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Preface

The following MIG computer code is restricted to a steady flow and steady
hydrochemical flow system. The code for a non-steady hydrological system is still
heavily dependent on external optimization libraries, such as the NAG® Library.
Therefore, a stand-alone “friendly” code or solver for a non-steady system has yet
to be compiled. Readers looking to implement the mixing-cell approach in a non-

steady hydrological flow system are encouraged to contact the authors.

In order to simplify the procedure of preparing the data and running the Mixing-
Cell Model for a steady flow system (MCMs¢), a special Mixing Input Generator
(MIG) has been programmed. MIG is a Visual Basic Microsoft® application that
runs within Excel® (5.0 or newer version) via Windows 95° or a newer environment.
The program has been tested and used successfully in Windows NT®,
Windows 95°, Windows 98° and Windows XP®, together with Excel 5.0, 7.0 &
2000. A stand-alone Version MIGs, that runs on a Windows® system without
Microsoft Excel® is also available. Section 1 provides some clarifications of terms
that are used in MCMgs in the MIG version, and Section 2 briefly reviews the
mathematical algorithm. For elaboration of the basic assumptions and for further
mathematical description, the user is referred o the explanations provided in the
Model Simplification and to the references of scientific publications provided in

this manual.




1 Basic Terminology

& Source

The term source refers to any flow component that contributes water and mass of
dissolved constituents to any cell within the modeled aquifer. A source is used to
represent external inputs into the flow system (for example: sources of
groundwater recharge or any genuine contribution from outside the modeled
aquifer or any other modeled flow system). It is considered fo be a potential end-
member with a constant chemical and/or isotopic composition. A source can also be
used to simplify part of the modeled system, such that a complex subsystem can

be introduced as a lumped source of inflow into the modeled area.

@ cell

The modeled aquifer is discretized or subdivided into homogeneous compartments
within which all the considered parameters are assumed to be constant for a
specific time period, such as hydraulic heads, isotopic composition and ionic
concentrations. Mixing of various sources or contributors such as from upstream
compartments and external sources, and dilution with water already existing in the
cell, control the concentration of the characteristic chemicals and the isotopic
compositions of each compartment. Therefore, every well-mixed or homogeneous
aquifer section (cell or compartment) is characterized by a unique representative

chemical concentration and/or isotopic composition.

Source 1 Source 2

Source 3

Figure 1. A schematic configuration of the cells

A cell must have input fluxes, either from output flux from an upstream cell, from

a source, or from several sources. Each cell must have an output flux, either into a
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downstream cell (or cells), via withdrawal of water (i.e. pumping), or via natural
subsurface groundwater flow leaving the system, so that the water balance is
maintained. Every cell can have a number of sources and can contribute water to
several downstream cells. In the example above (Figure 1), cell 1 receives inflows
from sources 1, 2 and 3 and contributes output flux to cell 2. Cell 2 receives inflow

from source 2 and input flux from cell 1.

Any hydrological connection between two cells will have a unique flow direction.
Fluxes into and out of cells are proposed along the downstream hydraulic head
gradients. Possible hydraulic connections among cells based on groundwater head
gradients are proposed prior to the optimization process, i.e., the assigned flow
vector cannot change its direction during the period for which the optimization is
performed. As a result of the optimization process a flow rate (2 0) is attributed
to each potential flow component. Some fluxes might end up with an effective rate
of 0. This means that this specific component has been considered as a potential
contributor, but in reality it is not active and does not contribute a substantial
flux into the specific cell. In addition, in cases where a cell is assigned a potential
source that has a very similar chemical concentration fo another source which was
also assigned to the same cell, or has a specific chemical composition that is (or
close to) a linear combination of another source, the solver will combine the
contribution of these two sources into one. In other words, one of these sources
will be given the entire flux of the two, and the other will be assigned zero flux.
The solver of this model cannot assign flux values to missing flow components that

were not identified or introduced into the model.




2  Mathematical description
A set of balance equations for the flux of water and for the associated flux of

solutes is written for each cell nover a given time period d*. For a simplified flow
model of water with a constant density the mass balance for the cell 7 is

expressed by the following equation:

R I J dh,,
2.Qm + 2.0in — 2 0nj—Wn =Sy —~ 1)
-1 =] dt

The symbol Q., denotes R different sources into cell n, and ¢, denotes the flux

from the /" upstream compartment or cell into the #™ cell. In the above example
of a schematic compartmental flow system, for ce// I, T =0 (no internal fluxes
from upstream cells), and there are 3 external sources, r =1, 2 and 3. In a similar

way, g, stands for the outflow from the n" cell into the j” one. W, accounts for

withdrawal of water from cell n, i.e. a sink term or pumping rate in the 7" cell. The
inflows and outflows are iterated over the number of inflows, I, and the number of
outflows, J, into each cell. S, represents the storage capacity within cell nand A,

denotes the hydraulic head associated with that cell.

For a steady flow system or for quasi-steady flow over a sufficiently long time

interval, an average water balance expression is obtained:

R—

- J - —
2.Qm+ 2.0in — 2.0nj —Wn =& (2)
r=1 =1 =1

The notations are the same as in Equation 1 except that each term represents the
average fluxes for the specific time interval designated with top-bars. An error
term, e, is introduced in order to account for any error associated with either
measurements or assessment of the flow system and other deviations from flux

balance in cell n.




For a quasi-steady state variation of the dissolved constituents, the mixing cell
concept is applied, based on mass balance expressions for each tracer A
(k=1,2,.K)incell m

R . J _ _
> CuQn + D Cinka, —cn{qu _wn}gnk (3)
r=1 i=1 j=1

C,Q,, denotes the average flux of the & constituent from source r into cell ».

1h

i represents the average flux from the /” cell into the #” cell, having an

average concentration C,, of solute 4 In equation (3) C, denotes the
concentration of the A constituent within cell 7 and a stands for the average

outflow from the " cell into the ;™ one. The average pumping from the A cell
during a specific time interval is expressed by Wi, and &, is the error
associated with the mass balance of the A" constituent or the deviation from the

solute balance in cell n.

Upon combining equations 2 and 3 into a matrix form for each cell n, the following

is obtained:

C X,+P,=E, 4)

where ¢, is a matrix with known concentrations in cell n, X, is a vector of the
unknown fluxes through the boundaries of cell 7, A2, is a vector containing elements
with known values in cell n (such as known fluxes of pumping) and £, the error
vector in cell n. (For further elaboration on Equations 1 to 4, the reader is
referred to Adar et al. [1988, 4], Adar and Sorek [1989] and Adar [1996]).

By assembling the square error terms over all cells we obtain:

N N
1=Y[EWE,)=YC X, +P, =E,] ®(C X, +P, =E,) 5)

n=1 n

where T denotes transpose and & represents a diagonal matrix comprised of

weighting values about estimated errors (independent of each other) expected for
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each of the terms, which compose the mass balance for the fluid and the dissolved
constituents. The weighting matrix & also reflects the degree of confidence to
which the tracers are assumed conservative and/or the degree of accuracy of the

analyses.

The total flux components in the aquifer can now be estimated by minimizing the

sum of square error, J.

As a result of the mathematical optimization, a flow rate is attributed to each
potential flow connection. Depending on the results obtained from the
mathematical optimization, the flow model might be changed by modification of
the proposed flow pattern and potential sources. Repeated failures of a model
optimization scheme indicate a complete disagreement between the
hydrogeological and hydrochemical flow pattern versus the proposed set-up of the
model. This implies the need for modification of the proposed compartmental flow
pattern associated with a possible revision of the assigned set of potential
contributors. In some cases, problems with model optimization even necessitate a
review of the hydrogeological system analysis, i.e., the definition of compartments
and possible flow and hydraulic connections among cells and suggested sources of

recharge.




3 MIG Program installation and execution

3.1 System requirements
A PC with Windows® operating system (Windows 95° or newer) is needed. MIG

itself is an Excel® file that contains a number of “macro” routines for processing
other Excel® files. Therefore, Excel 5.0° or a newer version is needed, such as
Excel 2000°. The language of the system (English, German, International versions)
does not seem to make any difference to the program execution. All the comments

and commands of MIG, however, are in English.

3.2 Installation of MIG
For the installation of MIG, the user will need Winzip (or equivalent)

decompression utility software.

The installation file MixCell_setup.exe contains the necessary software. The file
is an archive containing compressed files. It is recommended fo create a folder
c:\mixcel in which the unzipped files can be stored. You may, however, choose any
other folder. Activate (double-click) MixCell_setup.exe to start the
decompression. A window belonging to the decompression utility of your computer
will open. If Winzip is used the caption 'WinZip Self Extractor -
Mixcell_Setup.exe' will appear (Figure 2).

