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AMBER 5.4 Reference Guide

PREFACE

AMBER is a flexible software tool that allows the user to build their own dynamic
compartmental models to represent the migration and fate of contaminants in a system, for
example in the surface and sabrfaceenvironment. Contaminants in solid, liquid and gaseous
phases can be considered. AMBER gives the user the flexibility to define:

p any number of compartments;
p any number of contaminants and associated rates of degradation;

p any number of transfers betweenompartments and the uptake of contaminants by
humans and other biota;

p nondinear transfer processes (e.g. solubHityited leaching); and
p deterministic, probabilistic and complex timearying parameter values.

This flexibility means that the user can cetruct case specific models and tailor generic models
to their specific needs.

Key features incorporated into AMBER include:

p powerful, user friendly graphical interface;
p fast and accurate Laplace transform and numerical tstep solvers;

p time varying souce terms and transfer processes;

p dtmhs ~ v qgdmdrrQ:

p Monte Carlo and Latin Hypercube Sampling options;

p  built-in graphing of results and Excel export capabilities; and

p tailoring of results format.

The primary user documentation foAMBER 54 consistsoftvom kt | dr 9 sgd dFdssh
Il " mt "k " mc sgd dQdedqdmbd Fthcdog- Hm sgd dF
AMBER through tutorial exercises. The tutorials demonstrate the functionality of AMBER

through the construction of a relatively siple compartment model. It also allows the user to

gain experience in setting up a model within AMBER. The Reference Guide describes system
requirements and the installation process, along with further detailed information on the use of
AMBER, plus a glosary of AMBER related terms.
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1 Introduction

1.1 Overview of AMBER

Hm @LADQ+ sgd | "sdgh kr ne hmsdqgdrs+ qgqdedqgqgdc
mixed in a series of compartments between which transfers can take place. A compartment is

any specific part of the system being modelled, for instance a lnraymodel of the body. Each

sq mredqg hr dcnmng bnmsgnkkdc@g+ cdodmchmf ¢ hc
compartment from which the material is moving, and can change with time. AMBER allows
contaminants to decay or degrade with tinf&o other contaminants, if required. For example,

one radionuclide may decay into another, or a particular chemical may be degraded into a
different one.

A compartment model usually contains compartments, transfers between compartments and
sources prowing input of contaminants to compartments (see, for examipigure 1).

Figure 1: An Example Compartment Model

Biokinetic Model for Lead a -
-l O skeleton
[

L : Dtver
3 w— OtherSoftTissues Dlctrersotiissos
= _ O eiract
=
I

STO_PlasmaD ST1_FlasmaD STZ_P\amsaDj
- \

PlasmaDb_TrahSurf

/ E Submodel Skeleton
-—
p—— Skeleton Submodel
—_—
Skeleton = =
e —
TrabSur_Plasmab & ™ Blood g "
—— CorthonExch_Plasmal.
\AonnNnnExchfP\asmaD ' —
’6 " ) CortExch_NonExch
TrabMonExch_FlasmalD T) cl
—J i Coneeh_urt m-: -
= -; Contgurt_Exch ‘
U ——— 4 e
< TrabExch_Surf T
e
Trab Surf_Exch ‘
TmbB(chiNonB(chl d &
< ¥ i




AMBER 5.4 Reference Guide

Mathematicdly, the amount of contaminant in any compartment is determined by equation (1).
If the total amount of contaminanim in compartmenti is |™ (moles) then this satisfies:

dir _

L |
dt

™ @ D

T+é/ij
i

[eN el o]

m + /T+1|im+l + a,/“IJm (1)
i

wherel j is the exchange rate between compartmeanhd compartmeni (y*), /™" is the decay

rate of the parent radionucliden+1 (y*), and /7 is the decay rate of radionucliden (y*).

When the exchange rates do ndépend on the amounts, these equations are linear, so that, for
example, if there is twice as much of a contaminant in the system initially, then the calculated
concentrations in the various compartments will all be doubled at each time of interest. i§his
the default situation in AMBER, but noHinear transfers can be created.

Although the models which can be set up in AMBER are limited to those of the donor
controlled compartment type, this class of models can be applied to a very wide range of
problems as a result of the flexibility with which transfers between compartments can be
specified. For example, some diffusiiéke processes depend upon the concentrations of
contaminants in both the donor and receiving compartments, but these can readily be
reogdrdmsdc hm @LADQ ax hmbkt chmf ) denqvVv gcQ
bnl o gsldms "mc °~ da bjv gcQ sq mredqg eqnl s
combination of these two transfers will correctly model the net transfer between
compartments.

AMBER has been applied to a wide range of problems concerned with the way that
radionuclides and other contaminants move through different parts of the environment. For
more information on applications in which AMBER has been used, pleaseche look at the
AMBER website (vww.quintessa.org/amber).

1.2 This Guide

This is a guide to the use &AMBER 5.4 for Windows XP and Vistaand Windows 7 This
guide provides instructions on the installation and use of AMBER.

Section2 provides details regarding the installation &MBER. Section3 guides the user
around the basic features of the Graphical User Interface (GUBection4 details certain
formatting and unit conventions in AMBER. Sectiors, 6 and7 explain creating, running and
reporting case filesSection8 details some additional features of AMBER. Troubleshooting and
feedback is discussed $etion 9, while information on restricted versions of AMBER is dealt
with in Section10. Section11 explains advanced features available in AMBERection12
explains in detail how to run AMEER in batch mode, while feedback on AMBER is dealt with
in Section13 Section14 containsan index to this guide and a glossary of terms is given in
Sectionl5

AMBER makes usef many standard Windows features including:

p  Scroll bars-to facilitate moving around the Model window and the description fields;
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p Cut, copy and paste functions to simplify the entry of complicated expressions
and/or to simplify repetitive actions;

p  Pull down menus- offering extensive functionality but an orderly overview;
p  Toolbar -icons providing a quick route to frequently used functions; and
p Check boxes and radio buttons to select options.

Users who are unfamiliar with a Windows environment shouldonsult their system
documentation for information on how to use these features.

Sggntfgnts sghr fthcd dbkhbjgo I d mr bkhbj hmf
means clicking the left button of the mouse twice in quick succession. Whereigie button
ne sgd Intrd mddcr sn ad bkhbjdc+ sghr fthcd

Ldmt hsdlr "~ gd cdmnsdc hm sgd sdws ax hs khbi
separation. For exampl&esults | Calculateneans use the mouse to select Resultsmenu

from the AMBER menu bar, and then click the menu item marke@alculate < Return>

|l d mr oqgqdrr sgd dqdstgmgQ . ddmsdqq j dx- Bnl
courier  font.
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2 Installing AMBER

2.1 System Requirements

The recommended system requirements needed to run AMBER are a PC with a Pertium
processor oabovewith at least128MB of RAM installed, running under the Windows 2000,
XP, Vista or Windows 7 operating system. AMBER will run on lower specification machines
but its performance will be reduced, e.g. calculations will run more slowly. At IEE35MB of
hard disk space should be available. The PC screen resolution used should be set to8&i0eas
x 600 pixels and a small font should be usedllote that the Q2DGrapher charting package
requires the MicrosoftNET framework version 2.0 or higher to have been installed

2.2 Installation Process

AMBER licenses are conttled by means of USB hardware security keys called dongisgle

user AMBER licencescan be installed on any number of PCs, but in order to run, a dongle
must be connected to the P@nd the dongle driver installed This flexible methodof licence
control allows a single AMBER licence to be shared between a number of PCs, although it can
only be run on a single machine at any one time.

2.2.1 Installing the USB Dongle Driver

If the USB driver is already installed on your PC then you can skip straight to installing the
latest version of the AMBER software (Secti@2.9. If you have na installed the full version
of AMBER on your PC before, you will need to install the USB dongle driver first.

Before attaching the USB dongle to the computer, insert the AMBER CD into your (DM
drive, then either:

p Navigate to the CD and doubleclickos gd dRdms hmdk @&d-nsvddg:h nmg
p SelectStart | Runand type[CD drive]\ Sentinel Protection Installer B.1exe

Follow the on-screen instructions for installing the dongle drivers. Note that the default

settings can be accepted, altdively, if you would like to save on hard disk space, then a
dbtrsnl Q@ hmrs kk shnm b m ad rdkdbsdc "~ mc s
installation.

The USB dongde can now be attached to your PC.

' To check this, open the Windows Update website in Internet Explorer (Microsoft does not support third

party browsers for this function), which is located at the URL

http://update.microsoft.com/microsoftupdate/. Bgnnr d ©Btrsnl &€& "mc rdkdbs enqg c
"qd gqdk sdc sn sgd - MDS eq Il dvnqgj '"sgdrd ontheleflad hmbkt
hand pane). After installing any available .NET updates, restart your computer.
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2.2.2 Installing the AMBER Software

To install the latest version oAMBER on your PC, ensure that the AMBER CD is inserted
into the CD-ROM driver, then either:

p  Navigate to the CD and double click on AMBERsetup.exe; or
p SelectStart | Runand type[CD drive]\ AMBERSsetup.exe

Follow the on-screen instrutions to install AMBER. Once installed, AMBER will be available
via the Start | Programsnenu and via a desktop shortcut. The following are also installed with
AMBER:

p  Electronic copies of the user documentation:
Reference Guide;
Getting Started manual,
The latest Release Note;
The Verification Report;
A note describing the example cases, listiAyIBER users andproviding a list of
potentially usefulreferences;
p A set of example AMBER case files
p A full set of case files associated with the Getting Stattgdrials; and
p A set of case files used in the verification tests

2.3 Backward Compatibility

AMBER 54 is fully backward compatible with case files frorearlier versims. However,
should you encounter any difficulty in opening old case files then please contact the AMBER
support team (see Sectiohld. Case files produced iIPAMBERS54 contain additional
information that is not readable in previous versions of AMBERAMBER 5.4 case files may be
opened in some earlier versions of AMBER, but the new information will cause problems in
displaying the cases and maybe in calculating, therefore it is not recommended.
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3 Starting AMBER

To start the application double click on the AMBER @n on the Desktop or click on the icon
in the Programssectionof the Windows start menu.

3.1 Start-up Window

When you first start AMBER a Startip window will appear. This window will disappear after
a few seconds. If you do not watd wait you can clear it straightaway by clicking on it.

3.2 Menu Bar

After the Startup window has cleared the menu bar will be visible. The menu bar contains

File, Edit, Results, Options, View, Windows, Font and Help menus. Note that thent menu

"mc hsdlr hm rnld ne sgdrd I dmtr | " x ad df qc¢
available at the current stage of the calculation.

Keyboard shortcuts can be used to speed up working. For example (Ctrl + N) means hold
cnvm sgdxdBsmgkogdrr sgd dMQ | dx- Sgdrd "~ gd n

3.2.1 File Menu
The following items are available from this menu:

New Case(Ctrl+N): Opens a new case;
Open CasgCtrl+0): Opens an existing case;
Close Case Closes the current case;

Save Cas€Ctrl+S): Saves the current case and makes a backup file of the previously
r-udc b rd '"vhsg sgd dwsdmrhnm d-bajq(:

p Save CasAs: Saves the current case with a new file name;

p Save Specialhis allows a case file to be saved that only contains a selectedesudd
contaminants (identified by aNameSet Selection, seeSection5.4.8.3 on more
information on NameSetSelections).Any decays from selected contaminants to those
that are excluded are reassigned toftman the selected contaminant to NULL. After
the Save Special, the reduced contaminant case file is in memory. Note that the option
is only available when the original case file does not need saving (to avoid loss of data).

p Revert to SavedReverts to the previously saved case;
p  Exit: Quits the application;

p Recent Casg Provides a sutmenu that lists the last 6 cases that have been used. To
reopen any of these, simply select the required one from the list.

p Caselnformation: Displays information on the current case. The case narnase
description® mc ¢ d u d k ncandbg giewedm Notel that the case name may be
edited and need not be the same as the case file name; and

T T T T
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p A list of currently open cases: The names of all currently open cases are displayed and
the case currently being worked on is marked with a tick. Any of the background
cases can be brought to the front by selecting the required case from the list.

There is a maximum ofive open cases at any one time.

3.2.2 Edit Menu

The items below are available from this menu:

p Cut: This item is currently greyed out as selections are easily deleted by pressing
<Delete>;

p Copy (Ctrl + C): Copies selected model items (compartments, transfers and sources or
parameters) from the Model or Parameters window;

p PastgCtrl + V): Pastes copied model items to the Model or Parameters window. The
copied items can come fromhe same or a different case file. Please note that no
information, except names, can be copied and pasted with model structures; and

p Delete(Delete): Deletes selected model items.

3.2.3 Results Menu
The items below are available from this menu:

p Calculate E8( 9 Nodmr sgd dB kbtk sd@ vhmcnv:

p Check ParametersProduces a detailed report of all the user defined parameters and of
solver inputs such as Transfer Rat@Note that observer parameters can only be
checked once a calculation has been completed) (Seetion7.1 for further
information on Checking Paameters) Checking parameters also triggers a check of
any preconditions that have been definddeeSection8.4 for further information on
Precorditions);

p Graph' Bsqk * F(9 Nodmr sgd Seéion7.22or moteo dQ v h
information on graphing);

p Report' Bsgk * Q(9 Nodmr sgd dQdSRectigng.3.1fbme n gl =
further information on using reports in AMBER);

p Export Files Enables AMBER results to be exported to external text based files (see
Sectionll.4for further information);

p Sensitivityd No d mr s gd d R dhmugh svhiah lsensitigity data ncannbe
exported to an external filéseeSection7.3.3for further information); and

p Dump9 Nodmr sgd dR ud @r Q vSesnanh3Mforefurther s gd ct
information on dump files).

3.2.4 Options Menu

The items below are available from this menu:

p Confirm deletes Allows the use to toggle on/off whether they should be prompted
for confirmation before deleting an item. The default setting is for AMBER to ask for
confirmation;
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p Auto-name Transfers Enables the user to toggle on/off whether new transfers are

automatically named (see Sectiérl.3.
p Units9 @k knvr sgd

manage the size athe AMBER Data
information on managing adfiles); and

p Knbjr9 Nodmr sgd
locking and unlocking parameters).

3.2.5 View Menu

trdsghldm rdnc 9dgd nt mber egae
choices, to specify how AMBER should treat unit errors, and to add/delete new units
in a model (se&ection4.3for more information on units);

p ADF9 Nodmr sgd d@CE NoshnmrqQ vhmcnv vgdqd

File (*.adf file) (seé&ection7.3.5for further

doR ds h niKcnrBectiohsr4.80dr detaillsds d g r

The items below are available from this menu:

Zoom submenu (se&ection8.1.3;
Colour submenu (se&ection8.1.9;

Align sub-menu (see Sectiod.1.9;
Hid e Shadows (seSection8.1.7);
Layout submenu(seeSection8.1.9;

T T T T T T T T O

3.2.6 Window Menu

Select andD eSelect submenus for items on the Model window (se&gection8.1.2);

Relative size suimenu (se&ection8.1.5);

Tool Palette visibility toggle(see Sectiob.1); and
Submodel Navigator visibility toggle (sefection 8.2.3.

The items below are available from this menu:

Model (seeSection5.1);
Submodels (se®ection8.2);

Compartments (se&ection5.1.7);
Transfers (se8ection5.1.3;

Sources (se®ection5.1.2;
Parameters (segection5.4);
NameSets (se®ection5.4.9;
Mappings (se&ection5.4.9;
NameSetOptions (see Sectiob.4.1.9;
Correlations (see Sectiofi11);

Result Times (seBection5.7);

T T © T T T T T T T T T T ©T O

Preconditions (se&ection8.4).

Contaminants + Decays (see Sectioband5.3);

Switch Time Parameters (segection5.4.1.5;
SnapShot Parameters (sgection5.7.5.); and

S
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Selecting any of the above opens the corresponding window for the case.
already open it will be moved to the front.

3.2.7 Font

Sgd nmkx hsdl ~ u’ hRdlkddshdgndn odagnhr

If the window is

s lgdi nhedeEmM mMms @

the user can choose the font for the text that appears in the Model window fribra list of

currently installed fonts on the PC.

Note that the font used when zooming the Model window will be a scaled version of that

selected.

3.2.8 Help Menu

The only items currently available from this menu are:

p Reference Guideopens the AMBER help file which consists of this Reference Guide

in a Help File format; and

p AboutAMBER9 nodmr sgd

3.3 The Toolbar

thi@anationsvind@w.A D Q Q

AMBER has an icon toolbar (seféigure 2) for the most commonly used commands from the

l dmt a (q- SgdghbdbhorQqg vwdnldssnea#t@a vhsg sgdl +
| nudr nudg sgd hbnm+ "~ mc ~bs " r gd!l hmcdqg
secorl or Sso.
Figure 2: The Toolbar
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4 Conventions in AMBER

4.1 Naming

The namesof parameters,Namesets, literals, contaminants, compartments, sources and
transfers are subject to certain restrictions. A name must start with an alphabetic character,
followed by a sequence of characters that are alphanumeric (i.e. use numbers and/or letters) or
t r d undlérsgores)Space characters and ‘-’ (minus) characters are not allowed in names.

No two of the following can have the same name: contaminarisamesets, N ameset items,

selections, literals, compartments, sources, transfers and submodel winddwsprevious

versions of AMBER gparameter ould have the same name as a contaminant, compartment,

source or transfer, but thi€aused problems and so is no longer alloweddowever this may

cause old cadees not to be loadedjn which casehe nameswill neal to editeddirectly in the

case flee Sgd m | d@ dgMTrK Kr odbh >k r hf mhehb mbd "~ mc b

N

hmsdgm k o q |l dsdqr+ rthbg rr d@ nt msQg+ b > mmns

B rd hr rhfmhehbd@btdgeaoq chew BQMUD@ghuddo+ kk
names.

4.2 Numerical Formats

All of the following numerical formats are acceptable as constants by AMBER:
0.001

le3

1E3

1.0e03

4.3 Units

AMBER is aware of units and can manipulate them to convert from one unit to another. All
expressions are checked for unit consistency.

4.3.1 User-Defined Units

Each paameter has a defined unit, either set by AMBER or by the user. The parameter units
can be entered/edited by double clicking on a parameter in the parameters window. Please be
aware that units are case sensitive and hence Bq is recognised as a valietgraogrAMBER
whereas bq is not.

The units for internal AMBER quantities are selected through the Units dialog Begire 3).
These relate to sourseg initial amounts, transfers, decays and times. For example, if the user

10
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rdkdbsr dRdbnmcrq@ " mc dJhknfqg I rqQq ~kk rntagbc
dJhknfg |I'r odg RdbnmcQ "~ mc ~kk cdbrdbapmdr vh

Figure 3: The Units Dialog
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a version of AMBER before AMBER 4.0 will be assumed to be in thesis. Changing these

time and amount units after setting up a model is cautioned against since data values already
entered may need to be updated to account for the change in units which does not happen
automatically. Thus a contaminant with a decay easspecified as 0.1 per year would be assumed

to have a decay rate of 0.1 per second if the time units were subsequently changed from years to
seconds.

The user can select different result time units from the ones used within the model. This will
only affect the times reported, for further information seBection5.7.10n result time units.

Note that this dialog also lists the available units (Sssion 4.3 and includes radio buttons for
controlling how AMBER treats unit errors, se8ection4.3.3

AMBER calculates decays in terms of moles. For example, 1 mole of A decays to 1 mole of B.
However, this oneto-one mapping is not necessarily true of Kilograms, Grams or Becquerels.
Consequently, if the ugeselects the units of amount to be Kilograms or Grams, an atomic mass
greater than zero must be supplied for each contaminant so that decay calculations can be

11
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carried out. Similarly, if the user selects the amount units to be Becquerels, each contaminan
must have a nofzero decay rate so that decay calculations can be performed.
4.3.1.1 Units Available
AMBER has a set of units built in (séable 1), and can handle prefixed versions indicated (not
all of which are necessarily meaningful).

Table 1: AMBER Units and Prefixed Units
Unit | Definition | Prefixed Units

kg basic Sl unit

m basic Sl unit | nm, um*, mm, km, Mm, Gm, Tm
S basic Sl unit | ns, us, ms, ks, Ms, Gs, Ts
mol basic Sl unit

Bqg basic Sl unit | nBqg, uBg*, mBq, kBg, MBqg, GBq, TBq
Sv basic Sl unit | nSv, uSv*, mSyv, kSv, MSv, GSv, TSv

g 0.001 kg ng, ug*, mg, Mg, Gg, Tg
min 60 s

hr 3600 s

day 24 hr

y 365.25 days

month | 1/12y

* the prefix u is used to represent micro because of its similarity to the Gneek

It is not possible in AMBER to extend the list of units of amount or time for internal
parameters. It is however possible to add units to the case file for user defined parameters.
Figure 3 shows the units dialog which has two buttons that can be used to add units:

p Add Base allows the user to specify a new base unit, i.e. a unit that cannot be
converted into or specified int@ny of the currently available units; and

p Add Derived allows the user to specify a new unit that can be derived from currently
available units, e.g. N = kg m/s2.Note that when specifying the formula for a derived
t mhs d )beusdd andmspace should be used instead.

4.3.1.2 Units Syntax

The syntax for specifying units is quite flexible.

A dimensionless unit can be indicated by a null entry () or by a single daslQtherwise units
are written with separahg spaces and powers directly attached to the relevant component. The

enkknvhmf "qd "kk u khc "mnsd ~f hm sg s d)o

m

m2

12
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m"2

m-2

m2/s

m2 sl

m"2 shl

It is also valid (although not recommended) for the unit to be preegdby a number, so an item

with units of km could have this specified as 1000m

When a unit is attached to a constant in an expression, it must be contained in square brackets,
egxtlm] hr °~ u khc dwoqdrrhnm '"he o q |l dsdqg w g

The units definitions allow the use of bracketed swinits, e.g. (Sv/y)/(Bgim3). The bracketed
subunit acts as a single item, and so can be raised to a power.

4.3.2 Unit Conversion Parameters

There are some internal conversion paramet available in AMBER. These are used by
AMBER and can be used in equations by the user to convert between quantities in different
units.

The internal parameters for unit conversion are givenTiable 2

dLnkdg&nldmc ddgf Bnimnkdokx ad trdc enqg bnms | hm
example if contaminant A has atomic mass 100 and contaminant B has atomic mass 0 a

dLnkdSnb)fmz@d trdc+ ats mns dLnkdSnJf@ noqcdlLn
dApSnd ntkkdm nmkx ad trdc enqg bnms | hm msr vhsg

Table 2: Internal Unit Conversion Parameters

Parameter | Multiplicity | Value

BgToMole | Contaminant | 1/MoleToBq

KgToMole | Contaminant | 1/MoleToKg

MoleToBq | Contaminant | 6.022 x 13** DecayConstant * YearToSe
MoleToKg | Contaminant | AtomicMass/1000

Conversions between units of time do not need to be addegblicity, as AMBER converts
these units into one another automatically.

4.3.2.1 Units Consistency and Conversion

AMBER checks unit consistency in each operation and each function. The rules are listed
below in Table3. Convertible units are those that differ only by a constant factor (such as the
tmhsr ne shld dc xQ@ " mc dxd g+ "r nmd xd g h

The user can request that unit warning messages are produced when any automatic unit
conversions are performed. This is enabled by an option on the Units dialog (accessed via

13
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Options| Units). The units warning window gives brief indications of where tlo®nversion
occurs (sed-igure 4 for an example); more detailed information can be obtained from the
Expression Checker (s&ection5.4.2.).

Table 3: Unit Consistency Rules

Operation/Function Consistency Rule Result Units

A+B, A B A and B convertible as A

A*B, A/B none product/quotient of units
([AllB])

A"B B dimensionless (integer unless | power of units of A

dimensionless)

A<B, A<=B, A>B, A>=B,
==B, Al=B

A and B convertible

dimensionless

abgA), int (A)

none

as A

and @+ A hi( @+ Al @+ A

all dimensionless

dimensionless

cogA), exg(A), In(A), logldA),
sin(A)

A dimensionless

dimensionless

cumulativeNormal(A,Mean,SDev]| all convertible to A asA
largestA), largest(A,nameset), none asA
sum(A), sum(A,namesey)

smallestPositive(A)

maXx @+ A hu( @+ Ahun all convertible to A asA

not(A)

A dimensionless

dimensionless

rampDown(A, START, END),
rampUp(A, START, END).

all convertible to A

dimensionless

smoothDown(A, B, S),
smoothUp(A, B, S)

all convertible to A

dimensionless

smoothDownDeriv(A, B, S),
smoothUpDeriv(A, B, S)

A and B convertible, S
dimensionless

dimensionless

Sqr(A)

A must have square units

square root of units of A

stepDown(A,B), stepUlA,B)

A and B convertible

dimensionless

sumTypgA,mapping) none asA
largestTyp€A,nameset) None literal
smallestPositiveype(A,nameset)

topHat(A,B,C) A, B and C convertible dimensionless
typeLookUp (A, mapping) None asA

14
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Figure 4: The Units Conversion Warning Window

I Units Warni ngs El@@l

C_fodd[*): (CF_crop[pasture]+=_crop[pasture)*C_si(1 theta_totali*rho_soili+_crop*y _irr*C_w ZB[pasture]®Wpasture]+ Z04NG _fodd)
Conversion Factor, 365.25 applied to SDHNG _focdd

4.3.3 Units Warnings and Errors

In the Units dialog (clickOptions | Unitg there aretwo options related to how AMBER deals
with unit errors related to internal parameters:

p warn on errors this option means that a warning will be given when there are unit
errors in the model; and

p fail on errors (default): this option prevents a model fro being run until all unit
errors are solved.

When the unit errors are treated as warnings, AMBER just uses the numeric values of those
equations.

The warning messages given will generally be about consistency between units. This can
happen when an expre®n has different units to the symbol. In this case, the unitstioé
expression and the expected units are reported. When an inconsistency occurs within an
expression, the error message will report the operation or function involved, but will not be
able to identify which of several similar operations is involved.

If there are unit errors in usedefined parameters that do not influence internal parameters,
sgdqd hr mn dgqgng qdongsdc vgdm b kbt k  shmf
par | dsdqgr Q- Rasults pGhéth Ratametes8IBER checks for parameter errors,
including unit errors. Observer parameters can only be checked in this manner if there are
results available, i.e. once the model has been run.

4.3.4 Units and Availability Schemes

The issue of units in availability schemaseds careful consideration (s8ection8.3for details
on availability schemes). When shared availability (e.g. elemental solubility jnstased there
is scope for errors over units.

AMBER allows the user to select the unit of Amount. By default moke® used, but Bq, kg or

g can be selected. The solver always works in moles, and converts the amounts (and source
fluxes) between the usemnits and the solveunits. This is to ensure that the decay is handled
correctly (one mole of parent decays to on®le of daughter).

Thus, all amounts that the user specifies (i.e. initial amounts and specified amounts) and source
fluxes are given in user units. It is therefore natural for the units of the Limit for availability to
be in these units as well. Fordividual limits this causes no difficulty, since each item is scaled
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separately. For shared limits, there is a problem, because the unit conversion factors may differ
between sister contaminants.

For kg or g units, the problem is not likely to be signifant Dsister isotopes will in general have
similar atomic masses. For activity (Bq) units, the scheme will not behave seriSiblg total
activity of a particular element is not of interest.

In order to minimise the likelihood of errors, while maintainig flexibility, the user must
confirm the units that apply for each Limit. The default is for these to be moles (regardless of
the generally applicable amount units), with the option of being in the udefined amount
units. The latter may be moles alsim, which case the choice is unimportant.

Note that the expressions given for availability schemes &eetion8.3 must have compatible
units for the choice that is made. Also, they cannot simply be constébtie unit must be
explicitly stated.

4.4 Descriptions and Comments
A description can be added to any of the following:

the case (se®ection3.2.));
compartments (se8ection5.1.));
sources (se®ection5.1.9;
transfers (se8ection5.1.3;
contaminants (se8ection5.2);
decays (se8ection5.3);
parameters (se®ection5.4);
NameXts (see Sectidn4.8.);
NameSXt selections (see Sectibrt.8.3;
mappings (se8ection5.4.9;
correlations (see Sectidhl1l);
availability schemes (see Secti®d)
submodels (seBection8.2); and

p preconditions (se&ection8.4).

T T T T T T T T T T T T ©

A description has no effect on the calculation and is purely a GUI feature to help the user.

Descriptions are free format text and can contain carriage returng@wiver it is not permitted
sn trd sgd © cntakd ptnsd( bg q bsdg hm °~ cdr

Comments can be added to individual parameter entries andividual mappings (see
Section5.4.1.13.
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5 Setting up a Case File

5.1 Model Window

The Model window, as illustrated ifFigure 5, is shown wherWindows| Modelis selected from
the menu bar. It is the window in which the compartments, transfers, sources and submodels
are created, modified, positioned and deleted.

Figure 5: The Model Window
I Model - =)
s

Irrigation

o
L
€
I

Pl

Recharge

If the model being viewed is particularly large, it may be useful to use <Page Up> and
<Page Down> to move up and down the view in the Model window.

A tool palette is positioned at the upper left of the window (séégure 6). It contains the
Pointer, Compartment Source Transfer Submodel Free Text, Picture and Linkageols. The
tools are used to creatnd layoutthe compartment model. The pointer tool is used to select,
deselect or move any compartment, source, tramsér submodel (referred to collectively as
components) in the Model window.Note that the tool palette can be moved by clicking on its
frame and dragging it to a new locatiand toggled on/off viaView| ToolPalette

Adding a new compartment, source or transfer component is described in the following
sections. Adding a submodel is described®rction8.2.1

To select an existing component, click on the pointer tool then click on the required
component in the Model window. The component will become highlighted to show that it has
been selected. Multiple components can be selected in the standard way by hdahdingft
mouse button down and dragging the mouse over the area of the model window containing the
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components. The selection can then be moved by dragging it with the mouse, or copied by
pressing <Ctrl + C> and/or deleted by pressing the <Delete> button. To deselect the
selected component simply click anywhere within the Model window, which does not contain
a component.

Figure 6: The Tool Palette

— Pointer

A

| | 4+— Add Compartment

u - <4— Add Source

il

+ +— Add Transfer
= 4— Create Submodel
4— Add Free Text
+— Add Picture

Tl Link Text

5.1.1 Adding a Compartment

Click on the compartment tool and then click the mouse pointer in the position on the Model
window that the compartment is required. The compartmens displayed as a rectangle
containing the compartment name and centred on the selected position. The compartment
properties can be set by selecting the pointer tool and double clicking on the compartment box.
Other options are available by right clickip on the compartment, including changing the size
and colour of the compartment.

5.1.2 Adding a Source

Click on the source tool, clickand hold down the mouse in the position for the source, drag
the cursor to the receptocompartment and release the mouse button. A source is displayed as
a rounded rectangle containing the source name joined to the receptor compartment by an
arrow. Any number of sources can be attached to a compartment. The source properties can
be set byselecting the pointer tool and double clicking on the source bdkhe source tool is

only available if there is at least one compartment in the model.

5.1.3 Adding a Transfer

Click on the transfer tool, clickand hold down the mouse in the donor compartment, drag to

the receptor compartment and release. The transfer is displayed as a rounded rectangle
containing the transfer name and it is joined to the two compartments by an arrow in the
direction of the transfer. Any number of transfers can be attached to a compartment. Note
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that if multiple transfers are created between the same two compartments the transfers may be
placed on top of each other. This is easily corrected by moving one of the transfer boXes
transfer properties can be set by selecting the pointer tool and double clicking on the transfer
box. The transfer tool is only available if there are at least two compartments in the
model.

When creating new transfers and sources you must berateun selecting the receptor and
cnmng bnlo qgqsl dmsr - He xnt dl hrrqQ mn mdv sq

~

When adding a transfer between two compartmentsane or two submodels on the parent
window, the donor and receptor compartment will have to be selecfeom a popup drop
down list (seeSection8.2for information on submodels).

By default new transfers will automatically be named donor_TO_receptor, where donor and
receptor are the names of the donor and receptor compartments, respectively. Note theseo
this option effectively, compartments must be named before transfers are addeduse the
naming only occurs on creation. The automatic naming of transfers can be toggled off/on via
Options | Autoname Transfers

5.1.4 Compartment Properties

When the pointer tool is selected and a compartment, transfer orreeus double clicked, an
edit dialog box will appear (for examplEigure 7). A new compartment, transfer or source is
given a unigue default name when added to thedal. This default name can be edited. See
Sectord.lnm dM | hmf Q@ enq themapohgcbmnweatorg! " shnm nm

Figure 7: A Compartment Information Dialog

Compartment Information g]

Compartment Mame: | Wil

Compartmert Description:

wWigll iz the source for drinking water far
hurmans and irrigation water for the root
vegetables

d

[T Amount iz specified

[ Set Start Amourt... |

The Compartment Information dialog (se&igure 7) has a text entry field for its name (which

will appear in the box in the Model window) and a description field in which a description of
the compartment can be given. There is no default description but one can be added by the
user. A description is purely informative and is not used during the calculation.
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The amount of each contaminant in the selected compartment at the time wherc#heulation

rs gsr b m ad rds ax Dbhugh bgthsrsfn mm-m sgdd dRAss HRss™
will now appear (se€&igure 8) in which the start amount can be set for each contaminant (if at

least one contaminant has been created). The start amount for a contaminant is set by clicking

in the text entry field to the right of the contaminant and below the compartmte The start

amount value or expression can be entered directly within a cell. Alternatively, the Expression
Dchsng b m ad k tmbgdc ax bkhbj hmf nm sgd d
available parameters and functions. S8ection5.4.2.1for more information about the

Expression Editor.

