexible Emission Control (FEC) delivers a conceptua framework for the analyses
of therisk of migration. This means that FEC is applicable for mobile dissolved
contaminants. Within FEC, the risk analysesis based upon the local soil properties,
the type and extension of the pollution, the presence distance of loca vulnerable
objects and the local dynamics of the fate and behaviour of the contaminants. FEC
is developed in the Netherlands [CUR/NOBIS 2000]. It gives aframework in
which on the one hand space and thus time is given to natural attenuation of the
contaminants or to the application of extensive remedial techniques. The maximum
space is depending upon the distance between the current contaminated area of a
the plume, the location of avulnerable object e.g. a groundwater extraction well for
drinking purposes, and an areain which, whenever necessary, additional counter
measures (fall-back scenario) must be carried out. On the other hand, restrictions to
the migration are imposed in order to maintain a safe situation nearby locations
with avulnerable object.

6.1.2 Framework of FEC; phased approach

The concept of FEC is a phased approach and it consists of three steps. The first
step is governed by site investigation, risk analyses and the feasibility of counter
measures primarily within the contaminated area (current source and plume)
whenever necessary. A hypothesis about the plume behaviour is formulated both
with and without counter measures but the emphasis is addressed to control and to
monitor the current situation. Therefore, the behaviour of the current pollution (fate
and transport) is closely followed. So, field measurements partly take over the
protection given by the costly containment measures. Based upon the gathered
characteristics of the situation (fate and migration of the contaminantsin relation
with the soil properties), a decision can be made about the realisation of further
actions whenever needed.

The second step is collecting data from the field by monitoring. Monitoring
consists of averifying part and a controlling part. Within the verifying part, the
hypothesis is judged about the behaviour and dynamics of the fate of the
contaminants. Within the controlling part of monitoring the rate of migration is
followed to judge whether the pollution remains within certain limits. Based upon
thisjudgement, it might necessary to carry out the third step. The third step
contains additional remedial actions, continuation of the monitoring or the ending
of any involvement when the remaining risk is acceptable.
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6.1.3 Framework of FEC; division into sub-areas

The division of the subsoil into sub-areasis strongly based on the methodol ogy of
‘source-path-target’ This methodology isarationa framework to approach a soil
contamination problem. The problem now is broken down into three elements: the
contaminated source, atarget in the vicinity which might be threatened and a
pathway which connect both of them [Holdgate, 1979].

In the concept of FEC, four areas are distinguished in the subsoil:

System area: in which the contamination is located and remedial actions can be
carried out;

Monitoring area: where control and monitoring takes place to acquire
information about the fate and migration (emission) of the contaminant;
Back-up control area: where additional remedial actions can be carried out;
Areabordered by a'fail-safe’ l[imit where the flux/concentration of the
contaminants has to be in agreement with standards for sustainable

clrcumstances.
surface m rements drinking UncertaintyI Response Safety I:
water water ' Zone Zzone Vulnerable objects

point

syfem ar

monitoringarea = el L

Source

back-up control area

border ! border limit

o

<=

£

Eélis

gy
Fira

T

Monitoring i Back-up control Fail-safe

Figure49 FEC concept

The area between the fail-safe limit and the border of the fall-back area can be seen
as a safety zone for the vulnerable object like a groundwater extraction well. The
area between the border of the monitoring area and border of the back-up control
areais based on two aspects: uncertainty and delay. Uncertainty consists of two
parts. On the one hand an observation point at the monitoring border may detect
contamination which is at the edge of the plume, whereas the front of the plume
has already passed this border. On the other hand the plume contains irregularities
(fingering) e.g. due to soil heterogeneity (uncertainty zone). Delay is caused by the
time necessary for sampling and evaluation, and the time necessary to carry out
additional measures the so-called fall back scenario (response zone).

The design of the different areas within FEC and the design of the monitoring
system, among others, are based on:

The dynamics of the system (groundwater velocity, retardation, natural
attenuation etc.);

Thetrigger values applied within the monitoring system;

The frequency of the sampling;
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The accuracy of the analytical measurements,

The variation of the propertiesin the subsoil;

The mutual distance between observation points;

The acceptable standards nearby the vulnerable object;

The optimisation of costs (monitoring costs vs. costs of realisation of fall-back
scenario).