WinZip Self-Extractor - Mixcell Setup.exe ﬂ
To unzip all files in Miscell Setup.exe to the :
specified folder press the Unzip button,

|
I:I_r'lzlp. ko f_u;lu:ler: _
| C:Amiwcel [ | Browse.. ] [ Cloze ]
Qvenarite files without prampting Abaut

Help

Figure 2. 'WinZip Self Extractor - Mixcell_Setup.exe'




Please confirm or choose an alternative directory using the '‘Browse’ button.
Clicking the 'Unzip' button will start the extraction of files fo be inserted in the
selected directory. After extraction of files from the archive, in this directory

you will find the following files:

C:\mixcel\Mig.xls

C:\mixcel\Multi.exe

C:\mixcel\Data_1_5.xIs with two ASCI files: In15.prn and Out15.prn
C:\mixcel\ Data_4_14.xls with two ASCI files: In414.prn and Out414 prn
C:\mixcel\ Data_12_17.xls with two ASCI files: In1217.prn and Out1217 .prn
C:\mixcel\help_MIG.pdf

The file Mig.xls is an Excel file, which contains a code in Visual Basic that assists
the user to prepare the input data for the solver code. The file Multi.exe is the
optimizer, an executable FORTRAN file that is called by the MIG upon the
completion of the input data in the appropriate format. The file help_MIG.pdf
contains the documentation. Finally, the files Data_1_5.xls, Data_4_14.xls and
Data_12_17.xls are example files with hydrochemical data for 1 cell with 5
sources, 4 cells with 14 sources and 12 cells with 17 sources, respectively. The
ASCII files (In15.prn & Out15.prn, In414.prn & Out414.prn, In1217.prn &
Out1217.prn) are examples of the input files created by MIG and results files
from the FORTRAN module multi.exe, respectively. After extraction of the data
files, MIG can be operated directly from the Excel-data-file (see below).

10



3.3 MIG menu structure
MIG is a tool for preparing the data in an appropriate format and for producing
input files for the FORTRAN solver Multi.exe. In order to guide the user through

the procedure of defining the mixing cell model, a certain procedure has been

prepared as described in Figure 3.

Options After selecting some straightforward program
II options, first the cells and then the sources will
Select cells be selected. As described in the terminology,

II any flow component that does not receive any

Select sources inflow(s) from other components is called a

II source. Any flow component that has an input

from or is receiving a flux from at least another
Define flows from

inflow is called a ce// (c tment).
sources to cells inflow is called a ce// (compartment).

1L

Define flows from cells In the next menu, the user is asked to define

to cells the flows from sources to cells, followed by a

: : ﬁ menu where the user can define the flow
Define pumping rates

direction between cells. After this menu, the

II user can enter or modify pumping/discharge

Choose fracers rates from each cell - these are fluxes that are

i [ extracted from the system by pumping or

Select sources or cells natural discharge. Next, the tracers are
for normalization

ﬁ selected and the weights (of conservancy) can

Generate input file be assigned or modified. Finally, the user is

Save input file asked whether the data should be normalized or
STQTM Solver not. At this stage, the user can generate input
Xl

files for the Solver, save them and activate the
Figure 3 MIG procedure for
creating an input file for the
solver descriptions for each step are given below.

Solver directly from the MIG program. Detailed
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3.4 Loading and running MIG
In order to use MIG, two files are always required: Mig.xls and the appropriate

Excel data file. First, you need to open and load c:\mixcel\Mig.xls with the Excel
program. Start Excel, go to the 'File/Open’ menu and open the file Mig.xls from
the directory that you have selected during the installation (C:\mixcel\Mig.xls).
The program is loaded and you should see the image below (Figure 4):

& Microsu Excel - Mig

J File Edit Wi Insert Format Toaols Chart Window Help
B zru|l===8|n-|0|F %, w@5=en-
= NEEIEIRPER

[ [ [ [

EM &% e T8 20:04

Figure 4.

Tip: Your system might have a warning system switched on that informs you that you are
about to open a file containing macros - this is an additional safeguard against macro-
viruses. Choose the option ‘Activate Macros'. If you use MIG regularly, you can switch off
this warning.

In order to activate the program, now open the data file (for example
c:\mixcel\data_4_14 xls). As indicated by the message, the mixing cell generator

is a macro file - one always needs to open a data file in order to work with MIG.

Go to 'File/Open’ and select the file with hydro-chemical and/or isotope
information that fits the modeled flow system. Some instructions and limitations

about the format of the data file are given below.
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A. The data file should be an Excel file format 5.0 (or newer version). Of

course an imported dBase from other spreadsheet files may be used as well.

First row
with data

sample names

Column with Matrix with chemical data

E4 Microsoft Excr(- Data_4_14

=E=EH| -0 Fxw, H8E

Ready

Figure 5. Data form for the MIG

B. Referring to Figure 5, the uppermost row in every data file should contain

the column names. The hydrochemical and isotopic composition, which

characterize each cell and/or source, should be arranged in rows. Columns

represent the properties (sample name, co-ordinates (Long & Lat) heads

(GWL), chemical concentrations, etc.). It does not matter which column the

sample names are in or where the first column with the chemical data starts.
The location of the sample name column and the location of the first column
with chemical data can be specified and later infroduced into the MIG data
processor (see 'Program settings’). However, it is useful (set as a default) to
place the column names in the first column and to have the sub-matrix with

chemical data in one block (sub-matrix) that is uninterrupted by other

Format Tools Data Window Help Page Break :_LE_J_&
P o Bl

Si D O-18

074 1801 | 738 | 973

187.1 | 0.3 | 081 | 033 | 0035 | 089 | 0093 0001 080 | 0001 | 00003 | 1818 | 663 | -B.56

1460 | 053 | 113 | 051 | 0049 | 140 | 0.081 | 0.035 066 | 0006 | 0.0012 | 1753 | &06 | 856

23 | 062 | 231 | 069 | 0174 | 297 | 0150 | 0030 | 0.38 | 0025 | 00013 | 1683 | 587 | 7.4

3045 | 040 | 024 | 201 | 0048 | 252 0263 | 0o22 | 005 | 0036 | 00022 | 1400 | E72 | 870

W03 | 077 | 167 | 17 | 00B9 | 304 D0DEAD 0224 | 044 | 0008 | 00032 | 080 | B30 | 652

4540 | 128 | 252 | 098 | 0028 | 371 0419 0058 0B4 | 0012 | 00016 | 1635 | 763 | -10.18

2420 | 039 | 151 | 033 | 0083 | 120 0086 | 0044 | 063 | 0030 | 00020 | 17.70 | 671 | -B.98

23 | 062 | 231 | 069 | 0474 | 297 | 0150 | 0030 | 038 | 0025 | 00013 | 1683 | 887 | 7.4

¥E0 | 172 | 318 | 073 | 0034 | 364 0140 | 0046 | 1.83 | 0015 | 00016 | 1480 | 70 | 843

1478 | 084 | 041 | 033 | 0030 | 007 | 0070 000 098 | 0420 | 00020 | 780 | 698 | 93

%20 | DB6 | 206 | 087 | 0050 | 293 0140 0080 051 0022 | 00023 | 1710 693 | 966

2420 | 039 | 15 | D33 | 0063 | 120 D086 004 0B3 0030 00020 | 1770 671 | -B.98

3|23 | 062 | 231 | 069 | 0474 | 297 0151 | 0030 | 038 | 0025 | 00013 | 16.83 | 8.7 | 7.4

15 Calll |e8 35 | 088 | 179 | 087 | 0.0B1 | 271 | 0183 | 0068 | 048 | 0019 | 00022 | 17.98 | 718 | 948

17| Cali2 56 | 3233 | 065 | 171 | 082 | 00B2 | 262 | 0209 | 0OB4 | 046 | 0021 | 00021 | 1723 | 705 | 924

18] cell3 a4 | o036 | 098 | 194 | 074 | 0047 | 250 0449 0052 056 0037 | 00020 | 1513 E96 | 1B

19| cels 52 3176 | o77 | 191 | 060 | 0078 | 264 0175 0053 084 | 0028 | 00019 | 1635 | 679 | 888
20
21
2
3
-
2
26

M 4p M} Data_4 14/ ) ) ) ) ) ) ikl

| 5 mic | CiDocu..  SDsks 414 EN @)% "8 22143
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descriptive information not used for the modeling as demonstrated in the

above example (Figure 5).

C. The data file should contain one column with sample names. The sample
names must contain fewer than 16 characters without spaces. (This limitation
is caused by a limitation of the sample name length in the FORTRAN solver:
Multi.exe). If the sample names contain more than 16 characters you will be

warned to shorten them during program execution.

D. The matrix with chemical data should be complete and should not contain
null values, strings or empty cells. Remove any rows or samples that do not
contain a full analysis. However, MIG also checks whether the chemical data-
set is complete and only offers chemical samples for selected cells or sources

that contain meaningful values: zero (real zero values) and above.

E. Tt can be useful to include groundwater levels, if these are available. MIG
performs an automatic check of flow directions, which are consistent with
water levels. The location of the column with water levels can be configured

within MIG. The default column for water levels is 4.