Figure 8: The Set Start Amount Dialog

S5et Start Amount E|

j\v’ E
)
-

maunt (Moles) Wizl ﬂ

=default= |
U_233
Th_229 |

Note that a changed cell {@e can be entered in the following ways:

bkhbjhmf nm sgd dshbjqQ atssnm:

clicking on arother editable cell; or

scrolling up or down with the <up arrow> or <down arrow>,

"mc sgdm oqgdrrhmf dNJQ hm sgd ch knf sn r°

T T T T

A changed cell value can lsancelled by:

p bkhbjhmf nm sgd dbgnrrqQ atssnm: nq
p bkhbjhmf dB mbdkQq+ sn mns r ud "~ mx ne sgd

He sgd rs gs "I ntms hr sgd r | d eng |  mx bnms
can be used. The default value for the start amountathecontaminant can be set by clicking

hm sgd sdws dmsgx ehdkc sn sgd ghfgs ne d4d; co
amountsfor each contaminant to the default value. Tliefault can be overidden by entering

the contaminantspecific value for that contaminant as described abov@omments can be

assigned to individual entries using the approach described in Segdoh.13
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Vgdm °~ mdv bnl o gsldms hr bgd sdc sgd cde tKk
value has been added to the interedlitable Start Amount parameter. Note that the start

amount cannot be timelependent, i.e. none of its values should directly or indirectly depend on

a timedependent parameter, since the start amount is only applied at the singulartigtart

Nmbd "~ kk ne sgd "~ anud oqnodgshdr g udeaddm 1
compartment information will be updated. If you want to discard the changes that you have

| "cd bkhbj sgd dB mbdkqg@ atssnm nq trd sgd bkn

The amount in a compartment can be explicitly specified asastant or as &nction of time.

This is atieved by using a check box on the Compartment Information window. Setting the

9@ nt ms her brgoddbhheahndwc hmchb sdr sg s sgd I ntm
calculated. Instead they artaken from the appropriate entries in the editable internal
parameter SpecifiedAmounfindexed over Contaminants and Compartments). The user can

then edit this internal parameter to define the compameént amount and may use a time
dependent parameter.

Vgdm sgd 9@ ntms hr rodbhehdc&€ bgdbj anw hr
@ nt mshi€E sn ©ORds Rodbhehdc @ ntms---€ ~mc dm
specified. Note thatti is not possible to specify amounts for some Contaminants while
calculating them for others in the same compartment; this would require two separate
compartments with the same features except the way the amount of each contaminant present

is calculated.

When the amounts for a compartment are specified, all decays in that compartment are ignored.
Transfers into and out of the compartment still affect the compartment at the other end, but
have no effect on the specified compartment.

Visually, compartments wh specified amounts are drawn with a shaded triangular region in
the topdeft corner.

5.1.5 Moving, Deleting and Editing Compartments, Sources and
Transfers

A model component, e.g. a compartment, source, submodel or transfer, can be moved by
clicking on the component to be moved, holding down the button andagdyging the component
to its new position.

A component can be deleted from the model by selecting it and chooBidit)| Deletedrom the
menu bar, or pressing the <Delete> button on your keyboard. If a compartment box is
selected and deleted, any assodiateurces or transfers to or from this compartment will also be
deleted.

Multiple components can be selected for moving or deletion. This is done by selecting the
pointer tool and clicking on the components whilst holding down €hift> or < Ctrl> .
Alternatively, clicking and holding down the left mouse button while dragging the cursor over
the chosen components also allows the user to select multiple componerite. components

can now all be deleted or moved by dragging them to the new positi@hanges an be made

to compartment, transfer and sourgeopertiesthrough the edit dialogs that can be accessed via

21



AMBER 5.4 Reference Guide

the CompartmentsTransfersand Sourcesptions in the Windows menu. Via theWindows
menu, items can also be deleted, but no new items can be added

The Transfer Informationdialog (seeFigure 9) has a text entry field for its name (which will

appear in the box in the Model window) and a description field in which the details of the

transfer may be explained. The transfer can beasetiepletingr non-depletingby clicking the

radio button for the appropriater d s s h mf - @ dcdokdshmfqQ sqg mred
contaminant lost from the donor compartment is equal to the amount gained by the receptor

bnl o gsl dmsedolkaghmf dmhgn mredq sgdgd hr mn kn
consequery no mass conservation

Figure 9: The Transfer Information Dialog

Transfer Information E]

Transfer Mame: | Erozion

Tranzfer Description:

Erosion rate from upper sail

-
v Active
To Sink
Set Transfer Rate... ]
{+ Depleting " Mon-Depleting
Aveailakbilty et Scheme
Default (Full Availakility)

Transfers and sources can be switched off (made inactive) without setting the transfer rate to
zero. This is useful for variant calculations when the original is to be retained. There is an
d @b g h bh-got bnjthe Transfer Information and Source Information dialogs. Unchecking
this box deactivates the traresf or source and disables the other items on the dialog (as a
reminder that the transfer is inactive). Inactis@nsfersand sources are drawnitlv thin dashed

lines on the model window. Both solvers used in AMBER skip inactive transfers.

QdIl nu  k eqgnl sgd rxrsdl b m ad |l ncdkd&dc a X
compartment; i.e. sinks are standard compartments created and named by the user to receive
contaminants that are transferred out of the system of interest.

The transfer rates (default units aperx d " g( b " m ad rds ax bkhbj hmf
button. The transfer rates are set in a similar way to the start amount for a compartment.
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However, the transfer rate may be timgependent, i.e. refer to timdependent parameters.

Nmbd " kk sgd "~ anud oqnodqs hd recligkeduadd the ttachsfer r d s +
information will be updated. If you want to discard the changes you have made click the

dB mbdkg at ssnm-

Nmbd sgd sg mredg g r addm bgd sdc+ hs hr r

compartment without having to del s d hs " mc cc "mnsgdg+ ax
From/MoluQ at ssnm- Bg mfhmf sgd eqnl ng sn bnl o
allowed; doing so may cause the transferdac hr “ ood g€ eqnl sgd | ncdk

selected as it has moved into the submodel window, but all rate expressions and other
information will be maintained.

Sgd dRdkQ Ragssdm  kekflux to besligittd by ¢ghe awailability of a
contaminant, e.g. due to solubility limitation, and hence allows the introduction of nlimear
behaviour, se&ection8.3for more information on availability schemes

The Source Informationdialog (seeFigure 10) is very similar to the Transfer Information

dialog; a text entry field is given for the name and a description of the source. The source flux

(for example moleper year) can be setby cich mf sgd dRds Rntgbd Ekt w-
fluxes are set in a similar way to the start amount. However, the source flux may be
time-dependent, i.e. refer to timdependent parameters. Once all the above properties have
addm r ds+ s ¢galld geNlitked aad tree sounces will be updated. If you want to
chrb qc sgd bg mfdr xnt g ud | "¢cd bkhbj nm sg

Figure 10: The Source Information Dialog

Source Information @I

Source Marme: | Grouncwater

Source Description:

Groundwyater source term

d

v Active
[ Set Source Flux... ]
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5.2 Contaminants

The Contaminants window(sed~igure 11) is shown wherWindows| Contaminants +Decays |
Contaminantsis selected from the menu bar or the Contaminants icon is selected from the
toolbar. This window allows the user to create, modify and delete the contaminants of the
model.

Figure 11: The Contaminants Window

U_233
Th_229
U233

U_234

Th_230
Ra_226
Ph_210

[ Aol .. | | |
[ ]

[ Create Library .. ] [ Read Library... ]

5.2.1 Adding a Contaminant

@ mdv bnms I hm ms b m ad bgd sdc ax bkhbj hmf
dialogwill appear (se€&igure 12) with fields for the name and a description of the contaminant
and its atomic mass (dimensionless).

Figure 12: The New Contaminant Dialog

New Contaminant

Contamirant Mame: J_233

Contaminant Description:

Uranium 233 -

Atomic mass: 233

Total Decay (per Year): 0.0
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~

The atomicmashr trdc ax sgd hmsdgm k o g | dsdqgr dlJ
units of weight (kg) into units of amounts (mol). The total decay rate of the coniigant is also

chrok xdc+ ats b mmns ad | nchehdc egnl sghr v
"cc sgd mdv bnms | hm ms sn sgd Bnms | hm msr v

5.2.2 Modifying a Contaminant

To modify an existing contaminant double click on its hame in the Contaminants window.
The Contaminant dialog will appear where contaminant information can be changed.

5.2.3 Deleting a Contaminant

To delete a contaminant, click on the name in the Contaminants window and then click the
dCdkdsdqQ @ptiomss| nGuonfirm deldteds selected (this is the default setting), a
confirmation will be required before the deletion takes place. When a contaminant is deleted all
the decays having that contaminant as parent or daughter will also be deleted., along with all
initial amounts, transfer rates and source fluxes relating to that contaminant.

5.2.3.1 Delete (Keep Decays)

This allows individual (or multiple) contaminants to be deleted while keeping any decays for
which they are daughterdf reassigning the daughter as NULL). AgainQfptions| Confirm
deletess selected (this is the default setting), a confirmation will be required before the deletion
takes place.

5.2.4 Contaminant Libraries

He ° rds ne bnms | hm msr "gd trdc gdftk gkx
Khagq gxh@e noshnm hm sgd Bnms | hm msr vhmcnv
bnms I hm msr hm °~ b rd+ bkhbj nm wibagpeatiBqgd s d

which the user selects a filename and directory for the library file.

@ khag gqx ehkd ng b rd ehkd b m ad qd ¢ hmsn
Khaq gx---Q atssnm- He ~  k h a dputtqrxis clicked, thé r d e h
dQd ¢ Khthrmams gqlxhm  msrqQq c¢ch knf vhkk “~ood’ q- Sg
being read in and the option to replace existing contaminants, merge with existing contaminants

or cancel the operation. By clicking thegparopriate button, the contaminants will be read into

the Contaminants window.

5.3 Decays

The Decays Window(seeFigure 13) is shown whenWindows| Contaminants + Decays |
Decayss selected from the menu bar or the Decays icon is chosen from the toolbar. This is the
window in which decays are created, modifiadd deleted Note that the user has the option of
defining decay rates for all decays via the internal editable DecayRate parameter rather than via
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the Decay Information window (see Sectidn4.4for more information about internal editable
parameters).

Figure 13: The Decays Window

U_233__Th_229
Th_229_ MNULL

U 2351 234
U_234_ Th_230
Th_230__Ra_226
Ra_226__Ph_210
Pb_210_ MULL

[ UU=ze Editable DecayRate Parameter

[ A .. | | |

[ Create Library ... ] [ Fead Library... ]

5.3.1 Adding a Decay

Anewdecaycanbbqd sdc ax bkhbjhmf sgd d@cc---29
Decay dialogwvindow that appears allows the user to specify a decay name, add a description to
the decay, and specify the decate (in terms of the decay rate or by the corresponding half
life). Drop down list boxes are available to select the parent and daughter contaminants from
the contaminants entered in the case file (Biegire 14).

Figure 14: The New Decay Dialog

Mew Decay [E|

Decay Mame: |

Decay Description:

(+ Rate (pet Yeat): | 4 =EE-F
" Half-life (ears):

Parer: U_233 -]
Daughter:  |Th_228 -]
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The decay rate is equal to In2/hdife. The decay rate must be greater than or equal to zero.

Sgd ¢ tfgsdq bnms | hmgms vbghnbbgadhmcds sschr dswr
contaminant is not of interest. By default the parent and daughter are specified as the same
contaminant. This is clearly not realistic; hence it is necessary to modify aitleae of the

cde tks rdkdbshnmr - Bkhbj nm dNJQ sn "~ cc sgd

5.3.1.1 Half-Life

The halHife of a radionuclide can be specified instead of the decay rate. iSiparely a GUI
feature; AMBER immediately translates the given Hé# into a rate.

5.3.1.2 Editable DecayRate Parameter

The DecayRate parameter explicitly stores the decay rates, and is available to be edited. The
other related parameters (DecayConstant, HalfLife, MolIToBg and BqToMol) are derived from
DecayRate.

A check box on the Decays Window lets the status of the DecayRate parameter be changed to
Editable Figure13. In this mode, the decay rates are determinedthg parameter rather than
through the Decay Information Dialogs. Note that the rates must not be tiependent or
sampledependent, but expressions can be used. When DecayRate is editable, it appears in the
Internal (Editable) section in the Parameterilidow (see SectioB.4.4.

Before a calculation, file save, or creation of a decays library, the decay rate values are copied
back to the decays. If the DecayRagechanged back from editable then the values that it had
will be captured in the decays.

5.3.2 Modifying a Decay

To modify an existing decay double click on its name in the Decayisdow. The Decay
Information dialog will appear and changes can be made

5.3.3 Deleting a Decay

Sn cdkdsd °~ c¢cdb x+ bkhbj nm sgd m | duttbnm sgd
If Option | Confirm deletes selected a confirmation will be required before the deletion takes
place.

5.3.4 Branching Decays

Branching and rejoining decay chains are allowed. Decay into more than one daughter is
handled by the user setting the decay rate to reflect the probability of each decay occurring i.e.
the relative probability of A decaying to B or C isat given explicitly, but is implicit in the
decay rates given for the-AB and A C decay processes. It is also valid to have A decaying to
B and B decaying to A. Note that it is valid to have two decays with the same parent and
daughter, but that the nanmseemust be different (and so cannot both be the default name).
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For example Bi-212 undergoes beta and alpha decay to give two daughter nuclided, Pand
T1-208 respectively, both of which subsequently decay to give the stable isoto®®b

N
e

P0-212
(64.1%)

/

(35.9%)

Bi-212 Pb-208

The halflife of Bi-212 is 1.01 hours which is 1.18Eyears so the decay constant is given by
In(2)/1.15E4. However the rate of production of the two daughter nuclides will differ from the
overall rate ofdecay of the parent nuclide and it is necessary to take into account the branching
ratio for each decay (0.641 for decay to-Pt2 and 0.359 for decay to-2D8). The decay rates

for production of the daughters will be given by 0.64111(2)/1.15E-4 and 0359 *In(2)/1.15E4

for Po-212 and TH208 respectively. The decay rates for each decay process are entered
separately and AMBER calculates the overall decay rate of the parent nuclide as the sum of the
branching decays. Similarly the total rate of proction of the Pb-208 is calculated by AMBER
following the input of the decay rates for PB12 and Ti208 after the user has specified that
both these nuclides decay to give-208.

Note that total decay rates can be checked via Contaminant Information wivdo(see
Section5.2.9 or via the Contaminants and Decays Tree (S=etion5.3.7).

5.3.5 Decay Libraries

He °~ rds ne c¢cdb xr hr trdc qdftk gkx+ °~ khagqg"
Sn | "jd °~ khaq gx ehkd eqgnl ~ rds ne cdb xr
A pop-up window will appear in which the user setts a filename and directory for the library

file. This is done by entering the filename directly into the text field or selecting a filename

from another directory.

@ khaq gx ehkd ng b rd ehkd b m ad gd c¢c hms
Khag gx---9Q atssnm- He °~ khag gqx nqg b rd eh
dQd cry¥hdabg xrQq ch knf ~ood qr - Sghr ch  knf f
and allows the user to replace existing decays, merge métht and existing decays or cancel the
operation. By clicking the appropriate button, the decays will be read into the Decays window.

Decay libraries record the units for the decay informationWhen importing from a decay

library the values will be conveed if the new case has different unit®Note that this can be

used to update the decay units in a case if the time units chasgee the decay to a library;
update the time units; read the decays back, replacing the existing ones.
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5.3.6 Compartment-Dependent Decays

The decay rate can vary from compartment to compartment. This allows madioactive
decay processes (e.g. organic degradgtido be modelled, and has some other useful
applications.

The decay rateset in the decay idlog or via the DecayRate parameters described in the
previoussection is used in all compartments unless further action is taken.

dKnb kCdbhxrxQ snd hmsdgm k dc hCGompakmintsanddgoedayd.s d q h
Sgd cde t ks dwogdrrhnm engq dKnb kCdb xQ sdag
compartments, but this can be modified by editing this parameter.

Ansg rnkudqgr hm @LADQ trd dKnb kCdHus, ikaQly sdgQ s
the default is used, the same rates will be used in every compartment.

In order to change the rate in a particular compartment, the appropriate entry in the
LocalDecayRate matrix must be specified. This entry can be a constant or an siqgress for
any parameter. It can even be tirdependent and/or include sampled parameters if required.

This capability can be used in many ways.

For instance, by setting the decay rate to zero in the decay dialog, a decay could be switched on
only in certain compartments. This could be used to model chemical processes that occur in
certain circumstances only, such as organic degradation.

Compartmentspecific decays can also be used to calculate an integral of the amount in any
compartment. This can & done by creating a new compartment with all decays set to zero and
sending a nowepleting transfer to it from the compartment(s) of interest with a rate set to

unity.
By setting a default expression in LocalDecayRate for all decays, all compartmentisl wee

the same rate. The advantage of doing that is that this rate can be specified as an expression,
which is not allowed in the decay dialog.

5.3.7 Contaminants and Decays Tree

Contaminants and their decays can be viewed together via the Coimtants and Decays Tree
window (seeFigure 15). This function shows the contaminants linked by decays and provides
information on atomic masses and decay rates.

p To access this new function selédtindows | Contaminants + Decayand selecBhow
Treefrom the dropc nvm khr s - Sghr ivahtk kmcn oQddnb “ sxg d SME
window;

p When any contaminant is highlightedjnformation on this contaminant will be
displayed to the right of tree diagram;

p  Double<licking on any contaminant will open the Contaminant Information window;
and

p  Edit and delete buttons are available for decays and contaminants.
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Figure 15: The Contams and Decays Tree

I} Contams and Decays Tree @
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-
4 Iv[
| EdtContam.. | | Delete Contam.. |
[ Edit Decay... ] [ Delete Decay... ]

5.4 Parameters

The Parametersvindow (seeFigure 16) is shown whenWindows| Parameters selected from
the menu bar or the Parameters icon is selected from the toolbar. It is the window in which
parameters are created, modified and deleted a variety of parameter information can easily
be obtained.

Figure 16: The Parameters Window

- BX

1 Parameters

S AS

CF_CowProd B

CF_root Type: Standard
C_CowProd B

C_comp Units: [m2]
C_comphlax

C_root Current Yalue: 10000
0=

O_CowyProdd Ares of upper soil compartment aver swhich
D_ing irrigation ocours
D_irr b’

(Right-click above for options)
[ Internal (Read Only) [ Internal (Editable)

v Standard v Sampled

v Chszerver |v Derived Parameter
[v Imported Parameter v NameSet Option
[v Lookup Time-dependernt

[ lgnore casze
[~ Showy Locked Parameters

[ Al ] [ Delete ] [ Search... ] [ Param Uses ] [ Par Uszed By ]
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Parameters are listed in the Parameters window in alphabetical order. By default, upper cases

are listed first, butthiscanbb g™ mf dc ax dmrt qQhimgdbgdadiWf mmgdr
The other check boxes on this window determine the types of parameters displayed. For
example, to view only observer parameters the check bdgesll other parameter types should

be deselected using a single click of the mouse. This leaves only (unlocked) observer parameters
displayed on the screen.

The Parameter window shows a summary of the selected paramencluding multiplicity
information and user description. This makes searching for particular parameters much
quicker. This window may also be resized to make viewing parameters and their details easier.

A standard parametemay reference standard, sampled, imported or lookup tidependent
parameters and may have multiplicity (s8ection5.6for more on multiplicity).

A lookup time-dependent parametezan change its value over tima & stepwise constant or
linearly interpolated fashion. It does not have multiplicity.

A sampled parameteis used in a probabilistic calculatioand has a different value for each
sample in a calculation. This value is determined by a random number generator using the user
specified characteristics of the sampled parameter. It does not have multiplicity.

An observer parametemay reference any other parameter type and may have multiplicity.

Derived parametes are a special type of parameter that process the {iiggendent value of
another parameter and calculate a result, e.g. the maximum value.

Imported parametes are parameters that are read in from external data files.

A NameSet Option parameteris a parameter that takes as its value the litei@ine of one item
from a given Namést.

5.4.1 Adding a Parameter

@ mdv o g Ildsdg b m ad bgd sdc ax bkhbj hmf
prompting the user to select a parameter type ($@gure 17). Click the radio button
"oognoqh sd sn sgd sxod ne o g I dsdg xnt v ms

Figure 17: The Parameter Type Dialog

Parameter - Parameter Type @

Standard

Chgerver

Import Parameter
Lookup Time-dependent
Sampled

Derived Parameter
Mamezet Option

From File

T3

i B B B B B
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5.4.1.1 Standard Parameters

Vgdm ° drs mc gcQ o q | dsdaq Figure 18bagkihg frdtie
multiplicity of the parameter (se®ection5.6on Multiplicity) .

Figure 18: The Multiplicity Dialog

Multiplicity

Patameter defined far each:

|N|:une j
and for each:

|N|:une j
[ OK ] [[ Cancel ]]

Users may specify multiplicity of parameters over internally defined NameSe&f®ntaminants,
Compartments, Decays, Transfers, Sources and Submedeshey may construct their own
NameSets as described $®ction5.4.8 When specifying multiplicity for parameters, the user
can choose from all available NameSets, both the internal and-desiamed ores. The only
restriction is that a parameter indexed over two NameSets must be indexed over two different
NameSets.

The allowed multiplicities are therefore:

none (scalar);

contaminants;

compartments;

decays;

transfers;

sources;

submodels;

userdefined NaneSets; or

p combinations of any two of these.

Rdkdbs sgd cdrhgdc | tkshokhbhsx ~ mc bwilhbj

now appear in which you can set the name, description antiegs) for the parameter. The
form of this dialog will depend on the multiplicity, as illustrated ifigure 19to Figure21

T T T T T T T T
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Figure 19: New Parameter Dialog: No Multiplicity

Mew Parameter, r5_<|
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Parameter Description:

|

Definition:
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Figure 20: New Parameter Dialog: Contaminant Multiplicity
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Figure 21: New Parameter Dialog: Contaminant and Compartment Multiplicity

New Parameter

Parameter Mame:

AMBER 5.4 Reference Guide

Parameter Description:

X

Unit=: |

=
=defaut= el Upper_Soil Lawwer_Sail

=default=

_233

Th_229

_238

U_234

Th_230

Ra_226

KN

s

For parameters with a multiplicity wer 1 or 2 NameSts default fields are provided. These
should be used for efficiency and to save typing the saxm@ression many times. The defaults
can be overridden as desired by simply typing single values in the appropriate ldsérs can

assign commentw individual items within parameters with multiplcity overl or 2 Name®ts

(see Sectiob.4.1.13.

The multiplicity of a parameter can be changed once it has been crda Sectiob.4.1.1).
nm dNJQ

Bk hbj

5.4.1.2

s n

bnl

okdsd

Lookup Time-Dependent Parameters

XxXntq

bg  mfdr

nq

AMBER permits you to create timelependent parameters with their values changing or
specified at specified switch timedn any specified time period (between two switch times),
parameter values may be specified as fixed numeric values (or algebraic expressions) or

interpolated between specified values.

When a lookup timedependent parameter is created the form of tNew Parameter dialog
appropriate to a timedependent parameter will appear ($&gure22).
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Figure 22: The New Parameter Dialog: Time-Dependent Parameter

Mew Parameter, P§|

Parameter Mame: | ErozionRate

Unitz: | mimdy

Parameter Description:

Soil erosion rate -

5 [mimty] j‘\/ ‘%

Time (Y ears) Walue i‘
=999

899 .. 1000 ' - |
B v repeat after largest time
[ Addtime.. | | Deletetine |

When a timedependent parameter is first created it has value O for all times. If you wish to add
" drvhsbg shlde " shld s vghbg °~ o g Il dsdqg

Sgd d@besbg shl dqQ c higukeB3:. vhkk ~ood g 'rdd
Figure 23: Add Switch Time Dialog

Add switch time 3

Time (Yearz)

|

In the time field enter the time at which you wish the value of the parameter to be specified.
Please note that only numerical and no algebraic expression may be used to specify the switch
time. Repeat this process until you have added all the required switokg. To set the time
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dependent parameter value, click on the value field to the left of the appropriate time period and
enter a constant for the value.

You can delete a switch time by clicking on the appropriate value field and then clicking on the
dCdkdsd shldg atssnm-

5.4.1.3 Cyclic Time-Dependent Parameters

In some circumstancei$ is desirable to have a parameter which is piecewmastant in time
and goes through repeating cycles. Such cyclic #ilapendent parameters could be used to
represent dependence on day/night or on season.

To create a cyclic parameter, proceed to thiew Parameter dialog for a timdependent

parameter (se€igure2 "~ mc rodbhex dRvhsbg ShldrqQ hm sg
dialog has ag d b | anw | gjdc dQdodEsqg b&sthghb of dgr $ ds
checked.

For example, Figure 22 shows the Parameter Information Dialog for Eros, a parameter
modelling the change in erosion rate caused by a flood every 1000 years. Eros takes two
values - one for the first 999 years, arahother for year 999000. Taking the time units to be

xd qr+ rvhsbg shldr g ud addm "~ ccdc ~s 888 " n
has been checked. The same values will then be used for Eros for each 1000 year cycle.

5.4.1.4 Piece-Wise Time-Dependent Parameter

Time-dependent parameters (which are efied in a piecavise fashion) can be linearly
interpolated. The edit dialog for timelependent parameters has a check box for this, labelled
Linear Interpolation Linear interpolation cannot becombined with the cyclic (repeat after
largest time) option.

To specify a piecewise linear function, a sequence of times and expressions for each time must
be given. Where the expressions are not themselvesdiependent, a function like that shown

in Figure 24 will be obtained. If the expressions themselves are functions of time, then the
interpolation will be applied at each intermediate point, @nvill therefore gradually move from

one form to the other.

Figure 24: A Piecewise Linear Function of Time
F(®)

A
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In combination with the Specified Amount option (se€ection5.1.9, this can be used to set a
compartment amount as a general function of time (where an algebraic formula is not available).
Note that the solvers will treat each timypoint as a discontinuity and sepecifying a very large
number of these is not recommended.

5.4.1.5 Switch Time Parameters

Where it is known that there are discontinuities the parameters at particular times, these
should be communicated to the solvexplicitly. Otherwise the solver may behave poorly, or
even give incorrect results (e.g. missing a sharp spike source or transfer).

One way of introducing discontinuities is to use the lookup tirkependent parameter type
described above. A timdepenent parameter has discontinuities at given times that are used by
the solver. If discontinuities are introduced via tintependent parameters, these do not have to
ad dcdbk gdcqQ "r rvhsbg o g Il dsdqr -

Functions such as topHatstepUpand stepDowncan be used to define discontinuities where
the time the discontinuity occurs is not constant. These functions are definefiable 8. Note
that the use of topHat, stepUp or stepDown functions of time implies the use of the tistep
solver, but if the functions imply a piecewise constant set of parameters the Laplacer @i
still be used, seBection7.2.1

For the topHat function, both the times for switching on and off the discontinuity should be
set through @rameters that are registered as switch parameters.

For the stepUp and stepDown functions, only the switching on has to be set using switch
parameters.

Any parameter with a value in time units can be used as a switch parameter. This includes
sampled pamaeters so that random events can be modelled successfully. For instance, consider
a transfer that switches on at a random time tJump. The transfer rate could be defined as:

stepUp (t, tJump) * FinalRate
wheretJump is a sampled parameter. Th&lump shauld be declared as a switch parameter.

Switch parameters should have units of time.

To declare that a parameter is a switch parameter, séléotlows | SwitchTime Paramrdrom

the menu bar or the Switch Parameters icon from the toolbar. The Swifime Params

Window will appear, containing a list of the switch parameters currently set. Parameters can be
"ccdc sn sghr khrs ax bkhbjhmf nm sgd d@ccqQ
khrs vghbg hr sgdm chr algox ¢ hFigkrebs gd ddi@cc Rvhs
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Figure 25: Add Switch Parameter Dialog

Add Switch Time Parameter PZ|

Zelect Param to Add

|t-_lump ﬂ

A parameter can be removed from the list of switch parameters by selecting it before clicking
d Qd | mataltigat this does not remove the parameter, it simply prevents its values being used
as discontinuities by the solver)

5.4.1.6 Sampled Parameters

When a sampled parameter is added, the New Parameter dialog for sampled pasanvéter
appear (seeigure 26).

The name and description fields can be set as with other parameters. Select a distribution type

from the PDF dropdown list. To set the distribution characteristics click on the

d O CIharacteristics - - Q at ssnm- Sghr vhkk aqhmf to sgd
in this dialog will vary depending onhe type of distribution selected (séggure 27 for the

uniform distribution PDF Characteristics dialog).

Figure 26: New Parameter Dialog: Sampled Parameter

Mew Parameter, F§|

Parameter Mame: | IntitledPar

Units:

Parameter Description:

PDF Uniform ﬂ [ PDF iz for Logarithm

himimLam; nset -
Maximum; Unset

PDF Characteristics... | ~ BestEstimate
7 Walue:

{* From Distribution
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Figure 27: The PDF Characteristics Dialog (Uniform Distribution)

PDF Characteristics

Uniform

finitnium
flaimum

To enable every case file to be used for both probabilistic and deterministic models, every
sampled parameter has an associ@ealdr s dr shl "~ sd€&€ u  ktd-

By default, the best estimate value is calculated from the PDF characteristics. The choice of
value depends on the type of PDF, skable4.

If the default is not suitable, a value can be specified explicitly. The bottom right of the New
Parameter window for sampled parameters contains two radio buttons that allow the user to
define the best estimate of a sampled parameterHggee 26).

Table 4: The PDF’s Available for Use in AMBER

PDF Type Definition of default best estimate
Uniform Mean (which is equal to the median)
Log Uniform Median

Gaussian Mean (which is equal to the median)

Truncated Gaussian Mean of the untruncated distribution

Triangular Peak
Beta Mean
GeneralCDF Median

In order to use the best estimate values in a calculation, this must be indicated on the calculation
options dialog (se&ection7.1.2on performing a calculation). For cases that include sampled
parameters, there is a choice between Monte Cafa Latin Hypercube samplingor using

Best Estimates If the Monte Carlo (the default) or the Latin Hypercube option iselected,
calculations are made for the specified number of samples. If the Best Estimates option is
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selected, then a single calculation is made with each sampled parameter taking its best estimate
value.

SeeSection6 on Sampling for more information on sampled parameters.

5.4.1.7 Observer Parameters

An observer parameter is similar to a standard parameter except that it can be defined in terms
ne nsgdg nardqudg o g I dsdgr "mc hs b m qgde:
d@u hk ahkhsx@+ "mc dSq mredgEkt wg-

An observer parameter is allowed to have the same range of multiplicites as a standard
parameter.

Observer parameters will generally be used for ppsicessing, e.g. to calculate concentrations,
doses, risks or cobinations of fluxes.

It should be noted that AMBER can produce small negative resfits observers in some
situations. These arise because of the numerical nature of thedigmping algorithm. In
particular, when the amount of a contaminant in a compartment falls away to zero, there may
be an "oversioot" to small negative amounts. Any observers that depend on amounts will pick
up the same behaviour. Generally, these small results can just bedepedito be zero. It is
possible to usehe "max" function to produce an observer that resets any negative values to O,
e.g.max(Amount,0 [mol])

5.4.1.8 Derived Parameters

Derived parameters provide the mechanism to creatpasameterfrom the time-dependent
behaviour of another parameter.

Four types of derived parameter can be created. Thesel@meted as ATMAX , MAXTIME
and INTEGRAL. .

The AT derived parameter is equal to theale of a timedependent parameter at a time given
by another parameter (which might also be a SnapShot parameteSeet®n5.7.5.).

The MAX derived parameter is equal to the maximum value of a tidependent parameter
over the specified result times (including SnapShot times).

The MAXTIME derived parameter gives the time at which the maximum value of the selected
time-dependent parameter ocrsl

The INTEGRAL derived parameter gives the timiategrated value of a parameter.

In each case the resultant parameter has the same multiplicity as the processed parameter but is
not time-dependent except for the INTEGRAL option (seSection5.6 on Multiplicity). The
processed timdependent parameter can be an input parameter, a result (e.g. Amount) or an
observer.

The derived parameters can be dse expressions for other parameters. These can then be used
in further derived parameters. Thus, it is possible to set an ObserVarax say, to equal the
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MAXTIME for a particu lar result and then to use this to obtain a derivpdrameterfor all the
Amounts atTmax

Derived parameters are added in a similar way to norpatameters The <Add> button on

the Parameters Window brings up a dialog that includes the deriyetameter option.
Selecting this brings up a dialog in which the dédaof the derived parameter can be specified.
An example of a completed dialog is shownFigure 28

Figure 28: Completed Derived Parameter Dialog

MNew Derived Parameter E|

Marme:; | D_totall_Ma

Description:

Maximum doze rate from all exposure
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Detived from:

D total ﬂ

" At Given Time

% Hacsimuim;

" Time of Maeimum
" Integral

Param for time:

Once created, a derived parameter can be edited in the usual way, by ddidieg in the
Parameter Window.

Note that derived parameters are produced from the tHmstory of results stored at each Result
Time. It is therefore recommended that the user specify sufficient resolution of Result Times
around the key period of interest to meet the desired level atwacy for the derived
parameter; e.g. increased Result Time resolution may be desirable around the time of sharp peak
results. Se8ection5.7for more information on Result Times.

