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1 Author

Dr. Igor Janković
Assistant Professor
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2 Version

SPLIT version 2.3

3 Manual

Permission is granted to copy, distribute and/or modify this document under the terms of the
GNU Free Documentation License, Version 1.1 or any later version published by the Free Software
Foundation. A copy of the license is included in the distribution.

4 Copyright, Distribution, User Rights, Disclaimer

Copyright (C) 2000 Igor Janković

Program Split consists of an executable file split.exe, fortran source files, example files, and
manual files. This program is free software; you can redistribute it and/or modify it under the
terms of the GNU General Public License as published by the Free Software Foundation; either
version 2 of the License, or (at your option) any later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY WAR-
RANTY; without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PAR-
TICULAR PURPOSE. See the GNU General Public License for more details.

You should have received a copy of the GNU General Public License (English and Croatian
version) along with this program; if not, write to the Free Software Foundation, Inc., 59 Temple
Place, Suite 330, Boston, MA 02111-1307 USA

5 History

• July 1999: SPLIT version 07101999 released

• October 1999: SPLIT version 10301999 released. New features:

– When executing Split.exe from the command line, input file name may be specified.

– Contouring routine was added.

– Output control parameters are introduced.
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• February 2000: SPLIT version 2.0 released. New features:

– Window command is changed to allow for a non-square window.

– Regional uniform flow may now be assigned by specifying regional head gradient (mag-
nitude and direction), and average saturated thickness.

– Format of the ASCII file tracks.dat has been modified to allow for direct import in
ArcView and Surfer (as a classed-post file). The file is also renamed; it is now called
tracks.txt.

– Maximum number of vertices in a string is increased from 20 to 100.

– A command is introduced to produce capture zones for all wells.

– A new output control parameter is introduced.

– Traditional ’reference point’ is allowed.

– Convergence summary for every string is added to the file debug.out.

– File errors.txt is introduced. It can be imported in ArcView and in Surfer (as a classed-
post file).

– File extract.txt is introduced. It can be imported in ArcView and in Surfer (as a classed-
post file).

– Maximum number of iterations and other convergence criteria may now be be specified
by the user.

– Number of elements in a string and the total number of elements are increased.

– Convergence progress is now recorded in debug.out.

• May 2000: SPLIT version 2.1 released. New features:

– Underrelaxation/overrelaxation is enabled.

– File extract.txt now includes all linear elements that extract or introduce the water to
the aquifer. Area-sinks and wells are still not included.

– Source code is included in the distribution.

• May 2001: SPLIT version 2.2 released. New features:

– Polygonal inhomogeneities and leaky walls can share boundaries.

– Polygonal inhomogeneities and head-specified elements can share boundaries.

– Head and resistance-specified elements (for modeling rivers with bed resistance) are
added for both confined and unconfined flow. River resistance can be calibrated using
automatic calibration which is built in.

– Particle tracking is modified; if a particle reaches a river and water flows toward the
river from both sides, the particle is terminated rather than tracked indefinitely.

– Precision level can be specified individually for each string.

– Model sizes are increased.

– Iterative algorithm is updated, new algorithm features improved convergence for highly
conductive inhomogeneities.

– Large number of particles may be defined at once using BoxParticles command.

Split 2.3 manual 4



Igor Janković June 5, 2001

– Large number of circular inhomogeneities may be defined at once using BoxofCircles
command.

– Solver postprocessing is expanded to include computation of flow in river systems (mod-
eled as Head or River elements); Split now reports cummulative discharge/flow in the
river at various location in a river system. The report is included in extract.txt.

• June 2001: SPLIT version 2.3 released. New features:

– Analytic element for modeling horizontal wells is added.

– Analytic element for modeling reservoirs is added.

– Split can now be stopped anytime; results obtained prior to stopping Split will be avail-
able. This is accomplished using a stop file.

– Format of the River, LeakyWall and Drain has been slightly modified to enable Split
and VisualBlueBird to share the same input file. Please note, this version of Split will
not take the old input files!

– File progress.out was added to allow VisualBlueBird to report on the progress of the
solution process.

– solution file can now be saved as both binary or ASCII to ensure compatibility between
various platforms.

– Surfer grid files can now be saved as both binary or ASCII to ensure compatibility
between various platforms.

6 Introduction

Split is a Win32 computer program that uses the analytic element method to model single-layer
groundwater flow in heterogeneous aquifers. Familiarity with the method is not a prerequisite to
use Split. The analytic element method is based on the principle of superposition. The solution of
a groundwater problem is obtained by adding the influences of individual analytic elements that
correspond to aquifer features. The only input for an analytic-based model are physical aquifer
features. For example, if the model consists of a well and two rivers, only three elements will
be present: one for the well and one for each river. The piezometric head at any location is
obtained as sum of three terms: one for the well and one for each river. The discharge is obtained
analytically in the same fashion. Computation of head and discharge does not require interpolation,
numerical differentiation or similar procedures. The piezometric head and discharge are represented
with continuous functions everywhere. The analytic element method is not a discretization-based
method. The method does not use any grids that would make the solution scale-sensitive.

To illustrate the direct correspondence of analytic elements and aquifer features consider a
following example. If the hydraulic conductivity in a model varies on a cell by cell basis, each cell
will be treated as analytic element, referred to as inhomogeneity. Inhomogeneities in Split directly
correspond to aquifer features; this is different from a finite element method where cells are also
introduced to represent represent spatial distribution of piezometric head. It is not necessary to
introduce inhomogeneities in Split in zones where aquifer is homogeneous. Split will allow you to
do so, but the influence of each such inhomogeneity will be zero.

Analytic element method is internally mass conservative. Mass balance is perfectly satisfied in
any model built by Split. Analytic element method also offers high precision. All the examples
included in the distribution produce visually perfect results. This includes an example where
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Igor Janković June 5, 2001

hydraulic conductivity of neighboring inhomogeneities differs by two orders of magnitude. Sharp
boundaries between geologic features do not require special attention.

The mathematical description and solutions for elements in Split can be found in Strack [1989]
and Janković [1997]. The linear elements are also described in Janković and Barnes [1999]. Circular
inhomogeneities are also available in Barnes and Janković [1999]. The description of area-sinks is
also included in Strack and Janković [1999]. The detailed description of superblock-solve and
superblock-grid (techniques introduced to enhance the computational efficiency of the analytic
element method) is presented in Strack et al. [1999]. In present implementation, superblocks are
applied for circular inhomogeneities only.

Split solution algorithm is block-iterative. Coefficients are computed for one element at a time
using the coefficients from previous iteration for all other elements. The algorithm for computing
the coefficients of an element is Gaussian elimination. This iterative algorithm is very useful when
performing parameter estimation with Split, as efficiency of the procedure is greatly enhanced. The
algorithm behind parameter estimation in Split is Levenberg-Marquard algorithm, as described in
Press et al. [1986]. Parameter estimation is available for recharge/leakage (either constant or
spatially varying), hydraulic conductivity of inhomogeneities, leaky walls and drains, conductivity
of leaky beds of river elements, and extractions of reservoirs.

The particle tracking procedure in Split (used, for example, in capture-zone analysis) is based
on the fourth-order Runge-Kutta method with variable time-step and a constant space-step. The
numerical errors in particle tracking for the enclosed examples are typically in the seventh or eighth
significant digit of the particle locations.