Unless clearly specified, all the examples presented in the following manual are
provided from the data file, data_4_14.xls, for a 4-cell flow system with 5
unknown inter-cell fluxes and 14 unknown external sources of recharge, all
characterized with 14 different chemical and isotopic parameters. It is
automatically installed in the MIG directory. A schematic flow system with 4 cells,
5 inter-cell fluxes and 14 external sources of recharge is presented in Chapter 4
(Examples). The data-file example given above contains only the sample names, the

groundwater level for cells and the chemical data for the major elements.

Affer opening and selecting the data file (e.g. data_4_14.xIs) in the menu
'File/Open’ two files should already be loaded and listed in the menu ‘Windows'":
data_4_14.xls and MIG.xls (see circle on Figure 6 below). MIG.xls is loaded in the
background.
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3.4.1 Adding menu items
In order to simplify the use of MIG, the program contains a macro that adds two

menu elements to your Excel program. This step only needs to be executed the

first time you use MIG and after any re-installation of MIG or Excel. In order to

add the menu items, press ALT+F8, select the macro MI6.xlIsIStartup (circle) and

click on the button ‘Run’ (rectangle).

Macro name:

SIEnkerOptions

=i Run
; SIEnkerOptions
MIG. ¥LSIReadData

Cancel
MIG. HLS ! Solver
MLG., ISEarkProgram
TTG.XLS!Startup> Step Into
Edit

J Delete
Macros in: Al Open Workbooks j options. ..

Description

N
y \

Figure 6.
The user may also reach this window by going to 'Tools/Macro/Macros’, then back
to the opened data file. After activating the macro, the user should see two extra
menu items in the menu 'Tools. These are ‘Mixing Cell Model' and 'Start Solver'

(see Figure 7 below).
B3 Microsoft Excel - Data_4_14 @E]

Arial -10 ~| B £ O = BE v @ 2 % , %%

.@ Eil= Edit - Wiew Insert Format Tools Data Wwindow Help Pags Break ===
c25 A = ¥ speling. .. F7
T B c D] E | F G Autocorrect... [ [ N o | P Q R =
1 Name Lonml.l TDS Mg Ca Share Workbook. .. 3 d NO3 504 F Li Si =] O-18
2 wl 3538 | 074 | 1g7  LackChenges ' o208 [oos2 | 042 | 0023 | 00026 | 1801 | 738 | 673
E] 174 |03 | et o 7% ) 0093 | 0001 | 080 | 0001 00003 | 188 | 663 856
4 146.0 0.53 1.13 i Ael e 0.081 0035 0.66 0.006 0.0012 17.53 606 -8.55
5 3323 | 062 | 231 0151 | 0030 | 038 | 0025 | 0.0013 | 1683 | 587 | -7.41
B 3045 | 010 D24 f(“‘:r":::: : | 0263 | 0022 | 005 | 0036 00022 | 1400 672 | 670
7 F03_| 077 | 167 0 e o| |0Eo0 | 0224 004 o008 | 00032 | BEO0 | B30 EBS2
=] 454 .0 1.28 252 0.419 | 0053 0.64 0.012 0.0016 16.35 -76.3 -10.18
E] 2420 | 039 | 18 Mewo *) o086 | 0044 083 | 0030 | 00020 | 1770 671 | -B.OE
10 3923 | 062 | 231 zjjti:.ze | 0451 | 0030 | 036 | 0026 00013 | 1683 687 | 7.4
11 356.0 172 3.18 = 0140 | 0046 1.83 0.015 0.0016 14.80 670 -8.43
e 147 8 0.84 0.4 0.070 | 0008 0.s8 0120 0.0020 7.a0 689 -9.36
13 3620 | oes | offs)  PExing Cell Madel 0140 | 0030 | 0.51 0022 | 00023 | 17.10 3.3 EL
14 J00 | Dan | N e 0056 | 0.044 | 063 | 0030 | 0.0020 | 17.70 | &7.1 -8.98

15 Flowld 3323 | 062 | 23 53 | 074 0151 | 0030 038 0025 0O0I3 | 1683 887 74l
16| €alit 65 | 3218 | 0E8 | 179 271 | 0183 | 00BS | 048 0019 | 00022 | 1788 | 718 | 046

17| caliz 56 | 3233 | 085 | 171 | 082 | 0082 | 262 | 0209 | 0084 | 045 | 0.021 | 00021 | 1723 | 705 | 9.24

18| Call3 54 | 3038 | 098 | 194 | 074 | D047 | 250 | 0149 | 0052 | 095 | 003F | 0O020 | 1513 | -B96 ERTS

19| ealid 52 | 3176 | 077 191 | 080 | 0078 | 284 | 0175 | 0053 | 0B4 | 0028 00019 | 1635 E79 | A5

20

21

22

23

24

|25 — B
26

KW 4[»MN\Data_4_14/ . . . . . . | E

Ready

gl mrecer... | @ ciporu... & i =t | e [ & Cipocu... 5 Data 4_14 EN

Figure 7.
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Important: When using MIG for the very first time, please define the path to the Solver
as described below in the section 'Program settings' before clicking on the button 'Start
Solver'. The default path is c:\mixcel.

3.4.2 Starting MIG operation
Working from the Excel data file, the user starts working with MIG by clicking on
‘Tools/Mixing Cell Model'. After selecting this menu element, a window should
appear with the caption 'Program Settings'.

Note: The user may also start the 'Mixing Cell Model' by activating the Macro
‘Mig.x|s!StartProgram’ from the Menu item /Tools/Macro/Macros... .

3.4.3 Program Settings (Figure 8)
The first window, 'Program Settings', allows you to configure MIG and to define

default values. It contains the option sheets 'Locations’, ‘Dimensions’ and 'Paths’.

Please note that any changes you make in the program settings only become
permanent if you save MIG at the end of the session.

Program Settings El

Location lF‘aths ]

Column containing the cell names
Column containing the water lewvels

First column with chemical data

111

Firsk row with daka

Exit

Figure 8.
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Locations of data
The structure of the data file is defined in the sheet 'Locations’. The ‘column

containing the cell names’ (default = 1) option specifies in which column the well
names are listed. These names are later used to identify the samples in the
configuration of the mixing cell model structure. The ‘column containing the water
levels’ option shows where the water levels are listed (default = 4). If this is set
to a column containing real water levels, an automatic check will be made during
the selection of flow pattern (cell connections) to see whether this flow
connection is hydrologically feasible. If both elements have real values for water
levels (not null values), flows will only be allowed for downward head gradients. If
one or both of the elements do not contain water level data, this check will not be

performed.

Tip: If you do not have water level data or if water levels are not reliable, select the
number of a column that is completely empty (for example 256: Excel sheets have a

maximum of 256 columns). This will not activate the water level checking routine.

The 'first column with chemical data’indicates the column that begins the chemical
data (default = 5). The 'first row with data’ is the number of the first row

containing chemical data beneath the column names (default = 2).

Paths (Figure 9)
This option sheet contains the path name for the locations of the FORTRAN

solver Multi.exe. If this path is not set correctly, the solver will not be accessed
successfully by MIG. Please check that this path is set correctly. The default is

c:\mixcel\multi.exe.

17



Program Settings &

Location  Paths l

Solver

o~

Dk

Exit

Figure 9.

Dimensions

The third sheet with options in the 'Program settings' is hidden. Here, the
maximum number of samples (default = 1024), tracers (default = 128), sources
(default = 512) and inflows (default = 512) are selected. The default values are

more than sufficient for natural and solvable problems.

After all the settings have been completed, click 'OK'. (With 'Exit' you leave MIG;
to re-start, just go to 'Tools/Mixing Cell Model'.) Now, a message appears
indicating the number of loaded rows with chemical and isotopes analyses. If the
loading of this data file is successful, 18 analyses and 14 tracers from the example
file should have been loaded. If the number of loaded analyses or loaded tracers is
zero, MIG will inform the user that the number of cells and/or tracers is not
sufficient and will abort. In this case, start MIG again (‘Tools/Mixing Cell Model’)
and check the settings in 'Program settings/Location'’.

If the following prompt messages appear the Program has loaded the analyses

successfully.
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Microsoft_Excel . Microsoft_Excel

18 Antyses have been loaded From the Input File 14 Tracers have been loaded from the Input File

e

If the following prompt messages appear the MIG program failed to load the

analyses or tracers. The user is asked to check the settings in ‘Program

settings/Locations’.

Microsoft_Excel Microsoft_Excel

Mo Anlyse has been loaded from the Input File Mo sufficient Tracers or Wells, Check settings

Possible problems: The program stops reading data as soon as it encounters an empty row.

Check the data file and delete the row with any empty (not defined) concentrations. If
the loading still fails, try the standard format exactly as in the example file data.xls:
column names in the first row, sample names in the first column and tracers starting from

column 5. Then use the default values in the Program Settings (Figure 8):

Column containing well names
Column containing water levels
First column with chemical data
First row with data

N Ol D -

3.4.4 Selecting cells
The next form that appears is called ‘Cell and index definition’. The user selects
the cells that are used for the mixing cell model. (Potential sources of recharge
and other potential contributors will be selected in the next step). In Figure 10,
the list in the left window contains the sample names from the sample name column
that was previously defined, from which the user selects Cells or Compartments.