The derived results that do not depend on the model calculati@e., do not depend on
Amounts in compartments)are able to be used as model inputShe type of the Derived
Parameter (standard or observer) is dedufredh its master parameter and, if relevant, its at
time parameter.
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5.4.1.9 NameSet Option Parameters

A NameSet Option parameter is a parameter that takes as its value the literal name of one item
from a given NameSefsee Sectioh.4.8.1for information about adding NameSets)The edit
dialog for the parameter presents a drdpwn list of the available NaraSet items, see Figure 9.
The parameter acts like a standard parameter with a literal value but is more convenient to use
(see Sectiob.4.8.4for information about literals) NameSet Option parameters are expected to
ad trdc enqg Dkebadfltagsdthat nofigureq pasetaact in a particular fashion.

Figure 29: New NameSet Option Parameter
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A NameSet Options windowcan be accessed Wiandows | NameSet Optioor via the
NameSet Options button on the toolbar thadllows all Naméet Option parameters to be
uhdvdc " mc I nchehdc nm ~ FglreB)h)k d dbnmsgnk o md

Figure 30: NameSet Option Window
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5.4.1.10 Parameters from External Files

AMBER permits a variety of methods for using data from external files (produced by another
application, for example). These include importing individual parameters from files (From File
parameters) or importing information from files containing many parameters (Import
parameters). These functions (and others) are only recommended for advanced AMBER users
(see Sectiorikl.3and11.9.

5.4.1.11 Changing Parameter Type or Multiplicity

It is possible to change some aspects of a parameter via the Parameter Window. The options are
accessed via a right mouse click (agp menu) on the description texiFigure 31 and
Figure 32.

The changes that can be made are as follows:

p Change to Standard/Obser. change between an observer and a standard parameter
and vice vers®this is allowed as long as the usage of the parameter does not prevent
it;

p Remove [Nang&et} removing a multiplicity index Dany expressions that are for specific
entries in thatindex are lost, but the default expression survives;

p  Extend Multiplicity adding a multiplicity indexDthe previous expressions are taken as
the default expressions for the added ingdex

p Swap Multiplicity swaps the order oimutiplicity for two -dimensional parameters,
which determines the way in which the information is tabulated when editing the
parameter or viewing the values.

The popup menus also allowEdit...to be selected (normally accessed through a double click)
toolbar.
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Figure 31: Changing Parameter Type or Multiplicity
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Figure 32: Changing Parameter Type or Multiplicity
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5.4.1.12 ShowinglCharting Parameter Values

Values for constant (i.e. not timdependent or sampldependentparameteran be reviewed
via the parameters window. For scalars (with no multiplicity) the value is simply written in the
right hand panelsed-igure 33.
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Figure 33: Current Value for Scalar Parameters with No Multiplicity
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[Right-click above for options)
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For parameters with multiplicity, rightclicking over the parameter description provides a pop
up menu with an option to Show Values...This displays a reaonly matrix of the constant
valuegseerigure 34
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Figure 34: Values Dialog Box for Parameters with Multiplicity
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For time-dependent or sampldependent parameters, righticking over the parameter
description gives access tBay = gtibn (Figure 35). This invokes the standard Chart dialog,
but the current parameter will be preelected for the first axi@-igure 36). The type isalso pre
selected as a line chart (as usual) for-eampled; CDF for sampled and percentiles for sampled,
time-dependent parameters

46



AMBER 5.4 Reference Guide

Figure 35: Charting Time-Dependent or Sample-Dependent Parameters
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Figure 36: Pre-selected Parameter for Charting
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5.4.1.13 Comments Against Individual Items

Comments can be added to individual parameter items, including via the Set Start Amount,
Source Information and Transfer Information windows. The comments are added by clicking
on the Comment...button on the Parameter Informationwindows, which opens anEdit
Comment dialogue (seéigure 37).
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Figure 37: Parameter Information Window Showing the New Comment Button
and Edit Comment Dialogue
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Parameter or mapping items that have associated comments are highlighted with a red indicator
in the topright-hand corner of the associated cell. When the cell is selected, the associated
comment is visible in the Comment box (séégure 39).
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Figure 38: Parameter Information Window Showing a Comment
against an Individual Item
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5.4.2 Editing Parameter Values

When a parameter with multiplicity is added or edited, the user will be presented with a dialog
similar to the one inFigure 39,

As the cells in the table of parameter values are of a limited, fixed size, anypex is provided
where the parameter value should be entered. To add or change the value of a pastictidar
in the table, select the cell whose value you wish to change.
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Figure 39: The Parameter Information Window
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When a cell has been selected, its current value will appear in thedityfield where the

expression or numericalalue can then be edited. Changes to éxpressionvalue can either be

made manually, or by using the Expression Editor (s&ection5.4.2.). When the desired
modifications have been introduced, click on the green tick button to incorporate the edited

values into the table. Desired modifications can also be accepted by clicking on another cell
within the Parameter Information window or by scrding up or down with the <up arrow>

ng ;cnvm ~gqQgnv-=- Vgdm "~ kk sgd dchsr g ud add
the changes. If you decide that you do not wish to proceed with an edit at any point, press the
dbgnrr o at s-field wil becleased, dith e aviginal value remaining unchanged

in the table. If you decide you do not want to proceed witiny of the edits at any point, press

sgd dB mbdkge atssnm " mc "~ kk sgd nghfhm k u kt
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5.4.2.1 The Expression Editor

@

gdr hy akd Dwoqdrrhnm Dchsnq
button in the Parameter Information, Set Start Amai, Set Transfer RateSet Source Flux
Availability or PreConditions windows. The Expression Editor window contains five tabbed

lists:

p
p
p
p

p

Clicking on an item in the Parameters, Functions, Operations and Mapping lists pulls up a
description in the right of the panel, whilst clicking on W ameSet pulls up a list of theN ameset

items. These parameters and functions can be inserted in the expression at the location of the
cursor by doubleclicking on the correct item. The Expression Editor provides an additional
method for creating complex algebraic expressions while avoiding the poteotianistyping
names for parameters and other items. The Express&iditor dialog is shown inFigure40.

Parameter®contains all of the available parameters;
FunctionsDcontains all of the mathematical functioravailable;
ne sgd nodg shnmr

NameSets Dlists all of the internal and usedefined NameSets, and all NameSet icons
in a separate list when a NameSet is selected; and

OperationsDb n ms ~ hmr ~ k k

MappingsDlists all of the interral and usedefined mappings available in the case file.

Figure 40: The Expression Editor

vhmcnyv

hr

Expression, Editor for Kd[*][*] El
Hd (Units: m3kg 1 (Multiplicity: [Elements][CompType] )
A
1]
=

Ing_vat

Inb_Sed

Imvertory

b

bd
HKaTokole

L

LocalDecayRate
MinimumChangeTime
haleToBg

MoleTokg
harthTo ear

~

F'arametersl Functions | Operations | Mamesets | Mappings

kKl

Type: Standard

Unit=: [m3ka]

Muttiplicity: [Elements][CompType]

Elermental diztribution coefficient for each
compattment type

Tu

The banner of the Expression Editor identifies the parameter and the location of the entry that

is being edited. The first linef the Expression Editor identifies the units and multiplicity of the

required expression.
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The Expression Editor k k nvr trdgr sn bgdbj sgd cdehmdc d
atssnm bgd sdr °  nddswa brdaBdgvehofihav the expression is assemiojed u

and gives a detailed report of any syntax errors. In particular, it shows how units and
multiplicity are derived in steps and enables the resulting definition to be cobgsked against

the required unis and multiplicity. This makes resolving units and multiplicity errors much

simpler, seé&igure4lfor an example.

Figure 41: Expression Editor Showing a Checked Expression

Expression Editor for R[*][*] §|
R (Units: -3 (Multiplicity: [Elements][Compartments] )
1+rho_b(Comp_to_CompType*Hd(Comp_to_CompTypeltheta_wiComp_to_CompType) -
Parameters l Functions Operagtions | Mamesets | Mappings
Operation Expression Unit= huigalicity Comments -
= Expression Analysis
L =+ T+rho_b(Comp_to_CompType)*Kd(Co...  [] [Compartmernts][Elements]
tEI const int 1 8|
= tho_biComp_to_CompTyperKd(Comg...  [-] [Compartments][Elements]
= mag rhio_b(Comp_to_CompType) [kgn™3]  [Compartments]
L name tho_h kaim®3]  [CompType]
= KeiComp_to_CompTypeitheta_wi(Co... [m"3kg] [Elements][Compartments]
= map KdiComp_to_CompType) [m*3%kg]  [Elements][Compartnents]
L O name Kl [m*3%g]  [Elementz][CompType]
= map theta_wiComp_to_CompType) [-] [Compartments]
L U name thieta_wy [-] [CompType] —
-
1 o[
Jd

The expression breakdown is shown as a tree (ordered in the way that it is interpreted internally
by AMBER). Nodes of the tree are either operations (of various kinds) or symbols. The
symbols have their own units ah multiplicity and these are combined by the operations.
When a conflict arises (e.gdding incompatible units), the breakdown helps to identify the
cause of the problem.

Even when an expression is fully valid, the checker is useful for showing wherds uni
conversions occur and gives the conversion factors used.

5.4.2.2 Defaults

Sgd dmsgx hm °~ o g |l dsdg s akd k adkkdc d; cdc¢
in the table (for a parameter ith multiplicity greater than one, it is possible to specify row or
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columnspecific default values). It is more efficient to set a default value for the table and then
edit the entries which differ from this.

5.4.2.3 Modifying a Parameter Name

To modify the name of an existing parameter, double click on its name in the Parameters
window. The appropriate parameter dialog (depending on the type of the parameter) will
appear.

When a parameter name is©@nged, the opportunity is automatically given to rename all the
occurrences of this parameter in other expressions. This allows parameters to be renamed
without having to edit many different expressions. The option to leave expressions unchanged
Is alsoavailable. The choice is made through a simple dialog that is displayed when the name
change occurs.

5.4.3 Deleting a Parameter

To delete a parameter, click onthe nameindh O g | dsdqgr vhmcnv "~ mc sg
button. If Options| Confirm deletes toggled on, a confirmation will be required before the

deletion takes place. Note that expressions that refer to a deleted parameter are not deleted.

This allows, for example, a scalar parameter to be deleted and a new sampled parameter with

the samename to be created without having to retype all the expressions that refer to it. If a
parameter is deleted that is used in other expressions, an additional warning message will appear,

and afurther opportunity to cancel the deletion is given.

Multiple deletes are possible either by dragging to select a range of parameters, or holding
<Ctrl> whilst additional parameters are selected.If the parameters to be deleted are all listed
below one another, <tift> can be pressed and held while clicking on thep and bottom
parameter of the list.

5.4.4 Internal Parameters

Vgdm b rd hr bqgd sdc+ ‘recreatdd adomatically. Thésens d g m
internal parameters can be referenced in expressions subject to certain restrictions
(eggdedgdmbhmf d@ ntmsqQq hm " m dwoqdrrhnm engq
make sense).

In addition to these parameters are a number of internal parameters intended specifically for
unit conversion (sedable?2).

dHmsdgm kqQ o q | distanal(Read @uly parametsrs (seEabblecp)p whchr +
cannot be created, modified or deleted by the user and Internal (Editable) parameters which can
be modifiedby the user (se€able6).

Editable internal parameters can be modified via the parameter window in the same way as
useradded parameters.

Note that internal parametes that are only defined after calculation (Amount, Availability and
TransferFlux) can only be used in observer parameters.
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Table 5: Internal Parameters (Read Only)

Name Description Multiplicity Defined

Amount The amount in each Contaminant and | After calculation
compartment compartment

AtomicMass | The atomic mass of each Contaminant Always
contaminant

Availability The contaminant availability | Contaminant and | After calculation
for each transfer transfer

DecayConstant The rate of each decay Decay Always

Halfife The halflife of each Contaminant Always (invalid if
contaminant decay constant = 0)

TransferFlux | The flux of transfer for all Transfer and After calculations (as
contaminants and transfers contaminant it depends on

Amount)
In2 log«(2) None Always
t Time None Always
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Table 6: Internal Parameters (Editable)

Name Description Multiplicity Defined
DecayRate The global decay rate | Decays He sgd dT
DecayRate
O g I dsdq
selected
LocalDecayRate The decay rate for each| Compartment Always
compartment and decay
MinimumChangeTime | The time between None Always
recalculation of input
parameters
SampleNumber The sequence number | None Always
of sample (from 0)
SpediedAmount The fixed amount of Compartment Always
each contaminant in and contaminant
each compartment
SourceFlux The flux of all sources | Contaminant and | Always
of each contanmant source
StartAmount The start amount of Compartment Always
each contaminant in and contaminant
each compartment
TransferRate The rate of transfer for | Transfer and Always

all contaminants and
transfers

contaminant

5.4.5 Locking Parameters

To prevent a parameter from being mbde hdc nq
provided to allow many of the parameters in a complicated case to be protected against

cdkdsdc+ hs

accidental deletion or modification. Individual parameters may be locked.

The Set Locked Parameters dial(spea-igure 42 makes it simple to add or remove locks from

parameters. It is accessed wi@ptions| Locksis selected from the menu bar.
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Figure 42: Set Locked Parameters Dialog
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Sn knhbj ) o g Il dsdg+ rdkdbs hs eqgnl sgd khr
Parameters dialog then click on the single right arrow toowe it into the Locked parameters

list; double clicking on a parameter will also move it from one list to the other. To select

several parameters from the list, hold down <Ctrl> and select the required parameters. To

select a block of parameters from thiest, hold down < Shift> and select the required
parameters. The double right arrow will move all parameters from the unlocked list to the

locked one.

To prevent locked parameters from being displayed in the full list of parameters in the
Parameters winde + t mbgdbj sgd dRgnv KnbFigdrelthg | ds dq
Parameters window.

5.4.6 Parameter Searching

For large cases, keeping track of the parameters can be difficult. In order to help with this task,
a parameter search capability is available.

Sgd dRdAd-@gbagt ssnm hr ogdrdms nm sgd O q | dsdqr
the type of search to be made. The results of the search are displayed in a new parameter
window. The search dialog is shown below (d&gure43).
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Figure 43: The Search Dialog

Specify Search E|
Search Type
|Selec1 Search Type ﬂ

That Are Uzed By

That Are Mot Used

That Only Contain Data

That Use Expressions

With Description Including

With Carmment Including

That Are Indexed Cwver

That Use Mapping e

Note that the way AMBER parameters are handled means that the list of parameters given may
occasionally contain some that appeaot to be used. This occurs, for example, when default
expressions are specified but not actually used. Because of this, the results of this search should
be regarded as indicative only.

The following types of search are available:

5.4.6.1 That Use

Finds all parameters that use the selected parameter. The search can be restricted to direct use
(that is to parameters with expressions that refer to the parameter explicitly), or find all
parameters tht depend on the selected parametemote that searching with multiple
parameters selected is not available.

5.4.6.2 That Are Used By

Finds all the parameters that the selected paramekgpends on. This can be direct only
(parameters appearing in expressions for the named parameter). Otherwise, this finds all the
parameters that are needed to define the selected parameter. Note that parameters used in
default expressions will be incledl even if the expression never actually applies.

5.4.6.3 That Are Not Used

Lists all parameters that never appear in an expression. Parameters that are not used may imply
an error or reduncéncy, although some observers will not be used as they are intended for
output purposes only.
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5.4.6.4 That Only Contain Data

Lists all the parameters that do not include expressions.

5.4.6.5 That Use Expressions

Lists all the parameters that use expressions.

5.4.6.6 With Description Including

Finds all parameters that include the specified text string in their description text. The search
can be case sensitive if required checkbox enables comments to beearched as well as
descriptions.

5.4.6.7 With Comments Including

Finds all comments associated with parameter and/or mapping items that include the specified
text string in their text. Thesearch can be case sensitive if required. A cheskenables
descriptions to be searched as well as comments.

5.4.6.8 That Are Indexed Over

Finds all parameters that are indexed over the selelstathesat.

5.4.6.9 With Units Of

Finds all parameters with the units entered.

5.4.6.10 With Units Using

Finds all parameters with units that include the selected base unit.

5.4.6.11 That Use Mapping

Finds all parameters that use the selected mapping.

54.7 Parameter Tree

In addition to the Parameters window, parameters can be browsed via a resizable Parameter
Tree window. In many situations it is useful to be able to view the parent parameters, which
may be referred to wthin a particular parameter expression or the daughter parameters that
may depend on any particular parameter. The Parameter Tree can be accessed via the
Parameters window:

p Open the Windows | Parameters window;

p Select a parameter of interest. Note that holding down the shift or control key will
allow you to select more than one parameter;

p Rdkdbs dhsgdg dO q | TrdrQq ng dO q | Trdc

parameters that the selected parametses. The second option shows a tree of the
parameters that use the selected parameter;

p  Double-clicking on any parameter in the Parameter Tree window will take you to the
Parameter Information window where the parameter details can be viewed and edited.
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Figure 44: An Example ‘Used by Parameter’ Tree
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5.4.8 NameSets and Literals

5.4.8.1 NameSets

In AMBER, It is possible to specify multiplicity of parameters over internally defined
NameSeés - Contaminants, Decays, Compartments, Sources, Transfers and Submodels. In
addition users can define their own NameSets.

Each NameSet has a name and a list of named members. No duplication within or between
NameSets is allowed. NameSets can be creatdd@@mbers added to them via the NameSet
window which can be opened by selectivfindows | NameSair by clicking on the NameSets
icon on the toolbar.

Sn bgd  sd mdv M | dRdsat ghimj hmmsgddMdl@ad Rd s
New NameSet dialog (sdgégure45), and enter the name of the NameSet. To add a member to

the NameSet, clickonthd @cc M | dQq atssnm hm sgd dkdv M | d
M I dQ <ch  kn#tiguredgpd qrSxomdddgd m I d ne sgd | dl
M 1l dQ ch knf “~mc bkhbj nm sgd dNJQ atssnm-

"ood q hm sgd khrs anw hm sgd dMdv M | dRdsQg

required and there are no restrictions on the number of NameSets.
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Figure 45: The New NameSet Dialog
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Figure 46: New Item Name Dialog

Mew Iltem Name P§|

ftem Mame:

Using NameSets removes the need for a set of similarly named parameters. For example,
instead of three contaminaat d o d mc d ms 0 q |l dsfdgrsd li@ck kd @
dCnrd®"Q sd”"Hme msQ "mc dCnrd”~"Q sd”"EndstrqQ+
dCnrd®"Q sdQ o gq |l dsdqg rgntkc ad f huddfimd| t ks hc
M | dRds b kkdc dQdbhohdms Sx od infant, Boetask {séemh mf
Figure45).

When specifying multiplicity for parameters, the user can choose from all available NameSets,
both the internal anduserdefined ones. The only restriction is that different NameSets must be
chosen for the dimensions of a parameter with dual multiplicity.

By default, the NameSet window displays the NameSets in the order that they were added to

the model, however, the user can option to list the NameSets in alphabetic order by selecting
sgd d@kog adshb NqgcdgQ nAng Nameketsihatars mpiduseMinl d Rd s
parameters are marked as betignusedin the NameSet Window
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5.4.8.2 Ordering in NameSets

For small cases the ordering within the Nam&S is not important, since a particular item can
quickly be located. For larger cases, such as with tens of compartments, this can become a
problem. The ordering is relevant to the user in two main ways: firstly, in setting expressions
for parameters idexed over one or more NameSets, and secondly, in selecting results to be
graphed.

The user has control over the order within any NameSet, which can be alphabetic, creation
order, or user specified. For builh NameSets, the default is alphabetic for @partments,
Transfers and Sources, and creation order for Contaminants and Decays. These defaults can be
changed by the user.

Changes to the ordering are made through the NameSet window and dialog, but are reflected in
the Contaminant and Decay windows wére relevant.

Ordering is controlled in the NameSet information dialog which is used for editing items in
NameSets.

Sgd d@kog adshbqQ bgdbj anw rgntkc &iduedlydbj dc
No further action is needed, as new items and renamed items will automatically be placed in the
correct position.

If the alphabetic check box is not checked, then the items can be reoddaserequired. By
default, new items are added to the end and renamed items retain their positions. The buttons
allow items to be moved Up, Down, to the Top or to the Bottom of the list. Only one item at

a time can be moved. To move an item, simplyeselit in the list and use the appropriate
buttons. The item will remain selected so that a sequence of Up button clicks will have the
obvious effect.

5.4.8.3 NameSet Selections

Hs hr onrrhakd sn rds to ° drdkdbshnm@ vhsgt
selection of all items in a NameSet is of interest. This can be done forgeserated or ifbuilt

NameSets. The capability is accessed through the NameSetdowinwvhere there is a
dRdkdbshnmrqQ atssnm- Sghr " kknvr rdkdbshnmr

Nmbd °~ rdkdbshnm g r addm bqgd sdc+ hs b m ad
the index of a graphed parameter, it is also possiblestect the named selection. The relevant
selections automatically appear in the dialog.

Selections can also be used to produce adown version of a case with a selection of
Contaminants (see Sa@pecial inSection3.2.]. They can also be used to store results for a
selection of compartments (s&e3.5.

5.4.8.4 Literals

A literal is simply a word in single quotes. The word must begin with an alphabetic character
"mc bnmshmtd vhsg "~ kog mtl dqltkbhrs dmgg kt+mc d q rhir n dd

61



AMBER 5.4 Reference Guide

Literals can be used in specifying the multiplicity of a parameter, either directly or through the

trd ne "mnsgdqg o gq | dsdg vhsg °~ khsdg k u kt
overtheusec dehmdc M | dRdsgl@mhdg " krhsdlr zohf + bnv-
are valid uses:

Wei ght [ 6pi gd]

Weight [animal]

whereanimal hr ~ o g I dsdg vhsg khsdg k Weightt d doh
[pig @ vntkc ad " | ahftntr hethisigtheefdre notchlipwed.” o q |
Khsdg kr | "x mns ad trdc hm bnlahm shnm vhsg
* dT~127Q hr hkkdf k- Hm rnl d biimedie.thert bg

expression can be entered and savediutitused).

As a sideeffect of allowing expressions in piecewise thhependent parameters, a parameter can

have a timevarying literal value. For example, it is possible to introduce a NameSet called
WeatherType with members {sunny, rainy, foggy} and #m to have a time&ependent

o g |l dsdg+ dvd sgdgQe+ s jhmf u ktdr drt mmxgqQ+
to set parameters whose values depend on the weather.

Note that the parameter used in an index cannot itself be indexed. Thus
wei ght [ ani mal [ 6B aed alon&d. ] But comparisons of literals is supported,
egani mal == &waldv dfanimal is the literal6 ¢ o wh&n, the expression is true,

otherwise it is false.

Parameters can be created with literal values that are msttito the entries in a NameSet, see
Section5.4

5.4.9 Mappings

A Mapping is a relationship betweenod™ | d Rds "~ mc "~ mnsgdq- Sgd L
M 1l dRds ®©®sné€&€ ° rdbnmec M | dRds - @ fnnc dw | o
eqgnl Bnms | hm  msr sn Dk d Hefimd MameSetgEhchidtemdnihe d | d ms
From-NameSet is mappedot an item in the ToNameSet. Different items in the
From-NameSet can map to the same item in the-NameSet, but the other way round is not

possible.

AMBER generates some internal mappitigat canbef d mdg > kkx t r dc: do gqdm
mapping from Decays to Contaminants in which every decay is assigned a parent contaminant;
dcnmnge hr °~ | "oohmf egnl Sqg mredqr sn Bnl o ¢
sq mredqg: ~magQor thirhk dkxothgdbdeagsnn Sg mredgr s
compartment of a transfer.

To create a mapping, seledfindows | Mappingérom the menu bar or click on the Mappings

icon from the toolbar Sgd L oohmf vhmcnv vhkk "~ ood q-
|l nud sn sgd dBqd sd L oohmfqgQ c¢ch  knf - Sghr
From-NameSetand TV | d Rds b " m ad rdkdbsdc- Bk hbj n m
selection,emc xnt ~gd | nudc sn s éiguedMdv L oohmfqQ ch’
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Figure 47: New Mapping Dialog
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The user can then set thmapping name, give it a description and prescribe the mapping
between the members of the FrofdameSeiand the ToNameSet

To prescribe the mapping, select tloell next to the entry in the Fromist. Then select the

correct item from the TeNameSet from the droglown list above the table, and confirm this be

bkhbj hmf sgd dshbjQ anw+ nq bkhbj hmf nm ~ mns
d E g nténgis akailable for cases where many Fridems are mapped to the same -fem.

Comments can be inserted against mappings for individual items (see Seé&iéri.13.

Mappings with associated comments are highlighted with a red indicator and the comment can

be viewed when the mapping is selected.

When a NameSet or Mapping name is changed, the opportunity is automatiggirgn to
rename all the occurrences of this NameSet in other expressions. This allows
NameSets/Mappings to be renamed without having to edit many different expressions. The
option to leave expressions unchanged is, however, also available. The chaieglé through a
simple dialog that is displayed when the name change occurs.
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The following example describes how a mapping from Contaminants to Elements might be
used in an expression to convert a parameter with multiplicity over Elements (theNBoneSet)

to give a result with multiplicity over Contaminants (the FrosNameSet). In this example, the

M 1l dRds dDkdldmsrqQq g r dkdldmsr zT+ Sg|  mc
maps:

U238 > U

U233 > U

Th-229> Th

N

Rtoonrd sgd rngoshnm bndeehbhdms+ Jc+ g r |tk
= 0.1. Note that the expressiotKd(ContaminantToElement) gives a vector with values
for U-238, U234 and TH230.

Sgd dQds gc¢c shnmg+ vimspgQo+thehbkbk&hilgsax &BNmsdelh
sorption coefficient as:

Retardation[*]= 1+(1 - PHI)/PHI*RHO*Kd(ContaminantToElement)

It may often be more efficient (especially for tirdependent cases) to define a parameter with
multiplicity over the From-NameSt that is just assigned using the mapping. This saves the

mapping being applied many times. In the above example we could add a parameter
ContamKd with multiplicity Contaminants, set:

ContamKd[*]= Kd(ContaminantToElement)

and then use:

Retardation[*]= 1+(1 - PHI)/PHI*RHO*ContamKd

This would be particularly beneficial if RHO was timearying since it would avoid
recalculating the mapping (assuming that Kd is tindependent).

@mx | "oohmfr sg s "~ gqd mns trdc hmtheoMappind dsdqr
Window.

5.5 Expressions

5.5.1 General

The use of symbolic expressions provides powerful modelling functionality. Expressions can be
used to define the values of:

standardparameters;

observer parameters;

transfer rates;

source fluxes;

local decay rates;
time-dependent parameters; and
start amounts.

T T T T T T O
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However only numeric constants may be used to define the values of:

sampled parameter characteristics;
result times;
globaldecay rates; and

p
p
p
p atomic masses.

Spaces are not significant in expressions, except where they are introduced into names, which
will cause an error. For example:

AAA+BBB

is equivalent to:

AAA + BBB

However an error will be caused by the space in:

AAA + B BB

The operators and functions available are givenTiable 7 to Table 9, and the order of
precedence for the operators ifable 10. Note that the list of operators and functions is also
available via the Expression Editor (see Sectoh?2.).

Table 7: Binary Operators

Symbol | Syntax Description

- X Unary minus

+ +X Unary plus

- X1:x2 subtraction

+ X1+x2 addition

* X1*x2 multiplication

/ x1/x2 division

A x1"x2 exponentiation

Table 8: Mathematical Functions Available

Name Syntax Description
Abs abs(x) absolute value of x
inverse cosine of x, result in
Arccos arcos(x) :
radians
. . inverse sin®f X, result in
Arcsin arcsin(x) :
radians
Arctan arctan(x) inverse tangent of x, result

in radians betweef® . 1
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Name Syntax Description
b.1
takes (Y, X) arguments and
Arctan? arctan2(x) returns grctan(Y/X) in the
appropriate quadrant
betweenr® "~ mc D
Cos cos(X) cosine of x (X in radians)
cumulative normal
. distribution for the given
Normal CDF cumulativeNormal(x,mean,std_dev)
mean and standard
deviation at the given value
Exp exp(x) e to the power x
Int int(x) integer part of x
Largest largest(expression) largest of components
output is the name of the
largestType(expression name;et 'te”? that is
LargestType | g tTyp (exp . ) ¢ associated with th&argest
argestType(expression, nameset) value, which is reported as
literal
Ln In(x) logarithm (base e) of x
Logl10 log10(x) logarithm (base 10) of x
Max I " w'" wO+wl+ w2+ hu+ wM( maximum of arguments
Min Il hm" wO+wl+ w2+ hu+ wM{( minimum of arguments
RampDown rampDown(a, start, end) lifa<=start, 0ifa>=
end, interpolated value
otherwise.
RampUp rampUp(a, start, end) lifa>=end, Oifa<=

start, interpolated value
otherwise.

SmallestPositive

smallestPositive(expression)

smallest positive of
components

SmallestPositive
Type

smallestPositive Type(expression,names

output is the name of the
Namest item that is
associated with the smalles
positivevalue, which is
reported as a literal

SmoothDown

smoothDown(a, b, s)

1 if a <=0, otherwise
1/(1+(a/b)™(2/s)) which has
value0.5ata="h.
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Name Syntax Description

SmoothDownDeriv | smoothDownDeriv(a,b,s) Returns derivative of
smoothDown(a,b,s) with
respect to a

SmoothUp smoothUp(a,b,s) Returns 1D
smoothDown(a,b,s)

SmoothUpDeriv smoothUpDeriv(a,b,s) Returns derivative of
smoothUp(a,b,s) with
respect to a

Sin sin(x) sine ofx (x in radians)

Sart sqrt(x) square root of x

StepDown stepDown(x1,x2) 0 if x1>x2 , 1 otherwise

StepUp stepUp(x1,x2) 0 if x1<x2 , 1 otherwise

Sum sum(A) or sum(A, nameset) sum over entries in A. Sumg
over all indices or over
givenN amest only if one
IS specified)

SumTvpe sumType(A, mapping) sum over entries in A with

yp ypeiA, mapping the same mapping target
Tan tan(x) tangent of x (X in radians)
TopHat topHat(x1,x2,x3) 1 if x2¢x1¢x3, O otherwise

LookUp Functions

typeLookup(expression, mapping)

transforms indexing

lookup' w+ x / &mwyB)+ x O hu

piecewise constant

cyclicLookUp' w+ x / &mwy@)+ x 0 I

periodic piecewise constant

linearLookUp' w + w &njyn) O hu

linear interpolation
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Table 9: Boolean Operators and Functions Available

Boolean Operator | Description

a>b 1if ais greater than b and 0 otherwise

a>=b 1if ais grater than or equal to b and 0 otherwise

a<b 1ifais less than b and O otherwise

a<=b 1lifais less than or equal to b and 0 otherwise

a== 1ifais equal to b and 0 otherwise

al=b 1 if aisnot equal to b and O otherwise

not(a) lifaif O (false), and O otherwise

anda,b,..) 1 if all its arguments are neeero (true), and 0 otherwise
or(a,b,..) 1 if any of its arguments are narero (true) and @therwise
xor(a,b,..) 1 if exactly one of its arguments is naro (true) and 0 otherwise

Table 10: Order of Precedence

Operator | Description Precedence
Z hu\ Multiplicity Highest

" hu( Parenthesis

-and + Unary minus and plus

A Exponentiation

*and / Multiplication and division

-and + Addition and subtraction | Lowest

5.5.2 Boolean Expressions

The Boolean operators and functions return 1 ftnue and O for false (any nerero value is
treated as true in the functions). The operators are: >, >= <, <=, == and !=. The
functions are not(), and(), or() and xor().

5.5.3 Sum and Largest Function

Sgd drtl Q@ °~ mions @ink thg Suths and magimamdrress the components of a

o g | dsdg+ gdrodbshudkx- sumQMn Engestsdg ™ S k & g ¢h me k ml
casg¢ Each function has two versions: one to act over the whole of a parameter and the other to

act overa single dimension.

The simple form issum(expression) and largest(expression) . Itis recommended
that the expression should be a simple one, often a single parameter name. In this form the
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action is over the full multiplicity. Thussum(Amount) would result in a single value equal to
the total amount summed over all contaminants and compartments.

The extended form specifies the index over which the sum should be performed. Thus
sum(Amount, Compartments) gives a vector of results, one for eaclor@aminant, as
Amount is indexed over both Compartments and Contaminants.

Mnsd sg s sgdgd hr mn dr |l  kkdlargegt( eXd\nbshnm " r

5.5.4 SumType Function

The sumType function sums over items mapping to the same targé can be used, for
example, for summing Amounts:

ElementAmount = sumType(Amount,element),

whereelement is a mapping, and the resulting ElementAmount would have multiplicity over
Elements and Compartments.

It is useful in many other situations, e.g.

ChainDose = sumType(Dose,chain),

where chain is a mapping from Contaminants to a DecayChains, or
MaterialAmount = sumType(Amount,material),

where material is a mapping from Compartments to a Materials.

The first item can be an expression as with other AMRHEunctions. The result has the
multiplicity of this expression except that the component corresponding to the mapping source

is replaced by that corresponding to the mapping target. So, Amount is indexed over
Bnl o gsl dmsr ~ mc B n nmssambhppimy fromsQompartments doIMateridlsy h ~ k Q
then sumType(Amount,material) must be indexed over Materials and Contaminants.