7 Where to Obtain and How to Use Split

To obtain the current version of Split, visit www.groundwater.buffalo.edu and go to the Software
page.

Split does not contain a Graphical User Interface (GUI). Split is a mathematical engine only
that takes one or two ASCII input files (which may be prepared either directly, or by a GUI) and
prepares a number of output files which may be loaded in Surfer, in ArcView, in ArcInfo, or by a
GUI. The input and output files used by Split are described later in this document. Split input and
output files are designed to allow integration of Split and Geographical Information System (GIS).

Brian Johnson, Justin Blum, and Rich Soule from Minnesota Department of Health have de-
veloped scripts that allow Split to be used as an add-on for ArcView. The scripts, named ArcFlow,
are available free of charge upon request from Minnesota Department of Health. ArcFlow allows
you to create, run, examine, and maintain your model without ever leaving ArcView. ArcFlow may
also be available from www.groundwater.buffalo.edu.

A beta version of a stand-alone Graphical User Interface (Visual BlueBird) that was designed
for Split is also available from www.groundwater.buffalo.edu.

8 Analytic Elements and Restrictions

The most common element in Split has the geometry of a polygonal line, which is referred to
as string. Strings can be head-specified, head and resistance-specified, extraction-specified, and
discharge-specified. Strings are also used to model leaky walls and drains. The leaky wall is a
linear feature with conductivity much smaller than the conductivity of the aquifer. The flow is
perpendicular to the wall. The drain is a linear feature with conductivity much larger than the
conductivity of the aquifer. The flow in the drain is parallel to the drain. Polygons (closed strings)
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are used for modeling area-sinks of specified recharge/leakage, and polygonal inhomogeneities in
hydraulic conductivity. Discharge-specified wells and circular inhomogeneities in hydraulic conduc-
tivity are also included. Head-specified wells can be modeled as a short head-specified line.

Line segments must have a non-zero length. In general, the strings in Split should not be
intersected. However, in most cases (e.g. a river, modeled as a head-specified string, crossing a
polygonal inhomogeneity) Split will work properly even when intersections are present. In that
case, the intersection point must be a vertex of both strings. If you do not specify this point as
a vertex of BOTH strings, Split does not have a chance. If you are not sure whether your set-up
is possible, try it, and see if the result makes sense. A nice feature of Split is that the solution is
generally either perfect (or almost perfect) or, if something was wrong, way off.

In some cases, strings can share sides (one straight line-segment may belong to more than one
string). If two strings share a side, they must also share the vertices of that side. If a side of a string
is contained by a side of another string which is longer, the requirement can be met by introducing
vertices on the longer side that correspond to the vertices on the shorter side. Leaky walls and
polygonal inhomogeneities may share sides. Head-specified segments and polygonal inhomogeneities
may share sides.

Strings that are used for area-sink boundaries are an exception of these rules. They may be
intersected by all other strings (without introducing a vertex at the intersection point), and may
share sides (without coinciding vertices) with all other strings.

The area-sinks, polygonal and circular inhomogeneities may be nested. If two inhomogeneities
are nested, the hydraulic conductivity inside the smaller inhomogeneity is the conductivity of
the smaller inhomogeneity. The zone between the inhomogeneities has the conductivity of the
larger inhomogeneity. If area-sinks are nested, the leakage in the overlapping zone is the sum of
leakages of overlapping area-sinks. Polygonal inhomogeneities may not be contained by circular
inhomogeneities, but circular inhomogeneities may be contained by polygonal inhomogeneities.
Polygonal inhomogeneities may share sides. Circular inhomogeneities may not be intersected.

The influences of individual elements in Split are obtained by truncating corresponding analytic
solutions which are expressed as infinite series. The truncation level is directly related to the
precision: higher truncation level results in higher precision. Five precision levels are available.
Each corresponds to a different truncation level, as will be described.

9 Solution Algorithm

The iterative algorithm behind Split is a string-based iterative algorithm; iterations are performed
between various strings in the model (global iterations) and elements within the string (local it-
erations). The algorithm is a Gauss-Seidel algorithm; new coefficients are used as soon as they
become available. Local iterations were used in the previous version of Split to improve the execu-
tion speed. This version of Split does not require local iterations: only 1 local iteration needs to be
performed for each global iteration. On the element level, the coefficients are computed explicitly
using Gaussian elimination with partial pivoting.

Convergence in Split is measured in terms of a dimensionless change of coefficients (of individual
elements) between subsequent global iterations. The maximum (over all coefficients) value of this
relative change, named ’Maxchange’, is reported at the end of each iteration. The target value of
the ’Maxchange’ is PotentialTolerance; the global iterations will terminate when ’Maxchange’
is less than PotentialTolerance and when MinimumSolveIterations iterations are performed.
If ’Maxchange’ is larger than PotentialTolerance after MaximumSolveIterations iterations,
the iterations will be terminated regardless of the value of ’Maxchange’. The default values of Po-
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tentialTolerance, MinimumSolveIterations, and MinimumSolveIterations should be used
most of the time.

10 Particle Tracking and Restrictions

The particle tracking in Split is based on the fourth-order Runge-Kutta method with a variable time
step and a constant space-step. The particle locations are reported at rendezvous times, which are
specified by the user (please see Particle Tracking Parameters section later on). Rendezvous
times are not related to the internal time step size in Split which is not accessible by the user.

There are three restrictions of particle tracking in Split:

• The particle tracking in Split is two-dimensional particle tracking. Vertical positions of parti-
cles are not computed. This poses certain restrictions and limitations of using Split. Consider,
for example, flow toward a river. If the river does not capture all the water (e.g. some water
passes underneath), Split will let all the particles go through. In reality, particles that are
close to phreatic surface would be extracted. Split does not account for this.

• The flow inside leaky walls and drains is not included in particle tracking. If flow and
residence time inside these features is important, you should replace leaky walls and drains
with polygonal inhomogeneities.

• Capture zone delineation (based on particle tracking) is not available for wells that dry-out
the aquifer in the vicinity of the well.

11 Parameter Estimation and Restrictions

The algorithm behind parameter estimation in Split is Levenberg-Marquard algorithm, as described
in Press et al. [1986]. Parameter estimation is available for recharge/leakage (either constant or
spatially varying), hydraulic conductivity of inhomogeneities, leaky walls and drains, and bed
resistance of river elements. The objective function that is minimized is the sum of the squared
errors in piezometric heads, where error is defined as head computed by model minus measured
head. Measured heads are provided by file head.dat.

12 Input ASCII File: split.dat

Every time Split is executed, an input file must be present in the same directory. When executing
Split.exe from the command line, you may specify the name of the input file. If the name is omitted,
Split will try to read the input from the file split.dat. The following is the description of the input
file (e.g. split.dat) parameters. The file format and an actual example are presented later. The
Split commands in this document are typeset in bold. The commands are case insensitive (e.g
Precision has the same effect as preCision). The commands are parsed (e.g Precision has the
same effect as Pre). Commands can be issued in any order. If a same command is issued several
times with different parameters (e.g. Porosity 1.0; then, Porosity 0.3), only the last occurrence
will count. This does not apply for commands that specify analytic elements (e.g. Well), command
Particle, command Time and command CaptureZone. All occurrences of these commands will
count.
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Igor Janković June 5, 2001

12.1 Input Control

SolveOnly Solve the flow problem only (binary file solution is created).

GridOnly Grid only (create head, leakage and stream-function grid files), binary file solution
required.