By double clicking on these sample names in the list, the collection of cells can be

completed. It is recommended to have prepared a schematic cell configuration for
the flow pattern so that cells from upstream to downstream can be chosen in
order, with the lowest (downstream) cell selected last. The ‘Clear All' button can
be used to clear completely the list of selections. '‘Re-Read Data’ allows the user

to return to the Window ‘Parameter Settings' and to re-read the data. 'Exit’
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terminates 'MIG. However, Mig.xls is still loaded (see the list of files under
‘Windows'), and MIG can easily be re-started by going back to ‘Tools/Mixing Cell
Model'.

In the example presented below (Figure 10), Cell 1, Cell 2, Cell 3 and Cell 4 were

selected in the right window by double-clicking on their names in the left window.

Cell and index definition

Choose cells Rowis) List of cells

Flows 1 16 Cell 1
Flows 2 17 Cell 2
Flows 3 18 Cell 3
Flows 4 19 Cell 4
Flow 5
Flows &
Flows 7
Flows &
Flows 9
Flows 10
Flow 11
Flow 12
Flow 13
Flows 14
Cell 1
Cell 2
el 3

Clear
All

Re-Read
Data

Exit ‘ ‘ Done ‘

Figure 10. Cell and index definition

On the right-hand side a new list of selected cells is shown. It is composed of two
columns. The first column lists the row number, the same number as the row in the
data file. The second column contains the sample name. A small message appears
after pressing the 'Done’ button, which indicates the number of selected cells.
When 'Done’ is clicked, this form is closed, all the selections are saved and the

next form is loaded.

3.45 Selecting potential sources
The next menu is for selecting potential sources of recharge. As defined above,
sources are flow components (cluster or single boreholes) that do not receive any
other potential inflow but contribute to a specific cell or cells. A source can be
used as a potential contributor to more than one cell if hydrologically and
hydrochemically justified. Sources can also be used to represent subsystems for a

simplification of the model. In the list on the left-hand side in the window below
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(Figure 11), cells that have been selected previously will not be listed again. All the
sources that will be used for the definition of the mixing cell model structure
must be selected from this list. Selecting more sources than cells does not pose a
problem. Sources can be omitted during the succeeding definition of inflows.
Again, the ‘Clear All' button can be used to completely clear the list of selected
sources. With «Back’ the user can return to the form 'Cel// and index definition’.
With 'Exit' the '‘Mixing Cell Model' is terminated. With '‘Done’, this form is closed,
all the selections are saved and the next form is loaded. A small message box

indicates the number of selected sources.

Selection of sources §|
Choose sources Rowis) Lisk of Sources
Flow 1 2 Flow 1
Flow 2 3 Flows 2
Flow 3 % Flows 3
Flows 4 5 Flows 4
Flow 5 = Flowe 5
Flow & 7 Flow &
Flow 7 g Flows 7
Flows & Q Flows &
Flowe 9 10 Flowy 9
Flow 10 11 Flows 10
Flow 11 1z Flows 11
Flows 12 13 Flows 12
Flow 13 14 Flows 13
- Flow 14 15 Flove 14

<. Back Exit EI:ﬁ.r ‘ Done ‘

Figure 11. Selecting potential sources

3.4.6 Assigning inflows from potential sources to each cell
At this stage the user arrives at a form in which the sources for each cell must be

defined and selected. Potential inflows are selected for each cell by first double-
clicking on a certain cell in the upper left window (Figure 12). Then the user
double-clicks on the source that feeds this cell in the lower left window. This flow

connection will then appear in the large results window on the right.
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Choose cell Fowi(s)  List of sources == Rowis)  Lisk of cells
Cell 1 z Flow 1 16 Cell 1 -
Cell 2 3 Flow 2
Cell 3 4 Flow 3
5 Flow 4
f Flow 5 17 Zell 2
7 Flow &
a Flow 7
q Flow &
10 Flow 2
o 11 Flaw 10 18 Cell 3
Choose sources Flowing into cell 12 Flow 11
Flow & ﬂ 13 Flaw 12
Flow 6 14 Flow 13 19 Cel 4
Flow 7 15 Flow 14
Flow &
Flow
Flow 10
Flow 11
Flow 12
Flaw 13
[ |
< Back Exit E!:ﬁ' 3 Done

Selection of the sources for each cell E

Figure 12. Assigning potential inflows for each cell

The right-hand window displays four columns, two for the sources and two for the
cells. For both, the row index (from the data file) and the sample name are listed.
Of course several sources can be selected for one cell. Therefore, this procedure
is repeated until all the required inflows from sources for a certain cell are listed.
The user now proceeds to the next cell by double-clicking on the desired cell and
then selecting the respective inflows from the sources. In this example, for Ce// 4,
Flow 13 and Flow 14 are selected.

If a certain connection between source and cell already exists, the connection will
not be accepted and a warning will appear. Also, if the user has specified a column
with water levels for both sources and cells, and if these contain contradicting
data, a warning will appear if this connection is hydraulically impossible. To avoid
this, either go back to 'Program Settings’ and correct the specific assigned
hydraulic head or specify an empty row for the column with water level data. Note
however, that this constraint is very helpful for avoiding hydraulically impossible
flow models!
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The ‘Clear All' button will completely clear the list of selected inflows. With
‘<Back’, the user can go to the form ‘'Selection of sources’. Choosing 'Exit’
terminates the 'Mixing cell model'. With '‘Done’ this form is closed, all the
selections are saved and the next form is loaded. A small message box indicates

the number of flows from sources into cells.

3.4.7 Selecting flows from cells to cells
In the next form (Figure 13), the user is asked to specify the flows between cells.

In this form the flows from each cell into the nearby cell are now selected. This is
done by first double-clicking on the discharging cell in the upper left window. Then
double-click on the receiving cell in the lower left window. As a result, this flow
connection will appear in the large results window on the right. For both cells, the
row index (from the data file) and the sample name are listed. This procedure is
repeated until all the required flows between cells are listed. In this example, Ce//
2 is a discharging cell to cCel/ 3 and Cell 4 (receiving cells). In order fo avoid
confusion, it is recommended (although not necessary for the correct solution of
the problem) to select the flow connections from the highest to the lowest
potential. A warning will appear:

@ If a connection is re-entered when one already exists

@ If an existing connection between cells is entered, but in the opposite direction

@ If water level data (hydraulic heads) has been specified and an

“upstream” connection is identified

Definition of flows between cells

Choose discharging cell Rok(s) Discharging cell == Row(s) Receiving cell
Cell 1 16 Cell 1 17 Cell 2 -
Cell 2 15 Cell 3
17 Cell 2 15 Cell 3
Cell 4 19 Cell 4
15 Cell 3 19 Cell 4

Choose receiving cell
Cell 1

Cell 2
| Cell 5

- Clear
< Back Exit Al ‘ Done ‘

Figure 13. Selecting flows between cells
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The ‘Clear All' button can be used to completely clear the list of selected flows.
With '<Back’ the user returns to the previous form. With 'Exit’, the ‘Mixing cell
model' is terminated. With 'Done’ this form is closed, all the selections are saved
and the next form is loaded. A small message box indicates the number of flows
from cells to cells. At this stage the flow connections have been defined, and the

structure of the model is ready.

3.4.8 External out-flux from cells
In this form (Figure 14), the user may enter the rates of 'external out-flux'
(water leaving the modeled domain from a specific cell). External out-flux may
include extraction of water by both pumping and/or natural subsurface
groundwater flow. For every cell, all types of measured or assessed out-flux must
be summed in the out-flux column. For the last (most downstream) cell, the user
must also specify the ‘outflow’, which must be greater than 0. 'Outflow’ refers
specifically to the external out-flux from the last cell. (The user must use the

same units for rate of pumping as for the rates of out-flux and outflow.)

Comment: By default, the out-flux values are set to O for all cells except the last. The last
cell has an arbitrary default outflow of 100 units (volume/time). If no values for out-flux
are assigned for any cell, the fluxes calculated by the program represent a percentage of

inflows relative to the total outflow.

The default external out-flux rates can be changed in this form. Click first on the
cell that needs modification. Then, click on the text-field '‘Change Rate’ and enter a
new value. When the ENTER key is pressed, the new value will appear in the list to
the left. The total sum of external out-flux/outflow is now calculated automatically.
Here, as previously, the cells should be arranged according to the cascade of flows
from higher to lower water levels. The outflow rate of the lowest cell corresponds to
the outflow from the system. It needs to be larger than zero, otherwise the whole

system has no flow and - due to a simple mass balance - all inflows will be zero as well.
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Rates of External OutF lux

Cellinde:x CellMame CukFlaw Change Rate
16 Zelll 0.5 | 5|
17 Cellz 3.5
15 _ell3 1

19

OutFlows From the last
cell

100

< Back Exit EIEIEI“- ‘ Done ‘

Figure 14. Assigning rates of external out-flux from each cell

With «Back’ the user returns to the previous form. 'Exit' terminates the ‘Mixing
cell model’. With 'Done’ this form is closed, all the selections are saved and the

next form is loaded.