5,55 TypelLookUp
This is needed for the shared availability schemes, but can be used more widely.
typeLookUp(expressio n,mapping)

uses the result of the expression, which must be indexed over the target of mapping, and
produces a result indexed over the source of mapping. Thus,

typeLookUp(Kd,element)

gives a Kd value for each contaminant, given the Kd for each elemerdte fhat this simple
form (where the expression is a single symbol) is equivalent to the construct Kd(element). The
function form extends this to handle expressions.

5.5.6 LookUp Functions

Sggdd ©Knnj To€&€ et mbs hnThese ardpakUpao gydicLbokUbc h m @L
andlinearLookUp
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Each provides a function of their first argument (denoted x here) in terms of the values at a
discrete set of points. The behaviour between the points differs from function to function. In
"kk b rdr+ sgd tmhsr ne sgdnwgQsgdgrxgogkcrgdt bal

The lookUp function provides a piecewise constant value. It takes the form
lookUp(X,y 0,X 1,Y 1.X 2,Y 2,-..X Y N (Where x1< X2< X3<..< Xp\). The returned
value is

Yo X<X 1

Y1 X1 <=X<X 2
Y2 Xz <EX<X 3
é é

MAN XN <=X

The cyclicLookUp  function provides a piecewise constant value that is periodic. It takes the
form cyclicLookUp(x,y 0X 1,Y 1,X 2,Y 2,...X  N) (wWherexi;< X< x3; hu- xn). The
returned value is

Yo X<X 1

Y1 Xy <=EX<X >

) Xy <=X<X 3

é é

Yn1 Xn1 <EX<X N

Yo XN SEX<X N +X1
Y1 Xyt X3 <=X<X N tX2
é é

The linearLookUp  function provides a linearly interpolated value. It takes the form
linearLookUp(x,x 1Y 1,X 2,Y 25X nwY N (Where  X3< Xo< X3<...< Xp). The
returned value is

0 X<X 1 0rX>X
Yi X=X j
yi + Xj <X<X i

Yirr-Yi)*@ -Xi)(X i1-Xi)

5.5.7 Ramp and Smooth Functions
The ramp transitions are provided bsampUp andrampDown. Each takes three arguments.

The rampDown(x,start,end) acts as follows. For x less than start it is equal to 1.0. For x
greater than end it is equal to 0.0. Between start and end a linear ramp is used.

The units of x, start and end must all be compatible.
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rampUp(x,start,end) = dampDown(x,start,end)

Note that if the functions are used with x as the time, t, then start and end should generally be
parameters that are declared as switch parameters.

The smooth transitions are provided bgmoothUp and smoothDown. Each takes three
arguments. They are similar tstepUp andstepDown except that the step is smoothed.

The smoothDown(x,X,s)  acts as follows. For small x (and all negative x) it is equal to 1.0.
For large X it approaches 0.0. When x = X thealue is 0.5. The smoothness of the transition is
controlled by the value of s, a larger value of s giving a smoother transition.

The units of x and X must be compatible and s must be dimensionless.

1 .
smoothDown(x,X,s) = s for x>0, and 1 otherwise
1+(x/X)

smoothUp(x,X,s) = 1 T smoothDown(x,X,s).

The first argument will often be t (time), but need not be. The expected range for s is 0.1 to 10.

5.6 Multiplicity

Multiplicity is similar in concept to arrays in programminglanguages. A parameter with
multiplicity potentially has more than one value. For example a parameter with contaminant
multiplicity has a value for each contaminant.

It is possible to have multiplicity across one or two dimension$he allowed dimensions are
either the internal NameSets, e.g. Contaminants and Compartments, or-tdstined NameSets.

Xnt b m trd sgd rpt gd aq bjds mns shnm ' 4z
multiplicity. Considerastand qc o g | dsdg dbnmbdmsqg shnmqQ@ vh
"mc dBnl o gsl dmsr Q- @ rs mc gc rb kg "mn |
rtl sgd bnmbdmsq shnm hm bnl o gqs| dRammeterd @Q
drtl 0Q efmbadkbk ad c

concentration[contaminant = NUC1,compartment = A]+
concentration[contaminant = NUC1,compartment = B]

This can be shortened to the equivalent:
concentration[NUC1,A] + concentration[NUC1,B]

If you want to sum the concentrations of A and B for eadontaminant a standard parameter
drtl 19 bntkc ad bgd sdc vhsg | tkshokhbhsx dBn

concentration[A] + concentration[B]

Using a default expression saves having to type this same expression for each contaminant and is
more efficient in calculation. Here the contaminant index is implicit, i.e. for contaminant
dMTBOQ sgd dwoqdrrhnm vhkk ad hmsdgoqdsdc "~ r9

concentration[NUC1,A] + concentration[NUC1,B]

In dual multiplicity, column defaults take precedence over row defaults.
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Note that the square bracket syntax cannot be confused with the use of square brackets for units
since the latter is only valid after a constant. Thus x[m] means that x has an index that includes
m, whereas 2[m] means 2 metres!

5.7 Result Times

The Result Times window (seEigure 48) is shown whenwindows | Result Times selected
from the menu bar or the Result Times icon is selected from the menu bar. This is the window
in which result times are created, modified and deleted.

Figure 48: Result Times Window

¥l Result Times (Years) f5__<|

Fa)

WO~ Mmoh B L)k —

Start Time: IEIi
[ Add . | | |

[ Create Library ... ] [ Fead Library... ]

The start time, which must be nomegative ad less than the earliest result time, is entered in
the start time field provided. It is zero by default.

5.7.1 Result Time Units

The units used for result times can be different from those used for datatimal rates, if
specified as such in the Units dialog (accessedwiions | Unity. By default, however, the
same units are used.

If different units are used for result times, then the only effect is on times specified in the Result
Times window, and onthe times given in reports and graphs. All other times remain in the
internal units Dincluding the time variable itself, t.

Changing the time units (or any other units for that matter) will invalidate any calculated
results.
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5.7.2 Adding a Result Time

Nmd ngqg | ngd mdv qdrtks shldr b m ad bgd sdc
Times dialog (se€&igure 49) will appear with a choice of a single time or an arithmetic or
geometric sequence of times, and fields that you can use to specify the new result times.

To add asingleresulttime selegt d Rhmf kd Shl dQ q chn atssnm
ehdkc - Sn dmsdg "m "ghsgldshb nqg fdnkdsghb r
dFdnl dsqghd Rdphd mastdgsds nemtq rdsms'dmge k" r s shl dr hn
shlde " mc dK rs Shldqg ehdkcr "mc sgd mtl adgq
dw Il okd sn "cc sgd rdptdmbd ne qdrtks shl dr
0/ hmgsgdShIEhQ ehdkc+ 1// hm sgd dK rs Shl do
Result times are listed in increasing order. If a duplicate time is input a warning dialog appears

ats sgd ctokhb sdr ~gd sgdm cetulttmesgatiedResult Bk h b j
Times window.

Figure 49: Add Result Times dialog

Add Result Times X

{* Single Time
" Arithmetic Sequence
" Geometric Sequence

Time (% ears) 0
Ii
Ii

5.7.3 Modifying a Result Time

To modify an existing result time double click on the result time in the Result Times window.
The Change Result Time dialog will appear. Change the value in the field as required.

5.7.4 Deleting a Result Time

Sn cdkdsd ° gdrtks shld+ bkhbj nm hs hm sgd
button. If Options| Confirm deletess toggled on, a confirmation will be required before the
deletion takes place.

Note that multiple result times can be selected for deletion with <Ctrl>, <Sift>+click or
by clicking and holding the left mouse button down as the cursorsrolled over the result
times.
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5.7.5 Reporting Results at a Sampled Time

It is sometimes necessary to be able to report results at a sampled time, which can be done by
using Snapshots ariderived Parameterseither in conjunction or independently of each other.

5.7.5.1 SnapShots

In general, AMBER stores the Amount in each compartment for each contaminant at each
result time. Most observed results are then generated by lineartgrpolating the values
between the result times. This is generally adequate, but cannot cope with a situation where the
time of interest is uncertain, or is derived from a calculation. This is particularly true where
there is a discontinuity of some sbat or near the time of interest. In these circumstances, it is
useful to be able to record the Amounts at the unknown time of interest, in which case
SnapShots can be used.

A SnapShot is specified by giving a variable that evaluates to the time okstteln this way, a
SnapShot time is very similar to a Switch time. The GUI for SnapShots is identical to that for
Switch Times, and is accessed viaWimdows| SnapShot Parametarenu.

When a calculation is undertaken, AMER stores Amounts in the compartments at each
SnapShot time in addition to the Result Times to provide increased resolution at the unknown
times of interest. In addition to this, SnapShots are very useful when used in conjunction with
Derived ParametergseeSection5.4.1.8.

SnapShot parameters cannot be Observers, but can be Sampled Parameters. They must evaluate
to a single value with time units

5.7.6 Result Time Libraries

If a set of result times are used regularly, a library file can be created using the Create Library
option. To make a library file from a set of result timesinacasdggi nm sgd dBqgqd sd
button on the Result Times window. Another window will appear in which the user selects or

adds a filename and directory for the library file. This is done by entering the filename directly

into the text field or selecting élename from another directory.

@ khagqg gqx ehkd ng b rd ehkd b m ad qd ¢ hmsn
Khaq gx---Q atssnm- He °~ khag gqx ng b rd eh
d Qd " ¢ Hha d kaehialoy bppedrs. QThis dialog gives information on the file being read

in and the option to replace existing result times, merge with existing result times or cancel the
operation. By clicking the appropriate button, the result times will be read into tResult

Times window.

5.8 Saving the Case

It is advisable to save the case regularly, particularly after significant data has been added and
prior to the next calculation. Seledtile| Save Case A®sm the menu bar to save the case with

a new path andrile| Save Cageom the menu bar or the Save icon from the toolbar to save the
case with the same name and path.
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If a case has been altered and Fie| Save Casaption is selected, AMBER makeskmackup
copy of the previously saved version of the case. This is given the same name as the case file
vhsg sgd dwsdmrhnm d-bajQ- Sghr hr trdetk he

If a case has been altered and the original case is requeé&dle| Revert to Saveaption can be
used. This will delete all the changes made since the case was last saved.

If an attempt is made to close a case with unsaved changes, then a message is produced
prompting for a save or disrd.

Sgd dR gdnB&seHdhm kkie | Save $péciaia klldws a base to be saved with
only a selected set of contaminants (identified by a SelectionSse&on5.4.8.3. Any decays

from selected contaminants to those that are excluded are reassigned to be from the selected
contaminant to NULL. This option is only available when the original case does not need
saving (to aval loss of data).
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6 Sampling

In addition to calculating results for a set of singular parameter values (a deterministic run),
AMBER provides facilities for performing multiple calculations by sampling the values of some
parameters from probiility distributions (a probabilistic run) (se&ection5.4.1.6on sampled
parameters). There are two main reasons for undertaking a probabilistic run: uncertainty
analysisand sensitivity analysis

In an uncertainty analysis the objective is to discovertimplications of uncertainty in the
values of input parameters on the calculated results. Thus, it is necessary to characterise the
input parameter uncertainty, in terms of probability distributions, and calculate the distribution

of results. The resudt can be analysed, for example to give averageSéstiens/.3.1and7.3.2

on generating reports and graphs).

In a sensitivity analysis the objective is to discover the relationship between the input
parameters and particular results, in order to see which parameter values are most important
Here, the distributions given for the input parameters serve only to indicate the range of values
that are of interest. The distribution of results is analysed to indicate correlation with the
inputs. A batch mode command allows AMBER to report a mitrof correlation coefficients,
seeSection12.1for more information. This functionality is also provided in standard statistical
packages and AMBER can produdle$ suitable for input to one of these, SPSS. The details of
this are discussed Bection11.4

It is, of course, possible to set up a probadtic run and perform both uncertainty and
sensitivity analysis on the same samples. The remainder ofsisiondescribes the various
input distributions that are provided and how these can be used to produce a wide variety of
parameter distributions ath correlations.

The mechanisms within AMBER for useintroduced parameters are ideal for undertaking
probabilistic studies. This is because the ultimate sources of uncertainty can be identified and
sampled parameters introduced to reflect them. This naturally leadsetasible correlation
structures.

Consider a case where two parameters are uncertain because they both depend on a common
third item. This is simply handled by making this common source of uncertainty a sampled
parameter and giving the formulae that came lused to calculate the original two parameters.
These parameters are then correlated, through their mutual dependency.

The first step in performing an uncertainty analysis is to clearly locate the sources of
uncertainty (not just the symptoms of it- the derived parameters). Each of the sampled
parameters must then be given a distribution. Note that in AMBER most sampled parameters
are scalar (only From File parameters can be sampled while having multiplicity, see
Sectionl1.3. This is because attaching a distribution to a parameter indexed by contaminant
(say) would be ambiguous; it could mean that all the contaamnvalues should be sampled
from the same distribution (independently of one another) or it could be that only one value
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should be sampled, and used for every contaminant. In AMBER, the user is forced to resolve
the ambiguity, by introducing only one ormany sampled parameters, as appropriate, or by
importing the sampled data into AMBER by external files.

Once the sampled parameters are identified it is necessary to attach a distribution to them. The
art of eliciting such a distribution from experts isdyond the scope of this document, it is
assumed that a particular distribution has been decided upon.

AMBER provides six basic distribution types that can be used directly. However, by using
expressions involving the basic types, other distributions carsignthesised. The basic types are
described below. All distributions can also be specified directly as logarithmically based
distributions. This is indicated by a check box on the parameters information dialog of sampled
parameters (sdégure 26).

For a loghased PDF, the distribution parameters relate to the log, base 10, of the final variable.
Thus, for a loguniform from 10? to 10, the logcheck box is selected and the min and max
must given as-2and +2. Note that constant expressions can be used to define PDF
characteristics, thereforleg 10(0.01) andlog 10(100) may also be used. Similarly, for a
log-Gaussian (lognormal) distribution, the mean and standard deviation apply to the logarithm.

6.1 Uniform PDF

This requires simply a minimum and maximum value. Any intermediate value is equally likely
to be sampled. The PDF for an example sampleatameter with a uniform distribution
characterised with a minimum value of O and maximum value of 5 is showrRigure 50

Figure 50: Example Uniform PDF
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6.2 Gaussian

Gaussian, or normal, distributions are wédhown, and are simply characterised by a mean
(central value) and standard deviation (width). See any statistical text book for further
discussion. Note that if there is no truncation (use the Truncated Gaussian if this is required),
care should be takemith using Gaussian distributions for parameters which have physical
limits (e.g. they must be positive), since in principle the tail of the distribution continues
indefinitely. The PDF for an example sampled parameter with a Gaussian distribution
charaterised with a mean value of 2.5 and standard deviation of 2.5 is showigimre 51

Figure 51: Example Gaussian PDF
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6.3 Truncated Gaussian

This is precisely the same as a Gaussian, except that samples outside set limits will be rejected. It
Is useful when a parameter distribution has a Gaussian shape, but where other considerations
indicate that it lies within definite bounds. Note that very tight bounds are not allowed, since

the time taken to generate a nerjected sample could become prohibitive. An error message

will appear if the PDF characteristics are not allowedlhe PDF for an example sampled
parameter with a Gaussian distribution characterised with a mean value of 2.5 and standard
deviation of 2.5 but truncated a2 and 6 is shown ifrigure 52

Figure 52: Example Truncated Gaussian PDF
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6.4 Triangular

This simple distribution requires a minimum, a maximum and a mgsbbable (peak) value.
Note that the probability of sampling a value lower than the peak value depends on the relative
position of this between the minimum and the maximum. Care should be taken in using a
triangular distribution when the range is very wie. For example, if the minimum is 1, the peak

is 10 and the maximum is 100, it is not correct to suppose that half the sample will be less than
10 (in fact only 1 sample in 11 will be), sEgure53

Figure 53: Example Triangular PDF
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6.5 Beta

The beta distribution can be used to give a wide range of distributions, includingdulal
distributions. @k k u”  ktdr vhkk ad adsvddm sgd dl hmhlt
cdsdgl hmdc ax sgd dads @ ~mc dads  AQ o q |
practical purposes, <10. If the PDF is plotted the minimum end is shaped like:

(x-minimum)PeeAt

and the maximum end like:

(maximumx)°e2 &

He dads @ mc dads AQ "qd sgd r | d sgd chr
Figure54r gnvr "~ m dw | okd ads chrsghatshnm vhsg

producing a bimodal distribution.

Figure 54: Example Beta PDF
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6.6 General Cumulative Distribution Functions

The Generd Cumulative Density Function(CDF) allows any shape of cumulative probability
distribution to be approximated as piecewise linear, $égure 55 This corresponds to a
histogram for the density function, but is slightly more general (the values are not necessarily
spaced equally).

To specify the piecewise linear function, the minimum and maximum values must be specified
and cumulatve probabilities given at the intermediate points. This is achieved through the
PDF Characteristics dialog.

Figure 55: Example Piecewise Linear Cumulative Distribution Function
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6.7 Partial Sampling

Partial sampling enables the user to select the parameters to be sampled before a calculation is
run. The nonsampled paramete take besestimate values.

Note that the values taken by sampled parameters are independent from one parameter to
another, so the sequence of values for any sampled parameter will be the same regardless of
which other parameters are sampled. This allbaomparisons to be made between results with

or without varying one parameter with all other parameter values the same.

The parameters to be sampled can be specified from the Calculation diglegp(ts | Calculate)

If there are sampled parametersindh | ncdk+ "~ mc he O gsh > k R 1 ok
button gives access to the list of sampled parameters. This is where the user sets which sampled
parameters should be sampled in the calculation and which should take their best estimate
value. The selected items will be remembered between calculations and are saved with the case

file.
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Full sampling or besestimate calculation can be selected separddghys will not destroy the
rdkdbshnmr | " cd- Mnsd s g sthhosamfled pajagnbterske€ r |
set of identical beststimate calculations will be made!

6.8 Seeds

The samples are generated in AMBER by a psetat@om number generator. This requires an

initial seed to be specified. If thmitial seed is changed, a different set of samples will be
generated. Note that the samples generated also depend on the order in which the distributions
were created. When new sampled parameters are added, the sample values for the existing ones
do nat change. Similarly if a sampled parameter is deleted, the remaining ones will generate the
same sampled values.

6.9 Selecting Specific Samples

Ax rodbhexhmf teddlculatiendialoggsdeigure 58) ibikpdssitiierto runonly
particular samples. This can be used, for example, tesure a sample that gave high
consequences, to look at its detailed tiahependent behaviour in isolation. The internal read
only SampleNumber parameter is useful in determining which particular samples are
important. For example a scatter plot of sample numharsus the peak consequence could be
used and the sample with the highest consequence can then be run in isolation.

6.10 Sample Files

Sample files enable AMBER users to specify a set of sampled parameters to be correlated by
specifying a bt of allowable parameter value combinations in a separate text based file (the
sample file).

Note that AMBER case files can be created and edited via either the AMBER grajpisiesl
interface (GUI) or directly in the text based AMBER case file. ltesphasised that editing an
AMBER case file using a text editor is only to be tried by advanced AMBER users. It is
strongly recommended that case files are baalpgbrior to any changes being made to the text
based file. Should mistakes result in problgrnying to open or run a case file that has been
edited directly, note that support is available to users with valid support agreements.

For more information on Sample Files, please refefSection11.5

6.11 Correlations

This is a scheme to allow correlations between sampled parameters to be specifiattiass of
correlation coefficients.

Sghr hr “~bghdudc ax rodbhexhmf X mtl adg ne
Window accessed vi/indows | Correlations Each group defines correlations between a subset
of the variants (sampled parameter$yo variants can be in more than one correlation group.

Sgd Bnggdk shnm Ch knftd "~ kknvr sgd bnggdk sh
mdv bnggdk shnm fgnto+ sgdm d@cc Qnve sn ~cc
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matrix of correlation coefficients can then be specified by clicking and editing the values in the
correlation matrix Figure5¢( - Bkhbj nm hdGodetatiossWindod.st gqm sn s

Correlations require Latin Hypercube Sampling. AMBER checks that the Latin Hypercube
Sampling option is selected on open and on calculation and warns the user if this is not the case.

Also note that when partial sampling is use8ection6.7), only sampled parameters within a
correlation matrix are correlated.

Figure 56: Correlations Matrix

Correlation Fg|
Marme: | Surfaceiater
De=cription:
Correlstions between tempersture and surface water model ﬂ
.|
ETP | mF | peT | RO | T -
ETF 1 -0.75 0.35 0.& n.vs
IMF -0.75 1 0.5 -0F -0.4
PPT 0.5 0.5 1 nAa -06
R 0.6 -0.7 0.4 1 -0.5
T 0.7s -0.4 -05 -0.5 1 j
[ Al Rowy | | DelteRow |
[ Ol ] [ Cancel ]
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7 Running and Reporting a Case File

7.1 Checking Parameters

Calculations and report generation can sometimes result in errors being reported in a case due

to incorrect parameter definitions. For example you might have defined gpal dsdqg dwQ
sdqlr ne o gq | dsdgqg dx@+ vgdgd dxQ hr tmcdehr
trdetk v x sn dcdatfqQ rtbg oqnakdlr - Hs hr
after calculation to avoid any errors propagating throughetresults.

SelectResults | Check Paramet&sn the menu bar, or click on the Check Parameters button
on the tool bar. The Check Parameters window (deigure 57) will appear with a summary of
all the userdefined parameters and model inputs. Simple evaluation errors will be reported.

Figure 57: Check Parameters Window

£l Check Parameters |:|@®

0 checked parameter(s).
0 error(=s) detected.

0 Precondtions
0 wwarning(s) detected.
0 errorffailurels) detected.

IIF Only show errors

Mnsd sg s sgd hmengl shnm hm sgd vhmcnv hr
selectResults | Check Parametagain and AMBER will reevaluate all the parameters each
time.

If the window already exists when you seldgesults | Check Pameterg will be brought to the
front and the contents updated.

The Check Parameters window can be resized and can be copied from using <CtrI>+C. This
facility can be useful if expressions for one parameter are to be copied into another. The copy
facility is also useful for pasting into a word processing package or text editor for printing
selected information or inserting into a report.

The Check Parameters command also checks any preconditions that have been defined for the
case (see Secti8r).
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7.1.1 Checking by Graphing

In AMBER, input parameters can be graphed prior to a calculation. This is particularly useful
for checking timedependent and sampled inputs. Graphing is discussé&ation7.3.2

7.1.2 Checking by Expression Editor

When the cause of an error is not obvious, using the Check functionality of the Expression
Editor can often resolve the problem, s&ection5.4.2.1

7.2 Calculation

7.2.1 Solvers
AMBER has two solvers:

p a Laplace solverwhich is used for cases with no tirependency or with piecewise
constant (stepvise) timedependent parameters; and

p atimestep solverwhich is used for cases with more complex tikdependency.

The type of solver to be used is selected automatically by AMBER. The Laplace solver is
selected by default for case without tintkependency orwithp d bdv hr d bnmr s ms 4t
cdodmcdmsQ o q | ds-stepsolverisselected qv hrd sgd shl d

7.2.2 Solver Controls

Two solver controls are available.

7.2.2.1 Forcing the Laplace Solver to be Used

For cags where the transfer rates, sources, specified amounts and local decay rates are piecewise
constant, but use stepUp, stepDown or topHat functions, AMBER does not recognise that the
Laplace Solver could be used. The user can force the use of the Laphaeeis this situation,

by selecting it on the Calculate Options dialog that comes up when a calculation is requested.

AMBER checks that the problem is suitable for Laplace solution before proceeding. The
discontinuity times must be properly specified &witch Parameters through the Switch
Parameters Window for this option to function correctly (setection5.4.1.5.

7.2.2.2 Speeding up the Time-Step Solver When Rates Change Only Slowly

When the timestep solver is used, AMBER has to recalculate the transfer rates, sources,
specified amounts and local decay rates at every-tap. For complex problems this can be a
slow process. In many cases, the rates change only slowly with time and it is not necessary for
them to be recalculated every tirrsep.

The user can speed up the solver in these cases by specifying a minimum interval between
recalculations. For intervals shorter than this all the rates can be calculated by linear
interpolation. The interpolation scheme is used for transfer rates (andrcs) availability
parameters, decay rates and specified amount if appropriate). This is invoked by using the
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hmsdgm k dchs &@kdo &jLHrdBggqgmf dSMhsed sg s sgd |
between discontinuities (as set bwi&h Time parameters). Using the interpolation scheme can
substantially reduce run times without altering the results significantly.

When the interpolation scheme is used, AMBER will try to use a linear interpolation scheme
instead of calculating the futransfer rate expressions (and sources and availability parameters)

at every time step when the timgtep is smaller than the MinChangeTime, this means that the

rate will be calculated every MinChangeTime interval (or greater). So if MinChangeTime is 10
years, the rates will be calculated at 0, 10, 20 years etc. Once the step is longer than 10 years, the
rate will generally be calculated every step as before. MinChangeTime can itself be
time-dependent.

It is important to note that the MinChangeTime lsould be set to the smallest time over which
significant changes to transfer rates occur, regardless of the rates themselves. Thus, if transfer
rates, sources and availability parameters do not change the MinChangeTime can be set very
large.

AMBER does na check that the given MinChangeTime is sensifibso it should be used with
care. This does mean that a quick and approximate calculation can be performed by setting the
MinChangeTime to a large value and ignoring the shorter timescale changes.

7.2.3 Performing a Calculation

Once the model has been set up to run a calculation, Result$ Calculatetem can be chosen
from the menu bar or the Calculate icon is selected from the toolbar. The Calculate dialog will
now appear (seeigure58).

7.2.3.1 Choosing the Solver Type

Either the Laplace or timestep solver will automatically be selected. If you have used the
hmsdgm k schlhmudwdqgdakdhmmr sg s "~ qgd trdc chqg
terms and/or transfers you will be forced to use thetimes d o r nkudq - He xnt ¢
have only used it within observer parameters) you will have the optiandhoose either the

Laplace solver or the timstep solver. Where you have a choice, you should normally choose

the Laplace solver as it will generally be faster and more accurate. The Laplace solver also
handles differences in scale within a problemtbe{e.g. large amounts in one compartment and

small amounts in another).
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Figure 58: The Calculate Dialog

Calculate

Solver type:
" Laplace Forced
{» Time-step

Check far:

Sampling:
{
{

r

[v Megative transfer rates
[v Megative source term fluxes

3

~

[ Specity... ]

Samples
[Murmbet & First)

[ Do not calculste

Seed

[ Save after calculate

Cancel

Checking For

The Calculate dialodhas check boxes that the user can use to enable/disable the checking for
negative transfer rates or source fluxes. As negative rates and fluxes are not normally expected
this can be a useful check, for example it might reveal an incorrect sign in asaurtransfer
expression. A maximum of three negative values will be reported during a calculation (it is
possible that hundreds could occur in a probabilistic case). However very small negative values

can be generated by the solver (e:t0") where zro might have been expected.

If small

negative values are a problem you can remove them using the max function, for example

replacingx with max(x,0)

7.2.3.3 Samples and Seeds

If at least one sampled parameter is defined (seecBebtd.1.6and6( + sgd dR r&kokdr
Ehgrs(Q " mc dRddcQ ehdkcr vhkk ad dm akdc-
21+656( hm sgd eandfield)dngtethatthe dirkedaken ® gotire thke greldem

will be approximately proportional to the number of sanips), and enter the first sample to be
rnkudc hm sgd Hahdfiegd)sQ ehdkc "'sgd qghfgs

Sgd drddcgQ hr sgd a rd rddc trdc ax sgd r~

of each sampled parameter is offset). The offset to the seed nam-aegative integer related to
its position in the case file in relation to the other sampled parameters, is constant for the

lifetime of a sampled parameter. This increases the independence of the sampled parameters and

makes probabilistic calculationselatively robust to the deletion of old parameters or the
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addition of new parameters. You might wish to change the seed to see how this affects the
results. The seed can be an integer in the range 1 to 999999999.

7.2.3.4 Sampling

Sampling iscarried out using a Monte Carlescheme by default, but Latin Hypercub®ampling
(LHS) can be selected.

When LHS is used, the samples generated for each sampled parameter are more uniformly
distributed across its range compared to Monte Carlo Sampling. Specifically, with N samples,
one value is generated in each of N quantile ranges (of width 1/N). Thus, for the simple case of
a uniformly distributed parameter between 0 and 1 with 100 samples thelldbe one sample

between 0 and 0.01, one between 0.01 and 0.02 etc. Within each quantile the sample is random.

KGR hr °~ engl ne drsq shehdcqQ r | okhmf+ "r

LHS produces smoother distributions with fewer samples whemmgmared with Monte Carlo
analysis. This has the potential advantage of producing good distribution fits with fewer
sampled runs, thereby reducing the calculation time and size of results files. This advantage is
most noticeable for small numbers of samglparameters.

KGR b" m ad rdkdbsdc uh™ sgd dTrd K shm Gxodgt

(sedFigure59).
Figure 59: Calculate Dialog for Sampled Case
Calculate E|
Solver type:
{* Laplace
" Time-step
Check far:
[v Megative transfer rates
[v Megative source term fluxes
Sampling:
{* Full " Partial
(" Best Estimates :]
[ Use Latin Hypercube Sampling
m 0 Samples
[Murmbet & First)
| 987654321 =eed
[ Donotcalculate | Save after calculate
Partial samplingd m™ ak dr rnld r lokdc o g |l dsdgr sn

whilst others are sampled and is discusse8eation6.?.
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Sgd dCn mns b kbtk sdqQ@ bgdbj anw hr ognuhcdc
calculation is run. Once the number of samplesdathe seed is set, graphs and reports for
sampled input parameters can be produced.

In order to help in finding which sample number is producing results that are interesting to

look at separately, there is a buitt parameter, SampleNumber. This takevalue equal to the

sample number. It can then be used in scatter plots to pick out the sample of interest. Note

sg s R lokdMtladg hr rds sn sgd ®f kna k& r | o
0// sgd R lokdMtladg.vhkk dpt k O0//+ 0/0+ h O

The interesting case can then be run in isolation by inserting the sample number of interest into
the First field on the Calculate dialog and setting the number of samples to 1. This enables a
single calculation to be undertaken with the combination c¢fampled values of interest,
whereupon the interesting results can be investigated in detail.

7.2.3.5 Calculation Requirements
Before a calculation is allowed to run, the following criteria must be satisfied:

the numberof compartments must be greater than zero;
the number of contaminants must be greater than zero;
the number of result times must be greater than zero;

all the required parameters must be correctly defined; and
the start time must be less than the first tdistime.

T T T T O

The Progress dialog will be displayed while the calculation is taking place, and it reports the
sample number (if applicable) and the estimated percentage completed. When thetéime
solver is being used, the Progress dialog also reports the curreculaabn time, see
Figure60. The calculation progress is also reported in the AMBER banner, which meanstthat
is visible on the Windows Taskbar.

Figure 60: Progress Dialog

Saolving
Titme reached 10368 5

Calculstion 45% Done

Cancel

@ b kbtk > shnm b m ad b mbdkkdc vghkd hs hr
Progress dialog. If it is a deterministic calculation, any results calculated soilfdvenost. If it
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is a probabilistic calculation, any samples already completed will be kept. For example, if a 100
sample calculation is cancelled after 50 samples the saved results will be the same as if a 50
sample calculation had been run to comptet.

A checkbox on the Calculate dialog allows an awave to be requested. With this option

selected, the case is automatically saved once the calculation finishes. This is particularly useful

for long probabilistic runs in reducing the risk of resudtbeing lost due to a power failure or

bnl otsdq bq rg- Sgd cde tks dR ud "~ esdg b kb

7.2.3.6 Checking if a Case has Been Calculated

The titlebar indicates when a case has been calculated gdongshmf hsr r s st
Once calculated th€alculatecommand via theResultsnenu changes tReCalculate

7.3 Results

Sgd qgqdrtksr ne °~ b kbtk shnm " gd' @sAQ@cc hsm
and the same stem as the case file. If a case file expects to have a binary file and one cannot be
located, for example because the binary file has been renamed or removed, a warning message

will be generated when the case imsdmdc rs shmf9 ©V gmhmf9 Ahm
name].adf could not be opened. You willneedtolste k bt k ° s d € - @m d- ceQ ¢
by running the calculation again.

During calculation temporary binary files are produced. These fidge prefixed by the letters
d aQ ' @LADQ ahm gx( - Sgdrd "~ gd bkd gdc to
AMBER is running.

7.3.1 Report File

After the calculation, the results can be presented in report formR#sults | Repois selected
eqnl sgd | dmt a ' g ng sgd dVghsd QdonqgsQ hbr
Information dialog (seéigure 61) will appear.

The Report Information dialog gives the opportunity to decide the page width and number of
significant figures to which the results are given in the report. The user has the choice of
whether the compartment amounts, source fluxes, transfer fluxes andrpaters are reported.

If the Parameters chedbox is selected you can choose which parameters to output, and their
ngcdghmf+ ax bkhbjhmf nm sgd dBgnnrd O q | ds
Parameters dialog, sée&gure 62
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Figure 61: Report Information Dialog

Report Information

Page width

2

v Compartment amounts
v Source fluxes

v Tranzfer fluxes

v Parameters

[ Chooze Parameters... ]

Sig figs

X]

—

Cancel

through the configuration file and so applies to all cases.

The list of selected and unselected parameigeeso remembered whik a case is open.
new parameters are added to the chosen list so that they are not aifttam reports by
mistake.

Note that the requested number of significant figures does not include a minus sign if the
reported values were negative.