6.2 Latin Hypercube method

Thetext of this paragraph is derived from A Users Guideto LHS: Sandia s Latin
Hypercube Sampling Software [ Wyss, G.D. and K.H. Jorgensen, 1998].

0.2 0.2 0.2 0.2 0.2

0.2 02 (02|02 0.2

G H 1 J K L
—oo A B C D )
1
1
0.8
0.8
0.6
0.6
0.4
0.4
0.2 1
0.2
0
G H I J K L 0
—oo A B C D o0
Figure 50 Intervals used with a Latin hypercube sampleof Sizen =5

with a Normal distribution and an Uniform distribution

To help clarify how intervals are determined in the Latin hypercube sample,
consider asimple example whereit is desired to generate a Latin hypercube sample
of sizen =5 with two input variables. Let us assume that the first random variable
X hasanormal distribution with a mean value of p and a variance of ° The
endpoints of the intervals are easily determined based on the parameters p and 6%
Theintervalsfor n=5 areillustrated in Figure 50 in terms of both the density
function and the more easily used cumulative distribution function (CDF). Thus
each of the fiveintervals corresponds to a 20% probability.

We will assume in this example that the second random variable, X ,, hasa uniform
distribution on the interval from G to L. The corresponding intervals used in the
Latin hypercube sample for X, are given in Figure 50 in terms of both the density
function and the CDF.

The next step in obtaining the Latin hypercube sampleisto pick specific values of
Xiand X, in each of their five respective intervals. This selection must be donein a
random manner with respect to the density in each interval; that is, the selection
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must reflect the height of the density across the interval. For example, in the (-oo,
A) interval for X,, values closeto A will have a higher probability of selection than
those valuesin the tail of the distribution that extends to -oo. Next, the selected
values of X, and X, are randomly paired to form the five required two-dimensional
input vectors. In the original concept of Latin hypercube sampling as outlined in
McKay, Conover, and Beckman, the pairing was done by associating a random
permutation of the first n integers with each input variable. For illustration, in the
present example consider two random permutations of the integers (1, 2, 3, 4, 5) as
follows:

Permutation Set No. 1: (3,1, 5, 2, 4)
Permutation Set No. 2: (2,4, 1, 3,5)

By using the respective position within these permutation sets as interval numbers
for X, (Set 1) and X, (Set 2), the following pairing of intervals would be formed:

Computer run Interval no. Interval no.
Used for X, Used for X,

1 3 2

2 1 4

3 5 1

4 2 3

5 4 5

Thus, on computer run number 1, the input vector isformed by selecting the
specific value of X, from the interval number 3 (B to C) and pairing this value with
the specific value of X, selected from interval number 2 (H to 1). The vectorsfor
the second and subsequent runs are constructed in a similar manner.

G
©
H
I ©
@
J
&)
K
@
L
—o0 A B C D oo
Figure51 A Two-Dimensional Representation of One Possible Latin
Hypercube Sample of Size 5 Utilizing X, and X,
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Latin Hypercube method 86

Once the specific values of each variable are obtained to form the five input
vectors, atwo-dimensional representation of the Latin hypercube sample such as
that given in Figure 51 can be made. Note in Figure 51 that al of the intervalsfor X
have been sampled, and the same istrue of X,. In general, aset of n Latin
hypercube sample pointsin k-dimensiona Euclidean space contains one point in
each of the intervals for each of the k variables.

N

/1IN

0 3.64 4.59 541 6.36 10
P=0.924
P=0.787
P=0.505
P=0.322
P=0.016
1.53 425 5.02 629 7.32
Figure 52 Interval Endpoints Used with a L atin hyper cube sample of

Size 5 (top) and Specific Values of X Selected Through the
Inver se of the Distribution Function (bottom)

Toillustrate how the specific values of avariable are obtained in a Latin hypercube
sample, consider the following example. Supposeiit is desired to obtain aLatin
hypercube sample of size n =5 from anormal distribution with amean of 5.0 and a
variance of 2.618 asindicated in Figure 50. The density characteristics of the

normal distribution alow for the definition of the equal probability intervals. These
intervals are shown in Figure 50 in terms of a density function. The next stepisto
randomly select an observation within each of the intervals. This selection is not
done uniformly within the intervals shown in Figure 50, but rather it is done relative
to the probability density function distribution being sampled (in this case, the
normal distribution). Thisis equivalent to uniformly sampling from the quantiles of
the distribution (equivalent to sampling the vertical axis of the CDF) and then
"inverting" the CDF to obtain the actual distribution values that those quantiles
represent. This processisillustrated in Figure 50.
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Therefore to get the specific values, n = 5 numbers are randomly selected from the
standard uniform distribution (uniformly distributed between 0 and 1). Let these be
denoted as U, wherem =1, 2, 3, 4, 5. These values will be used to select
distribution values randomly from within each of the n = 5intervals. To
accomplish this, each of the random numbers U,,, is scaled to obtain a
corresponding cumulative probability, P, so that each Py, lies within the m™
interval. Thus, for this examplewithn =15,