3.4.9 Selecting tracers, isotopes and/or chemical
compounds

Tracers that will be used as constraints of mass balance analyses in the
optimization scheme are selected. The list of tracers displayed in the left window
(Figure 15) contains all those found in the data matrix starting from the 'first
column with chemical datd as specified earlier (See 3.4.3; third item in Figure 8).
The tracers used in the mixing cell model can be selected by double-clicking on the
names (these are the same names of constituents that appear in the first row of
the data set). The program automatically prevents the user from choosing the
same tracer twice. In the right-hand results window, the selected tracers are
shown with the index and the name of the tracer. In addition the default "weight"
is shown (that is, the relative strength of impact given to each constituent, e.g.
the rate of conservancy along the flow path). The default value for the weight is 1
and - in this version - cannot be changed. This list of selected tracers can be
reset using the ‘Clear All' function. After the selection is made, click '‘Done’ to call

the next window. At least one tracer needs to be selected in order to proceed.
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(More than one tracer, however, is needed to obtain a good solution. Note that the

number of tracers plus 1 times the number of cells must be much greater than the

number of unknown fluxes). A small message window indicates the number of

selections.

Selection of tracers

Available Tracers

TDS
Mg
Za

Ma

[

HCZ O3
Zl
MOS
S
E

= Back

Tracer

<]

'eight

Exit

TDS
Mg
Ca
Ma

K
HZoO3
Zl
MOS
S04
Li

E

Si

C
0-15

Clear
All

e e e e

Done ‘

Figure 15. Selecting characteristic tracers, isotopes and chemical compounds

3.4.10 Selecting a reference term for normalization

In the final form (Figure 16) the "source" or a "cell" for the normalization of the

chemical (or isotopic) data is selected. The program automatically checks which

sources and cells are suitable for normalization and these are listed in the next

window.

Cells suitable For normalisation

Sources suitable For normalisation

2 Flow1 16 Cell
3 Flomas2 17 Cellz
4 Flowe3 Cells
= Flonwrd
=3 Flowrs
i Flonww s
=] Flome
a Flowe s
10 Flow3
" i 10 Microsoft Excel
12 Flomwe11
:i E:gx:g Mormalize data using Cell4 (193 7
15 Flows1 4
Yes [\ [a]

= Back \ Exit o t
normalise

Figure 16. Assigning a reference data for normalization
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To normalize, double-click on the selected source/cell. A prompt will appear asking

for confirmation. If normalization is not wanted, select 'Don't normalize'.

The last toolbar before running the program has several buttons: With «Back’ the

user returns o the previous form to insert changes.

3.4.11 Saving and running a model

Save and rummodel

(X]

éBuiId Inputg Save Run .
< Back for Wolff | Input Waolff Exit
File Algorithm

Figure 17. Saving the flow configuration with data and running the model

The Wolf Algorithm is the selected optimizing solver of the MCM. The MIG uses
all the above settings to prepare all necessary data input for the MCM. With 'Build
Input for Wolff' (Figure 17), an input file is generated using all the settings that
were created in the previous forms. Before the input data file is finalized, the
user is asked to enter a descriptive name for the model. The input file is
generated and formatted as an Excel table (Figure 18), later saved as "text
format" (.prn). It is helpful, however, to adjust the table name according to the
description of the run by double-clicking on the 'table name' tfag to change the
table name. Note that you only need to provide the desired descriptive name of
the file without the whole path. It will automatically be saved in the MIXCELL
folder (unless a different path was assigned).
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E2 Microsoft Excel - Data_4_14

TimesMewRoman - 10 ~ B F U | === w0 @ ag | 48 00 &E 4¢ - DAt
] Fle Edit - iew Insq :_r::uetlFiIe Name o] Line3 Line 4 = x|
17 - =[ 0.804881272316978 | ine 2 14 Sources Cell # | No. of Source
M 14 Tracers H -1 | 4 =
A B c Run Date P =
1 |Data 4 14 < 4 Cells . 2 | 5 >
5 |14r11/2008 5 Interactions between Cells 3 | 4
3 |14 14 4 5 4 I 5
4 |4 5 E ER
] 3 3 2
E -2 -3 Line 5
7|t < -3 e Line 6 2 Internal Flow For Cell 1
! z -4 Cell 1 discharges into Cell 2 and Cell 3 3 Internal Flow For Cell 2
3 2 3 Line 7 3 Internal Flow For Cell 3
L (oo Cell 2 receives from Cell 1 and 2 Internal Flow For Cell
11 |Pumpage [ik] 25 155 3 ; .
12 Weights 1 1 1 1 d!scharges into Cell 3 and Cell 4 1 1 4
13 | Hame DS s Ha K Line 8 D 018
14 |Flowl 111402 0.9 K Cell 3 receives from Cell1 and Cell 2 [ 10z627 109751
15 |Flowz ose91s  04sq Line 10¢ and discharges into Cell 4 [ 097588 096363
16 |Flow3 045072 06z OutFlow from Line 9 [ 020108 096450
17 |Flow4 104632 [DE0d the last cell Cell 4 receives from in Cell 2 and Cell [} 055401 083590
18 |Flows 095879 0129 3 008012 098142
19 |Flows 116598 099951 087380 2.11206 038303 092877 073550
20 Flow? 142052 166160 131854 121754 036036 140440 230202 111321 100313 043011 084211 009977 112307 114337
21 |Flows 076199 050630 079008 040909 031081 0.45425 049115 023019 098746 107527 105263 108232 098765 101301
22 |Flow? 104632 080438 130865 085725 223038 112428 036236 056604 059561 089606 058421 102912 036401 033500
23 |Flawl0 112095 233200 166382 090604 043758 137700 079954 086792 302508 053763 084211 000490 093618 005096
24 |Flowll 046538 109048 031452 040999 038610 002650 039977 0.15094 153605 430108 105263 047695 101415 105587
25 |Flawll 113984 085631 107786 103088 064350 110013 079054 150043 070937 078853 121053 104563 102003 108972
26 |Flowl3 076199 050630 079008 040999 0E1081 045435 049115 053019 098746 107527 105263 108232 098765 101301
27 |Flowld 104632 020438 120265 085725 233038 1124233 036236 056604 050561 089606 068421 102012 026401 083500
28 |celil 101360 087901 093554 107467 078250 102661 104626 127935 075235 069534 115789 109944 105712 106727
29 |Clellz 101788 024032 089577 113815 079023 099235 119303 120755 072633 075086 110526 105350 103836 104288
30 |Celt3 095673 127729 101298 091589 060618 094544 085208 098113 151019 131900 105263 092525 102434 103381
31 |Celid 100000 100000 100000 100000 100000 100000 100000 100000 100000 1.00000 100000 100000 100000 100000
32 |Celld 317.58800 077030 191120 030490 007770 26470 017510 005300 063300 0.02790 000190 1635380 -67 93900 -8.86470
35
34
<] 4[> »i}\Data_a_14/ |«

Ready
———

‘4 start s CELZ_1... Crimisce [ &4 mig = ate b : ocumen, ., i Data_4 14

Figure 18. MIG-generated input data file for the MCM

The next step is to save this input file by choosing 'Save Input File'. You need to
enter a name for this run. This operation cannot be cancelled - a name must be
given. An ASCITI file will be written that is used with the solver Multi.exe. If the
path to the solver is set correctly, the solver can now be started by clicking on
the button ‘Run Wolff Algorithm'.

Potential problem: If program does not execute the solver, the path is probably incorrect.

Identify the location of the file multi.exe. It should be contained in c:\mixcel (or in the
alternative directory that the user had specified when installing the program). Restart the
‘Mixing Cell Model' and adjust the path on the second sheet of 'Program settings/Path'.

The solver (the FORTRAN code) now prompts for the names of an input file and an
output file (Figure 19). Type the names of the input and output files. If the set-up
of the flow pattern is also supported by water and chemical balance constraints,

MCM will produce a resulf.
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et C:vmixce WMulti. exe

Mixing Cell Model MCM <(Double Frecision >

#x% Type the name of Input File {(data File)>
indi4.prn

s##x Type the name of Output File (results)
out4i4.prn

Figure 19. A prompt window asking for the input data and results (output) file names

3.5 Terminating MIG
Before quitting the program you are advised to save Mig.xls in case you want to

save the program settings to be used in further runs and alternative flow
configurations. The name of the data file needs to be reset to the original given
name and the file type specified as Excel. Choose 'File/Save as..., select 'Excel

file’, specify a name and then save.
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4 Examples

4.1 Four-cells model- data_4_14 xl|s
The first example with four cells and 14 unknown was already described in full
detail throughout chapter 3. The flow configuration for this example is given in
Figure 20.