Figure 62: Choose Parameters Dialog

Choose Parameters

X]
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LocalDecayRate - | A -
minimumChanoeTime F AR _=sero F
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Availability CF_crop
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By Tobdole C_airs_low
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DecayConstant C_fodd
DecayRate C_prod
GramToMole C =
HalfLife :] C_wy
HourToYear Croplozshumerstor
by Tokole b Sort DC_exts b
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If you only wish to report the results for a few of the available parameters, use the double left
"qgqnv sn I nud "kk sgd o g I dsdqgr egnl sgd dBcg
individual parameter by selecting it from the list of Not Chosen pararaeet and clicking on the

single right arrow to move it into the Chosen parameters list. To select several parameters at

once, hold down <Ctrl> and select the required parameters. To select a block of parameters

from the list, hold down < Shift> and select the required parameters.

Double<clicking on a parameter can also be used to move it from one list to another.

If the calculation was probabilistic (see Sectidnd.1.6and6) you can choose which statistical
|l d rtgdr sn ntsots -ax- g d&ktddosrmhmf wghlb g Rsr sing @
options available are:

p Mean

p Standard Deviation

p Min/Max ; and

p Confidence Limits

Vgdm dbnmehcdmbd khlhsrqq hr rdkdbsdc+ sgdqd

confidence limits (Guttman Tchevechey or Gaussiajy while the second option is of the
percentage of the confidence limits (90, 95 or 99%).

Once the parameter and statistcsaptmr g ud addm bgnrdm+ sgd dNJ
and a dialog will appear prompting the user to supply the path for the report file. The report is

written to a text file that can be read with an appropriate editing package such as Notepad in
Windows.

Note that a probabilistic calculation with only one sample is treated like a deterministic
calculation for the purposes of report generation.

Problems may be reported for some parameters that were not reported during calculation. This
is because thegparameters did not need to be evaluated during the calculation. In such cases an
error dialog will appear on the screen providing the user with information necessary to identify
the cause of the evaluation error.

7.3.2 Graphs

You can create a graph by selectiRgsults | Graptrom the menu bar or the Create Graph
icon from the toolbar. The Graph type dialog will appear (segyure 63).

7.3.2.1 Graph Types
If the calculation was deterministic the allowed graph type is:

p Line.

If the calculation was probabilistic (see Sectidnd.1.6and 6) the allowed graph typeare(see
Figure 63

p Line;

p Mean + Confidence Limits
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Cdf (Cumulative distribution function);
Scatter and
Percentile

xnt bgnnrd dLd m

*

B n me h cconfidbnde likkitibdumds if Q

sgdc

dMnmdqQ hr rdkdbsdc s gednon thed samdeqchast (tHisds shown ib ~ m  a

Figure63.le xnt bgnnrd dOdgbdmshkdag

Note that graphing of input parameters is permitted before a calculation and can be useful for

Figure 63: Graph Types for Sampled Case Results

Graph Type

Type © Line

{* Mesn+Confidence Limits

x|

Confidence Limits

(" Guttman " 90%

| Output to Excel
| ¥-axis Logarithmic
| -axis Logarithmic

" Cof (" Tchebechey 0« 95%
(" Scatter (" Gaussian " 99%
(" Percertile {* MNone
~

Windowye e New ("

v Include Locked Parameters
v Include Resutts
v Include Locked Obhservers

Cancel

sgdqgd

checking the specification of a case.

7.3.2.2 Other Graphing Options

Nudgk x nmhuQ:

' mc

@ gs eqnl bgnnr hmf

options:

p dQdbdmsqg

p dVhmcnv9 Mdv

p dNtsots sn Dwbdkagq:

p dWwhr Knf qghsgl hbo:

p d»hr Knf ghsgl hbag:

p GHmbktcd Knbjdc O q | dsdgr:
p dHmbktcd Qdrtksraqg:

hr
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p dHmbktcd Knbjdc Nardqudqgr Q-

AMBER keeps a record of the options plotted for up to twelve recent charts. These recent
charts can be replotted by selecting Recent and choosing the regpicédrom the drop-down
menu.

New charts are created by default, however, the user can overlay results on previously plotted
bg gqsr ax rdkdbshmf sgd dNudqgk x nmgdogn chn a
menu.

The axes types (log or linearae be specified in the graph type dialog (§égure 64), and are
remembered between graphs. Thus, if a series of graphs are created which all require a
logarithmic time axis; this can be achieved directly rather than by editing each one.

Dependng on the type of graph chosen, you will be prompted with one or more dialogs asking

xnt enqg sgd o q |l dsdq'r( xnt vhrg sn okns-
O g Il dsdgrqQq+ dHmbktcd Qdrtksr o+  mde/exdudenb kt cd
certain groups of parameters from the option lists provided.

If in the evaluation of a parameter being graphed a zero divide occurred, the graph is not shown
and an error message is reported.

Figure 64: Graph Plots Dialog

Graph plots %]
¥ auis: [cone ~
Cortaminants [ ~
Compartments |5,:," j
H s |Time |

7.3.2.3 Charting Packages
The AMBER installation includes two chartingptions:

p Q2DGrapheris an internal charting packageand
p  Exporting chartsto Microsoft Excel®.
Q2DGrapher is based on the Microsoft .NET framework and requires .NET versi@xD or

higher to have been installed in order to operate (see Sed@i@). Q2DGrapher allows,
amongst other features

p Charts to be saved and reloaded:;
p Chart styles to be saved and reloaded;
p Charted data to be copied and pasted to other programmes (e.g. Excel); and
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p Charted data to be saved as comma separated files (.csv).
Q2DGrapher includes a help filender the Help menu that describes how it can be used.

Sn ntsots °~ bg gs sn Dwbdk+ rhlokx bgdbj sgd
dialog. This generates the chart in Excel, with the chart data being inellidn a separate
worksheet. The data worksheet includes the name of the AMBER case file from which the

chart was generated, together with the parameter name and utfitSxcel is not available, then

the internal charting package is used.

It is possiblgo overlay new charts on the previously created Excel charts.

Closing Excel will simply cause it to be relaunched if further graphs are exported.

7.3.3 Sensitivity File

AMBER can produce files for input into the external statistical pagle SPSS. Sensitivity files

are generated by selectiResulty Sensitivity This creates a header file with the extension
d-gcgQe "mc °~ rdmrhshwhsx Sghlk & dehd & ss ghe&kdiwg drdr
case file. The header file gives details of the information contained in the sensitivity file.

Sgd enqgl s ne sgd d-gcqgqQ ehkd hr?9

SAMPLED: <list of sampled parameters>

SAMPLES: <number of samples in the calculation>
PARAMETER: <the parameter being check ed>
Contaminant: <the contaminant being checked>
Compartment: <the compartment being checked>
TIMES: <list of result times>

Sgd enqgl s ne sgd d-rmrqQq ehkd enq o r |l okdc o

<value of sampled parameter 1 for sample 1> ... <value of sampled
parameter p for sample 1> <value of chosen parameter for given
compartment/contaminant for result time 1 and sample 1> ... <value of

chosen parameter for given compartment/contaminant for result time r

and sample 1 > ¢

<value of samp led parameter 1 for sample s> ... <value of sampled

parameter p for sample s> <value of chosen parameter for given

compartment/contaminant for result time 1 and sample s > ... <value

of chosen parameter for given compartment/contaminant for result time

ra nd sample s>

This information can be used (for example by other packages) to check the sensitivity of a

parameter to the values sampled.

7.3.4 Dump File

You can generate a dump file by selectiRgsulty Dump. This creates a text file contairg
comprehensive details of the results of a calculation on a sample by sample basis. This file can
be very large, especially for probabilistic calculations.
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7.3.5 Smaller Result Files

AMBER saves its results in binary files denote ax sgd sxod d )c€&egse' @LAD:
ehkdr b " m ad udgx k" qfd hm ogqgna ahkhrshb b r
through two options via the ADF Optionsdialog, se€&igure65(accessed v@aptions | ADF..).

Figure 65: ADF Options Dialog
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Firstly, the Amount results are stored as single precistpndefault. Selecting the results to be
rsnqdc hm cntakd ogdbhrhnm vhkk ~ooqnwhl ~ sdkx

Secondly,for probabilistic cases it is possible to only store Amount results for a subset of
compartments. This requires the usep have created a NameSet selection from the list of
bnl o gsl dmsr a x u (Rdad\hnmkfx ( 8 g dh s d Hms dngnm™ k g d M®
ghfgkhfgshmf Bnl o gsl| dmsrSectionbet.88 k hbj hmf nm dRd

If the results for a compartment are not saved, then any observers relying on that compartment
will not be available. Thus, some care is required when deciding which compartments to save.
The selection of compartment is identified through the ADF Options dialog. The reduction in
file size is approximately proportional to the number of compartments not saved (there are
other fixed items such as result times that do not scale).

The ADF Options dialog also provides the option of reporting the expected ADF size prior to a
calculation.
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8 Additional Features

8.1 Model Window Basics

The model window layout is controlled by the user through a combination of menus (including
pop-up menus) and mouse action#n general, a change is applied to all selected items through
sgd | " hm dUhdvg | dmt+ nq supmenmactivatred byuhe oght™ k
mouse button. Some changes are global (e.g. the base font, line colour and shadow colour) and
so donot rely on which items are selected.

8.1.1 Splitting Transfers

For complex AMBER cases, the structure of the model system can become obscured by the
lines representing transfers between compartmentsis loften sufficient, when considering a
subsystem, to be visually aware that there are incoming or outgoing transfers without having to
immediately see where they connect.

Transfers can be split to aid in laying out the Model windows. A split transfera transfer,
which is visually represented in two parts, one connected to the donor compartment and one
connected to the receptor compartment. The transfer itself is unaffectemhly its visual
representation in the GUI changes.

Splitting a transfer isachieved by holding the cursor over the transfer, right clicking and

selecting Splitonthepop o | d mt - @ksdgm shudkx+ sgd sq°

pressed on the keyboard.

Rejoining a split transfer is achieved by selecting one halftriglicking and choosing Rejoin

fromthepopt o | dmt nq oqdrrhmf ©1I € nm sgd jdxan’

half of the transfer and the rejoined transfer will use the position and attributes of the chosen
half.

Once atransferis splitsir svn g kudr ~qd k adkkdc tr hmf
as a suffix (for the half attached to the donor) or prefix (for the half attached to the receptor).

The two halves of a split transfer act completely independently as far as the @eiv is
concerned. Transfer information can be edited from either and either can be used to delete the
transfer.

8.1.2 Selecting Model Items

Selecting a set of items (compartments, transfers and sources) on the model windowfirstthe
step in many layout changes. There are several ways of making and changing selections.
Selection changes (in common with all layout changes) should be undertaken with the arrow
tool.

The most basic selection method is by directly clicking on agséitem. This will deselect all
other items and select the particular one. By holdingSaift> down while clicking, no
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deselection occurs, so the particular item is added to those already selected. If the item clicked
on when < Shift> is held down is already selected, then it is removed from the selection.

To select a group of items, the mouse can be used to drag out a bounding rectangle starting at an
empty part of the Model window. All items with centres in the rectangle will be selected and
items with centres outside the rectangle will be deselected. Note that dragging with the

< Shift> held, and selecting multiple items using <Ctrl> are not currently supported.

The View | Selecimenu allows all of a particular type of item (Compartment, Transfers and
Sources, or All) to be selected. This selection is added to any existing selection.

The View | Deseleamnenu allows all of a particular type of item (Compartment, Transfers and
Sources, or All) to be removed from the selection.

According to which items ae already selected, the menu items undfgw | Selecand View |
Deselechay be greyed out to indicate that a particular action is inapplicable.

By combining the use of the mousirag selection and the menu deselection option, it is possible
to select dlof a particular type in asectionof the model.

Using the right mouse button on a particular item enables it to be changed without any change
to the selection.

8.1.3 Zoom

A useful feature for cases where the size of the model in the Model winad@&ds to be
modified is the zoom function. The zoom function is accessed through the zoommsahu in

the View menu, i.eView | Zoom. The Model window can be scaled to 50%, 75%, 100%, 150%,
200% or any percentage between 10 and 500 (throtigiv | Zoom | Other).

The area shown in the Model window may be changed by using the scrolling bars at the right,
and bottom edges of the window, or by using the arrow keys.

Occasionally, particularly after zooming, parts of the model view may become hidden under
the palette. Shifting the view in the Model window using the arrow keys may easily retrieve the
view. Three keycombinations can be used. SHiftArrow, moves the whole layout to near
the left boundary; ShiffUpArrow moves it to near the top; ShifHome does both together.

8.1.4 Colour

Colours can be set for every separate compartment, transfer and source in the system. The
colour of arows and text linkagelines can be set, as can the colour of shadows and the
background colour.

To set thecolour of an individual item(source, transfer, compartment or submodehe popup
menu Colour option can be selected by riglaticking on the item. The item can also be
coloured by selecting the item in the Model window and clicking &fiew | Colour | Selected
H s d briywight-clicking and seledabg Colour...

To set the colour of several items (source terms, transfers, compartments and/or submodels),
select the items via the Model window by dragging the cursor over the items while holding the
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left mouse button down, or by holding <Ctrl> or <shift> and clicking on the items, then
cickonUhdv { Bnkntg. { Rdkdbsdc Hsdlrh

The colour of arows, text linkage lines and shadows can be set viaMieav | Colour menu.
Arrows associated with full transfers, split transfers, external transfers and/or sources can be
coloured differently.

The popup menu can be used to set the background colour by using the right mouse button
away from any model items.

When the colour mem item is selected, a colour dialog box will appear, Begure 66. This is
the standard Windows dialog. Where possible the current colour will letested initially.
Custom colours can be used, and will be saved in the AMBER case file.

Figure 66: Windows Colour Dialog
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For compartments, transferssourcesand submodelsthe chosen colour is the background
colour of the text box. The text itself will be black or white depending on how dark the
selected background colour is.

8.1.5 Model Item Sizes

The relative size can be set for every separate compartment, transfer and source in the system as
well as he text on submodel windows. This is relative to the nominal standard size. The text
for a resized item will use a scaled version of the base font.

Sizing should not be confused with zooming. When a zoom factor is set, the whole window is
drawn with this factorDso that all apparent sizes and positions change. When a relative size is
set, the positions are not affected.
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To set the relative size of a selected set of iteaithier the View | Relative Sizemenu or the
rightclick RelativeSizeoption canbe used. To set the relative size of an individual item, the
pop-up menu Relative Size option should be selected by right clicking on the item of interest.

The relative size can be chosen from the given list. When the-popnenu is used the current
relaive size of the particular item will be indicate®this can be used to discover the current
relative size. When the main menu is used, the relative sizes of all selected items will be
indicated.

8.1.6 Alignmentin Model Window

It is possible to dign items in the Model Window. If multiple items are selected, thesix align
options are availablgia View| Align or by right-clicking in the Model windowand clicking on
Align SelectedFigure 67):

Left Daligns the left side of all the selected items to the current leftmost;

Centre Daligns the centre of all the selected items to the current average centre;
Right - aligns the rightside of all the selected items to the current rightmost;

Top - aligns the top of all the selected items to the current topmost;
MiddleDaligns the middle of all the selected items to the current average middie;
Bottom - aligns the bottom of all theselected items to the current bottommost.

T T T T T ©T

Figure 67: Alignment in Model Window
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8.1.7 Shadows

Sgd I ncdk hsdlrqQ rg cnvr b m \gewCblowsmedthog bnkn:H
may be hidden completely throughhie View | Hide Shadowsnenu item. This is a checkable

menu item, so a tick means that the shadows are hidden. Each time the menu item is selected

the choice is toggled between hidden and shown.

8.1.8 Model Window Layout Management

Every AMBER case has an active layout, corresponding to what is seen on the screen. This is
saved in the case file andused when the case file is opened subsequently. At any time, the
active layout can be stored under a usbpbsen name. S8ted layouts are also saved in the case
file. Stored layouts can be used to replace the active layout at any time. There is no limit to the
number of layouts that can be stored.

It is permitted to add new model items after layouts have been stored.

All t he layout management functions are accessed throughvibeer | Layout menu. This has
three items: Use, Store and Delete.

The View | Layout | Storemenu item allows the active layout to be stored. This can replace an
existing stored layout or create a nemne. Note that it is necessary to use Store to replace a
stored layout if any required changes are made in the active layout. Changes to the active
layout are never automatically made to a stored layout.

The View | Layout | Usemenu item allows a stored layout to be used as the active layout. It
also allows the default colour, size and font settings to be applied. If the active layout that is
being replaced has not been stored then a warning will be given. If there are itetine model

that did not exist when the stored layout was created then these will be placed near the top left
of the model window, using default colours and sizes.

The View | Layout | Deletemenu item allows the stored layouts to be removed. Note that
there is no rename functiodbut the same effect can be achieved by making a layout active,
storing it under the new name and then deleting the old one.

When the active layout has been set using a stored layout, the layout name appears on the title
bar of the model window. If the layout is changed from the stored version, an asterisk is
inserted after the layout name.

8.1.9 Pictures on the Model Window

Ohbstgqdr b m ad "ccdc sn sgd Lncdk vhmcnv ax
palette or by clicking onPicturein the Add options when right clicking in a space on the Model
window (seeFigure 68).
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Figure 68: Model Window Add Menu Options
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The picture is initially added as a question mark ($gégure 69 Ddouble clicking on this gives
“bbdrr sn sgd dRdkdbs Ohbstqdq@ ch knf

Figure70).
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Figure 69: Model Window with Picture Question Mark
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Figure 70: Select Picture Dialog
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Pictures are loaded from bitmap (bmp) files, jpeg files or gif files. This software is based in part
on the work of the Independent JPEG Group. The original files are used when the case is
reopened and so must be available (otherwise the question maitkrgi will be shown). It is
recommended that the picture files are kept in the same directory as the case file or in a special
subdirectory.

Figure 71 provides an example of a picture that has been included in the Model window.
Pictures are placed on the back of the Model window so that compartments, transfers, sources,
submodels and text can be superimposed. Overlapping pictures can be orderegl thsin

d Rdaoac” bj @ n o s h n-op mery when rigitgclicking ona picture.

Figure 71: Example Picture on Model Window
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8.1.10 Adding Free Text and Linkages

Note that, in addition to pictures, free textan be added from the tool palette or the pap
menu that appears when a rightouse click is used in the Model window (SEigure 72).

Figure 72: Free Text Edit Dialog

FreeText Edit X
Erter Text:
|FreeText
[ QK ] [ Cancel ]

Once free text has been added this can be linked particular model item (compartment,
transfer etc.) by using the Linkage tool from the tool palette. Dragging frahe text to the
item creates a linkage. Subsequently, if the item is moved the text will be moved with it.
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8.2 Submodel Hierarchies

Submodels involve splitting a complex model into convenient groups to aid presentation and
accesbility.

A submodel is simply a group of compartments (plus transfers and/or sources) that form a
convenient unit. Submodels can be nest@sb a submodel can contain other submodels.

Transfers do not belong to submodels directly. Although, if both enofsa transfer are in the
same submodel then that transfer will only be visible in that submodel window. Transfers
between compartments in different submodels will be visible in several submodels, as described
in more detail inSection8.2.5

8.2.1 Creating Submodels

To create a new submodel, the submodel tool should be selected from the palette on the model
window. An empty submodel can be created by clicking or dragging out an empty rectangle
with the tool. If existing compartments and sources are to be put into the new submodel, then
a rectangle containing them should be dragged out.

Doubleclicking on a submodel adws the name and description to be changed, while right
clicking on a submodel provides the option to go into the submodel window.

Where transfers or sources enter or leave submodels, this is denoted by a small arrow entering
or leaving respectively. Thesarrows show entry or exit from above, because the parent
submodel is conceptually at a higher level. For clarity, it is recommended that such transfers be
placed above the items that they connect to within a submodel.

8.2.2 Submodel Windows

Each submodel has its own window, which looks exactly like the #iewel model window.

When a new submodel is made, its window is opened. Otherwise, submodel windows can be
accessed in a number of ways. The simplest is to use the Submodel Na\dgstibed in the

following section. Otherwise, the Windows menu has a Submodels submenu that allows direct

access to each window. ThWindows | Submodelsd mt ~ krn hmbktcdr =~ dRg
that displays a branching menu of submodels and cortipants that can be edited (via the
dDchsqg atsnm(+ uhdvdc '"uh® sgd dChrok x Vhmc
Alternatively, the submodel hierarchy can be followed up and down by browsing through the

Model and Submodel windows.

To go to a submodel windowdouble click on a submodel ouse the right mouse button on a
submodel and select the Submodel Window item in the pgpmenu.

To go back to the parent submodel, use the right mouse button on the background and select
Parent Window.

Several submodel windows can be open at one time. Selecting an already open window brings
it to the front. If changes to submodel structures are being made, it is best to avoid having too
many submodel windows open, since each has to be updated whkbaragye is made.
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8.2.3 Submodel Navigator

If submodels are present in an opened case, the initial Model window contains a Submodel
Navigator, seeFigure 73 This is detachable and dockable (like the tool palette) and, can be
reinstated or closed via théiew | ShowNavigatormenu item.

Figure 73: The Submodel Navigator
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The Submodel Navigator shows a hierarchical tree listing all of the submodels in the system and
allows the user to switch quickly between the main Model window and the submodels. The
currently displayed model is highlighted with a blue background. Afdrent selection can be

set with the mouse or arrow keys (after clicking in the Navigatddthis is highlighted with a

o kd aktd a " bjfgnt mc- Sligkohg) ¢h&hbes thé curkent Madels s n m
window display to the selected submodel. @dh d Vhmcnvg@ atssnm nodmr
selected submodel. These new windows do not have a Navigator by default, but it can be
created usiniew | Show Navigatoif required.

8.2.4 Laying Out Submodels

The submodel ba on the parent window can be resized freely by selecting it and using the grab
boxes that appear in each corner. Because of this, the relative size function applies only to the
font on a submodel box.

After a submodel is created, the layout can be iroped with the help of the right click popup
menu. All transfers into and out of a submodel can be split (select Split All) or joined (select
Join All). Note that these options are also available for compartments.

Colour-coding the submodel boxes (andrpaps the background of the submodel window to
match) is recommended.

When a new submodel is created with initial contents, the position of the items in the window
and their style are taken from their previous positions. If items are added individuallgiag

and drop, their positions will be determined by the drop position, but their style will revert to
default. For any split transfers that become relevant for a submodel, the label moves with the
submodel or compartment. For connected transfers, thbél is not moved.

Storing and reusing layouts is currently not supported for submodels.
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Note that if systems with large numbers of compartments are being modelled, the creation of
new windows can be relatively slow. This is because of the checking netxledtermine
which transfers are to be shown.

8.2.5 Editing Submodels

Clicking the right mouse button on the background of a submodel now gives access to the
Submodel Edit dialog, so that a submodel can bearaed from its own window.

New items can be added into submodels just like adding them to the model window. Items can
also be deleted from submodels in the same way. Items can also be moved between submodels
as follows:

Open the windows for the submodel antaining the item (compartment, source or other
submodel), and the window where you want to move it. Now use <Ctrl> and the mouse
together to select and drag the item from one window to the other. The item will be added
where it is dropped. Dropping iin the same window has no effect.

Adding a transfer between compartments in different submodels must be done in the common
parent window. Add the transfer from one submodel to the other in the same way as when a
transfer between two compartments is addexhd select the appropriate compartments from
the list that is presented. Adding a transfer from a compartment in the main window to a
compartment in a submodel is done by dragging the transfer arrow from the compartment to
the submodel item in which thereceptorcompartment is located. Again, the receptor
compartment must be chosen from the list presented (Siegire 74).

Figure 74: Select Compartment(s) Dialog
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Elzewwhere

This also works for sources. Of course, the position of the transfers in the submodels will need
to be changed manually after the transfer is added. Note that transfers within submodels can be
added by creating &ansfer to and from the same submodel in the parent window, but this is
not recommended.

Editing and deleting transfers and sources can be done from any submodel in which they
appear.
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Where a transfer is between compartments that are not in the same sdbhmthe transfer will
be visible in the submodels that contain its donor and receptor and in submodels containing
these submodels, up to a common parent. Transfers from the donor are indicated by an

outonhmshmf ~qgnv+ =~ mc ax. Bandersito tie deceptor baklenah -~ O
hmbnl hmf ~qgqnv " mc =~ ©Sh€&E ogdehw- Sgd rvhsbg
parent.

8.2.6 Submodel Deletion

Submodels can be deleted in the same way as anyr di®, except the user is also asked
whether the contents should be deleted or kept.

Deleting the contents deletes all compartments and nested submodels within the deleted
submodel. Keeping the contents removes the submodel and moves its contenthenpmarent
submodel.

The new layout is adjusted so that these are visible and sensibly placed.

8.3 Availability Schemes

Originally, no non-linear behaviourwas allowed in AMBER. Specifically, the transfiux
betweencompartments was restricted to being linearly proportional to the amount of material
in the donor compartment. That is, the transfer flux was defined by the relationship

TransferFlux = TransferRate*Amount[donor].

Some particular types of nolinear behawour have been introduced which are sufficient to
cover the common cases of solubility limitation and sorption.

8.3.1 The Concept of Availability

Generally, the reason for a naelmear relationship between the transfer flux andatfamount of
contaminant in the donor compartment is that only a fraction of the contaminant is available
for transport. In the case of solubility limitation, excess material will be present as precipitate
and so will not move in the aqueous phase. Hewme introduce the general concept of
Availability to handle these situations.

The availability of a contaminant for a particular transfer is defined to be the fraction of that
contaminant that participates in the transfer. Thus, availability is betweerozand one.

By default, the availability of all contaminants for all transfers is unity. By selecting from a set

of options, the user can specify a prescription for determining the availability for each
contaminant for a nominated transfer. Note that anvailability is attached to a transfer rather

than a compartment. This is because different transfers might have different availabilities for
the same compartment (e.qg. if one acts through the aqueous phase and the other on the total, as
in erosion).

Availability is a builtin (readonly) parameter that is evaluated during a calculation, with the
formula for transfer flux now being:
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TransferFlux = TransferRate*Availability*Amount[donor].

Because Availability depends on the Amount in the donor compartmerite tequations that
AMBER solves become nclmear. This therefore forces the use of the tirspping solver.

The following sections discuss how the user prescribes the scheme to be used for calculating
Availability in a particular transfer. For each seime, the user must consider what information
needs to be provided, and how this is used.

8.3.2 Individual Limit Scheme

For an individual limit scheme, all that needs to be specified thg user is the maximum
amount for each contaminant that should be included in the transfer. This corresponds to the
amount in the compartment when the solubility limit is reached, and could be given by a
numerical value or by an equation, for example @rsaturated system):

Limit = Volume*Porosity*RetentionFactor*SolLimit.

Given this limit, the Availability is the minimum of Limit/Amount and unity. It is an error for
the Limit to be negative or zero. If the Amount is zero or negatjviae Availability is defined
to be unity.

The Limit can be timedependent and/or sampled, as needed by the user. If the value is
specified as a constant it should explicitly have units speciled). 7[mol]. See the discussion in
Section4.3.4about units.

8.3.3 Shared Limit Scheme

For a shared limit scheme, it is necessary to defiosv the contaminants group together in
addition to their joint limits. For cases where this is necessary, the user must have defined a
NameSet for this purpose (typically Elements) and a mapping from Contaminants to this
NameSet (e.gContaminantsToElemets).

The information needed here is the mapping (which defines the target NameSet and the
assignment of contaminants) and the Limit for each item in the target NameSet. For the
specific case of elemental solubility limits, the Limit would be defined fack element and the
mapping would indicate which contaminant belongs to which element.

The Availability is defined for each contaminant, but the values for contaminants mapped to
the same target (e.g. isotopes of a particular element) are all equal. embiges that the
available amounts are in proportion to the full amounts (i.e. that the correct isotopic fractions
are preserved).

Sgd @u hk ahkhsx hr sgd | hmhl t| ne dKhl hs. Rt |
Limit to be zero or negative. Th&ummedAmount is the Amount summed over contaminants

mapped to the same target. If the SummedAmount is zero or negative, the availability is
defined to be unity.

The Limit can be timedependent and/or sampled, as needed by the user.
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8.3.4 Langmuir Scheme

In some circumstances the relationship between the total amount of a contaminant and the
amount available for transport is governed by a ntimear sorption relationship. Typically,
there is a boud on the amount that can be sorbed, and so the fraction available for transport
increases with the total amount. This is in contrast to a solubility limit scheme where the
availability reduces as the amount increases.

A common sorption isotherm is the Lagmuir isotherm. When this applies, the availability can
be written as a simple function of the amount:

Amount+ a

Availabilty =
Amount+ b

where the values ai andb are determined by the precise details of the model.

Svn b rdr mddc sn adhbgegmbhecd§dc+ "r vhsg sgd

p Anindividual scheme, where each contaminant is independently sorbed; and

p A shared scheme, where the total amount of several contaminants controls the
availability.

Both cases are available. For the shared scheme, a mapping must be stiiligaups the
contaminants in the correct way, and the parameters will then depend on the target of this
mapping (typically Elements).

The graphical interface asks for two expressions, one for the @pljove), and one for the
bottom (b above).

Note that if availability is required for some contaminants only, thea and b values for the
others should be set equal to one another. Any value is valid, but zero should be avoided
because of the possibility of the denominator going to zero.

8.3.5 Unavailability Scheme

Each of the existing Availability schemes has an associated Unavailability scheme. These set the
availability for a transfer to one minus the value for the original schefeed-igure 75).

Thus for a Limit availability scheme:

Availability = min(LimizAmount, 1)

whereas the corresponding unavailability scheme sets
Availability =1 - min(Limit/Amount, 1).

For a Langmuir availability scheme

Amount-a

Availabilty =
Amount+ b

whereas the corresponding unavailability scheme sets
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Amountra _  b-a

Availabilty =1- =
Amount- 4 Amount b

Figure 75: Availability vs. Unavailability Langmuir Scheme
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8.3.6 Auvailability Dialog

The usefinterface components related to availability schemes are:

p A way of indicating that a nondefault Availability Scheme is to be used for a particular
transfer; and

p A way of specifying the parametersseded by the Availability Scheme.

@ dRds Rbgdld---9Q@q atssnm nm sgd Sg mredg
Dialog shown inFigure 76.

The Availability Dialog allows the user to select the type of availability scheme by clicking on
the appropriate graph.

The dropdown list box shows valid mappings (i.e. those from Contaminants) for the use in
Shared Limits. The expression given undemit must give a value for each of the target
NameSet, or for each contaminant in the case of Individual Limits.

Note the expression editor may be accessed via the Availability Scheme Dialog.
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Figure 76: Availability Scheme Dialog
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8.3.7 Scaling in the Solver

When availabilities are used, particularly to represent solubility limitation, the amount of a
contaminant that moves from its initial compartment can be very small. This could lead to
problems with relative errors causing the solver to become inefficient.

To avoid these problems, the amounts used to calculate the relative errors are scaled by the
availability for the outgoing transfers.

8.4 Preconditions

When a complex mdel is set up in AMBER, there may be assumptions made about the range

of parameter values for which it can/will be used. These can be checked and because the checks
apply to model inputs, they can be tested before running. These checks are known as
premnditions.

Preconditions are added through a Preconditions window and dialog (Sgeire 77 and
Figure 78. The window is accessed Waindows | Preconditions(there is no toolbar item).

This gives a list of preconditions, which can be modified as needed. Adding a new precondition
or editing an existing one (by doubigicking) brings up the preconditions dialog.
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A precondition has a name, a description, an expression to be tested taildra message. The

name and test are compulsory. The name must satisfy the usual rules for a valid name in
AMBER (starts with a letter, no spaces or special characters).

Figure 77: Preconditions Window
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Figure 78: Edit Preconditions Dialog
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The test is an expression that gives a true (1) or false (0) result, such as param1>0. See
Section5.5.2for a list of the operators and functions that produce such Boolean results.

Preconditions can be set to give errors or warnings. To stop a calculation going ahead if the
bnmchshnm e hkr+ rds sgd sxod sn dDggngQ g sdg

All preconditions can be checkelly using CheckParametersaccessed from theesults | Check
Parameters This lists failures, and flags errors and warningisthe end of the parameter
checking block The usesspecified failure message igitken out for each failure. The
preconditions are also checked automatically prior to calculation, but here only errors are
relevant and the checking stops if any violated condition is discovered. If a precondition
contains an error (e.gefers to a na-existent parameter) then this will also count as an error.

Note that preconditions can be timdependent, but the checks will only be made for specified
result times (se8ection5.7).

Preconditions can have multiplicityDthe check will be made for each entry.

Note the Expression Editor may be accessed form the Preconditions Dialog
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9 Troubleshooting

9.1 AMBER Help File

This reference guide is available as an electronic help file in AMBER. This uses the standard
Windows help system. It can be launched from tielp | Reference Guideenu. Should
subsequent Release Notes be available, they will be included in the HiédparRd can be
agnvrdc uh® sgd dGdko SnohbrqQ@ noshnm-

A comprehensive set of keywords has been added, so using the search facility should quickly
find any information required.

9.2 Parameters

Setting up a complex model within AMBER may require the input of a large number of
parameters, each of which must be correctly defined in order to allow the model to function
properly. Some errors in parameter input may be obvious as they are broughgtalt t r dgqQr
attention by AMBER error messages when the user checks parametersSéstien7.l), the

model fails at the calculation or report generati stage, but some errors may go unnoticed until

the final output of the model is received. These problems, and how to resolve them, are
discussed below.