TrackOnly Track only (track particles and delineate capture zones), binary file solution required.

SolveAndGrid Solve, grid.

SolveAndTrack Solve, track.

SolveGridTrack Solve, grid, track.

Silent Solve progress printing mode; iteration summaries are not written on the screen.

Noisy Solve progress printing mode; iteration summaries are written on the screen.

ColdStart Starting mode; all coefficients are set to zero prior to solve.

WarmStart Starting mode; binary file solution created by a previous run is required. The coeffi-
cients available in file solution are used as initial estimates for the coefficients in the current
run. This option is useful in sensitivity analysis; if you change the value of one (or a few)
parameters by a small amount, the required number of iterations will be reduced if you use
WarmStart in all runs excluding the initial run. If you add new elements or change the
geometry of existing elements, do not use WarmStart. WarmStart is also useful if you
need more iterations to converge than Split allows.

MaximumSolveIterations Maximum number of global iterations allowed to solve the problem.

MinimumSolveIterations Minimum number of global iterations for solving the problem.

RelaxationCoefficient Underrelaxation/overrelaxation coefficient.

LocalSolveIterations Number of local iterations. Please see explanation in Solution Algo-
rithm section earlier in this document.

PotentialTolerance Tolerance criterion used to terminate the iterations. Please see explanation
in Solution Algorithm section earlier in this document.

CompareHeadOn ASCII input file head.dat is required. Please see explanation later.

CompareHeadOff ASCII input file head.dat is not required.

Inverse Perform parameter estimation prior to solve. ASCII input file head.dat is required. Split
module Inverse writes binary file solution regardless of the write solution mode and uses
WarmStart regardless of the selected starting mode to reduce the required number of iter-
ations.

Remark The remaining part of the line is ignored. Can not be used to disable elements or vertices
of elements (please see the instructions in Analytic Element Parameters section if you
want to disable, but not delete, analytic elements).

* Same as Remark.

EndInput Used to stop the input. If omitted, entire input file (e.g. split.dat) is read.

Split 2.3 manual 9



Igor Janković June 5, 2001

12.2 Output Control

WriteSolutionOn Write solution mode; binary file solution will be written by Split module Solve.

WriteSolutionOff Write solution mode; binary file solution will not be written.

Formatted File solution will be written as ASCII. Default is binary. Split can read either ASCII
or binary version of this file automatically, regardless of the format specifier.

SurferLayoutOn Write the layout to Atlas Boundary (’bna’) files (can be loaded by Surfer).

SurferLayoutOff Do not write the layout to Atlas Boundary files.

SurferGridsOn Write the grids to Surfer grid (’grd’) files.

SurferGridsOff Do not write the grids to Surfer grid files.

SurferASCIIGrids Surfer grid files will be written as ASCII files. If this command is omitted,
files will be written as binary.

AtlasTrackOn Write the particle tracks to Atlas Boundary file tracks.bna.

AtlasTrackOff Do not write the particle tracks to Atlas Boundary file tracks.bna.

AtlasContOn Write the contours to Atlas Boundary (’bna’) files.

AtlasContOff Do not write the contours to Atlas Boundary files.

ASCIITrackOn Write the particle tracks to ASCII file tracks.txt.

ASCIITrackOff Do not write the particle tracks to ASCII file tracks.txt.

ArcInfoGenerateContOn Write the contours to ArcInfo generate (’gen’) files.

ArcInfoGenerateContOff Do not write the contours to ArcInfo generate files.

ArcInfoGenerateTrackOn Write the particle tracks to ArcInfo generate file tracks.gen.

ArcInfoGenerateTrackOff Do not write the particle tracks to ArcInfo generate file tracks.gen.

ArcInfoGridsASCIIOn Write the grids to ArcView ASCII raster (’asc’) files.

ArcInfoGridsASCIIOff Do not write the grids to ArcInfo ASCII raster files.

ArcInfoGridsBinaryOn Write the grids to ArcInfor binary raster (’flt’) files.

ArcInfoGridsBinaryOff Do not write the grids to ArcInfo binary raster files.

ArcFlowOutput Sets output for ArcFlow. Equivalent to specifying SurferLayoutOff, Surfer-
GridsOff, AtlasTrackOff, AtlasContOff, ASCIITrackOn, ArcInfoGenerateContOn,
ArcInfoGenerateTrackOn, ArcInfoGridsASCIIOff, and ArcInfoGridsBinaryOff.

The descriptions of various output files is included later in this document.
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12.3 Aquifer and Model

Split does not require any particular set of units for aquifer and element parameters. You may
choose any CONSISTENT set of units when using Split. For example, if hydraulic conductivity
is measured in meters per second, you must measure distances in meters and time in seconds.
Following is the list of aquifer and model parameters used by Split.

BaseAndThickness Aquifer base elevation [L] and thickness [L]. Thickness must be positive.
Select large thickness if aquifer is unconfined.

Conductivity Aquifer background conductivity [L/T ]. Must be positive.

Uniform Uniform flow X and Y components in [L2/T ]. These components are components of
vertically integrated (over saturated thickness) specific discharge which is uniform in space
and represents regional flow. If you are modeling on a larger (e.g. regional) scale, you should
set the uniform flow components to zero. Uniform flow should be used only on a smaller scale
(e.g., flow to a single well), to represents the regional flow in a simplified fashion.

Gradient Another way to specify uniform flow. You specify the magnitude of the regional head
gradient (dimensionless), the direction of groundwater flow in degrees - the direction of de-
creasing heads (0 for flow from south to north, 90 for flow west to east, 180 for flow north
to south, etc.), and average saturated thickness [L] (aquifer thickness if flow is confined);
Split will compute the uniform flow components from these parameters and the background
hydraulic conductivity of the aquifer. If the input file contains both Uniform and Gradi-
ent command, command Uniform will be ignored and the last occurrence of the command
Gradient will be used.

ReferencePoint Specify X and Y coordinates and head [L] at a reference point. Head should be
above the base of the aquifer. For further discussion about the reference point, please see the
section About Global Constant presented later in this document.

NetExtraction Net extraction [L3/T ] of all elements. Can be specified if at least one head-
specified string exists. Otherwise, it is ignored. For explanation of the net extraction, please
see section About Global Constant later in this document.

Window Xcenter, Ycenter (center of gridding window), grid cell-size [L] (same in both X and Y
direction), number of grid cells in X direction, number of grid cells in Y direction. Cell-size
must be positive. Number of cells must be positive.

Precision Integer precision parameter. The lowest level (lowest precision) is 1, the highest level
(highest precision) is 5. This command is used to define default precision: individual strings
may have different precision levels. If a precision level for a string is not specified, the default
precision defined here will be used. The detailed interpretation of this parameter is included
later in this document.

12.4 Particle Tracking and Capture Zones

ForwardTracing Trace particles forward.

ReverseTracing Trace particles backward.

Porosity Must be a positive number not lager than 1.0.
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Particle Takes x and y coordinates where a particle is introduced at time=0 and particle name
(optional).

BoxOfParticles Takes xmin, xmax, ymin, ymax, nx, ny. Defines a rectangle where nx*ny equally
spaced particles are released at time=0.

Time Takes time and a number of rendezvous times. Introduces a sequence of rendezvous times
from time specified with previous Time command (zero if Time is called for the first time) to
time specified by present Time command. The rendezvous times will be uniformly distributed
between previous and present time.