Figure 20. Flow scheme for the example of data-file ‘data_4_14 xIs'.

In the output file, Out414.prn (below), configuration of the data4_14.xIs run is
described:
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Output file: Out414.prn

B Mixing Cell-MCM-Wolf Algorithm

Dara d_14

The date i=s:03:Z0:EZ005

FEEEEE LA LA LT AL AL T A LA AT AL A A A AL L

*** TInpnat File Indld prn
F*E utpuat File Oupnatcd 14,

FEEEEE LA LA LT AL AL T A LA AT AL A A A AL L

There are 14 potential irguats.

There are 14 tracers to be considered.
There are 4 cells in this model .
There are E flows becween the cells.

N=14 NN =12 NOC = 4 HNOP = 14

NMmber of inflows to each cell:
Mam. cell 1 2 3 4
Iriflows 4 L 3 Z

Nmber of incernal flows from and into each cell:
Mam. cell 1 2 3 4
Interfl. Z 3 3 £

The internal flows are:
From cell 1 1 £ E 3
To cell 203 3 4 4

The outflow out of the last cell is [wolwme/time] :
QouT = lao.ao

The rate of output (pumpage) and/or ewvapotranspiraticon
from each cell is [volumwe ftime]:

M 1 = _EO
M &y = 3.E0
M 3) = 15.E0
M 4 = L.od
Constart for Flows = L.00o
M 1 = J10
M &y = ]
M 3 = 3.10
M 4 = 1.00

FEEEEE LA LA LT AL LT A A AT AL AR L

The weighting parameters are:
1.000 l.000  1.000 1.000 1.000  1.000 1.000
1.000  1.000

There are &0 mass balance equations.
Nmber of iterstions: E8

The rest of the wariables are ecual to zero.

g Eztimatiorn of Flow into and betwesn Cells

o o ok e e o e e ol o e o e e e ok e e o e ok i e ok o e e e ok e ok o e

**
**

o o ok e e o e e ol o e o e e e ok e e o e ok i e ok o e e e ok e ok o e

l.00o0 1.000

1.000

1. 000

1.000
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The wknown inflows are:

Hame of Rate of
inflow inflowr
Cell 1
1 Flowl = 8.95
Z FlowZ = 1.48
3 Flow3 = -l
4 Flourd = .30
Cell 2
£ Flowt = .80
&  Flowg = .30
7 Flow? = .83
2 Flowd = 1.20
2 Flow3 = .4z
Cell 3
1d  Flowld = 3.00
1l Flowll = .01
1l FlowlZ = 1.09
Cell 4
12 FlowlZ = oo
14 Flowld = 4.01
The intermediate flows are:
From To Rate of Real
cell cell £ Lomr rmhe ¥
1 Z 7.098 25,48
1 3 4034 Z0.17
Z 3 _381 4. 31
2 4 §.373 44_86
3 4 g.012 40_ 08
Total: 124.41
QOUT + PPR = 124.50
Absoluce diff.: .03
Percencage di f£. : .07 %

***% Jon balance over the entire basin **%

Id

s

Ca
Na

HCOZ
Ccl
NOZ
S04

Li
i

0-13

ETRITN

Z4.
z5.
2d
24
23
24
Z4.
Z4.
Z5.
zE.
zE.
24
2d
z5.

ol
549
=1t
714
E34
TE2
£87
237
Z6d
534
jciric4
5259
287
ols

STMOTT

Zd.
Z5.
2d
24
23
24
Zd.
Z5.
Z6.
zE.
zE.
2d
z5.
Z5.

Tobal salt transport:

Observed output
Estimated inpuat ( MASS/TIME ):

[ MASE/TT

End of NCHM=sf Modsel .

Je0
B35
261
7432
E17
731
£81
ols
Zek
£330
1Lz
T1E
alo
04z

ME ):

E

Perc. of
tot. inflow
36.0 %
6.0 %
Z.0 %
1.2 %
3.Z 0%
1.2 %
2.3 0%
4.2 %
1.7 %
12.1 %
2.1 %
4.4 %
.0
16.1 %
100,00
Ahs_ Perc.
EFYOr: EXror:
-.01 L0
.ol .1
] _ 0%
-.03 -. 1%
.0z _1s
-.0l _ 0%
.ol L0
-.08 i
.oo L%
-.05 -. 2%
LEE . 9%
-.03 -.1%
-.0z -. 1%
-.0z -. 1%
18387.5
1887.6

Perc.

73
13
4.
z.

ZE

S,
Z3.
33
1l.

49

32,
17.

100,

[ e |
ERE S

W e
W

oo

of
cell inflow

Y
[l I

Mone W

Flux

.74
_4z
_El
_4a

=]
.43
.14
.93
Sl

_o1
.0z
.45

-oo
20,

o0&
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The table below summarizes the results of the mixing cell model compared to the

assigned flux values that were used fo produce the synthetic data file.

Rate % of % of Calculated Assigned
Name of of Total Cell Flux Flux
Inflow Inflo Inflow Inflow Values Values
w to
cell
Celll Flow 1 8.95 36.0 79.7 4474 45.0
Flow 2 1.48 6.0 13.2 7.42 7.5
Flow 3 .50 2.0 45 2.51 2.5
Flow 4 .30 1.2 2.6 1.48 1.5
Cell2 Flow 5 .80 3.2 22.5 3.98 4.0
Flow 6 .30 1.2 8.4 1.49 1.5
Flow 7 .83 3.3 23.4 4.14 4.4
Flow 8 1.20 4.8 33.8 5.99 6.0
Flow 9 .42 1.7 11.9 2.11 2.0
Cell3 Flow 10 3.0 12.1 49.2 15.01 15.0
Flow 11 2.01 8.1 32.9 10.03 10.0
Flow 12 1.09 4.4 17.9 5.45 5.5
Flow 13 0.00 .0 .0 0.00 0.00
Flow 14 4.01 16.1 100.0 20.05 20.0
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4.2 Twelve cells model with 17 unknowns - data 12 17 .xls

The second example is for a complex flow configuration of 12 cells with 17
internal fluxes. The flow

unknown fluxes from external sources and 15

configuration for this example is given in Figure 21.

7

|

l,‘ ”

o

)2

,,ummNHHHNﬂ

ml||
m b

|

TS
4.0

OUTFLOW

CEGEND
i) celiNo.xIl —
Internal flow
Inflow No.3 between cells
—> External inflow 12 Pumping rate (sink)
6.0 6.0 -assigned flux Outflow
6043 6.043 -calculated flux

Figure 21. Flow scheme for the example of data-file 'data_12_17 xIs".
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The input file produced by MIG is shown below.

£
353.80000 074000
187.10000 0 36000
146.00000 0 53000
352.30000 052000
30450000 0.10000
70,3000 077000
45400000 1 28000
24,0000 0 32000
356.00000 1.72000
147.20000 024000
6200000 058000
355.50000 070000
02,8000 005000
147.20000 0 24000
147.20000 0 24000
30280000 005000
44420000 1.15000
22128730 055750
17241 530 0 54250
00,3230 0 AM50
32543640 031320
417.26730 1 D03E0
353.87310 075790
ZR7.BREED 0 AEET0
27754310 0 54240
230.57800 1 22040
31493320 0 /8000
243071007200
HM32B70 05150

[l ]

-10

]

Ca

1.50000
0.51000
1.13000
251000
0.24000
187000
2.52000
1.51000
3.18000
0.41000
206000
2.10000
0.50000
0.41000
0.41000
0.50000
3.21000
1.53500
1.20560
208870
0.82500
1.59880
1.61420
148530
1.77290
208560
171520
155430
185170

-

a

Ha

05000
0.22000
0.51000
082000
201000
1,700
052000
0.23000
0.73000
0.23000
0,570
0.55000
285000
0.23000
0.23000
289000
076000
0.75250
0.55410
0.55280
1.31140
1.24610
1.15750
053810
050000
083000
081820
0.57250
154170

=0

0

1

K
0.06200
0.0G500
0.04500
0.17400
0.04200
0.08500
0,022
0.08300
0.05400
0.05000
0.05000
0.05000
0.0e000
0.06000
0.06000
0,000
0.0e500
0.05190
0.04250
0.14310
0.05470
0.0G560
0.04450
0.04&60
0.10020
0.0G5%0
0.04800
0.o7g10
0.05420

£ O

0

HCO3

3.0E000
085000
140000
257000
252000
34000
371000
1.2000m
384000
0.07000
253000
2590000
252000
0.07000
0.07000
2.52000
3.35000
22587
1.5510
ZEETA
288550
341730
285190
238070
211850
2.355a0
2.58840
191180
2E7500