9.2.1 Combining Parameters: Case Sensitivity

A typical compartment model may conia in excess of fifty different parameters, all of which

must be correctly defined. Parameters are often defined by referencing other input parameters;
enqg dw lokd+ “rrtld sgd dcdosg ne gdbg qfdQg
equation:

Drec=Ppt - ETP+D_ir*(1 - mu_root)

A common mistake that is made when setting up a model is to initially define a parameter in

upper case alphabetical characters and then reference the same parameter in lower case (or vice
versa), elsewhere in the modehs case is significant in AMBER, care should be taken to avoid
inconsistencies in the definitions and in the subsequent referencing of input parameters. In the
"anud dw Il okd sgd du onsg mrohg shnm q sd dcC
d®P0OQ vdgd sn ad gdok bdc ax dDsoQ sgdm sgd I n
o g |l dsdg C~gdb hr trdc sn cdghud sq mredq el
user would be informed of this error by an appropriate error messgspd-igure 79).
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Figure 79: AMBER Calculation Warning
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A similar error is produced when the user checks parametersi-gpare 80
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Figure 80: The Check Parameter Window with Errors

f:1 Check Parameters |:|@E|

54 checked parameters].
3 error(z) detected.

Mame: D_rec

Type: Standard

Unit=: [miay]

Muttiplicity: none

Time-dependent. no

Sample dependent: no

Definition:

D_rec = Ppt-BEtp+D_irr*(1-mu_root)

*#** Evaluate error - Cannot find definition for Etp
(envaluating D_pec ) #**

Mame: TransferRate

Type: Internal (Editable)

nit=: [A]

Multiplicity: [Contaminarts][Transfers)
Time-dependent. no

Sample dependert; no

Dredfinition:

TransferRate[* *] =00

TransferRate[* Erosion] = D_rec*
TransferRate[* Erosiont] = r_Eros[Lower_Soil]
TransferRate[* Irrigation] =

ASEDjrrr(1 -mu_root )™ compvel]
TransferRate[* Recharge] = r_RC[Upper_Soil]
TransferRate[* Rechargel] = r_RC[Lower_Sail]
## Evaluate error - Cannot find definition for Etp Cevhile
evalusting D_rec) (evaluating TransferRate

[* Tranzferz=Erozion]) ***

Mame: r_RC

Type: Standard

Unit=: [v-1]

Multiplicity: [Contaminants][Compartments]
Time-dependent: no

Sample dependert: no

Dvefinition:

r_RC[**] = D_recitheta_w*D=*R_sed)

## Evaluate error - Cannot find definition for Etp Cevhile
evalusting D_rec) (evaluating v_RC [* *]) *=**

0 Preconditions
0 wearning=) detected. -
0 errorifailurels) detected.

||7 Cnly show errors

9.2.2 Combining Parameters: the Need for Consistent Multiplicity

It is important to realise that a given parameter should only be defined in terms of other
parameters that have the same or lower degrees of multiplicity. For example, assume that the

~

o g | dsdg dC~vQ g aminantdniutipliotyhe h mdc v hsg bnms
W_ing * D_ing * C_comp [Well]
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vhsg dCr"hmfqQ g uhmf bnms | hm ms | tkshokhbhsx
dB"bnlo@ g r bnms I hm ms "~ mc bnlo gsldms 1|1tks
theresultsfortd r hmf kd Vdkk bnl o gsldms "~ gqgd sn ad tr
contaminant multiplicity, consistent with D_w, in which it is used.

Hm ngcdqg sn bgdbj sg s o g |l dsdgr g ud addm |
can be used (s&ection7.1( - Rgnt kc sgd dzZVdkk\ Q@ hcdmshehd:
D_w, then an error will be reported in the Check Parameters windpigdentifying the problem

of the additional Compartments dimension (multiplicity) in the observer (degure 81)

Figure 81: Check Parameters Window with Multiplicity Error

.1 Check Parameters |:|@g|

54 checked parameter(z].

1 error(z) detected.

Marme; D_sw

Type: Obhserver

dnits: [Sv w-1]

Multiplicity: [Contaminants]

Time-dependent; yves

Sample dependert; no

Definition:

D_we[*] =W ing*D_ing®™C_comp

*** Evaluate error - Mizmatched dimenzions: expression
has extra [Compartments] (evaluating D_w [*]) ***

II? Only shawy errors

9.3 Error Messages

As described inSection7.2+ hs hr gdbnll dmcdc sg s adenqgd
O g Il dsdgr @ et mbs hn mResults | Cheak @arameteBmialag appesrg hr + 1
showing the number of parametershecked, and the number of errors. By default, only the
dggngr ~gd rgnvm dwokhbhskx+ ats ax tmrdkdbs!
definitions may be viewed.

If there is an error in a parameter, it will be highlighted by an ernoressage. This error message

will describe the type of error. Typical error messages are explained below.

O0Eval uat e -ecamnotfind definition for ETP (while evaluating

D _rec) (evalwuating TransferRate [*, Transfers=0th
This error message infpl r sgd trdg sg s mn cdehmhBRgnm bnt
vghkrs @LADQ v r "ssdl oshDnfe@ s n dm ktgcddy saqd

ognakd] sgd trdg vntkc gDrea sn bdgdéhkj sgdgddae
&TPQ From an inspection of these parameters it could become apparent that the

du onsg mrohg shnm d&pes d mc rs hnmhsthmkkgd cdppth mdic
ne qgdbDgreagf d ' @ EGPQl dysdqg adldm qdedqgdminddhevghbg

TransferRatee nqg sgd sq mredq ne g chnmt bRhe@dr mcx Qi
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therefore cannot be evaluated either. To rectify this error the user must replace the parameter
&ETPQ &tgg dhm sgd dpt shnmecdehmhmf cdosg ne qdb

Errors in matching the multiplicity of parameters are also highlighted by checking parameters.

For example:

0Eval uat e -eMismatched dimensions: expression has extra

[ Compart ments] (evalwuating Parameter A)DO0

This statement informs the user that dumf s gd du  kt s h RParametee Asgd o
there has been a mismatch in the degrees of multiplicity. In order to correct this error the user
vhkk g ud sn dw Pdiameter fgd Hdnelordibshmm cdmgot k ¢ g d
(with contaminans ~ mc  bnl o qsl dms | € kompwdliilhbhs khé¢g gmk
bnms I hm ms | tkshokhbPRsanéter y rmmacddmnm tr da-ksh®l
bnms | ICneommpg ri+” Mdmns ad trdc nm hsr nvm vhsghm
compartment.

Errors in observing unit consistency are also highlighted explicitly when checking parameters.
For example:

6Evaluate Termoompatible units in add, [y] for A,

This statement informs the user that during the evaluation of tharameter, there has been a
mismatch in units in the equation used. In order to correct this error the user will have to

dw I hmd sgd tmhs bnmrhrsdmbx hm sgd dpAQ@ shnm
g r tmhsr ne dB ggrdqtdmhsmo me |l dilsgdqgq d

Note that convenient ways of investigating parameter errors, include use of the Expression
Editor (seeSection5.4.21 nq fdmdqg shmf °~ dO q | Trdr---9
an error (se&ections.4.6.1)

9.4 Common Syntax Errors

S bdr "gd mns odglhssdc hm o g |l dsdg m | dr +
trdc hm @LADQ- B gd rgntkc adQ shindmk sind " me
underscore.

Sgd rxlank enqg |Itkshokhb shnm hr d)oQ@ "~ mc mns

AMBER names (fo parameters, NameSets, contaminants, etc.) must begin with a letter,
although numbers and underscores can be used within the name.

9.5 Copy and Paste Dialog Text

As with most Windows applications, considerable time can bevesh by using keyboard
shortcuts for the copy and paste functions.

Copy: Highlight text, parameter or model components to be copied then press
<Ctrl> and<C>

Paste: Press <Ctrl> and <V>
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This will also allow copying and pasting between AMBER and other Wavds applications and
between AMBER models.

9.6 Choosing Result Times

It is important to recognise that the result times chosen can significantly affect the appearance of
any results graphs plotted, although the final results wilbt be changed. The accuracy of
results is independent of Result Times because the AMBER solvers independently generate their
solvesteps based on the dynamics of the model.

Care must be taken to ensure that appropriate result times are chosen,swffitient resolution
around key times of interest. These may include the timing of discontinuities or peak results.
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10 Restricted Versions of AMBER

A restricted version of AMBER can be produced through the AMBER support team. This is
intended to be used in delivering a specific solution (such as a model) to a user who does not
want to purchase a full AMBER licence.

The restricted version has to hesed in conjunction with a permit file. The permit file contains
a set of conditions that must be satisfied by a case for it to be valid. Currently this is in terms of
the number and names of compartments, contaminants etc., but could be extended agdequ

It is possible to restrict the usage strictly to the original model or to allow a limited degree of
extendibility.

Please contact the AMBER support team (sBectionl3 if you are interested in using a
restricted version of AMBER to make your model more widely available.
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11 Advanced Features

11.1 Copy and Paste

11.1.1 Parameter Copy and Paste

Parameters may be copied and gakstvithin and between cases. When the Parameter window
is active, the selected parameter can be coydtelit ( Copy Parameteor <Ctrl + C>). This

can then be pasted into the current case or into another open case (in the same AMBER
session).

On pasting Edit | Paste Parameter <Ctrl + V>), a new parameter dialog for the relevant
type of parameter is displayed, with information from the copied parameter already filled in.
The user can then rename the parameter and change other information beforagaddo the
case file.

There are some restrictions on copying and pasting of parameters. Firstly, only one parameter
can be copied or pasted at a time. Secondly, a few parameter types cannot be copied: Import
Parameters; and Sample Parameters usingrgl8drile (se&ectionll.5.

Built-in parameters become usparameters when copied. So, it is not possible to copy
TransferRate directly over tdorm the TransferRate of another case.

Copying to a new case will fail if relevant NameSets do not exist. Where NameSet entries
differ, only the expressions for exactly matching items will be pasted. Copying Derived
Parametersvill fail if the parametes that they depend on do not exist.

11.1.2 Model Window Items Copy and Paste
Any number of items within the model window may be copied and pasted within or between
cases in the same AMBER session.

When the model window & active, the selected structure(s) (consisting of any compartment(s),
source(s), transfer(s), etc) can be copiadit( Copyor <Ctrl + C>). The structure can then

be pasted into another submodel of the current case or into another case open in the same
AMBER sessionKdit | Pasteor <Citrl + V>).

Note that to copy a transfer is it necessary to ensure that both compartments it connects are
copied as well.

Note also that compartment or transfer specific information (such as descriptive text, algebraic
expressions, and units) will not be copied.

11.2 Changing Toolbar Icons

AMBER allows the user to change the toolbar icons. This allows users to customise the
AMBER GUI.
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When AMBER starts up it searches in the directory where the exable file is located (the
default location is the folder: [System Driv€ProgramFiles AMBER 54) for replacement
bitmap files (see below). If any of these bitmap files are found then they are used in preference
to the built-in toolbar icons.

The bitmgp files should contain a 24 24 pixel 16 colour bitmap. The file names that are
looked for are: filenew.bmp, fileopen.bmp, filesave.bmp, contam.bmp, decay.bmp, param.bmp,
precon.bmp, nameset.bomp,options.bmp, mapping.bmp, restimes.bmp, and switches.bmp,
calc.bmp, report.omp, graph.omg;orresponding with the & Toolbar icons.

Figure 82: Toolbar with Alternative Contaminant and Decay Icons

I Ew = IE{IL = Ehti=—= 0% HEZEKE

11.3 From File Parameter

Parameterscan be created by reading their values from a file. The subsequent parameter
information will be saved in the case file and can be edited directly via the GUI. This has been
included to allow parameter information written in another application to be ikaThe file can

also be created manually.

Ax rdkdbshmf sgd ©9Eqnl ehkd€& noshnmnm nm sgd
(*.apf by default). This file must contain the description for a single parameter. Oncd,rtee
user is left with the edit dialog for the parameter specified.

The contents of the file are keyword based. Valid keywords are:

NAME

DESCRIPTION

UNITS

PDF

LOG PDF

CDF COORDS
OBSERVER
MULTIPLICITY
VALUE

DERIVED OBSERVER

Comment lines beginning with #are ignored. Other lines are also ignored, but should be
avoided.

NAME is optional. If not included then a default name will be used. If included, then the input
line simply reads as follows:

NAME parameter
DESCRIPTION is also optional. If included,he line(s) read

DESCRI PTI ON fia description which can be
split across |linesbo
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vgdgqd sgd ©hE€ o hg cdkhl hs sgd cdrbqghoshnm-

UNITS is also optional. If not included then a dimensionless parameter is implied. If included,
then the input line simply reads asifows:

UNI TS Aunitso
for example:
UNI TS Akdag. m

If PDF or LOG -PDF are included, then the parameter is a sampled variable and OBSERVER,
DERIVED-OBSERVER, MULTIPLICITY and VALUE cannot be specified. In this case, the
full inputs are:

PDF type data [BEST best - estimate]
LOG PDF type data [BEST best - estimate]

Vgdgd sgd sxod hr Tmhenql+ F trrh m+ ©Sqgtmb"
BCEE -

The data that follows depends on the type (Sexble 11).

Table 11: Data Requirements for Available PDF Types

PDF Type Data Required
Uniform Min  Max
Gaussian Mean Standardeviation

Truncated Gaussian | Mean Standarddeviation Min Max

Triangular Min Peak Max
Beta Min Max A B
General CDF Min Max (and a CDFCOORDS line)

The bestestimate is optional, and follows the keyword BEST.

For the General CDF, an additional line is required to givatermediate cumulative
probabilities. This reads

CDFRCOORDS v 1 p1 v 2 p2 ¢é

where the vN are values are the pN are cumulative probabilities. The vN must be between the
Min and Max and in increasing order. The pN will be between 0 and 1 and in irgireporder.

The keyword OBSERVER, on a line by itself, creates an observer rather than a standard
parameter. In either case the MULTIPLICITY keyword is used to specify the multiplicity. If
omitted, a scalar parameter will be created.

The MULTIPLICITY line can indicate a ondimensional or twaedimensional parameter.

MULTIPLICITY nameset
MULTIPLICITY namesetl nameset2
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The Namests can be internal or user defined. Interfdbmeset names are: Contaminants,
Decays, Compartments, Transfers, Sources Sattmodels.

The VALUE keyword specifies numeric values, or expressions. For parameters with
multiplicity, a series of VALUE statements can be given.

Some valid VALUE lines are:

VALUE 1.234
VALUE © * acf
VALUE * 0.0

VALUE @ Mt b O ow. 1€

In general, the indeing (one item per dimension) must be followed and a number or a quoted
expression.

For a DerivedParameterthe input simply reads
DERIVED PARAMETER master type [atSymbol]

and the MULTIPLICITY, VALUE, OBSERVER and PDF entries are not allowed. The
UNITS entry is allowed but will be ignored on reading (as the units will be the same as for the
master symbol).

In the input line, master is the name of the master symbol, type is AT, MAX or MAXTIME
and the atSymbol is required if AT is uséit gives theparameter that provides the time at
which the derivedparametelis evaluated.

11.4 ImportiExport Parameters

It is possible to Import and Export data between AMBER and external files. In ssit@tions

it is useful to be able to calculate some results and then use these in defining parameters for
subsequent calculations. In order to make this capability as flexible as possible, the following
approach has been taken:

p define a file format for ®ring time-series data for mulindexed parameters (designed
to be easy to create, e.g. by copying data from a spreadsheet);
p enable AMBER to output parameters in the defined format; and

p enable AMBER to use files in the defined format to provide values farameters that
could then be used as normal AMBER parameters.

This sectiontherefore discusses: the file format; the AMBER GUI aspects for creating such files;
and the AMBER GUI aspects for using such filBscluding checking for compatibility.

In order to motivate these aspects, an initial discussion is presented of where this capability can
be used.

125



AMBER 5.4 Reference Guide

11.4.1 Potential AMBER Uses for a Time-series Data File

The initial motivation arose from a requirement to use a calculated cagmpht concentration

in defining properties (e.g. Kd) for radionuclide transport. Since the complexant calculation
does not depend on the radionuclide calculation, the calculations can be performed in sequence
with the results from the first passed onto ¢éhsecond.

This is illustrated inFigure 83

Figure 83 Calculation Sequence Diagram

Complexant Case @ Radionuclide Case @
Has an Observer called Has an Input Parameter
ComplexantCone- indexed called ComplexantCone
over compartments. indexed over compartment:
Exports this to a timseries Imports this from a time
file. seriedfile.

Time-series file
after calculation

Stores values for before calculation

ComplexantCone- for each
compartment at each outpt
time.

This clearly generalises to any result that can be calculated on the same structure
(compartments/transfers) and used subsequently.

By allowing the timeseries file to be generated independently of AMBER, other possibilities are
available.

Some other possible uses are:

p b kbtk shnm ne ° bnmbdms g s hnrmsuleskgddntty e n g
influence parameter values for a contaminant transport calculation;

p  specification of source fluxes in a more convenient way than currently possible;
p  specification of disposal history;

p saving the state of the system (amounts) at some timealow restart (e.g. with
different subsequent behaviour and less nuclides or no time dependence or to compare
two different futures without recalculating shorterm behaviour);

p separating source, geosphere and biosphere parts of an AMBER case (maybe for
efficiency, or to allow different models to be interchanged);

p calculating a source flux for input to another program and then using its output in an
AMBER biosphere model;

p reading old results and comparing them with new ones;
p comparing against external ressiffor verification;
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p taking a flow regime in one AMBER case file for use in another. Although AMBER is
not designed to solve for water flows, the equations for transient flow are of the same
structure as diffusion equations and so this could in principledone;

p for weakly nordinear situations, if a parameter depends on the solution, then an
iterative scheme could be used by saving the results andpgtting them in the next
iteration; and

p combining the results of several AMBER calculations in a sengbstprocessing case.

Nmd hrrtd sg s ~qghrdr eqnl sgd khrs “~anud hr
can only be chosen from a restricted list (mol, kg, Bq). In some cases (e.g. the flow calculation

but also possibly for aspects ofdithemical environment) it would be convenient to allow the

user to specify the units directly. In cases where decays are involved and the user had specified
units (if such a case ever arises) the solver would have to assume that one unit of parent decays

to one unit of daughter (as for the mole unit rather than the Bqg unit). This feature has not been
included in the current version.

11.4.2 File Format

This sectiondescribes the file format of Import and Export filesUsers who wish only to use
AMBER to create and reead these files need not be aware of this detail. The AMBER file
extension for these files is .aaf (AMBER ASCII file).

Sgdgd "gd knsr ne ©rs mc gqc€&€ ehkd léeendgdbesr Qg
rodbh khrdc sn °~ o gshbtk g "qd° '"nbd mnfq ogd
supplied software to read and write it. We want a simple format that is easy t@igeally easy
to make from a spreadsheet form if requir@oossibly with the help of specially created macros)
or from file-generation applications (e.g. awk).

The approach that has been used is as follows:

p An ASCII file format is used;
p Data items are separated by white space (e.g. a single space);

p Each file maycontain several parameters, so that situations where several outputs
belong together (e.g. concentrations of several complexants) can be handled in a
convenient fashion;

p Only deterministic results can be saveD otherwise the files become too large,
moreover the question of how to associate one set of sampled results with another case
is unclear;

p  Although the usual case is for timseries, static values are catered for;

p Arrays (1D or 2D) or scalar values may be output. There is no single naturaluayd
data values for 2D arrays and so several layout styles have been allowed;

p In order to ensure proper connection between the data items, it is necessary to store
array index information (NameSet item names). Situations where the item list includes
unwanted items or where it has missing items have been catered for;

p  To protect against future extensions, a version number is included in the file; and
p Itis possible to store (optional) descriptive text.
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So, a file could look like the following:

VERSION: 1 ( optional I assumes current version if omitted |
first line of file if present)
NAME: ComplexantConcentration (first line for each parameter
in the file)
DESCRI PTI ON: AText of mutime t i -0 quaté delimited)
TYPE: TimeSeries (other choice is C onstant)

DIMENSIONS: 1 (or 0 or 2)

DIMENSION 1 NAME: Compartments

DIMENSION 1 SIZE: 42

DI MENSI ON 1 | TEMS: compl comp2 ¢é (whitespace
(same for DIMENSION 2 if relevant)

UNITS: kg/m3 (optional T dimensionless otherwise)
NUMBER OF TIMES: 56
TIME UNITS: y (optional T dimensionless otherwise)

LAYOUT: TV_TV (choices are discussed later)
VALUES BLOCK (organised according to the layout given)

Note that the format of the header information must be strictly followed for the file to be read
back correctly.

The layout of the values block depends on dimensionality. The simplest format would be to
have each line as a whitespaeparated list:

7

ti me val uel val ue 2 é

with the number of values being the product of the dimension sizes and theofdr the two-
chldmrhnm k b rd adhmf "0+0(+ "O0+1(+ " O0+2¢(

The only problem with this is that it can lead to very long lines. This can upset some text
editors and Excel cannot cope with more than 256 columns. The obvious alternatieeliisit

the number of values on each line, and so use multiple lines for each time. This has the
disadvantage of being harder to follow and to use once imported into Excel.

Another approach would be to output one line per item in the first dimensionn fact, several
different layout styles are useful, so the file format supports them all.

The following sulsectiondiscusses how this is handled.

11.4.2.1 Allowed Layouts

Different considerations apply to static (constant) data and to tisegies data, and the way
scalar data is handled is different from 1D and 2D data. There are six combinations to consider.
Table 12gives the valid layouts. The notation tk is used to indicate thhkime, vm(tk) means

the value of the rth item in a 1D array, at time tk (the (tk) is omitted for constants or when it

is obvious whichtime is referred to). vmn(tk) means the value of (mth)item in a 2D array,
where the m refers to dimension 1 and the n to dimension 2.
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Note that for the purposes of reading the files, eoflines and spaces can be used
interchangeably as separatdhe choice being made for readability.

For each possibility, a layout name is givéthis is intended to reflect the ordering so as to
make it easy to remember. The underlined choice is the default for the combination of-time
dependency and dimensidine. the one that AMBER will use for writing). Note that AMBER
does not allow a selection of the output layout through the GUI (but it can be specified in the
case file).

Note that in cases where the time is repeated, AMBER@&ads the times and doestncheck
that they are the same. The times must be monotonically increasing.
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Table 12: Valid Import File Layouts

Constant Time-series
Scalar | Only one value to the block| Either time then value: Or all times and all
simply reads: t1 v(tl) values:
Y 2 v(t2) sO0 s1 h
\Y hu u'"sO0( u's1i
TV TT_VWV
1D List of values, so the block | Either time then all values: | Or time repeated
simply reads: t1vi(tl) v2@( hu before each value:
u0 ul h s1 uO0's1( wu1l-|tlvi(tl)
A%, hu t1 v2(t1)
TV hu
t2 v1(t2)
t2 v2(t2)
hu
TV_TV
2D Either dimension 1 is held | The following have dimension 1 hel@versions with
in blocks: dimension 2 heldxists too:
u0o0 ul0l ul02 |gimplest Or with time repeated
ulO0 ull h t1 each row:
hu u00'sO( uo1l tlu00'" sO( wuoO
VV_12A*or VV_12 Uul0 u1l1l h sO ulO0 ul1lh
Or dimension 2 is heldin | {2 hu
blocks: UOO0's1( uo01|sl uvu00' s1
uO0O0 wulo uz2o0 Ul0 ulil h s1 ulo0 u1l1l
u0Ol ull h hy hu
hy TVV_12A* or TVWV_12 TVV_12C*
W_21Aorw_21 Or all values for a block
together: Ng sgd ©10¢€
sO0O u00'"sO( UyTVVW_ 21, TVV_ 21A
sl u00's1( uyTVV_21B,TV_21C
hu
sO ulo'"sO(
hu
TVV_12B*
) sgd ©01€ I d mr sg s chldmrhnm 0O hr gdkc
d @Q u dgr hbneak atgthe end of eakhira®adhen reading back this is irrelevant).
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11.4.3 Creating the File from AMBER

The simplest approach would be that the file is created by a specific user action (rather than
automatically). However, this would mean that, if a caserégalculated, the file must be e
exported by the user. Thus, an automatic creation has been used, so the file is automatically
rewritten after a new calculation, when the case is saved (i.e. attine $me that the .adf file is
sawed).

It is useful to have a standard file extension, to make it easy to recognise these files. The
@LADQ ahm gx qdrtksr ehkd hr cdmnsdc ©- ce€
fnnc m I d enq sgd mdv ehk dDAVBERABGHf.ed ¢ sgdx ~q

The GUI aspect is quite smpl® m dwsqgq hsdl nm sgd Qdrtksr |«
the process.Results | Export Filesorings up the Export Files window, which lists the currently
defined files (seleigure 84).

Figure 84: Export File Window
£ Export Files g|

‘ExportExample aaf

[ Defer File Wiriting

[ Add .. | | ]

The Add button allows new files to be defined and douldécking on a file allows its details to
be changed. Either action brings up the Export File dialog which allows the file nhame and
parameter information to be specified (SEgure 85).

The DeferWriting File option allows writing of Export Files to be deferred. This can be useful

for cases with large export files that take a long time to write. In such a case, if new observers
are being added and the case file is being saved frequently, then there is no need to write the
export file repeatedly. When the case is eventually closed, the user is prompted to write the
export files.
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Figure 85: Export File Dialog

Add Export File (%]
File: |
Description:

e

JEUE

| oadd.. || ]

[ Ok ] [ Cancel

The Add button on the dialog allows new parameters to be added. AMBER does not allow a
choice of layout, so only the parameter name is required. The file name is generally stored

gdk shud sn sgd b rd ehkd Qg rpathcifhitgsdnbt belowthat at s

directory. A prompt will be issued asking whether a relative or full path name is to be used.

11.4.4 Importing the File into AMBER

For importing into AMBER, the importfik d ~ mc o g | dsdqg hmengl shnrt

O g | dsdqg€- Sgd "~ bst k ¢ s’ hr qd ¢ vgdm
opened) but may be read if any relevant features change (such as changes to items in a
NameSet that is used

Once imported, timeseries data are linearly interpolated (without any consideration of
discontinuities). The user can use SnapShots in the original case to add extra output times at
key points. For times outside the range in the imported file, a \&abf zero is used.

To add a new Import Parameteruse the Add button on the Parameters window and select
Import Parameter (note that the From File choice is described®iction11.3.

The multiplicity of the parameter must be selected first. The number of dimensions must be
consistent with what is being imported, but the NameSet details may differ (this is set up later).
In particular, the order of the dimensions for a 2D parameternst important. Once the
multiplicity has been selected, the New Parameter dialog is displayed for an Import Parameter
(sedrigure 86).
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Figure 86: New Parameter Dialog for Imported Parameter

MNew Parameter §|

Parameter Mame: | ntitledPar

Units (Fram Imported Parametet): |

Parameter Description:

File Matme:
Parameter:
Multtiplicity:

Zetup Import Parameter ... ]

The parameter name is the name in this case file, which may be different from the name in the
import file. The units cannot be set, but will be taken from the import file. A descripticcan

ad dmsdgdc gdgd+ ats I nrs ne sgd hmengl shnm
ax sgd dRdsto Hlongs O g |l dsdgQ atssnm- @ r
lower text box.

The wizard can also be used to edit informatian an existing Import Parameter, after the
dialog is displayed by doubigicking on the Import Parameter name in the Parameters
window. Note that the information is not actually saved until the OK button is pressed on the
dialog. When this is done, thparameter is created or modified and the import file data is read
(or reread). Just opening the dialog and pressing OK forces the file to feack and so can be
used in cases where the import file has been changed.

The Wizard goes through the necepgateps to set up the Import Parameter:

selecting the file;

selecting the parameter from the file;

matching the NameSets (if 2D);

matching NameSet items in the case to those in the import file; and
confirming the information.

T T T T O

On each step, checks are mamfethe consistency of the information.
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The first step is to provide the filename (sEegure 87). This can be typed in or found through
browsing. The Next button is inactive until a filename is filled in.

On pressing Next, the file contents are checked to see that this is an Import File.
Figure 87: Select Import File Dialog

Parameter Import Wizard rz|

Select Import File

Browese. .

| [ Cancel |

The next panel allows the particular parameter in the file to be selectedHigere 89).

Figure 88: Select Import Parameter Dialog

Parameter Import Wizard le

Select Import Parameter

|[Seleu:'t Parameter] j

[Zelect Parameter]

= Back ] [[ ]] [ Cancel ]
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Having selected the required parameter, pressing the Next button will check that this has the
correct number of dimensions. Note that the Back button can be used at any time to go to the
previous panel and the Cancel button quits the Wizard out saving any information.

For a 2D parameter, the next panel is to confirm which NameSets in the file correspond to
Vgdqd

those in the open case (deigure 89 -

N

sgd m |

dr

"sbg+

sgd

obvious choice. Indeed, this and the subsequent panels can be ignored if the file and case

NameSets match precisely.

Figure 89: Select NameSet Linkage Dialog

Parameter Import Wizard

Select Mameszet Linkage
Tranzfers===Tranzfers

Transfers===Yariant=

(" Matural Order

" Swapped Crder

Matural iz Contaminantz==="ariants and

Swapped iz Cortaminartz===Transfers and

X]

= Back ]

[[ Mext = ]]

[ Cancel ]

The next panel, which is also arrived at for a 1D parameter, is to confirm which NameSet item
in the file is to be used to provide data for each NameSet item in the cas€&ipae 90for an
example where all itemseed to bematched).
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Figure 90: Match Dimension Dialog

Parameter Import Wizard [g]

Match Second Dimension:
Transfers

AtoB (uze a_to_k)

EtoC (unmatched)
Ctod (unmatched)

Select Name in File

Select file tem to use for BtoC

[Unimatched] |

[Unmatched]
a_to_b

Each item in the case is listed. If there is no comment after the name, then an exact match exists
in the file and no action is necessary.

Svn nsgdg rhst shnmr "~ qd onrrhakd- He sgd m
r ld m I d dwhrsr hm sgd ehkd ' mc mn | sbg ¢
NsgdgM | d( Qg+ sgrdams shlgnddcc "esgnlv hkgkd addNsgdgM™ | d h
b rd rdkdbshmf sgd m I d "mc oqgdrrhmf 8Tr dhE€
read, unmatched items will have a value of zero.

For a 2D parameter, a second similar panel is displdge the second dimension.

Finally, a confirmation screen is displayed ($&gure 91).
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Figure 91: Import Parameter Confirmation Window

Parameter Import Wizard E|

Confirm lmport Parameter Details

File Matme: ImpartFile aaf

Parameter: Rates

Multiplicity: [Contaminants][Transfers]
Wariarts (in file) uzed for Contaminants
Mormal === Cont1

Transfers (in file) used for Transfers
a_to_b === AtcBH

b_to_c === BtoC

c_to_a === Ctoh

= Back I Done I Cancel I

Sn "bbdos sgd rodbhehb shnm oqdrr 9©Cnmd¢€+

Once the data has been imported, itkept unless a change occurs to one of the NameSets that
could invalidate it.

If a relevant NameSet is changed then the following actions will occur:
p If a NameSet is deleted, then the Import Parameter is deleted (this is the same as for

any other parametemdexed over it);

p if a NameSet is renamed, then the linkages to the file are automatically updated and the
data remain valid;

p If a NameSet item is deleted or renamed, or a new item is added, or the order changes,
then the Import Parameter data is markeas out of date and will be read when
required.

Note that if a NameSet item is renamed so that the new name is not in the file, then the Wizard
will need to be used to set up the match. If, however, the new item name is in the file then the
data will automatically be matched.

11.4.5 Creating the File in Excel
The steps required to create an AMBER ASCI! file (.aaf) from an Excel spreadsheet are:
p Create an Excel file with a single spreadsheet contairnirgg(timedependent) data.

p  Convert the file to a space delimited file. This can be achieved either by:

saving the file as a Formatted Text (Space delimited) (*.prn) file, but note that if the
data in the Excel cells take up a lot of space compared toctiesizes, it is possible
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that the conversion to a space delimited text format will omit the spaces between
some entries; or

saving the file as a CSV (Comma delimited) (*.csv) file, then using a text editor to
replace all of the commas with a space.

p Rend d sgd ro bd cdkhl hsdc ehkd "r " m d-" "~ eQq
p @cc ) mdv ©HIl ongsdc O g ldsdg€ hm @LADQ
Sectionl1.4.3.

The import files must use a specific layout, as describe8ewtion11.4.2 To enable AMBER to
gdbnf mhrd sgd hlongs ¢ s + u ghntr dgd chmf
layout of data. These heading items must be specified prior to the data being listed and are
described below.

Note that an importfilecanmb kt cd | ngd s g nNANEBEED domsqq xI dhscddgms hse
start of each parameter.

The subsections below provide examples of the various types of data layout available for
import files. In each case, a screenshot is provided of the Excel layaltharesulting layout
in the AMBER ASCI! file format.

11.4.5.1 Time-Independent Data with Zero Dimensions

The layout type in this case is called Figure 92shows an illustration of the data layout in an
Excel spreadsheet afdgure 93shows a screenshot of the resulting import file.