CaptureZone Takes x and y coordinates and an integer number of particles. Finds a well of a
positive discharge which is closest to the specified location. Introduces the specified number of
equally spaced particles at the well radius, and sets ReverseTracing. If no wells of positive
discharge exist, particles will be released in the center of the gridding window. Particles that
are created by CaptureZone command are named. The name of each particle contains the
name of the well where particle is released (if well was named) and a unique identifier.

CaptureAll Produces capture zones for all wells of positive discharge. Takes a number of particles.
Introduces the specified number of equally spaced particles at the radius of all wells of positive
discharge, and sets ReverseTracing. Particles that are created by CaptureAll command
are named. The name of each particle contains the name of the well where particle is released
(if well was named) and a unique identifier. If the total number of particles used by Particle
commands, CaptureZone commands, and CaptureAll command exceeds the maximum
allowed number of particles, the available number of particles (maximum minus particles
assigned by Particle commands minus particles assigned by CaptureZone commands) will
be evenly distributed between all wells of positive discharge by CaptureAll command.

12.5 Parameter Estimation

Tolerance If the relative change of all parameters, that are being estimated, between two subse-
quent iterations is less than selected tolerance, the iterations of Levenberg-Marquard algo-
rithm are terminated.

MaximumIterations Maximum number of iterations of Levenberg-Marquard algorithm. Mini-
mum number of iterations can not be selected. It was set to 2.

CentralDerivatives Use central derivatives to obtain Hessian matrix.

SidedDerivatives Use sided derivatives to obtain Hessian matrix. In some cases this may be
faster, yet less precise than CentralDerivatives.

FirstDerivatives Use first derivatives to approximate the Hessian matrix.

SecondDerivatives Use second derivatives to obtain the ’true’ Hessian matrix. This is much
slower than FirstDerivatives, but it may improve the estimate of variance-covariance ma-
trix.

The analytic element parameters (described in the next section) that are optimized are specified
with the initial guess and the range (minimum and maximum value). Initial guess must be within
the range. If command Inverse is not present in the input file, the range is ignored and the initial
guess is used in Split routine Solve.
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12.6 Analytic Elements

Each analytic element type is assigned an identifier:

Well for a well

CircularInhomogeneity for a circular inhomogeneity in hydraulic conductivity

AreaSink for an area-sink of spatially variable recharge/leakage

Inhomogeneity for a polygonal inhomogeneity in hydraulic conductivity

Head for a head-specified string

HWell for a horizontal well

Reservoir for a reservoir of specified extraction

River for a head and resistance-specified string

Extraction for an extraction-specified string

NormalDischarge for a string where normal discharge is specified on the ’left’ side

LeakyWall for a string of leaky or impermeable walls

Drain for a string of drains or cracks

Each analytic element requires a group of lines in the input file. The first line in the group is element
identifier. The remaining lines in the group depend on the element type. They are described below
and presented in an example of the input file later in this document. If Disabled (e.g. Head
Disabled) is present after the element identifier in the same line, the element will be ignored.
Each element may be named. Name must appear after the element identifier in the same line.
Name can contain multiple words (e.g. Well number 1). If element is disabled, the keyword
Disabled can appear before element name (e.g. Well Disabled number 1), within element
name (e.g. Well number Disabled 1), or after element name (e.g. Well number 1 Disabled).
The character string containing the element identifier, name and, if applicable, keyword Disabled
can not exceed 100 characters.

Well :

Line: x and y coordinates of the well, discharge [L3/T ], well radius. Radius must be positive.
Discharge may be negative.

Line: enter & to end the element.

CircularInhomogeneity :

Line: x and y coordinates of the center, hydraulic conductivity [L/T], radius. Radius must
be positive. Conductivity can not be negative.

Line: enter & to end the element and precision level (optional).

AreaSink :

Line: x and y coordinates of the first vertex.

Split 2.3 manual 13



Igor Janković June 5, 2001

Line: x and y coordinates of the second vertex in counterclockwise direction.

Line: ....

Line: enter & to end the vertex list. The polygon will then be closed (it is not necessary to
enter the first vertex again).

Line: x and y coordinates of the first leakage control point and leakage value. Initial guess,
range.

Line: x and y coordinates of the second leakage control point and leakage value. Initial guess,
range.

Line: ....

Line: enter & to end the group. You may enter just one leakage control point if constant-
strength is desired. Leakage [L/T ] will be interpolated using a multi-quadric interpolator
(Hardy [1971]) between leakage control points, where leakage is met exactly. Recharge
is modeled as negative leakage.

Inhomogeneity :

Line: Hydraulic conductivity [L/T ]. Can not be negative. Initial guess, range.

Line: x and y coordinates of the first vertex.

Line: x and y coordinates of the second vertex in counterclockwise direction.

Line: ....

Line: enter & to end the group and precision level (optional). The polygon will then be closed
(it is not necessary to enter the first vertex again).

Head :

Line: x and y coordinates of the first vertex and head value. Head must be above the base.

Line: x and y coordinates of the second vertex and head value. Head must be above the base.

Line: ....

Line: enter & to end the group and precision level (optional). String is not closed automati-
cally. Head [L] will be interpolated linearly between vertices.

HWell :

Line: Well extraction [L3/T ].

Line: x and y coordinates of the first vertex.

Line: x and y coordinates of the second vertex.

Line: enter & to end the group and precision level (optional).

Reservoir :

Line: Reservoir extraction [L3/T ]. Initial guess, range.

Line: x and y coordinates of the first vertex.

Line: x and y coordinates of the second vertex in counterclockwise direction.

Line: ....
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Line: enter & to end the vertex list and precision level (optional). The polygon will then
be closed (it is not necessary to enter the first vertex again). This element is internally
represented as a combination of an area sink and a drain. The ideal drain ensures that
the head is constant along the boundary of the reservoir, the area sink ensures that the
requested extraction is produced. Head contours inside the reservoir will be created, but
they are meaningless; they should be ignored.

River :

Line: Bed thickness and bed width. These parameters must be positive.

Line: Bed hydraulic conductivity [L/T ]. Can not be negative. Initial guess, range.

Line: x and y coordinates of the first vertex, head value, river depth. Head must be above
the base, depth must be positive.

Line: x and y coordinates of the second vertex, head value, river depth. Head must be above
the base, depth must be positive.

Line: ....

Line: enter & to end the group and precision level (optional). String is not closed automati-
cally. Head and depth [L] will be interpolated linearly between vertices.

Extraction :

Line: x and y coordinates of the first vertex and extraction per unit length.

Line: x and y coordinates of the second vertex and extraction per unit length. The same
extraction value is applied for both segments that share a vertex. If different values are
necessary for different segments, make each segment a separate string.

Line: ....

Line: enter & to end the group and precision level (optional). String is not closed automat-
ically. Extraction per unit length [L2/T ] will be interpolated linearly between vertices.
Recharge is modeled as negative extraction.

NormalDischarge :

Line: x and y coordinates of the first vertex and discharge value.

Line: x and y coordinates of the second vertex and discharge value. Discharge value (vertically
integrated specific discharge) [L2/T ] is for the left side of a segment from the first to the
second vertex; positive if discharge vector is pointing away from the segment. The same
discharge value is applied for both segments that share a vertex. If different values are
necessary for different segments, make each segment a separate string.

Line: ....

Line: enter & to end the group and precision level (optional). String is not closed automati-
cally. Discharge will be interpolated linearly between vertices.