—

I

1

Cl
020500
00eam
Q0E100
0.15100
026300
082000
04150
DuoEa
0.14000
007000
0.14000
017500
052000
007000
0.07000
052000
027300
016300
0u0E 550
0.14000
0.32850
04130
051350
025440
0.13510
01170
021080
012800
025880

-

07

Hos

008200
00010
003500
003000
0.0z
022400
0.05500
0.04400
004800
000800
0.08000
014200
00210
000800
0,008
00210
0020
005180
005800
0031640
008830
008880
006550
0.05450
0.04000
0.04080
008250
003820
003310

[l ]

2

piel)

04200
0.5000
08800
0.32000
0.0500
0.14000
064000
06300
L2300
0.5800
0.51000
0.56000
0.1500
0.5800
0.5300
0.150010
138000
0.56250
064250
0.43250
0.07280
0.47%60
0.44240
0.51950
0.51&70
13420
0.53570
0.74650
0.7250

8

1

F

00300
000100
000800
002500
003800
00000
001200
003000
001500
0.12000
0000
002400
00E000
0.12000
0.12000
008000
00200
001470
[apuiug<iu]
002150
00710
001830
001740
001380
0000
00000
001790
004070
0000

a

000260
0.00030
000120
000130
00020
000320
0.001&0
000200
0.001&0
0.00200
00050
00050
0.00370
0.00200
00000
0.00370
0.001&0
0.00170
000130
0.00130
000250
000120
0.001%0
0.00170
0.001&0
000120
0.001%0
0.00170
000250

3

1

21
12,0100
121800
17,5300
16,5300
14,0000
280000
16,3500
177000
145000
700
17,1000
185500
142500
700
7000
142500
14,5200
1207310
1762550
1698500
1234550
152050
1587740
16.51430
1714420
13,0200
17.52860
1511730
1465510

10 12

1 1

D 18
-73.80000 9.7300
65 30000 8.56000
8050000 £.53000
-58.70000 -7.41000
5720000 £.70000
-63.10000 £.52000
<75 30000 -10.12000
-57.10000 58000
5700000 £.43000
-85 50000 -9.36000
-85 30000 -2.66000
<72 30000 2.65000
=74 20000 -2.44000
-85 50000 -9.36000
68 20000 -2.36000
<74 50000 2. 44000
<68 50000 9.56000
-0 88750 829120
-2 48060 .684E80
=35 45770 -T.E8500
-85 89550 80040
S73532730 85500
-7125750 821270
-85 06CE0 802070
389530 837120
-85 08300 857380
-5 76130 9.28440
-5 25560 B.620E0
-0 BE00 835580
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The results of the optimization with the Wolf algorithm (Multi.exe) are

the following output list.

e o T A A A A A A T A T T AL XX L T X L ®

*=* Estimaticn of Flow into and between Cells 2
B2 Mixirg-Cell-Mode]l MCHM=s£f-Tlolf Algorithm g

oot et ook oo sk ok ol ook s ook sk e oo oo sk etk ok ook ok S ok ok ok s s dek ok o ek e

The date is:08:0Z2:2Z005

e

*** Dygoae File Inlzl? . prn
*** hacpnas File Oaclzl7 . pr

e e

There are 17 potential irmgnacs.

There are 14 tracers to be considered.
There are 1Z cells in this model
There are 15 flows betweesn the cells._

N =17 NN = 23 MOC = 1l MNOP = 14

Mmber of inflows o =sach cell:
Mam.cell 1 & 2 4 & & 7 2 2 10 11 1=
Inflows 2 1 1 & 1 o0 o 1 = & 1 =

Mmber of internal flows from and into each cell:
Mam.cell 1 2 2 4 L & 7 8 9 10 11 12
Interfl. z 3 2 Z 2 4 4 2 1 2 =3 Z

The internal flows are:
From cell 1 1 2 =2 2 4 4 & & 7 7 8 91011
To cell 2 & 2 7 g2 E & & 7 210 11 11 1z 12

The oucflow out of the last cell is [wolume/timel:
QOTUT = 4. 00

The rate of outpurs (pumpage) andSor ewvspotranspiration
from each cell is (W3 time]:

FMi 1y = _oo
FMi 2y = _oo
FMi 2y = _oo
FMi 43 = _oo
M By = yu ]
M &) = ]
M 7y = Z.00
M &) = 2.00
M 20 = yu ]
FMi{lo) = a_00
FM({ll) = 1o0_00
FMilz) = 1z .00
Constant for Flows = 1z _ 000
FMi 1y = _oo
FMi 2y = _oo
M 3y = yu ]
M 4 = yu ]
M By = yu ]
M &) = -0
M 7y = .17
M &) = -E7
FMi{ 2 = - oo
FM{l0) = .67
FMi{lly = _a3
FMilz)y = 1._00

= e sk stk o s oo ek e e e

The weighting parametcers are:
1.000 1. 000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1. 000 1.000

There are 120 mass balarnce ecuaticons.
Mumber of iterations: 40

1.000

1. 000

given in

1000
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The wmkmown inflows are:

Neme of Bate of

intlonr inf lowr

Cell 1
1 Flowl = LEZL
Z FlowZ = .13

Cell Z
3 Flow3 = .37

Cell 3
4 Flowd = L&D

Cell 4
£ Flowt = L1z
& Flows = L0&

Cell &
7 Flow? = LEZL

Cell &

Cell 7

Cell &
2 Flows = 1

Cell 2
2 Flow? = ]
10 Flowl0 = .07
11 Flowll = .04

CalllO
1z FlowlZz = ]
13 Flowl3 = ]

Cellll
14 Flowld = 12

CelllZ
15 Flowlks = .04
1&g Flowléd = L&D
17 Flowl? = 1

The intermediate flows are:

From To Bate of Deal

cell cell £1lomr rmbe
1 z 024 1.00
1 .ZE0 2.00
z 3 J1ER 1.E0
z 7 _333 4.00
3 =] _BEZB 7.5l
4 1 024 1.0
4 3 .1laa 1.1%9
5 & LZ9E 3.81
& 7 _Lgd 7.00
7 =] _ZE51 3.0
7 10 .49 E.93
2 11 _BE7 2.01
] 11 _Z0g .50
10 17 _166 1.593
11 1z S167 Z.m

Total: 44 TFE

QoIT + PPP = 44 70

Ahsolute diff.: J0E
Percentace diff. : .04 %

Parc. of
tot. inflow

]
oo
o

o
[ BN ]
ok o

[
LOURL I
o

l00.00

L

Derco.

BZ.3

a7

loo.0

loo.0

B2, E
2l.8

loo.0

100.0

47.9
32.1
zZ0.0

of
cell inflaow

%
%

o

Fluxes

.51
&. 04
5.45
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Id

Ec

Ca
Mz

HC 03
Cl

IO 2
S04

Li
Si

o-12

SUMIN

_0EE
.330
L2500
]
LEEZ0
1=
_741
174
.40
.143
Nuluie
58,
—-ZE3.
-33.

210
Z0Z
42k

Observed output
Estimated input ( MASS/TIME ):

STUMOUT

1141.821
Z.392
6.256
2,769

LEEZ0
8.861
_741
174
z.402
.143
Nuluie
58.793
—ZE53.074
-32.471

Total salt transport:

{ MASES/TIME ):

End of MCHM Model .

***%* Ton balance ower the entire basin ***

Abs
Brror:

_Z3
]

-
.00
_oo
]
]
.00
_oo
]
-0l
-.132
-.01

EOEE. 0
E0Es . g

Parc.

EYYror:

S0%

. 2%
L 0%
. 0%
1%
J 0%

. 2%
L0%

1%
)
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4.3 Single Cell Model- data 1 5.xls
Executing the Mixing Cell Model for a single cell configuration is suggested for

analyzing complex flow configurations. Any complex system can be broken down
into a series of single-cells. The possible sources entering each single cell can now
be confirmed with the Single Cell Model. After testing and verification, the cells

can be regrouped into a cluster representing the entire, complex flow system.

An example file in Excel (file: data_1_5.xls) with chemical data for a meso-scale
application of MIG is in the installed folder. This file contains chemical data for

sources and cells and can be used for testing the MIG program and training.

As has been outlined before, a hydro-geological conceptual model needs to be
developed before starting the calculations. Based on the conceptual scheme of
possible flow connections in the groundwater system, the flow rates are

determined by optimization.

The most common case is the quantification of flow rates from different sources
into one cell. In general, single-cell and multi-source models are used as a
preliminary assessment before a more complex multi-cell flow configuration is
analyzed. This case is thus shown here. The idea behind using the Multi-Cell code
to solve a Single-Cell problem is to create two cells with identical chemical and
isotopic compositions. The first cell represents the chemical composition of the
modeled cell and the second is a fictitious cell, which corresponds to its outflow.
The program mig.xls needs to be started as described in section 3.4. The data file
data_1_5.xIsmust be opened and loaded (See sections 3.4.1-3.4.2).