Figure 92: Excel Screenshot of Layout V

A B
1 MAME: i
2 |TYPE: Constant
3 |DIMEMSIOMNS: O
4 |UMITS: kg
5 |LAYOUT: W
6 |1
7

Figure 93: ASCII File Screenshot of Layout V

' Excel Layout ¥.aaf - Notepad g@g|

File Edit Format Wiew Help

MAME @ A
TYPE: Constant
DIMEMSIONS: O

UMITS: kg
LAYQUT D W
1
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11.4.5.2 Time-Independent Data with One Dimension

The layout type in this case igv. Figure 94shows an illustration of the data layout in an Excel
spreadsheet arfeigure 95shows ascreenshot of the resulting import file.

Figure 94: Excel Screenshot of Layout VV

A B C
1 MAME: A
2 |TYPE: Constant
3 | DIMEMNSIONS: 1
4 |DIMEMNSION 1 NAME: B
3 |DIMENSION 1 51ZE: 2
6 DIMEMSION 1ITEMS: Bl B2
7 |UNITS: kg
8 |LAYOUT: WV
9 |1 2
10

Figure 95: ASCII File Screenshot of Layout VV

! Excel Layout VV.aaf - Notepad |:||E|[z|
File Edit Format Wiew Help

MAME D A

T¥PE: Constant

DIMEMSIONS: 1
DIMEMSION 1 MAME: B

DIMEMSION 1 SIZE: 2
DIMEMSION 1 ITEMS: EL B2
UNITS: kg
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11.4.5.3 Time-Independent Data with Two Dimensions

The layout type in this case igv_12A. Figure 96 shows an illustration of the data layout in an
Excel spreadsheet afdgure 97 shows a screenshot of the resulting import file.

Figure 96: Excel Screenshot of Layout VV_12A

A B C
1 MAME: A
2 | TYPE: Constant
3 | DIMEMSIOMNS: 2
4 |DIMEMNSION 1 NAME: B
5 |DIMEMNSICON 1 SIZE: 2
6 |DIMEMSION 1ITEMS: B1 B2
7 |DIMEMSIOMN 2 MAME:
8 DIMEMSION 2 SIZE: 2
9 DIMEMSION 2ZITEMS: (1 C2
10 |UNITS: kg
11 |LAYOUT: WV 124
12 |1 2
13 |1 2
14

Figure 97: ASCII File Screenshot of Layout VV_12A

' Excel Layout YV_12A.aaf - Notepad |Z E'El
File Edik Faormat Yiew Help

MAME ;A
T¥PE: Constant
D2

MAME D E
SIZE: 2
ITEM=: Bl BZ

MAME D
DIMEMSION SIZE: 2
DIMEMZION ITEMS: C1 C2
UMITS:

140



AMBER 5.4 Reference Guide

11.4.5.4 Time-Dependent Data with Zero Dimensions

The layout type in this case iBv. Figure 98shows an illustration of the da layout in an Excel
spreadsheet arfeigure 99shows a screenshot of the resulting import file.

Figure 98: Excel Screenshot of Layout TV

A B c |
1 MAME: Rates
2 | TYPE: Timeseries
3 | DIMEMSIOMNS: 0
4 |UNITS: y-1
5 |NUMBER OF TIMES: 3
6 |TIME UMNITS: i
7 |LAYOUT: TV
8 |0 0.3
9 |1 0.4
10 |2 0.45
11

Figure 99: ASCII File Screenshot of Layout TV

I Excel Layout TV.aaf - Notepad |:||E|[z|
File Edit Faormat Yiew Help

MAME : Rates

TYPE: Timeseries
DIMEMSIONS: O
UMITS: w-1

MUMBER OF TIMES: 3

TIME UMITS: ¥
LayouT: T
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11.4.5.5 Time-Dependent Data with One Dimension

The layout type in this case isvv. Figure 100shows an illustration of the data layout in an
Excel spreadsheet afdgure 101shows a screenshot of the resulting import file.

Figure 100: Excel Screenshot of Layout TVV

A B C
1 MAME: Rates
2 | TYPE: Timeseries
3 DIMEMSIOMNS: 1
4 DIMEMNSION 1 MAME:  Links
5 |DIMENSION 1 SIZE: 2
6 DIMEMSIOM LITEMS: A B
7 UNITS: y-1
8 MNUMBER OF TIMES: 3
9 TIME UNITS: i
10 [LAYQUT: TV
11 (0 0.3 0.1
12 (1 0.4 0.15
13 (2 0.45 0.12
14

Figure 101: ASCII File Screenshot of Layout TVV

I Excel Layout TVV.aaf - Notepad |Z||E|[z|
File Edit Format ‘iew Help

MAME: Rates
TYPE: Timeseries
DIMENSIONS: 1

CIMEMSION 1 MAME: Links
DIMENSION 1 SIZE: 2
DIMENSION 1 ITEMS: & B

UMITS: -1

MUMEER OF TIMES: 3
TIME UMITS:
LAYOUT @ TwW
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11.4.5.6 Time-Dependent Data with Two Dimensions

The layout type in this case iBvv_12B. Figure 102shows an illustration of the data layout in
an Excel spreadsheet aRtyure 103showsa screenshot of the resulting import file.

Figure 102: Excel Screenshot of Layout TVV_12B

A B C
1 [NAME: Rates
2 TYPE: Timeseries
3 |DIMEMNSIOMS: 2
4 DIMEMSIOMN 1 MNAME: Species
5 |DIMEMSIOM 1 SIZE: 2
6 [DIMEMSIOM 1ITEMS: A B
7 |DIMEMSIOMN 2 NAME:  Links
2 DIMENSION 2 51ZE: 2
9 DIMENSION 2 ITEMS: ¥ Z
10 |UNITS: y-1
11 MNUMBER OF TIMES: 3
12 | TIME UNITS: Y
13 LAYOUT: TV 128
14 |0 0.3 0.1
15 |1 0.4 0.15
16 |2 0.45 0.12
17 |0 B 2
18 |1 3 3
19 |2 9 2.4
20

Figure 103: ASCII File Screenshot of Layout TVV_12B

I Excel Layout TVV_12B.aaf - Notepad |Z||E|[z|
File Edit Format Wiew Help

MNAME : Rates

TYPE: Timeseries
DIMEMSIORNS: 2

DIMEMSIOR RNAME : SpECiES
DIMEMSION SIZE: 2
DIMEMSIORN ITEM=: 4 B
DIMEMSIOR MaME: Links
DIMEMSTION SIZE: 2

DIMEMSION ITEMS: ¥ 2
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11.4.6 Sampled Import and Export Files

Information can be transferred from one probabilistic case to another. For Export, AMBER
creates a set of export files if any of the exported parameters in a file is sample dependent and a
probabilistic run is donewith each file corresponding to the results for each realisation.

The file names are derived from the requested name by insef@ng, ... in front of the .aaf
extension. Thus if the export file is specified and example.aaf, the created files will be
example0.aaf, examplel.aaf, ... There will be one file for each sample.

It is then possible to Import these files to another case. It is necessary to modify the case file by
hand to do thisDa GUI mechanism will be added in later versions (8der a description of the

case file layout).lt is emphasised that editing an AMBER case file using a text editor is only to
be tried by advanced AMBER usersThe simples approach is to add the Import parameter
based on the first export file and then to modify the case file.

The IMPORT_PARAMETER block created will have the form:

IMPORT_PARAMETER

ParName

"description"

MULTIPLICITY parameter multiplicity
FILE "example_0.aaf"

NAME ParNamelnFile
END_IMPORT_PARAMETER
END_IMPORT_PARAMETERS

The FILE line, shown bold, in this must be replaced by a set of four lines

BASE_FILE_NAME "example.aaf"
OFFSET n

SAMPLING type

NUMFILES m

where:

p the OFFSET is used for samplingnd must differ from other OFFSET and from any
VARIATE indices for sampled parameters (unless a full correlation is deliberately
required);

p the SAMPLING type is RANDOM or RANDOM_NO_REPEAT or
SEQUENTIAL,;

p NUM_FILES is the number of exported files to be usgide. the number of samples in
the case that generated them.

If RANDOM is used for the sampling type then each sample picks one of the import files at
random; if RANDOM_NO_REPEAT is used then the same file is not picked twice; if
SEQUENTIAL is used thenthe files are used in turn.

Except for the RANDOM sampling type, the number of samples in the importing case cannot
exceed the number of files available.
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11.5 Sampile Files

Sample files enable AMBER users to specify a set of sampled paranetbe correlated by
specifying a list of allowable parameter value combinations in a separate text based file (the
sample file).

Note that AMBER case files can be created and edited via either the AMBER grajpisiesl
interface (GUI) or directly in thetext based AMBER case filiseeQ). It is emphasised that
editing an AMBER case file using a text editor is only to be tried by advanced AMBER users. It
is strorgly recommended that case files are bacldpdorior to any changes being made to the
text based file. Should mistakes result in problems trying to open or run a case file that has been
edited directly, note that support is available to users with valighsart agreements.

11.5.1 The Sample File

The sample file essentially consists of a number or rows, each of which specifies an allowable
combination of values for a set of sampled parameters. The file is designed to be simple to
generate and simple to read (bolly a user and by AMBER). The file adopts the following
format:

p Initial lines allow any comments that the user requires, including descriptions and QA
related information;

p khmd qgd  c¢hmf rhl okx 90@Q@LDSDQRE sg s dn
part of the sample file;

p aline with a list of the parameter names, separated by spaces (or tabs), with each name
being a valid AMBER parameter name (single word starting with a letter and followed
by letters, digits and/or underscores);

p optionally, a line reath mf O9TMHSRE enkknvdec ax k h md
parameter;

p any number of lines (at least one!) with a value for each parameter, separated by spaces
or tabs; and

p the end of the file.

Thus the following would be valid:
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Example AMBER sample file with

These sum to 1.0.
PARAMETERS
fracl frac2 frac3

UNITS
(-1 -11
0.772395638
0.59013304
0.815743246
0.657275166
0.9 45297448
0.864396806
0.836854324
0.2454123
0.83692153
0.404051938
0.702599264
0.66112256
0.929997329
0.163646331

-]
0.206867181
0.372123159
0.115297823
0.106496794
0.053475229
0.061341433
0.156235683
0.306001455
0.100729603
0.241600856
0.130469009
0.032528876
0.050058591
0.319436626

0.020737181
0.037743801
0.068958931
0.236228039
0.001227323
0.074261761
0.006909993
0.448586245
0.062348867
0.354347206
0.166931727
0.306348564
0.01994408

0.516917044

three parameters fracl, frac2 and frac3.

The data in this example was generated with a simple Excel spreadsheet and copied to the

sample file.

Note that there are no restrictions (beyond memory constres) on how many parameters and
how many lines can be included.

11.5.2 The Sample File Block
Each sample file is identified in a new SAMPLE_FILE block within the SAMPLE_FILES

sectionof the AMBER case file. The SAMPLE_FILES block c&e includedin the case file
after the IN_BUILT parameters block. Each SAMPLE_FILE block includes:

p  Aninternal name for the sample file;
p Cdrbghoshud

p A unigue variate number for the line samet, identified with the keyword OFFSET
(e.g.OFFSET 3). Note that the number for each OFFSET and/or VARIATE value in

sdws

the case file must be unique;

p Sgd

be RANDOM.

m- | d

ne

sgd

r

vhsghm

h I

okd

ehkd

roddbg

vhsg

p  Sampling control flags witlthe keyword SAMPLING. Flags include SEQUENTIAL,

RANDOM and RANDOM_NO_REPEATS. Note that, by default, the sampling will
If SEQUENTIAL or RANDOM_NO_REPEATS is specified, then
the number of samples must be no greater than the number of rowsmfile.

Tqgr

sgd

d-f -

j dxvn

Thus, a new AMBER block called SAMPLE_FILES should be created with SAMPLE_FILE

subblocks that give a name, the file and the flags, as follows:
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END_IN_BUILT

SAMPLE_FILES

V1

SAMPLE_FILE

sfilel

"first file"

OFFSET 3

FILE "sfile.txt"
SAMPLING RANDOM
END_SAMPLE_FILE
END_SAMPLE_FILES

11.5.3 The Sampled Parameter

Once the sample file has been set up and identified in the AMBER case file, the sampled
parameters can be specified in the case filgor each parameter, iORMAL_SYMBOL
parameter block should be added within the PARAMETERS block with the following lines:

p A name for the parameter;
p @ cdrbghoshnm vhsghm roddbg | "gqjr "© --- ©

p  The units for the parameter with the keyword UNITS and identified within square
bradkets (e.g. UNITS {]). Note that the units for the sampled parameter must be
consistent with those given in the fil®if no units are given in the file then it will be
assumed that the units are those specified for the AMBER parameter;

p A VARIATE block wi th a unique variate identifier (e.g. VARIATE 3), note that this
VARIATE block identifies the parameter as a sampled parametéerote that the
variate identifier for each OFFSET and VARIATE must be unique in the case file;

p The keyword SampleFile, whictspecifies that the sampled parameter values are to be
obtained from a sample file;

p  The name of the sample file with the keyword File (e.g. File sfilel). Note that this is
the name specified in the SAMPLE_FILE block (see above) and not the file name;

p The name of the parameter within the sample file with the keyword Parameter
(e.g.Parameter fracl);

p Close the VARIATE block with END_VARIATE; and
p Close the parameter block with END_SYMBOL.

Note that loghased sampling is irrelevaithe file value is for thgparameter itself.

An example of a parameters block entry for a sample file parameter is given below:

147



AMBER 5.4 Reference Guide

NORMAL_SYMBOL
sfracl

"Sampled parameter. Allowable combinations of values specified in a sample
file."

UNITS[ -]
VARIATE 4
SampleFile

File sfilel
Parameter fracl
END_VARIATE
END_SYMBOL

Once the sample file has been created, identified within the case file, and the sample file
parameters created within the case file, it is possible to open the case via the AMBER GUI,
check parameters and run the sampled cadete that the Parameter Information window for

a sample file parameter provides the sample file name and the name of the parameter within
that file, but is not editable via the GUI (sdagure 104.

Figure 104: Parameter Information Window for a Sample File Parameter

Parameter Information §|

Parameter Mame: |

Uit

Parameter Description:

Zampled parameter. Allovwable combinstions of values
specified in a sample file.

PDF J n

ZampleFile: =file1
Parameter in File: fract

] Best Extimate
' [

P

o) (o)

11.6 Reporting Defaults

Nmd ne @LADQQr rsqgdmfsgr hr sgd ekdwhahkhsx ¢
route for quality assuring models; the layout of the text based case file is described in the
Appendix. In auditing the text based case file against the spatidn for the model and data,

users need to be aware where items within a parameter are picking up default expressions. This
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is made easier by$%ave Speciaption that enables the user to save a version of the case file that
explicitly includes the dfault entry against all items that use it within a parameter.

The option is available vi&ile | Save Special... | Reporting DefagksFigure 103.

Figure 105: New Reporting Defaults Option

Edit Results Options Wiew ‘Windows Font Help

Mew Zase
Open Case...
Close Case
Save Case
Save Case As, ..

Save Special...
Reverk ko Saved Reporting Defaulks
Exit

Recent Cases g
Case Information, ..

v PbBiokinetic

Via this option, the use of default values/expressions is highlighted in the text case file with an
explicit entry against the item and the following comment:

~

#0=== default ===0
wheredefault  is the default value/expression.

For example,Figure 106 shows a parameter block (see Section A.13 of the Reference Guide)
from a case file inwhich a default expression for calculating compartment volumes
(Length*Width*Depth) is used for some compartments. The same parameter is shown in
Figure 107with the default values reported vidave Special ...

Figure 106: Standard Parameter Block

SYHBEOL
v
"Tolume of compartment
UHITS [m3]
MOILTIPLICITY [Compartments]
[#] "Length*Width#*Depth"”
[Waste] "PackageVolume*PaclagseHumnber"
[Soil] "Farmhrea*Depth”
[Sink] "1"
END_SYMBOL
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Figure 107: Parameter Block with Reporting Defaults

SYHBOL
b
"Tolume of compartment
UHITS [m3]
MOLTIPLICITY [Compartments]
[#] "Length#*Width#*Depth"
[Wa=zte] "PackagseVolume*PackagsHumnber"

[Tn=zat_Zone] "" #"=== Length*#*Width#*#Depth ==="
[Aquiferl] "" #"=== Length*Width*Depth ==="
[Aquifer2] "" #"=== Length*Width*Depth ==="
[Aquiferd] "" #"=== Length*Width*Depth ==="
[Aquiferd] "" #"=== Length*Width*Depth ==="
[Aquifer5] "" #"=== Length*Width*Depth ==="
[Soil] "FarmArea*Depth”

[Sinl] "1"

END_SYMBOL

On reading back such a case file these entries are removed (i.e any comments th&tstart
have the part up to the second== removed. Users/reviewers can add comments after the
second===; these will be retained as comments in the case file.
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12 Running AMBER in Batch Mode

This Sectiondescribes a facility to allow AMBER to be run in batch mode. This is primarily
intended to allow execution of AMBER by other applications, and so is not particulariygie

to use manually. Therefore, the batch running facility should be considered an advanced
option. Batch mode enables users to:

p Ssetup aqueue of case files to be run in order (including probabilistic calculations); and

p trd dsdloktadg@hstmshnmge ehkdr sn "~ tsnl sd s
the same case file.

To run AMBER in batch mode, it is necessary to create a control (itl) with commands in it.

AMBER isthenexet sdc vhsg sgd bnl-4 snog kéaimkldr ggd It £ dwg d
sgd bnmsgnk ehkd m I d vhsgnts sgd -bsk dmch
created. This file is deleted on successful completion, or contains an error message létamp

fails. During running, it contains an indication of the current action.

(Note that the simplest way of launching AMBER with the appropriate command line is to
create aDOS batchfle e hkd dw&d mv lhsagn ©-rah mf kighrel®®.1 | ~ mc Kk hr

Figure 108: runit.bat File

I runit.bat - Notepad
File Edit Faormat Yiew Help
"CiwProgram FileshaMBER 5.4%AMEBER. exe" -batch Batch_Run

File path to the Name of the control (.ctl) file
AMBER executable in the same directory as the
batch file

12.1 Control File

@ bnmsqgnk ehk& (' emkmd hda wwsd mrehnm ral-pitsdkmbd ne kh
for undertaking the batch run. Each line is a command and may have parameters. Blank lines
"mc khmdg Trprddglsth mf d

The valid control file lines are (each of which is describecsiection12.1.):

DI RECTORY fAnamebod

LOAD case - file

RUN [FORCE LAPLACE] [SAMPLES n] [FIRST n] [SEED s] [LHS]
SAVE case - file
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SUBSTITUTE template - file substitute - file case  -file
LOCAL SUBSTITUTE template -file case - file
$$SUB é I ines as would be in a substitute file

END LOCAL: SUBSTITUTE

REPORTreport - filename

WRITE filename  NEW/APPENDtext
BLOCK_WRITE filename NEW/APPENDend - token
text

text

é

end - token

PERMIT permit - filename

LINE - GRAPH graph - file ~ NEW/APPENDexpression [SELECT selName FROM
nameset Name ¢€]

PERCENTILE GRAPH graph - file  NEW/APPENDnpl1l p2 € pn expression
CDF GRAPH chart - filename  NEW/APPENDexpression [time]

SCATTERGRAPH chart - filename  NEW/APPENDexprl expr2 [timel [time2]]

MEANAND CONF GRAPH chart - flename  NEW/APPENDexpr [percent]

SAMPLE SUMMARY filename NEW/APPENDe x pr 1 expr 2 é

SAMPLED LINE - GRAPH graph - filename = NEW/APPENDexpression

CORRELATI ONS fil ename NEW APPEND fAexprl1l0 fAexpr20o
TABULATE filename  NEW/APPENDexpression [time]

FULL- TABULATE filename  NEW/APPENDexpression [time]

EXPRESSIONFILE filename

EVALUATION TIMING filename NEW/APPEND

MEMORYREPORT filename NEW/APPEND

CASE INFO file style

ADF PRECISION SINGLE/DOUBLE

ADF COMPARTMENTS ALL/[SELECT selectionName]

The notation above is as follows. Upper case items are keywords to be entered as shown.
Lower case items are to be replaced by the specific data required. Square brackets indicate an
optional item and a / indicates a choice.

Filenames can be fully qliied. They should be given in double quotes if they contain special
characters or spaces. Expressions should also be placed in quotes if they are not simply single
parameter names.

Figure 109provides a simple example of a control file, in which a case file is loaded, run and
saved. The control file creates a results file and tabulates the values for two parameters. This
example can be extended, ithsstrated in Figure 11Q by including commands to run a second
case file and append the results to the same output file.
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Figure 109: Simple Example Control File

[ Batch_Run.ctl - Notepad '._ 'E|[Z|
File Edik Faormat Yiew Help
"CaseFile.cse"

"CaseFile.cse"

"Results.txt" NEW "CaseFile Results"
TABULATE "Results.txt" APPEND "Result_Parameter"
TABULATE "Results.txt" APPEND "ancther_Parameter"

Figure 110: Extended Example Control File

B8=1E

I® Batch_Run2.ctl - Notepad
File Edit Farmak ‘Yiew Help

LoaD “"CaseFile.,cse”

RUM

SAVE "CaseFile.cse"

WRITE "Results.txt" HNEW "CaseFile Results"
TABULATE "Results.txt" AFPPEWD "Result_Parameter"
TABULATE "Results.txt" APPEWD "Ancther_Parameter"

LoaD "CaseFilez.cse"

RUM

SAVE "CaseFileZ.cse"

WRITE "Results.txt" APPEWD "CaseFileZ Results"
TABULATE "Results.txt" APPEMD "Result_Parameter"
TABULATE "Results.txt" APPEWD "aAncther_Parameter”

12.1.1 Control File Commands

Each of the available control file commends are described in detail below.

DI RECTORY fAnameo

Gives a directory for subsequent files. Then a meaa be a full path or relative to the
previous (or initial) directory.

LOAD case - filename

Reads in the case file as specified. This action will fail if the file is not found or contains errors.
RUN [FO RCE LAPLACE] [SAMPLES n] [FIRST n] [SEEDsS]  [LHS]

Runs the case file that has been loaded. This action will fail if there is no case file loaded or it
has any errors.
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FORCE-LAPLACE asks for the Laplace solver even though there is tidependencé@this
will fail if the time -dependence is not stepwise constant.

For a probabilistic case, the middle arguments set the number of samples to béheufirst case
to be runand the sample seed respectively.

The LHS command forces LatifHypercube sampling tdoe used rather than standard Morte
Carlo sampling.

SAVE case - filename

Saves the loaded case under a new (or the same) name. This will save the calculated results.
Fails if there is no case loaded, or the given file cannot be written. Note thafitbteame must

be given even if it is the same as the loaded filename. It is recommended that a different
filename is used.

SUBSTITUTE template - filename substitute - filename case - filename

Creates a case file from the given template and substitution fildhe syntax for these is
discussed later. Fails if the files dotrexist, or if they have errors, or if the case file cannot be
written. Note that the case is not loaded by this command, and in fact the file that is created
need not be a case file at.all

LOCAL: SUBSTITUTE template -file case - file

$$3SUB é lines as would be in a substitute file
END LOCAL: SUBSTITUTE

Allows substitutions to be specified within the control file without the need for separate
substitute files.

REPORT report - filename
Write a full report to the given file. This fails if there is not a calculated case.
WRITE filename NEW/APPENDtext

Write a single line to a file. APPEND adds the line to an existing file; NEW creates a new file
(or overwrites an existing file).

BLOCK WRITE filename NEW/APPENDend - token

text

text

é

end - token

Writes multiple lines to a file. APPEND adds to an existing file; NEW creates a new file (or
overwrites an existing file). The block of lines is terminated by an ¢oken as indicated on the
header ihe. Any endtoken can be used, but a consistent choice is recommended,
e.g.END_BLOCK WRITE .

PERMIT permit - filename

Only relevant if a restricted version of AMBER is in use. Reads the permit information. This
must be done prior to loading a case file.
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LINE - GRAPH graph - filename NEW/APPENDexpression [SELECT selName

FROM nameset Name ¢€]

Writes the data for a line graph (values versus time) to the given file. The file can be extended
(APPEND) or created (NEW). The expression can be any valid AMBER esggion. If the
expression is not scalar, then several columns of data are written. The file is ca®pasated

and is suitable for importing to a spreadshedtine graph data can be reported for a subset of
items using Selections (see SectAd.8.3. The optional SELECT SelName defines the
selection name and FROM namesetName defines the NameSet. For 2D results, the SELECT
block can be repeated, so tlselections from both dimensions can be specifiediving more
flexibility than in the GUI.

PERCENTILE GRAPH graph - flename  NEW/APPENDn p1 p2 é pn expressio

Only valid for a probabilistic case with at least two samples.

Writes the data for a percentilgraph (values versus time) to the given file. The file can be
extended (APPEND) or created (NEW). The expression can be any valid AMBER expression.
The expression must be scalar. One column is produced for each percentile. The file is eomma
separate@nd is suitable for importing to a spreadsheet.

The number of percentiles and percentages are given before the expression. The percentages
can be between 0 and 100. The extreme values will give the minimum and maximum values
sampled.

CDF GRAPH chart -fil ename NEW/APPENDexpression [time]
Only valid for a probabilistic case.

Writes the data for a cumulative distribution function graph to the given file. The file can be
extended APPEND or created NEWW. The expression can be any valid AMBER expressidf

the expression is timdependent then the time at which the CDF is required is provided in a
second expression. This may simply be a numeric value or an expression evaluating to a time.
Results will be interpolated to the given time. If no tims given then zero will be used.

SCATTERGRAPH chart - filename  NEW/APPENDexpressionl expression2
[timel [time2]]

Only valid for a probabilistic case.

Writes the data for a scatter graph to the given file. The file can be extended (APPEND) or
created (NEW). The expressions can be any valid AMBER expressions. If the expressions are
time-dependent then the times at which they are to be evaluated must be is provided in
additional expressions. This may simply be a numeric value or an expression evalt@tang
time. If both variables use the same time then only one time expression need be given. If no
time is given then zero will be used.

MEANAND CONF GRAPH chart - flename  NEW/APPENDexpression [percent]

Writes the data for a mean and confidence limiagh (values versus time) to the given file. The
file can be extended (APPEND) or created (NEW). The expression can be any valid AMBER
expression. The expression must be scalar. One column is produced for the mean and one each
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for upper and lower configénce limits. The file is commsaeparated and is suitable for
importing to a spreadsheet.

The percentage confidence may be given. The only valid values are 90, 95 and 99. If no value is
given then 95 is used. The Gaussian confidence limits are used.

SAMPLE SUMMARY filename NEW/APPENDe x pr 1 exprz2 é
Only valid for a probabilistic case.

Writes a list of sampled values to the given file, suitable for various statisticalgposessing.

The file can be extended (APPEND) or created (NEW). The expmass can be any valid
AMBER expressions. The expressions must be scalar and notdependent. One column is
produced for the sample number and one for each expression. One line is produced for each
sample. The file is commseparated and is suitalita importing to a spreadsheet.

SAMPLELINE - GRAPH graph - filename NEW/APPENDexpression

Only valid for a probabilistic case.

Writes one block per sample with results for each time. The file can be extended (APPEND) or
created (NEW). The expressionitche any valid AMBER parameter.

For example, running the LevellB example case file in batch mode, with 100 samples and the
command:

SAMPLEBPLINE-GRAPH fAChai nDose.txtodo NEW Dose_ Chain

would produce a file called ChainDose.txt that includes the thapendenDose_Chain results
(in Sv y1) for each of the 100 samples.

CORRELATI ONS fil ename NEW APPEND fAexprl0 fdAexpr20
Only valid for a probabilistic case.

Writes a matrix of correlation coefficenta d svddm cdehmdc dw®dgddoghlh&mr
are any number of expressions that must be scalar and not-tlepeendent. This writes a

correlation matrix and a ranicorrelation matrix to the output fileflename , using the given

expressions (whicttan of course be simple parameters). The file can be extended (APPEND)

or created (NEW).

TABULATE filename NEW/APPENDexpression [time]

Writes the values for an expression to the given file. The file can be extended (APPEND) or
created (NEW). Theexpression can be any valid AMBER expression. If the expression is time
dependent then the time at which the values are required is provided in a second expression.
This may simply be a numeric value or an expression evaluating to a time. Results avill b
interpolated to the given time. If no time is given then zero will be used.

The output is presented in a tabulated format and is intended for inclusion in a summary
output. Zero values are not individually written out but the number of zero valuesndicated
after the table.

For probabilistic cases, the table gives the range of values (minimum, maximum) for the
expression.
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FULL- TABULATE filename NEW/APPENDexpression [time]
Operates exactly the same as TABULATE, but reports all values rather jnahnornzero ones.
EXPRESSIONFILE filename

Writes a full list of all the expressions in use in the current case to a file. This is not intended for
use with the other options and so always replaces the file named.

EVALUATION TIMING filename NEW/APPEND

Reports a breakdown of the time that AMBER takes to evaluate each expression during a run.
This enables the user to identify where rearranging expressions can be of most benefit in
reducing the run time of complex cases. Themwmand must be set after the case is loaded. The
report gives the time spent in evaluation of each parameter (including any parameters that it
uses).

MEMORYREPORT filename  NEW/APPEND

Writes a report to the named file giving an indiman of the size of arrays used in evaluating

each symbol and expression. This can be useful in diagnosing cases where intermediate results
require large amounts of memory. It should be used in conjunction with the Check function in

the Expression Editoto diagnose the precise cause of any such cases

CASE INFO file style

Writes the case information to the given file (file name, case nhame, description, developer).

Gdgd ©rsxkd€ hr MDV nq @OODMC ngqg DWSDMC "r en
ADF PRECISION SINGLE/DOUBLE

Enables the results to be stored in single (default) or double precision in the ADF files.

ADF COMPARTMENTS ALL/[SELECT selectionName]

Commands AMBER to store results for all compartments (default) or for a selection of
compartments, definethy the selectionNaméN amesat selection.

12.2 Template File

A template file is an adapted case file that contains some items that are to be substituted,; it is
gdbnl Il dmcdc sg s €g dc r eThdrtakictal e substitutbdnstgived insao k
substitution file (seeSection12.3. Thus, a single template file can be used to generate a large
number of case files running variants on a specific case.

Although intended for creating case files, the approach is completely generic, and the file that is
created is simply referred to as the output file here.

A template file has some special lines irthat will control what is written to the output file;
other lines will be copied unchanged. These special lines are one of the following and are
described below.

$$SCOMMENT any text
$SCHANGEALL
$$CHANGE namel name? ¢ nameN
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$SIFEXIST name
$$IF name text
$SELSE

$SENDIF

$$FOR name first last
$SENDFOR

$SCOMMENT lines are skipped; they are for annotation only.

The template file items that are to be substituted should usually have the famame$. If this
form is used then th&§$CHANGEALL instruction can be sed to indicate that all are to be
substituted. If$$CHANGEALL is not used, or the file items to be substituted do not follow
the standard name then individu88CHANGE instructions will be necessary.

A single $$SCHANGEALL line indicates that all subsequent lines in the template file are to be
modified if they contain any names of the standard foigname$ that are in the substitute file.
Each occurrence of each name in each line is replaced by the text specified in titikusabs
file.

$$CHANGE lines indicate that the next line in the template file is to be modified. Each
occurrence of each name in t8CHANGE line is replaced by the text specified in the
substitution file.

$$IF specifies the requirement that a nanmethe substitution file has to equal the specified text
for the commands below this line to be executed. If this requirement is not fulfilled, the
commands following the$$ELSE line will be activated if specified. The i8S ENDIF specifies
the end of conmands depending on eith&$IF or $$ELSE.

$$ELSE is followed by the commands that will be executed instead of the commands following
the lines $$IF or $SIFEXIST, if the condition has not been met.The dependence of the
commands on this line is ended bydl$$ENDIF line.

$SENDIF ends an iblock or elseblock.
If-blocks may be nested.

$SIFEXIST starts an iblock. The ifblock is included if the name exists in the substitute file,
otherwise the elsblock (if any) is included.

$$FOR starts a loop. Only simple integer loops are currently supported. T&FOR line
names a temporary name (e$str$) that is given an integer value between the start and end
values. The loop contents are repeatedly inserted wsdtr$ set as if it hadbeen in the
substitution file. The start and end values can be integers of can be other symbols that have
integer values.

$SENDFOR ends a foiblock.

Figure11llr gnvr "~ m dwsqgq bs eqnl "m dw |l okd sdl ok .

parameters are to be substituted.
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Figure 111: Example Template File

I TemplateFile.tpl - Notepad g@g|

File Edit Format Wiew Help

$$CHANGEALL - -

START. CASE Specifies that all famed

o items will be changed
MORMAL _SyYMBOL with values in the
Dispersion_Flag . . substitution file

"Liternal Controlling dospersion”

UMITS [-]

MULTIPLICITY

"'YDISPERICMNFLAGE'" ;

END_ SYMBOL BMamed items to be changed

with values from the

MORMAL_SYMEOL =~ substitution file
ErosionFlag

"Literal controlling erosion.
UNITS [-}

MULTIPLICITY

"' $EROSIONFLAGE "

EMD_S¥YMBOL

EMD_CASE

12.3 Substitution File

As described before, a substitoti file gives the values that are to be used with a template file to
create an output file such as an AMBER case file. It has only two types of item.

$$SUB name text
$$QUOTED_SUB name fAtext that can extend over

$$SUB gives the value foa named item in the template file. The rest of the line is taken as the
substitution text.

$$QUOTED SUB is for cases where the substitution text has line breaks. The text is
delimited by any characteDthe first nonblank is taken as the delimiter arttie text is read up
to the next occurrence. This allows text containing quotes to be substituted.