This ensures that exactly one probability, Py, will fall within each of the five
intervals (0, 0.2), (0.2, 0.4), (0.4, 0.6), (0.6, 0.8) and (0.8, 1). The values P, are
used with the inverse normal distribution function to produce the specific valuesto
be used in the final Latin hypercube sample. Note that exactly one observation is
taken from each interval shown in Figure 50. Figure 50 makes it clear that when
obtaining a Latin hypercube sample, it is easier to work with the CDF for each
variable.

Figure 50 shows how one input variable having a normal distribution is sampled
with Latin hypercube sampling. This procedure is repeated for each input variable,
each time working with the corresponding cumulative distribution function. If a
random sampleis desired, then it is not necessary to divide the vertical axisinto n
intervals of equal width. Rather, n random numbers between 0 and 1 are obtained
and each isdirectly (i.e., without scaling) mapped through the inverse distribution
function to obtain the specific values. The final step in the sampling process
involves pairing the selected values.

DG>Plume User Manual — Release 1.7 . '=.G_EGDE|FL' 25 October, 2002



Literature 88

7 Literature

[Aziz, C.E. et d, 2000]

BIOCHLOR,; Natura Attenuation Decision Support System; User's
Manual Version 1.0; Environmetal Protection Agency USA,

EPA/600/R-00/008 January 2000

[CUR/NOBIS 2000]
Manual for Flexible Emission Control (in Dutch)
CUR/NOBIS, Report number N112, Gouda, The Netherlands

[Domenico, P.A. and F. W. Schwartz 1990]
Physical and Chemica Hydrogeology, Wiley, New York, NY.

[Gardner, R.H., B. Rojder and U. Bergstrom.1983]

PRISM: A systematic method for determining the effect of parameter
uncertainties on model predictions. Studsvik/NW-83/555.]

[Gelhar, L.W., C. Welty, and K.R. Rehfeldt, 1992]

A Critical Review of Data on Field-Scale Dispersion in Aquifers, Water
Resour. Res., 28(7):1955-1974.

[Gelhar, L.W.1993]
Stochastic Subsurface Hydrology
Prentice Hall, New Y ersey

[Holdgate, M.W. ,1979]
A perspective of environmental pollution
Cambridge University Press, Cambridge, pp 278.

[Howard, P. H., R. S. Boethling, W. F. Jarvis, W. M. Meylan, and E.M.
Michalenko, 1991]

Handbook of Environmental Degradation Rates, Lewis Publishers, Inc.,
Chelsea, M.

[ McMahon , A, JHeathcote, M Carey, A Erskine ans J Barker, 2001]

Guidance on Assigning Valuesto Uncertain Parameters in Subsurface
Contaminant Fate and Transport Modelling; National Groundwater &
Contaminated Land Centre; Environment Agency

NC/99/38/3; June 2001

[van Meurs, G, M.P.T.M. de Cleen, J. Taat and E. Schurink, 2000]
Flexible Emission Control: a process-like approach
GeoDelft, 2000

DG>Plume User Manual — Release 1.7 . '=.G_EGDE|FL' 25 October, 2002



Literature 89

[Smith, L. and SW. Wheatcraft 1993]

"Groundwater Flow" in Handbook of Hydrology, David Maidment, Editor,
McGraw-Hill, New Y ork

[Sun, Y. and T.P. Clement 1999]

A Decomposition Method for Solving Coupled Multi-species Reactive
Transport Problems, Transport in Porous Media, 37:327-346.

[TCB 1998]
Responsible approach of uncertainty: cost-effective control of mobile soil
pollution (in Dutch)
Technical Committee of Soil Protection, Report number R10, The Hague,

pp 55.

[U.S. Environmental Protection Agency 1998]

Technical Protocol for Evaluating Natural Attenuation of Chlorinated
Solventsin Ground Water.