& In the menu 'Program Settings' (3.4.3), the cell names are in column 1,
water levels are listed in column 4, the first column with chemical data is 5
and the first row with data is 2. Upon confirmation of these default
settings messages indicating the download of 25 analyses with 9 tracers

are displayed and need to be confirmed.

@ In the next menu 'Cell and index definition' (3.4.4), select the lines

‘cell4' and 'o-cell4’ by double-clicking. Please note that both cells are
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identical and carry the same chemical composition (See 'cell and index
definition' window below). After clicking the button 'Done’ in the ‘cell and

index definition' menu the message ‘2 cell(s) selected’ should appear.

Cell and index definition

Choose cells Fawls) List af cells

C2-Thle j 17 cell4 =
D1-fresh 23 o-cell4 =l
DZ-zalky
E1-Md
E2-FI
E3-Tk
celll
cellz
cellz
cell4
cells
cellé
o-celll e
o-cellz
o-cell3

o-cells

o-cells — LJ

DZ-zalky e

Re-Read : Clear
Data Exit Al ‘ Done ‘

Figure 22. Definition of cells

& In the next menu for 'Selection of sources' (3.4.5), the user will notice
that the list in the menu does not contain, and therefore does not allow,
the selection of ‘cell4' and 'o-cell4’ as sources. The list contains all the
potential sources and cells except the ones that have already been selected

as cells in the previous menu.

Select 'B-Ntd', 'Flood’, 'D1-fresh’, 'D1-salty’ and 'E2-FI' as sources (the order
is not important). These sources will be stored as a sub-set of sources from
which the user can attribute sources to individual cells in the following
menu. After pressing the button '‘Done’ the message '5 Sources selected'
should appear.
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x]

Selection of sources

Choose sources Frow(s) Lisk of Sources

Rainfall - 3 Flood -
Flood el f B-Mka =]
Flood (Tk) 9 D1-fresh

A-Mkb 10 DzZ-zalky

BE-MEa 12 Ez-FI

C1-Je

C2-Tkle

Dl-Fresh

DzZ-zalky

E1-Md

E3-Th

celll

cellz

cells hosd =l
cels
cella
o-celll

o-cellz LJ LJ

< Back Exit Elsﬁ“. Done

Figure 23. Selection of sources

& The menu 'Selection of sources for each cell’ will be shown next (3.4.6).
For this example 'cell4' should be selected first by double-clicking on the
corresponding item in the list of cells; then the corresponding sources 'B-
Nta', 'Flood', 'D1-fresh’, 'D1-salty’ and 'E2-FI' should be selected.

Selection of the sources for each cell E]
Choose cell Rowis)  Lisk of sources =i Fowis)  Lisk of cells
3 Flood 17 cell4 -
o-celld & B-MEka
9 D1-fresh
10 DZ-salty
12 EZ-FI

Choose sources Flowing into cell
Flood

B-Mta

D1-fresh

D2-salti

Clear

< Back Exit Al

Figure 24. Assigning the sources to the cell
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& The result of the configuration will appear in the window on the right.
When all 5 sources are listed as sources to ‘cell4’ the 'Done’ button can be
pressed invoking the message '5 flows from sources into cells have been
defined'. Note that no potential sources are allocated to ‘o-cell4’ as this cell

is in fact fictitious, accounting only for the outflow.

& The configuration of the flow system will now be finalized by defining
the flow from the modeled cell into the receiving cell: ‘Definition of flows
between cells’' (3.4.7). Double click on ‘cell4' in the window above, and then
on ‘o-cell4’ in the window below. A line with the discharging and receiving
cells and their corresponding row numbers will appear on the right-hand

side. A message confirms that one flow has been defined.

Definition of flows between cells

Choose discharaging cell Row(s) Discharging cell == Row(s) Receiving cell

17 cell4 23 o-celld iy
o-cell4

Choose receiving cell

celld

< Back Exit DI_EIEI“- ‘ Done ‘

Figure 25. Definition of flows between cells

& The menu with ‘rates of external out-flux and outflows' does not
require any changes in this case (3.4.8). The out-flux for 'cell4' is set to
zero as no additional pumping or losses are accounted for. The outflow from

the last cell - in this case 'o-cell4’ - is set to 100.
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Rates of External QutFlux E|

Cellnde:x CelMame LRl Change Rate
17 celld ] | 1

CukFlaw Fram the lask
cell

100

< Back Eﬂf EI‘:ﬁ'r ‘ Done ‘

Figure 26. Assigning the output flux (pumping rates and natural subsurface flow)

& By clicking 'Done’, the menu for the selection of tracers will be opened
(see 'Selection of tracers’' [3.4.9]). In this example '‘Mg’, 'Na' and 'CI' were
selected as tracers as they are more or less conservative in the

corresponding hydro-geological system.

Selection of tracers E|
Available Tracers Index Tracer ‘Weight
ln 7 Mg 1
Ca g Ma
Mg 13 cl 1
Ma
K
H
S
i)
T

<. Back Eﬁl’t, DI_EIEI“- ‘ Done ‘

Figure 27. Selection of tracers
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The tracers are selected by double-clicking on the corresponding items in the list.
In the right window the list of selected tracers is shown. The message box ('3
tracers have been selected’) indicates the number of tracers. In the actual
version modification of the tracer weight (column 3, default = 1) can only be made
in the file produced by MIG.

Sources suikable For normalisation Cells suitable For normalisation
3 Flood
E B-kita o-celld
9 1 -fresh
10 D2-zafty
12 E2-FI
Microsoft Excel
Maormalize data using cell4 (1737
Yes Mo
Don't
< Back .
20 normalise

Figure 28. Choice of the cell used for normalization of the hydrochemical/isotope data

& The last menu offers a list of all sources and cells that have been used
in the flow model and that can be used for normalization of the data matrix
(3.4.10). By default all sources or cells containing a zero element are
eliminated from the list of potential candidates to be used for
normalization. Normalization improves the optimization process if the
absolute differences between tracer concentrations are significant. In this
case the chemical data of 'cell4' was chosen for normalization by double-
clicking on the item ‘cell4’. A message box will pop up indicating the name of
the cell to be used for normalization. The final stage of the configuration

has now been reached.

& By pressing on the button 'Build input for Wolff' an Excel table will be
written that contains the configuration in a conceptualized format. Type a

descriptive name for this specific data to be executed by the MIG model.
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In the background a format table will appear summarizing the chemical
data and the information on the number of sources, cells and their

respective connections.

Save and runmodel g|
- i — -
< Back ;B;'J:ddgﬂ;'t; Input Wolff Exit
File Algorithm

Figure 29. Menu bar for building and saving the input file, running the Multi.exe and
exiting MIG

This table must be saved as an ASCII file before it can be processed by the
optimizer. Pressing 'Save Input File' performs this. Type a name for the ASCII
file (in this case: 'In15.prn’). In the final step, pressing Run Wolff algorithm’
starts the optimizer. This program processes the ASCII file that has been
produced in the previous step. It works automatically on the directory in which the
configuration will be saved. Re-type the same name for the ASCII data file that
was used for the input file. Then type any name for the output file (for example,
‘Outputlb.prn’).

The optimizer now asks the user whether the concentration data should be
printed: Type 'l' for yes. Finally, the number of iterations for the Wolff
optimization needs to be specified. In general a number between 100 and 500 will
be sufficient. In some rare cases the user needs to increase the number of
iterations, up to 5000. The result in the specified Results File can now be checked
with any text editor in the working directory. MIG can be terminated by pressing

'Exit’, or other runs can be generated by going backwards in the menu structure.

The results of this run are listed in Output15.prn file.

The contribution from B-Nta amounts to 94%; about 6% (5.7%) is derived from
floods. A minor contribution of less than 1% comes from the saline end-member
'‘E2-FI'.
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The unknown inflows are:

Rate of % of % of Calculated
Name of
Inflow Total Cell Flux Values
Inflow
Inflow Inflow
Cell4 B-Nta 1.78 94.0 94.0 1.78
Flood 11 5.7 5.7 11
D1-Fresh 00 .0 .0 .00
D2-salty .00 .0 .0 .00
E2-FI 01 .3 .3 .01
0-Cell4
Id SUMIN SUMOUT Abs. %
Error Error
Mg 2.06 2.00 .06 3.0%
Na 2.07 2.00 .07 3.5%
cl .95 2.00 -.05 -2.3%

The output file (Outputl5.prn) also indicates the mass balance errors for water
(5.26%) and for each single tracer. If the corresponding errors exceed 15 to 25%,

the model configuration is probably inadequate and needs to be improved.

In this example all the major elements that have been used are relevant for multi-
cell modeling. The only difference is that the steps for the selection of sources
(3.4.5) for different cells are iterated for each cell and that the definition of

flows from cell to cell is extended to more than one flow (as above).

For further questions and assistance users may contact the authors:
Eilon Adar eilon@bgumail.bgu.ac.il Fax: ++972 8 659 6909
Christoph Kuells christoph.kuells@hydrology.uni-freiburg.de Fax: ++49 761 203 3594
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