Figure112r gnvr "~ m dw | okd rtarshgt ®emmgm sghlk &k hsgl gs

shown inFigure111
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Figure 112: Example Substitution File

& SubstitutionFile.sub- Notepad r._ E|[$__<|
File Edit Format ‘iew Help
$$SUB $DISPERSIONFLAGE MoDispersion

$$SUE $EROSIONFLAGS MoOErosion
[y

IMamed item in TWalue’ to be
the template file substituted

Figure 113shows an example control file that uses the template and substitution files shown in
Figure 111and Figure 112to create an AMBER case file, which is then run and selected results

reported.

Figure 113: Example Control File

B example control file.ctl - Notepad

File Edit Format WYiew Help

SUBSTITUTE "Templaterile.tpl"” "substitutionFile.sub" "CaseFile.cse"

LoaD "CaserFile.cse”

RLIM

SAVE "CaseFile.cse"

WRITE "Results.txt" NEW "MNoO Disperiun or Erosion”
TABULATE: "Results.txt" APPEND "Result_Parameter"

TABULATE "Results.Txt" APPEND "another_pParameter"
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13 Feedback

AMBER is developed in response to user feedback; therefore the AMBER ®stigpam
encourages users to provide feedback about the software. In particular:

p If you identify a new feature that would enable AMBER to better address your
modelling needs;

p If you have a suggestion to enhance existing AMBER features;

p Indeed, we welcome any comments about the software.

The AMBER support teams here to help to address any questions that you have about the use

of the software and would be interested to hear if you have any questions. Iniaddgupport

agreements entitle existing users to help from AMBER experts if they encounter any problems
with developing cases.

AMBER website: http://www.quintessa.org/amber/

AMBER Support Team:

email: ambe@Quintessa.org
Telephone: +44 (0)1491 68246
Fax: +44 (0)1491 636247
Address: Quintessa Limited
The Hub,
14 Station Road
Henley-on-Thames

Oxfordshire RG9 1AY,
United Kingdom.
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15 Glossary of Terms

Active Layout DThe layout in use for the model window at any particular time.
Alphabatic Character DA character that is one of & or az.
Alphanumerical Character DA character that is one of &, az, or 09.

Availability DA fraction between 0 and 1 which is the amount of contaminant which can
participate in a particular transfer.

Best Estimate DA single value used to represent a sampled parameters in a deterministic
calculation. Usually, the best estimate will be central in the distribution, but this is not
compulsory.

Binary OperatorD@m nodqg snq vhsg svn nodg mcr 'd-f- s
Boolean Operator DA non-mathematical operand which returns a value of 1 or 0 depending

on wherfther the result is true or false.

Case D The entitiy that contains compartments, transfers, sources, contaminants, decayus,
parameters, and result time€ases can b&ored to disk and read back.

CDF DCumulative distribution function.

Chain DA possible path through a series of decayBor example, if the decays areAAB,
AA C, BA D, and CA D, the possible chains areAABA D and AA CA D.

Comment DText comment associated Wi an individual parameter or mapping item.

Compartment DA distinct physical entity (e.g. togsoil, river, cow, or person) through which
contaminants may pass and/or in which contaminants may accumuldtestantaneous mixing
within a given compartments assumed.

Cyclic Time-Dependent Parameter DA parameter which is piecewissonstant in time and
goes through repeating cyclesuch parameters could be used, for instance, for parameters that
depends on the time of year.

Decay Rate DAnN internal readonly parameter indexed over decay in expressions and evaluates
to the decay rate as specified in the decay dialog.

Decay Process DThe process of transformation of one contaminant into anotheDecays are
assumed to be first order in nature (i.e. taenount of decay is proportional to the amount of
substanceremainingd Cdb " x ognbdrrqQ hr nesdm rgngsdmdc s

Depleting Transfer DThe default transfer type, where the amount received by the receptor
compartment is matched by the amount lost frothe donor compartment.

Derived Parameter D Derived Parameters are a special type of parameter that process the
time-dependent value of another parameter and calculate a result, e.g. the maximum value.

Description DText description assciated with modeltems.
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Deterministic Calculation DA calculation in which none of the parameters is sampled.

Dialog DA special type of window which the user has to close before any other task can be
started. Dialogs are generally used to prompt the user for information

Environment Variable DAN operating system variable that can be created and set by the user.

Expression DA mathematical statement phrased in terms of parameters, constants, operators,
and functions that evaluates to a constant for any given time.

Expression Editor DTool to help in the construction and checking of algorithms etc. within
parameters.

File ExtensionDSgd o gqs ne °~ ehkd m I d “esdq sgd d-q-
hr dbr dgq-
File Stem DThe part of the file name before theé - q - Eng dw | okd+ sgd eh
dl xb rdo-

Flux DThe amount of a given contaminant flowing between two compartments (in the case of
a transfer flux) or into a compartment from outside the system (in the case of a source flux) per
unit time.

FunctionD@ ognbdctgd enq b kbtk > shmf | sgdl shb’ k

Laplace Solver DSolvesEquation 1by means of a Laplace transform and is therefore only valid
when the source terms and/or transfer rates of the problem are constant or pieceorsgant
functions of time.

Latin Hypercube Sampling Ddr sq shehdco r |1 okhmf snddutgmhpt d
ensures values more closely fit the defined distribuition when a relatively small number of
samples are used..

Layout DA collection of information controlling the positions, sizes, colours, and other
attributes of the model window.

Library DA part of ca case that can be saved independently and reloaded.

Literal DA word in single quotes. Literals are useful in providing an indexing system over
related quantities.

LocalDecayRate DAn internal editable parameter indexed over Compartments and Decays.
The default expression for LocalDecayRate is that it is equal to DecayRate in all compartments.

Locked Parameter - A locked parameter is protected from editing. It has been designated
gd cx nmkx+ " mc b mmns ad dchsdc tmshk dt mknb

Mapping DA mapping links the elements of one NameSet to those of another. For example,
contaminants may be mapped to elements.

MinChangeTime DA timescale for the solver interpolation scheme.
Model DThe model is compartmental representation of a system.

Monte Carlo Sampling DFully random sampling within the defined distribution.
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Multiplicity D The ability of a parameter to have more than one expression/value. For
example a K parameter might have contaminant multiplicity, allowing it to have different
expressions for a&ch contaminant. Only standard parameters, observer parameters (derived
output parameters), import parameters, and some internal parameters can have multiplicity. A

o g |ldsdg vhsg bnms | hm ms | tkshokhbhox | ° x
contaminant.

NameSet DA NameSet is a group of names. By defining NameSets the user can allow
multiplicity by their own defined dimensions, and group similar names to simplify parameters
and expressions.

NameSet Option Parameter DA parameterthatcars ~ j d sgd du ktdQ ne
NameSet. Intended for use in implementing multiple scenarios within a single case and defining
which one is to be run.

NameSet Selection DA subset of items within a NameSet.
Navigator Dsee Submodel Navigator.

Non-Depleting Transfer DA transfer process in which there is no reduction of contaminant in
the donor compartment. This is in contrast to a depleting transfer where the amount received
by the receptor compartment is matched by the amount lost from thendo compartment.
Non-depleting transfers can be useful for mdéide) some physical processes.

Observer Parameter DA parameter that is calculated as a ppsicessing step after the solver
has completed. Possible uses of observer parameters includelthdation of the intake of a
contaminant by a human.

Parameter DA parameter is a naetled object with a defined value used in AMBER cases.
There are several types of paramet®siternal, standard, timalependent, sampled, observer,
etc.

Precondition DA check that is made prior to solving the model. This can be used to ensure
that derived parameters stay in range (e.g. in a probabilistic calculation).

Probabilistic Calculation DA calculation in which at least one of the parameters is sampled.

Radio Buttons DA group of buttons on the user interface, only one of which can be selected at
any time.

Result Time DA time at which results will be calculated.

Sample DA calculation for which each sampled parameter has been assigned a fixed value (by a
random number generator). A number of samples will be required to evaluate probabilistic
behaviour.

Sample File DA file that lists permitted combinations of sampled parameters.

Sampled Parameter DA parameter that has a different value for each sample in dabdistic
run.

Scalar DA parameter with no multiplicity.
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SnapShot Time DA time when the compartment amounts are stored in addition to result
times.

Source Term DThe input of one or more contaminants from outside the model into a
bnl o gsl dmdgl Q dRmtmédsddm rgngsdmdc sn drntgbdg

Split Transfer DA transfer which is visually represented in two parts: one connected to the
donor compartment and one connected to the receptor compartment.

Standard Time Parameter Dthe basic parameter type. It canake multiplicity and the
expressions used to define it can reference any other type of parameter except observer
parameters.

Start Amount DThe amount of each contaminant in a compartment at the start time.
Stored Layout DA named layout that has beesaved and can later be used as the active layout.

Submodel DA group of compartments (plus transfers and sources) that form a convenient unit
and thus can be represented in a separate window.

Submodel Navigator DA panel within the Model window that enable quick navigation to
submodels included within a case.

Switch Parameter DA parameter which defined a time at which there is a discontinuity in the
AMBER case must be defined as a switch parameter. Switch parameters alert AMBER to the
discontinuity.

Switch Time DA time at which a step timelependent parameters changes its value.

Time-Step Solver D@ dr sheeQ ngchm gx cheedgdmsh’ ™k dpt
ognakdlr hm vghbg rntgbd sdqlr ~ mc.gnd sshd drr-e d
can also be used for problems in which source terms and/or transfer rates are constant or piece

wise constant functions of time.

Time-Dependent Parameter DA parameter that changes its value with time in a piecewise
constant manner (sdeigure 114.

Figure 114: A piecewise constant function of time

Fit)

t

Transfer Process DThe transfer of one or more contaminants from a donor compartment to a
receptor compartment. The flux of the transfer is equal to the amount in the donor
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compartment multiplied by the rate of the transfer. For example, if the transfer rate if 0,1y

one tenth of the amount in the donor compartment will be added to the receptor compartment

d bg xd  q- dSqg mredq oqnbdr nog-depletingorendeel m r gnqs
Unary OperatorD@m nodq sng vhsg -dnnmg(ndodg mc 'd-f- sg
Unavailability DA fraction between 0 and 1 which is the amount of contaminant which cannot
participate in a particular transfer.
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Appendix: AMBER Case File Format

AMBER case files are intended to be edited via the AMBER GUI. However, to provide

| > whil t| ekdwhahkhsx sn ¢oquuogeg [ de€gnscn ndemr it g
information, the case files are stored in ASCII text format and can be edited gigitable text

editor (e.g., NotePad or TextPad). Editing of case files directly in a text editor is only advised

for expert users only. It is strongly advised that reguldsack-up copies are made or that the

case file name is iterated each time it igedliias AMBER is strict about the permitted format for

the case file and user feedback is limited if an error is introduced.

If an AMBER case file format is damaged and cannot be repaired by the user, then those with
valid AMBER support agreements can sela#lp from the AMBER support team (see Section
13. However, it is emphasised that the user takes responsibility for maintaining the file format
oncean attempt ismade to edit it via a text editor.

Nonetheless, having access to the text based case file can provide additional flexibility to the
expert user, therefore this Appendix provida description of the case file layout.

AMBER case file information $ stoed in the text based case file in a series of nested input
blocks, the key blocks, and their associated orderge:

Al GENERAL CASE FILE IN FORMATION ...ooiiiiiiiiiiiiim e 172
A2 CONTAMINANT INF ORMATION (CONTAMINAN  TS)..oeiiiiiiiiiiriieeeiiirreieereeee e snrneeeee e 172
A.3 DECAY INFORMATION (D ECAYS) ... iitttiiieiiiiiiiitt ettt smmme s 173
A4 COMPARTMENT INFORMAT ION (COMPARTMENTS) ...ooiiiiiiiiiiiiieiiiiiieceeeeeee e 173
A5 SOURCE TERM INFORMAT ION (SOURCE_TERMS).....coiiiiiiiiiiiiiiiee e 174
A.6 TRANSFER INFORMATION (TRANS FERS).....cccutiiiiiiiiiiiece et 174
A7 SUBMODELS (SUBMODELS)....ccceiiittiiitieiiiiii ettt ettt e e et e e e ensbeeenseeas 174
A.8 USER NAMESET INFORMA TION (USER_NAMESETS) ....ccttiiiiiiiiiiieniiieieeiieee e 175
A.9 INTER NAL NAMESET ORDER (I NTERNAL_NAMESET_ORDE R).....ccccoviiiiiiiiiiiiiiienee 175
A.10 NAMESET SELECTIONS (NAMESET_SELECTIONS) ....ccoictiiiiiiiiiiie e 175
A.11  USER MAPPING INFORMA TION (USER_MAPPINGS).....cccciiiiiiiiiiiiiiniiieenieee e 176
A.12  UNITS INFORMATION (E XTRA_UNITS) ..oiiiiiiiiiiiiiie et 177
A.13 PARAMETER SY MBOL INFORMATION ...oiiiiiiiiiiiiiiiiiiiee et 177
A.14  CORRELATIONS (CORREL ATIONS) ....cutiiiiiiiiiiiiiiie e ieemsiee et ee e e 180
A.15 SWITCH PARAMETERS (SWITCH_PARAMS) ..ottt 181
A.16 SNAPSHOT PARAMETERS (SNAPSHOT_PARAMS).....ccttiiiiii ittt 181
A.17  AVAILABILITY SCHEMES (AVAILABILITY_SCHEME S)...cccciiiiiiiiiiiiiiiiiiiieereeee e 181
A.18 DERIVED PARAMETERS ( DERIVED_PARAMETERS) .....oocciiiiiiiiiiiieee e 182
A.19 PRECONDITIONS (PRECONDITIONS) ...uutiiiiiiiiiiiiiieeeiieeeitiee et ee et e e e 182
A.20 CALCULATION OPTIONS (CALC_OPTIONS) ...cciiiutiiiiieeiiiiiiee ettt et e e smee e 183
A.21  USER UNITS (USER_UNITS) .. .oitiiiiiiiiiiiieeeiiteeet ettt eesi e e e e e e 183
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A.22 EXPORT PARAMETERS (EXPORT_FILES) ...otiiiiiiiiiiiiiic e 183
A.23  IMPORT PARAMETERS (I MPORT_PARAMETERS) .....cotiiiiiiiiiiieeeiiiiieeeiieeee e 184
A.24  RESULT FILE OPTIONS (ADF_OPTIONS) ..cciiiiieiiiieeiiiee et seesnne e 184
A.25 PARTIAL SAMPLING OPT IONS (FOR_PARTIAL_SAMPLING) ...ccevviiiieiirieeiiiinesieenineens 185
A.26  LIST OF TIMES (RESUL T_TIMES) ....ootiiiiiieiiiiie ittt e e 185
A.27  GRAPHICAL INFORMATIO N ...ttt e 185

These aralescribedn turn below. Syntax for each block is provided, with user specified input
highlighted initalicsand keywords/symbols required as written are highlightediold.

Syntaxblocks can have comments associated with them, denoted by opening quotation marks
indine with the block header in the case file. These comments enable users that are
reviewing/auditing case files via text editors to insert comments. They are not viegvala the
graphical usemterface. An example is provided for the opening line of the
CONTAMINANTS block below:

CONTAMI NANTS iABlock checked by J. Bloggs 1 Ja

Also, all comments and/or descriptions can be preceded by a # symbol to make them @asy t
highlight in some text editors. In the GUI, the #ecomeghe first character of the comment.

A.1 General Case File Information

The general case file information consists of: a title; a description (which can go over multiple
lines); and information on whayererated the file and when.

The syntax for this is:

ficase name 0

ficase description 0
AMBER_VERSION:version number
GENERATED_BY: who

DATE: text entry for date
TIME: text entry for time

This information is not used by AMBER, so can simply be used farse file quality assurance
purposes.

A.2 Contaminant Information (CONTAMINANTS)

Each contaminant requires two lines in the case filthin the CONTAMINANTS block .
The syntax is:

CONTAMINANThame atomic_mass

fidescription 0

Here, and elsewhere in AMBER, the n@& must only contain alphanumeric characters and

underscores and must start with an alphabetic character (no spaces or dashes are allowed, so
Np-237 would be invalid). The atomic mass is given in grams.
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Example:
CONTAMINANT Np237 237
ANeptunium 28%1iamohaino

Each contaminant is given one after another. There is no significance to the order except in
reporting when the case file ordering is followed.

A.3 Decay Information (DECAYS)

Each decay requires two lines in the casevilthin the DECAYS block. The syntax is:

DECAY parent daughter rate name
fidescription 0

The parent must be a contaminant that was specified in the contaminant information. The
daughter can either be a known contaminant or can be given as NULL, indicating that the
decay product isnot of interest. The rate is given in units ofy(assuming years are the
nominated time unit). The description is simply a comment (it could be used to record the half
life). The name is not of interest here, but must be unique, e.g. parent__daughter.

Example:
DECAY Np237 Pa233 3.3e -6 Np237__Pa233
Ahatlfi fe = 2. 1eb5 yearso

Each decay is given one after another. There is no significance to the order. Note that if Bq is
used as the unit of Amount (as is expected here) then all contaminants muspheeat in at
least one decay so that their total decay rate is known.

If branching chains are required, the same parent can be used in two decays. Note that if the
branching is known from a total hatife and branching fractions, then the fractional dgoates
that AMBER needs can be calculated as follows.

For a halflife of T and branching ratios ofa and 6 (which sum to 1), the relevant rates are
aln(2)/Tandb.In(2)/T.

A.4 Compartment Information (COMPARTMENTS)

Each compartment requires two lines in thease filewithin the COMPARTMENTS block .
The syntax is:

COMPARTMENifiame
fidescription 0

The description could be left blank if no descriptive text is available.

Example:
COMPARTMENT Upper_soil
iSurface soil o

Each compartment is given one after another. &k is no significance to the order except in
reporting when the case file ordering is followed.
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A.5 Source Term Information (SOURCE_TERMS)

Each source term requires three lines in the casenfithin the SOURCE_TERMS block The
syntax is:

SOURCE_TERMame

fidescription 0

target_compartment

The description could be left blank if no descriptive text is available.

Example:

SOURCE_TERM FixedFlux

AUnit flux to deep soil o
Deep_Soil

If there are multiple sources, each is given one after another. There is no saguécto the
order except in reporting when the case file ordering is followed.

A.6 Transfer Information (TRANSFERS)

Each transfer requires three lines in the caseviilinin the TRANSFERS block The syntax is:
TRANSFER_PROCESBame

fidescription 0

donor recept or DEPLETING

The description could be left blank if no descriptive text is available. Note that the keyword

DEPLETING applies to all transfers if, as is assumed here, the transfer represents an actual
transfer of contamination from the donor to the recept.

Example:

TRANSFER_PROCESS River_Flow
AFl ow of river watero
River_Water Marine_Water DEPLETING

Each transfer is given one after another. There is no significance to the order except in
reporting when the case file ordering is followed.

A.7 Submodels (SUBMODELS)

AMBER lists the names and compartments included in submodels under the SUBMODEL
block. The syntax is:

SUBMODELname
fidescription 0
ITEM compartment
ITEM compartment

END_SUBMODEL
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Any number of compartments can be included in a submodel. Specitimpartments cannot
be included in more than one submodel.

Example:

SUBMODEL Repository
ANeafri el d model 0O
ITEM Waste Container

ITEM Backfill

ITEM ConcretePlug
END_SUBMODEL

A.8 User NameSet Information (USER_NAMESETS)

User NameSet information is stored in the SER_NAMESETS block; he general syntax is:

NAMESET

Name
Afdescriptiono
entryl

entry2 ¢
END_NAMESET

There is no significance to the order except in reporting when the case file ordering is followed.

Example:

NAMESET

Elements

AEl ements included in the model 0o
U

Np

Th

END_NAMESET

A.9 Internal NameSet Order
(INTERNAL_NAMESET ORDER)

NAMESET subblocks record the order for each internal NameSet which are either listed in
full or noted as alphabetic ordering with the ALPHABETIC keyword.

Example:

NAMESET
Compartments ALPHABETIC
END_NAMESET

A.10 NameSet Selections (NAMESET _SELECTIONS)

SELECTION subblocks record selections of items in any of the internal and/or udefined
NameSets in the case. The syntax is:
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SELECTION nameset
Name
Afdescriptiono
iteml1

item2

END_SELECTION

Where nameseis a NameSet defined in the casameis a unique name for the selection and
item1, item2 are the selected items from within th&t ameset.

Example:

SELECTION Contaminants

U238 Chain

AContaminants -23h8 tdhecdy chaino
U_238

U 234

Th_230

END_SELECTION

A.11 User Mapping Information (USER_MAPPINGS)

The general syntax for a user mappingthin the USER_MAPPINGS blockis:

MAPPING

name

fidescription 0

FROM[ namesetl ]

TO [ nameset2 |

MAP[*] -> [entry Z] [Acomment 0]
MAP[entry a | ->[ entry A] [ icomment 0]
MAP[entry b ] ->[ entry B] [ icomment 0]
é

END_MAPPING

]
i

The default line[*] is optional any items in the FROM NameSet without a specified mapping
will pick-up the default entry from the TO NameSet The i ¢ 0 mme entrigs are also
optional for each mapping An example is provided belowithout default orcomments

Example:

MAPPING
ContaminantsToE lement s

DESC AMapping from Contaminants to El ements.

FROM [Contaminants]
TO [Elements]

MAP [Np237] ->[Np]
MAP [Pa233] ->[Paq]
MAP [U238] ->[U]
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MAP [U235] ->[U]
END_MAPPING

A.12 Units Information (EXTRA_UNITS)

The EXTRA_UNITS block records the error treatment in the case and any user added units
with the following syntax:

ERROR_TREATMENT RESPECT|WARN
BASE [ PREFIXABLH

unit name

DERIVED [ PREFIXABLE

unit name

unit definition

Where RESPECT or WARN indicate whether the case will fail on units errors or provide a
warning and the optional PREFIXABLE tag indicates whether new base or derived units are
prefixable.

Example:

ERROR_TREATMH RESPECT
BASE PREFIXABLE

N

DERIVED

Week

7 day

A.13 Parameter Symbol Information

The parameter information is stored in the case file in three blocks:

p  In-built parameters (IN_BUILT parameter block);
p Standard parameters (PARAMETERS block); and
p Observer paramets (OBSERVERS block).

In each case thiermats for the individual parameters are the same, with information contained
within individual SYMBOL blocks. The format is described below for parameters with no
multiplicity (scalar parameters), single multipitg; dual multiplicity and for sampled
parameters For other parameter types, the user is advised to create an example via the GUI and
inspect the resulting case file format for the definition.
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A.13.1 Scalar Parameters

Scalar parameters (i.e. they only havsirgle value rdter than one that depends on a Nansp
Each parameter will require a SYMBOL block with the following syntax:

SYMBOL

name

fidescription 0

UNITS [ units ]

SCALAR

fivalue or expression 0
END_SYMBOL

An example is provided below

Example:

SYMBOL

IN G_Rice

il ngestion rate for riceo
UNITS [kgly]

SCALAR

R200. 00

END_SYMBOL

A.13.2 Parameters with Single Multiplicity

The name, description and units components for a parameter with single multiplicity are the
same as specified for scalar parameters. However, SBALAR line is replaed with the
definition of the Name®t over which the parameter is indexed:

SYMBOL

name

fidescription 0

UNITS [ units ]
MULTIPLICITY [ nameset ]

[ * ] default value or expression O[ Acomment 0]
[iteml ] Avalue or expression for item1l O[ Acomment 0]
END_SYMBOL

Whereiteml isan item from the specified Nam&®band the line can be repeated for each item
with a specific value or expressionAny NameSetitems that do not have specific value or
expressionslo not need including as lines in the SYMBQhlock and will instead pick up the
default value or expressiorS g d © b n éntries ar®&ional for each item.

Example:

SYMBOL
V_comp
AVol umeo
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UNITS [m3]

MULTIPLICITY [Compartments]

[ *] AO0.O0o0

[ Ri ver Water] fARiver CSA*River _Lengtho
[ Deep_Soil ] riexat*uScdoyiA _Dept ho

[ Top_Soil] A10000

é

END_SYMBOL

A.13.3 Parameters with Dual Multiplicity

The name, description and units components for a parameter with dual multiplicity are the
same as specified for scalar parameters. However, the SCALAR line is replaced heith t
definition of the NameSet over which the parameter is indexed:

SYMBOL

name

fidescription 0

UNITS [ units ]

MULTIPLICITY [ namesetA ][ namesetB ]

[ *, * Jolobal default value or expression O[ Acomment 0]

[ itemAl , * ] defiault value or expression for itemAl O[ Acomment 0]

[* itemB1 ] Adefault value or expression for itemB1 O[ Acomment 0]
.[.itemAl , itemB1 ] fivalue or expression for specific items O[Aicomment 0]
END_SYMBOL

WhereitemAl is an item from the first specifietNameSetand itemB1 is an item from the
second. Any specific combination of items that do not have specific value or expressions do not
need including as lines in the SYMBOL block and will instead pick up the default value or
expression.Thefi ¢ o mm eentties are optional.

Example:

SYMBOL

Kd

"Distribution coefficients"
UNITS [m3/kg]
MULTIPLICITY [Elements][Media]
[ 0"

[C,*] "0.005"

[Tc,Aquifer] "0.0001"
[Tc,Soils] "0.01"
[Tc,WasteFacility] "0.001"
[Tc,UnsaturatedZone] "0.01"
[Cs,Aquifer] "0.1"
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END_SYMBOL

A.13.4 Sampled Parameters
Sampled parameters adopt the following syntax:

SYMBOL

parameter name

" description

UNITS [ units ]

VARIATE unique variate number
Uniform|Triangular|Gaussian|TruncatedGaussian
[ Min minimum]

[ Peak peak]

[ Max maximum]|

[ Mean mean|

[ SD standard deviation ]
BEST ESTIMATE best estimate
[ BEST EST- IF - PARTIAL]

[ LOG BASED

END_VARIATE

END_SYMBOL

Where the variate number is an input to the sampling sequence and should be uniques from all
other variate/offset numbers, unless a full correlation is intewdeThe distribution definition
should match the type of distribution (e.g., if uniform then only minimum and maximum are
required). The BESESTIF-PARTIAL tag indicates if the parameter is fixed at the best
estimate value if partial sampling is used. |dg-distribution can be indicated with the LOG
BASED tag.

Note that beta and general cumulative distribution functions are also available. The user is
advised to create examples and inspect the case file definition if these are required.

A.14 Correlations (CORRELATIONS)

Correlation groups are specified via sblocks within the CORRELATIONS block with the
following syntax:

CORRELATION

name

Adescriptiono

SampledParameterl SampledParameter2 CorrelationCoefficient

END_CORRELATION

An example is provided below.
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Example:
CORRELATION
WaterFlows

ACorrelations between sampled parameters involve

Precipitation Irrigation -0.9
Precipitation RunOff 0.75

Irrigation RunOff -0.4
END_CORRELATION

A.15 Switch Parameters (SWITCH_PARAMS)

Standard parameters thabtroduce time dependency into the dynamic model need to be
declared as switch times. This is achieved by listing the time dependent parameters in the
SWITCH_PARAMS block:

SWITCH_PARAMS
ParameterName

END_SWITCH_PARAMS

A.16 SnapShot Parameters (SNAPSHOT_PARAMS)

SnapShot parameters are defined as a list in the SNAPSHOT_PARAMS block:

SNAPSHOTPARAMS
ParameterName

END SNAPSHOT PARAMS

A.17 Availability Schemes (AVAILABILITY SCHEMES)

Availability schemes are specified via dolbcks in the AVAILABILITY_SCHEMES block:

SCHEMESharedLimit|IndividualLimit
Adescriptiono
EXPRESSION " value or expression
UNITS Moles|User Defined

[ MAPPING mapping ]
TRANSFERtransfer

END_SCHEME

Where the scheme can be one of either SharedLimit or IdividualLimit. The units can either be
specified as Moles, or as UBsfined specified units. If a shared limit is specified, then the
associated mapping needs to be included.

Example:

SCHEME SharedLimit

AAvailability |imitation on contaminant releaseso
EXPRESSION "AvailabilityLimit(donor)"

UNITS Moles

MAPPING Contaminants ToElements

TRANSFER Leaching

END_SCHEME
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Where AvailabilityLimit is a user defined parameter indexed over elements and compartments.

A.18 Derived Parameters (DERIVED PARAMETERS)

Derived parameter information is stored in the ca8ke in the DERIVED_PARAMETERS
block. The following syntax is used for each parameter $ltck:

DERIVED_PARAMETER
DerivedParameterName
fidescription 0
BaseParameterName
MAX|MAXTIME|INTEGRAL|AT
[ TimeParameter ]
END_DERIVED_PARAMETER

Where theBaseParameterName is the parameter on which the derived output is based. This is
followed by a line with a keyword indicating the type of derived parameter, which can be one
of MAX, MAXTIME, INTEGRAL or AT. For the AT derived parameters, an additional line

is required that provides the parameter that defines the time at which the parameter is needed.

Example:

DERIVED_PARAMETER

DoseRateAtEndControl

fiCal cul ated dose rates at the end of i nstitution
DoseRate

AT

t_EndControl

END_DERIVED PARAMETER

A.19 Preconditions (PRECONDITIONS)

Preconditions are specified via individual CONDITION blocks within the
PRECONDITIONS block. The syntax is as follows:

CONDITION

name

" description

" Boolean expression
ERRORNVARNING
"message"
END_CONDITION

Where the type of precondition failure (i.e., error or warning) is defined by using either the
keyword ERROR or WARNING.

Example:

CONDITION

PorosityCheck

"Precondition to ensure that porosity is valid"
"and(theta>=0,theta<=1)"

ERROR

"Invalid porosity specified in theta"
END_CONDITION
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A.20 Calculation Options (CALC_OPTIONS)
The CALC_OPTIONS block records the number of runs, the seed and the sampling approach.

number of runs
seed
MONTECARLO
[ USE LHY

Where the optional USELHS line should be included ifatin-hypercube sampling is required.
Note that a deterministic run need only specify the number of runs as 1, whereby the seed and
sampling type are unimportant.

Example:

100

987654321
MONTECARLO
USE LHS

A.21 User Units (USER_UNITS)

The USER_UNITS block stoes the units that AMBER will use for time and amount:

UNIT TIME Years|Months|Days|Hours|Minutes|Seconds
UNIT AMOUNT Moles|Becquerels|Kilograms|Grams

A.22 Export Parameters (EXPORT _FILES)

Details regarding export files are included in EXPORT _FILE shlocks. The syntax is:

EXPORT _FILE
"filename .aaf "
FILE_DESCRIPTION:
" description
parameterl
parameter2

e
END_EXPORT_FILE

Any number of parameters can be listed and will be exported to a text based file.

Example:

EXPORT_FILE

" FluxesToBiosphere .aaf"
FILE_DESCRIPTION:

" Fluxes from the geosphere to the biosphere
FluxToSoil

FluxToRiver

FluxToLake

END_EXPORT_FILE
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A.23 Import Parameters (IMPORT_PARAMETERS)

Import parameters are defined via IMPORT_PAAMETER suifocks. The syntax is:

IMPORT_PARAMETER
name for  import parameter

"description "
[ MULTIPLICITY [ nameset ][ nameset ] ]
FILE" name of import file .aaf "

NAME name of parameter in the import file

[ NAMESET_LINKAGE

name of nameset in case file

FILE_NAMESET name of nameset in the import file
USE import file item1 FOR case file itema
USE import file item2 FOR case file itemb

END_NAMESET_LINKAGE
END_IMPORT_PARAMETER

If the parameter has multiplicity, then the optional MULTIPLICITY line can be usedlf the
m | drdsr hm sgd hlongqs ehkd "mc b rd ehkd cnn
block can be included. Where the items in the import file namset and the case file nameset do

not match, then the optional USE lines can be included.

Example:

IMPORT_PARAMETER
SourceFlux

"Source flux to the soil"
MULTIPLICITY [Contaminants]
FILE "FluxesToBiosphere.aaf"
NAME FluxToSoil

NAMESET_ LINKAGE
Contaminants
FILE_NAMESET Contaminants
USE H3 FOR H_3

USE C14 FORC_14
END_NAMESET_ LINKAGE
END_IMPORT_PRAMETER

A.24 Result File Options (ADF_OPTIONS)

Result file options are stored in the ADF_OPTIONS block:

SINGLE_PRECISION|FULL_PRECISION
ALL_COMPS|COMP_SELECTIOMNelection name
REPORT_NEVER|RER_ALWAYS|REPORT_ABOVEle size in MB
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An example for full precision with auser definedcompartment selection and warning if the
results file is greater than 100 MB is given below.

Example:

FULL_PRECISION
COMP_SELECTION KeyCompartments
REPORT_ABOVE 100

A.25 Partial Sampling Options (FOR_PARTIAL SAMPLING)

Includes a list of parameters to be held at their best estimate value for partially sampled cases,
where each parameter has the following line:

USE_BEST_EST_FOR paramName

Where paramName is the name of the parameter to be held at the best estiadate v

A.26 List of Times (RESULT _TIMES)

AMBER needs to be given a set of times for reporting the results. These do not affect the time
stepping, so if the only result of interest is a steady state from a constant input just a few times
(or even just one) coulble specified. The block just lists the times in years.

Examples:
RESULT_TIMES

V3

110 100 1000 10000
END_RESULT_TIMES

A.27 Graphical Information

Graphical information about the case is stored at the end of the case file within the block that is
delineatedvith START_GUI_INFO and END_GUI_INFO.
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