LeakyWall :

Line: Wall thickness. This parameter must be positive.

Line: conductivity of the wall [L/T ]. This parameter can not be negative. Initial guess,
range.
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Line: x and y coordinates of the first vertex.

Line: x and y coordinates of the second vertex.

Line: ....

Line: enter & to end the group and precision level (optional). String is not closed automati-
cally.

Drain :

Line: Drain thickness. This parameter must be positive.

Line: conductivity of the drain [L/T ]. This parameter must be positive. Initial guess, range.

Line: x and y coordinates of the first vertex.

Line: x and y coordinates of the second vertex.

Line: ....

Line: enter & to end the group and precision level (optional). String is not closed automati-
cally.

Many circular inhomogeneities can be defined at once using BoxofCircles command that takes (in
the same line) xmin, xmax, ymin, ymax, mean conductivity, standard deviation of conductivity,
mean radius, standard deviation of radius, number of circles. The circular inhomogeneities will be
randomly placed in the rectangle defined by xmin, xmax, ymin, ymax. Sizes and conductivities
will be generated using a lognormal distribution with specified mean and standard deviation. If
a circular inhomogeneity, generated by this random process, intersects any other previously gen-
erated inhomogeneity (or is fully contained by any previously generated inhomogeneity) it will be
rejected and next trial will be performed. As many as 100,000 trials may be performed for each
inhomogeneity.

12.7 Precision

Precision level Number of terms retained in expansions
Area-sink boundaries Other strings Circular Inh. Superblocks

1 5 1 1 10
2 5 5 10 20
3 10 10 20 30
4 10 20 30 40
5 10 30 40 50
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Igor Janković June 5, 2001

13 Maximum Model Sizes

Number of Wells 1,000
Number of Circular Inhomogeneities 1,000
Number of Strings 200
Number of String Vertices 1,000
Number of Vertices in a String 200
Number of Control Points per Area-Sink 100
Number of Particles 1,000
Number of Rendezvous-times 1,000
Number of Inverse Parameters 100
Number of Measured Heads 1,000
Grid Resolution 500

If you need Split compiled with different parameters (e.g. larger sizes), please call me.
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13.1 Default Parameters

control parameter SolveGridTrack
solve progress printing mode Noisy
starting mode ColdStart
MaximumSolveIterations 200
MinimumSolveIterations 10
RelaxationCoefficient 1.0
LocalSolveIterations 1
PotentialTolerance 1.d-8
compare heads CompareHeadOff
output control parameter WriteSolutionOn
output control parameter SurferLayoutOn
output control parameter SurferGridsOn
output control parameter AtlasTrackOn
output control parameter AtlasContOff
output control parameter ASCIITrackOff
output control parameter ArcInfoGenerateContOff
output control parameter ArcInfoGenerateTrackOff
output control parameter ArcInfoGridsASCIIOff
output control parameter ArcInfoGridsBinaryOff
BaseAndThickness 0. 1.
Conductivity 1.
Uniform 0. 0.
NetExtraction 0.
Window 0. 0. 0.2 100 100
Precision 5
particle tracking mode ForwardTracing
Porosity 1.
Tolerance 1.d-4
MaximumIterations 20
central or sided derivatives CentralDerivatives
first or second derivatives FirstDerivatives

13.2 File Format

If a line contains more than one parameter, parameters must be separated by single or multiple
spaces. Tabs can not be used. Once all parameters in a line are read, the remaining portion of the
line is ignored. Real parameters can be entered with a period (e.g. 100.), without a period (e.g.
100), in single precision exponential format (e.g. 100.e-6) or double precision exponential format
(e.g. 100.d-6). The following is an example of an input file (e.g. split.dat):

SolveGridTrack control parameter
BaseAndThickness 0. 100. aquifer base, thickness
Conductivity 1.d-5 aquifer hydraulic conductivity
Uniform 1.0d-5 1.0d-5 uniform flow components
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Window 50. 50. 1. 100 100 xcenter, ycenter, grid size, number of grids
Precision 4 precision parameter
rem Precision 5 this line is ignored
* Precision 5 this line is also ignored
Well
75. 15. -0.03 .5d0 xc, yc, Q, radius
&
Well number Disabled 1 (this was name; the well will be disabled)
30. 70. -0.03 .5d0 xc, yc, Q, radius
&
Well
80. 80. -0.03 .5d0 xc, yc, Q, radius
&
Well
95. 95. -0.03 .5d0 xc, yc, Q, radius
&
CircularInhomogeneity
30. 13. 1.d-6 5. xc, yc, k, radius
&
CircularInhomogeneity this one is impermeable
80. 70. 0.d0 5. xc, yc, k, radius
&
Inhomogeneity outer one
2.d-6 conductivity
25. 25. x, y
40. 25. x, y
40. 50. x, y
15. 70. x, y
&
Inhomogeneity inner one
4.d-7 conductivity
27. 30. x, y
38. 30. x, y
34. 45. x, y
&
AreaSink
10. 10. x, y
70. 10. x, y
50. 40. x, y
75. 85. x, y
10. 70. x, y
&
20. 20. -.00002 x, y, leakage (control point)
60. 20. -.00003 x, y, leakage (control point)
40. 60. -.00001 x, y, leakage (control point)
30. 75. -.00003 x, y, leakage (control point)
&
AreaSink smaller one with constant strength
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45. 20. x, y
70. 40. x, y
45. 60. x, y
&
80. 30. -.00003 x, y, leakage (control point)
&
Leaky it is really impermeable
0.d0 (conductivity of the wall) / (wall thickness)
30. 85. x, y
80. 50. x, y
&
Drain this one is a crack
0.d0 1/(conductivity of the wall * wall thickness)
5. 5. x, y
60. 5. x, y
&
Head
90. 10. 100. x, y, head
90. 90. 100. x, y, head
10. 90. 100. x, y, head
&
Normal
5. 2. .0001 x, y, discharge
60. 2. .0001 x, y, discharge
&
Particle 50 50
Time 10000000 100
EndInput

14 Input ASCII File: head.dat

The input file head.dat is used by Split to compare the piezometric heads computed by Split to
measured heads (if CompareHeadOn is specified). The file is also used by module Inverse to
compute model parameters based on measured heads. File head.dat contains an arbitrary number
of lines. Each line must contain x and y location and piezometric head at that location. Each
measurement may be named. If named, the name must appear in the same line, following the head
value.

15 Input Control File: stop

If this file is present, the execution will stop. The stop will likely not occur instantaneously.
Split will finish the present solution iteration/inverse iteration/particle track/grid line and then
stop. This ensures that the solution and results obtained prior to stopping the engine are properly
reported.
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16 Output Binary File: solution

Split module Solve creates this binary file if WriteSolutionOn is specified. Split module Inverse
creates this binary file regardless of the solution writing mode.

17 Output ASCII File: code.out

Every time Split is executed, file code.out is created in the same directory. This file has only one
line. The number (code) in that line is an integer which should be interpreted as follows:

1 Everything was fine; you do not need to know about other codes which are described below.

0 Split error. System of equations singular. Save input file (e.g. split.dat) and call Igor.

-1 Run-time error. The errors became too large during solve. Something is wrong with your
model. For example, you are specifying head in a zone where conductivity is zero. Typically,
the problem is not well posed mathematically.

-2 Input error. You want more elements than Split can handle. Check Maximum Model Sizes and
reduce the number. Or call Igor for a recompiled version of Split where you can choose the
limits (free upon request).