EPA/600/R-98/128, September 1998

[Walton, W.C., 1988]

Practical Aspects of Groundwater Modeling, National Water Well Assoc.,
Worthington, Ohio.

[Yeh, G.T. 1996]

AT123D; Analytical Transient One-, Two-, and Three-Dimensional
Simulation of Solute and Heat Transport in an Aquifer

Oak Ridge national Laboratory, Oak Ridge, Tennessee
IGWMC-FOS 38; Version 1.31; november 1996

[Walton, W.C., 1988]

Practical Aspects of Groundwater Modeling, National Water Well Assoc.,
Worthington, Ohio.

[Wiedemeier, T. H., Wilson, J. T., Kampbell, D. H, Miller, R. N., and Hansen,
J.E., 1995]
Technica Protocol for Implementing Intrinsic Remediation With Long-
Term Monitoring for Natural Attenuation of Fuel Contamination Dissolved
in Groundwater (Revision 0), Air Force Center for Environmental
Excellence, April, 1995.

[Wiedemeier, T.H., H.S. Rifai, C.J. Newell, and JW. Wilson, 1999]

Natural Attenuation of Fuels and Chlorinated Solvents, John Wiley &
Sons, New Y ork

DG>Plume User Manual — Release 1.7 . '=.G_EGDE|FL' 25 October, 2002



Literature 90

[ Wyss, G.D. and K.H. Jorgensen, 1998]
A Users Guide to LHS: Sandia’ s Latin Hypercube Sampling Software

Risk Assesment and Systems Modelling Department; Sandia Naional
Laboratories, February 1998

DG>Plume User Manual — Release 1.7 . '=.G_EGDE|FL' 25 October, 2002



Index 91
Index
A View Results......cccoevevececiececeen, 53
Menu OptioNS........ccevvereeiereneneneens 15
Buttonsoniconbar ...........ccccu...... 16 Options
CalCUlaionN ..o 53 FESUIES.cuvviei e 13
MENU oo 53 Plume Contour .................... 40, 53, 71
DG>PIUME ... 11 Plume Width .........ccooeeee. 42,54, 76
]E:harachteri ’s?tics .................................... ﬂ Project MeNU .........ovoeeeereereeereeneenn. 21
(oTRNLY 1o o 1 . .
Sz 1 1] Vo [ 14 Project Properties
support 17 Contour Settings........c.cveeererereenennene 24
""""""""""""""""""""""" [dentifiCation..........ccvveeeecereeeererenn. 22
Distribution Functions.................... 62 INPUE VIEW ..o 23
Log-Normal Distribution................... 65
Normal Distribution. ... 64 [R1< 00] RS 53
Triangular Distribution...................... 65 RESUILS......cveereeeecee e 13
Uniform Distribution...........ccccevven.... 64 desCription ......ccoocveeene e 13
SIC 11 [T 71 FEPOMT oo 53
File MU oo 20 SEINGS. ...coveeeeeeeeee e 22
STT 14  SteblePlumelength........... 50, 58, 77
Flexible Emission Control .............. 82 Starting DG>Plume...........ccccvneee. 14
GeoDEft ... 6 SHErtUP OPtiONS covvvvvvvsasnivisssees 17
GEtting StArted ........ovvvevevererererereneen 14  Stochastic calculations........61, 66, 74
[CON DA .o, 16 SUPPOTT e 17
| dentification.........cc.oeeveeeereeereenen. 22 SyStem reqUIrEMeNtS.............ooeeevvvns 13
INStalltioN. ... 13 TasKDar oo 15
INtrOAUC ON ..., 11 Test MoNitoring..........c....... 45, 56, 79
Latin Hypercube.............vvvvve..... 69, 84 Tree input ........................................ 25
. AQUITEN .o 26
LIMITBiONS...oovovviiis 13 Calculation.........c.eeeeeeeeeeeeeseeeeeeae 38
Literature.......cccooveeeeveveccececeecnee 88 Contaminant...........ceveeeeeeerereeeeerrennes 30
Manwindow .o 14 Model TYPE....ooirerreirieereerieereeieeae 26
Menu 20. 21 53 View ReSUIS......cccceeeevieceee e, 53
calculation oo 53 (0107 011 53
ST 20 REPOM oo 53
Project ..o 21
DG>Plume User Manual — Release 1.7 . '=5EOD9|Ft 25 October, 2002