-3 Run-time warning. The maximum number of iterations is reached. If you need more iterations,
simply run Split again with WarmStart selected or change the maximum number of iter-
ations and start again. You must specify WriteSolutionOn in the initial run if you want
to use WarmStart. You may also want to plot the head contours to identify the elements
that did not converge. If this does not help, make sure that the problem is well posed. For
example, if two head-specified strings share a vertex with different head-values assigned by
each string, Split will not converge. If this dos not help, save the input file (e.g. split.dat)
and call Igor. File debug.out can also be helpful; it reports the convergence for each string
and reports the string with the slowest convergence.

-4 Input error. Syntax error during read, check debug.out (see below) for line number in the input
file and explanation.

-6 Input error. Binary solution file can not be read. Call Solve before Grid or Track.

-7 Input error. File head.dat can not be used (file empty or syntax error encountered during read).

-8 Input error. Split module Inverse was called, but no parameters are available for optimization.

-9 Run-time error. The objective function has diverged in module Inverse; inverse procedure has
failed. Make sure that the problem is well posed.

-10 Run-time error. The initial guess of parameters can not be used by module Inverse.

-11 Split error. Contouring routine has failed. Save input file (e.g. split.dat) and call Igor.

If code was not equal to 1, the remaining portion of the line gives the Split module (e.g. Solve)
where code is generated.
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18 Output ASCII File: debug.out

Every time Split is executed, file debug.out is created in the same directory. If something went
wrong (code not equal to 1), debug.out should be of some help. For example, if there was an error
in reading the input file, line in the input file with offensive contents is reported. File debug.out
also reports the string with the slowest convergence. This file also contains the summary of the
convergence progress if Noisy option is selected.

19 Output ASCII File: progress.out

Every time Split is executed, file progress.out is created in the same directory. This file contains
the information about the progress of the solution process in the modules Inverse, Solve, Grid and
Track. Each of these modules writes a keyword to the progress file and some progress information.
The keyword and the information are:

solve:
iteration count (starting with 1), scaled maximum change in coefficients between iterations,
maximum error of all elements, current net extraction of all elements.

inverse:
iteration count (starting with 0), scaled maximum change in parameters between iterations,
sum of the squared errors in head.

grid:
percentage of the gridding completed (from 1 to 100).

track:
current particle number (from one to the total number of particles) and the total number of
particles.

20 Output ASCII File: extract.dat

Split modules Solve and Inverse create this ASCII file. Extractions of line-sinks, area-sinks, and
wells are reported. Net (total) extraction is also reported.

An example follows:

-----------------------------------------------------------------------
SPLIT version 2.1

Win32 computer program for analytic-based
modeling of single-layer groundwater flow
in heterogeneous aquifers with particle
tracking, capture-zone delineation,
and parameter estimation

Author Igor Jankovic
Copyright (C) 2000 Igor Jankovic

This program is free software; you can redistribute
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it and/or modify it under the terms of the GNU
General Public License as published by the Free
Software Foundation; either version 2 of the
License, or(at your option) any later version.

This program is distributed in the hope that it will
be useful, but WITHOUT ANY WARRANTY; without even
the implied warranty of MERCHANTABILITY or FITNESS
FOR A PARTICULAR PURPOSE. See the GNU General Public
License for more details.

You should have received a copy of the GNU General
Public License along with this program; if not,
write to the Free Software Foundation, Inc., 59
Temple Place, Suite 330, Boston, MA 02111-1307 USA
-----------------------------------------------------------------------

-----------------------------------------------------------------------
Extraction of wells, area-sinks and line-sinks
-----------------------------------------------------------------------

.......................................................................
AreaSink multiquadric (one and only)
-0.7491E-02 total extraction for AreaSink multiquadric (one and only)
.......................................................................

-----------------------------------------------------------------------
the total (net) extraction is -7.4914903E-03
-----------------------------------------------------------------------

21 Output ASCII File: extract.txt

Split modules Solve and Inverse create this ASCII file. Extractions per unit length [L2/T ] are
reported at 10 points of each segment which is modeled using Head, River, Extraction, or
NormalDischarge segment. The file may be imported in ArcView and in Surfer to view the
distribution of extraction along each segment and between the segments. For example, this output
may be used to differentiate the gaining and loosing sections of rivers.

Cumulative extractions [L3/T ] are also reported for same elements. This may be used, for
example, to compute flow in a river system due to groundwater discharge to the system. In order
to compute correct cumulative extraction (flow in the river), you need to specify nodes in a string
used to model the river in the direction of water flow: first node should be the spring, last node the
end of the river (e.g. point of discharge to a lake or ocean). If two rivers come together, the same
rule applies for both rivers. You may, for example, specify nodes in one of the rivers from its spring
all the way to the end, and nodes in the other river from its spring to the point where the rivers
come together. If you do this, Split will take into account contributions from both river branches
and compute correct cumulative flow. The number of various river branches, defined using these
rules, is not limited.
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If a river originates from a lake, you need to specify nodes in a string that is used to model
the lake (e.g. a Head string) starting and ending at the node where the river originates. The
cumulative discharge (flow) at that location will equal the groundwater discharge to the lake. If
this lake receives flow from other rivers, strings that are used to model these rivers can be terminated
at any node of the string used to model the lake. Contributions from all rivers will be taken into
account for a river system downstream from the lake.

Please note, the current version of Split does not terminate the river if the cumulative extrac-
tion/flow is zero. Split will continue computations even if the flow is negative. Future versions of
Split will take this condition into account and terminate the rivers once they get dry.

22 Output ASCII File: errors.dat

Split modules Solve and Inverse create this ASCII file. Errors along boundaries of circular inhomo-
geneities and strings are reported. These errors should be used to evaluate the quality of solution
obtained by Split, that is, to evaluate the ability of Split to solve your model. The appropriateness
of your model CAN NOT be evaluated using these errors. To evaluate your model, you should,
for example, compare piezometric heads and extractions obtained by Split to observed heads and
extractions. To reduce errors in Split you can increase the Precision level, and/or divide long
linear segments into a number of smaller ones. The former approach usually improves the solution
along segments; the latter improves the solution near vertices.

The reported errors are the largest absolute errors (sampled over a set of control points) along
boundaries of elements. Errors along boundaries of elements are defined as:

CircularInhomogeneity : discontinuity in head across the boundary of the inhomogeneity. If
conductivity of the inhomogeneity is zero, the error is the discharge potential inside the
boundary (which should be zero).

AreaSink : discontinuity in discharge potential for doublets, discontinuity in integrated normal
component of discharge for linesinks. For more information about area-sinks, please see Strack
and Janković [1999].

Inhomogeneity : discontinuity in head across the boundary of the inhomogeneity. If conductivity
of the inhomogeneity is zero, the error is the discharge potential inside the boundary (which
should be zero).

Head : head specified minus head obtained by the model.

River : difference in head between the river and the aquifer minus the product of flow (per unit
length) from the river to the aquifer and bed resistance parameter defined earlier. If the head
in the aquifer is below the river bottom, the error is computed as a difference between the
head elevation in the river and the elevation of river bottom minus the product of flow from
the river to the aquifer and bed resistance parameter.

Extraction : extraction specified minus extraction obtained by the model.

NormalDischarge : normal discharge specified minus normal discharge obtained by the model.

LeakyWall : error in normal discharge, computed using:

Qn +
kw

kbw

∆Φ (22.1)
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where Qn is the normal discharge, kw is the hydraulic conductivity of the wall of thickness

bw, and k is the background conductivity. ∆Φ is the jump in discharge potential across the

wall. For details, see Strack [1989].

Drain : error in tangential discharge, computed using:

Qt +
k

kdbd

∆Ψ (22.2)

where Qt is the tangential discharge, kd is the hydraulic conductivity of the drain of thickness

bd. ∆Ψ is the jump in stream function across the drain. For details, see Strack [1989].

The maximum (over all elements) error (’Maxerror’) is reported at the end of each iteration.
This is typically of limited value, since errors from different types of elements are measured in
different units. ’Maxerror’ is a very useful measure if all the elements are of the same type.

An example of this file follows:

-----------------------------------------------------------------------
SPLIT version 2.1

Win32 computer program for analytic-based
modeling of single-layer groundwater flow
in heterogeneous aquifers with particle
tracking, capture-zone delineation,
and parameter estimation

Author Igor Jankovic
Copyright (C) 2000 Igor Jankovic

This program is free software; you can redistribute
it and/or modify it under the terms of the GNU
General Public License as published by the Free
Software Foundation; either version 2 of the
License, or(at your option) any later version.

This program is distributed in the hope that it will
be useful, but WITHOUT ANY WARRANTY; without even
the implied warranty of MERCHANTABILITY or FITNESS
FOR A PARTICULAR PURPOSE. See the GNU General Public
License for more details.

You should have received a copy of the GNU General
Public License along with this program; if not,
write to the Free Software Foundation, Inc., 59
Temple Place, Suite 330, Boston, MA 02111-1307 USA
-----------------------------------------------------------------------

-----------------------------------------------------------------------
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Errors for circular inhomogeneities and strings
-----------------------------------------------------------------------

.......................................................................
Doublets in AreaSink multiquadric (one and only)
0.2154E-08 largest error for side 1
0.9082E-08 largest error for side 2
0.2584E-08 largest error for side 3
0.2131E-06 largest error for side 4
0.7406E-07 largest error for side 5
0.2131E-06 largest error for all sides in AreaSink multiquadric...
.......................................................................
Linesinks in AreaSink multiquadric (one and only)
0.2966E-08 largest error for side 1
0.4883E-08 largest error for side 2
0.9024E-09 largest error for side 3
0.3080E-07 largest error for side 4
0.1481E-08 largest error for side 5
0.3080E-07 largest error for all sides in AreaSink multiquadric...
.......................................................................

-----------------------------------------------------------------------
the largest error for all elements is 2.1306309E-07
-----------------------------------------------------------------------

23 Output ASCII File: errors.txt

Split modules Solve and Inverse create this ASCII file. Head errors at all control points (used by
the module Solve) along boundaries of inhomogeneities, along head-specified strings, and rivers are
reported. Errors along other elements are not measured as errors in head, and are hence excluded.
The file may be imported in ArcView and in Surfer to view the distribution of head errors along
each segment and between the segments.

24 Output ASCII File: inverse.dat

Split module Inverse create this ASCII file. The file contains fitted parameters, estimate of variance-
covariance matrix and estimate of the correlation matrix.

An example follows:

-----------------------------------------------------------------------
SPLIT version 2.1

Win32 computer program for analytic-based
modeling of single-layer groundwater flow
in heterogeneous aquifers with particle
tracking, capture-zone delineation,
and parameter estimation
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Author Igor Jankovic
Copyright (C) 2000 Igor Jankovic

This program is free software; you can redistribute
it and/or modify it under the terms of the GNU
General Public License as published by the Free
Software Foundation; either version 2 of the
License, or(at your option) any later version.

This program is distributed in the hope that it will
be useful, but WITHOUT ANY WARRANTY; without even
the implied warranty of MERCHANTABILITY or FITNESS
FOR A PARTICULAR PURPOSE. See the GNU General Public
License for more details.

You should have received a copy of the GNU General
Public License along with this program; if not,
write to the Free Software Foundation, Inc., 59
Temple Place, Suite 330, Boston, MA 02111-1307 USA
-----------------------------------------------------------------------
Iteration: 0 Change:.000E+00 Error:.260E+03
Iteration: 1 Change:.000E+00 Error:.650E-03
Iteration: 2 Change:.134E+00 Error:.979E-04
Iteration: 3 Change:.109E+00 Error:.431E-06
Iteration: 4 Change:.809E-02 Error:.266E-08
Iteration: 5 Change:.462E-03 Error:.163E-09
Iteration: 6 Change:.902E-04 Error:.104E-09
Inverse model started at: 15:00:25
Inverse model finished at: 15:01:03
Time spend on inversion : 0: 0:38

-----------------------------------------------------------------------
Parameters fitted by the inverse model
-----------------------------------------------------------------------

-----------------------------------------------------------------------
Parameter ID 1; Value -0.20001E-05; Leakage number 1; from AreaSink...
Parameter ID 2; Value -0.29998E-05; Leakage number 2; from AreaSink...
Parameter ID 3; Value -0.10002E-05; Leakage number 3; from AreaSink...
Parameter ID 4; Value -0.39998E-05; Leakage number 4; from AreaSink...
-----------------------------------------------------------------------

-----------------------------------------------------------------------
Estimate of the variance-covariance matrix
-----------------------------------------------------------------------
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-----------------------------------------------------------------------
ID 1 2 3 4

-----------------------------------------------------------------------
1 | 0.14E-21 -0.52E-21 0.53E-21 -0.63E-21
2 | -0.52E-21 0.44E-20 -0.45E-20 0.42E-20
3 | 0.53E-21 -0.45E-20 0.56E-20 -0.62E-20
4 | -0.63E-21 0.42E-20 -0.62E-20 0.78E-20

-----------------------------------------------------------------------

-----------------------------------------------------------------------
Estimate of the correlation matrix
-----------------------------------------------------------------------

-----------------------------------------------------------------------
ID 1 2 3 4

-----------------------------------------------------------------------
1 | 0.10E+01 -0.66E+00 0.60E+00 -0.60E+00
2 | -0.66E+00 0.10E+01 -0.91E+00 0.72E+00
3 | 0.60E+00 -0.91E+00 0.10E+01 -0.94E+00
4 | -0.60E+00 0.72E+00 -0.94E+00 0.10E+01

-----------------------------------------------------------------------

25 Output ASCII File: headerr.dat

The output file headerr.dat is created by the module Inverse and byCompareHeadOn command.
Following the disclaimer, the lines in headerr.dat correspond to lines in head.dat. Each line contains
the x and y location, computed and measured piezometric head at that location. If measurement
was named, the name will appear in the same line. The last line in headerr.dat contains the number
of measurements, sum of the absolute values of errors (measured minus computed heads), and sum
of the squared errors. Head measurements that are located inside well-screens are not included.

26 Output Layout Files

Split module Grid creates following ASCII Atlas Boundary files if SurferLayoutOn is specified:

area.bna: area-sinks.

circles.bna: circular inhomogeneities.

bound.bna: gridding window.

lines.bna: line elements.

wells.bna: wells.

heter.bna: polygonal inhomogeneities.

Element names (if specified) are reported. The files may be loaded in Surfer.
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27 Output Particle Tracking Files

Split module Track creates following files:

tracks.bna: Atlas Boundary file created if AtlasTrackOn is selected. Particle names (if specified)
are reported.

tracks.gen: Particle tracks in ArcInfo generate file format, created if ArcInfoGenerateTrackOn
is selected.

tracks.txt: Similar format as tracks.bna; file is created if ASCIITrackOn is selected. Time and
particle index are printed next to particle locations. Locations and time are separated by
commas. Particle names are not printed. The first line in the file is the header. File may be
loaded into ArcView directly, and in Surfer as a classed-post file.

28 Output Surfer Grid Files

Split module Grid creates following Surfer grid files if SurferGridsOn is selected:

head.grd: piezometric head, available where conductivity is not zero.

stream.grd: stream function, available where leakage is zero.

leakage.grd: leakage.

29 Output ArcInfo Grid Files

Split module Grid creates following ArcInfo grid files:

head.asc: ASCII raster file (piezometric head, available where conductivity is not zero)

stream.asc: ASCII raster file (stream function, available where leakage is zero)

leakage.asc: ASCII raster file (leakage)

head.flt: binary raster file (piezometric head, available where conductivity is not zero)

stream.flt: binary raster file (stream function, available where leakage is zero)

leakage.flt: binary raster file (leakage)

head.hdr: header file

stream.hdr: header file

leakage.hdr: header file

These files may also be loaded in ArcView if you have the SpatialAnalyst. The ASCII files are
created if ArcInfoGridsASCIIOn is selected; the binary and the header files are created if
ArcInfoGridsBinaryOn is selected.
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30 Output Contour Files

Split has the ability to produce contour files directly. Creating contour files directly with Split
(rather than creating grid files that can be used to produce any set of contours) is useful if you
do not have a contouring software (e.g. Surfer or ArcView with SpatialAnalyst). The contouring
routine in Split follows the Grid routine. Split does not read the grid files (which are used to
produce contours). Hence, if you need contours, you must grid first. By default, Split will produce
30 contours from minimum to maximum. If this is not satisfactory, you may specify your own
contour levels in head.lvl, stream.lvl and leakage.lvl. The format of these files is simple; each line
should contain only one real value: the contour level. Any number of contour levels can be specified.
If these files do not exist, they will be created and 30 contour levels (from minimum to maximum)
will be written there. The contours are written to the following files:

head.gen: ArcInfo generate file (piezometric head, available where conductivity is not zero)

stream.gen: ArcInfo generate file (stream function, available where leakage is zero)

leakage.gen: ArcInfo generate file (leakage)

head.bna: Atlas Boundary file (piezometric head, available where conductivity is not zero)

stream.bna: Atlas Boundary file (stream function, available where leakage is zero)

leakage.bna: Atlas Boundary file (leakage)

ArcInfo generate files are created if ArcInfoGenerateContOn is selected. Atlas Boundary files
are created if AtlasContOn is selected. The format of ArcInfo generate files and Atlas Boundary
files (both are ASCII files) is very simple. For example, you can use these files to view contours in
Microsoft Excel.

31 Examples

Ten example data files split.dat are included. To run them, simply copy Split.exe to appropriate
example subdirectory and run Split.exe. For the examples that include inverse modeling, file
head.dat was created first using ’true’ parameters. The initial guess for these parameters is then
changed, and inverse model is invoked to get them back based on heads in head.dat. In all cases
the ’true’ parameters came back perfectly. Try it.

AreaSink A simple example that contains two area-sinks and impermeable wall crossing one of
them.

AreaInverse A simple example where leakage is computed using inverse model (based on heads
in head.dat).

CircularInh 200 impermeable circular inhomogeneities solved using superblocks. It takes about
10 minutes to solve, grid and track. Once solved, change SolveGridTrack to GridOnly
and change the window size (zoom in), or to TrackOnly and track additional particles. The
precision level was set to 5. The number of coefficients computed by Split is 16,200. Su-
perblocks are used automatically whenever there are more than 100 circular inhomogeneities.
User does not specify anything.

HeadLines Three head-specified line segments and three wells.
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InhomInverse Two overlapping polygonal inhomogeneities. Hydraulic conductivities are com-
puted using the inverse model.

Inhomogeneity Low-conductive inhomogeneity with three wells and one impermeable wall cross-
ing the inhomogeneity.

InhomTiling A few polygonal inhomogeneities with shared sides, Hydraulic conductivity differs
by two orders of magnitude between neighboring inhomogeneities.

LeakyInverse Two leaky walls. Parameters are computed using the inverse model.

MessInverse Two overlapping polygonal inhomogeneities (’unknown’ conductivity) overlapped
by two area-sinks (’unknown’ leakage). A few other elements including leaky wall (’unknown’
parameter) and a drain (’unknown’ parameter). It takes 3-4 hours to get all the parameters
using the inverse model, but they all came back.

WellCircle A well with two nested circular inhomogeneities.

32 About Global Constant

If you are familiar with the analytic element method, you are likely aware of the ’reference point’
phenomenon. Essentially, an additive constant (referred to as the global constant) is a solution of
the Laplace equation, and can be added to the solution of a groundwater flow problem. If the flow
problem contains, for example, only discharge specified wells, the only effect the global constant has
is the shift of the discharge potential everywhere by the same amount. To select a unique solution,
piezometric head is specified at one location, which is then referred to as the ’reference point’. If
the aquifer is unconfined, the selection of the head at the reference point affects computation of
the saturated aquifer thickness everywhere and thus the computation of the SPECIFIC discharge.
Discharge is not affected.

However, if model contains head-specified elements, things are quite different. A global constant
does not shift the discharge potential everywhere by the same amount. Global constant enters
into computation of each head-specified element. The flow problem can be solved (all boundary
conditions met) with any value of the global constant. However, a different selection of the constant
will yield different ’far-field’ behavior of your solution. That is, the solution (model) will be different
on scales that are larger than the scale where model is developed. This is because each value of the
global constant will yield a different value of the net extraction. The net extraction is the sum of
extractions of all wells, line-sinks and area-sinks. The current value of net extraction (’NetExtract)
is reported at the end of each iteration.

I prefer specifying the net extraction as a parameter from which global constant is com-
puted,rather than the reference point location and head. I believe that the reference point concept
makes sense only when the only effect of the global constant is a shift in discharge potential. If you
are modeling a large regional scale, the obvious choice for net extraction is zero (which is default in
Split). If you are not modeling the large regional scale, but your domain of interest is surrounded by
head-specified features, the net extraction value will not change piezometric heads in your domain
of interest, but will change discharges of head-specified line-sinks that surround your domain. Net
extraction of zero is then as good as any. If you are not modeling the large regional scale, and your
domain of interest is not surrounded by head-specified features, good luck. Some of you will likely
want to play with the net extraction. This is the reason why net extraction can be specified.
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The only penalty of the net extraction concept is that it does not apply (and can not be used)
if no head-specified line elements exist (e.g. the only elements are discharge specified wells). The
reference point concept should be used then. To make this possible, I have also included the
’traditional’ reference point in Split. Unless you specify the location of the reference point and the
head, the head at the reference point is set to 10 times the aquifer thickness and the location is
selected some distance away from the modeled area in the direction perpendicular to the uniform
flow. Split also allows you to assign the reference point location and head in the case where head-
specified elements do exist. However, on a number of occasions when the reference point was
specified inside the modeled area (in the presence of head-specified elements), Split has diverged.
In that case, you must specify the reference point far from your modeled area, or exclude it.
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