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Input Guide and Revisions for GW-WETLAND (version 1. 1) A Computer Program to Simulate

Groundwater-Wetland Interaction

Management perspective

The DOE Great Lakes 2000 policy needs reliable information on the potential environmental -

stress caused by human activities on the marsh ecosystem at Point Pelee National Park. It is
suspected that nutrients from the Park’s septic-system are entering the Point Pelee marsh via
groundwater discharge and may be contributing to a deterioration in the health and natural
biodiversity of the marsh. This model contributes to our basic understanding of the

hydrogeological environment at Point Pelee and allows us to simulate the transport of nutrients

to the marsh. It also has wider implications for the control of contaminant loadings to Point
Pelee marsh, and its detrimental impact on this fragile aquatic ecosystem. This program flts
under the COA activity1.6: Groundwater. v

Long-term monitoring of the groundwater flow regime at Point Pelée National Park has shown
that hydrogeological environment is highly complex. Hence, the development of the GW-
WETLAND model was necessary to understand the seasonal reversals in the direction of flow,
and the impact of Lake Erie, the marsh, precipitation, evapotranspiration, and the width of the
barrier bar on the groundwater regime. The recent modifications to the GW-WETLAND model
will permit (1) more accurate simulation of groundwater contamination from surface water
" sources, simulation of impact of drainage ditches within a marsh. These modifications have
allowed us to conduct modelling studies to aid in the restoration of the Wainfleet Bog, Ontario.

The model is currently being expand and generalized to make it more applicable for other
wetlands and groundwater-surface water environments, not only within the Great Lakes basin,
for wetland environments across Canada. The model is also currently being used to assess
the impact of drainage ditches within the Wainfleet Bog, Ontario, and test various scenarios for
restoring the hydrologuc reglme within the Bog.
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Guide et révisions du GW-WETLAND (version 1.1): Programme informatique simulant
l'interaction entre 'eau souterraine et les milieux humides

 Sommaire 2 P'intention de la direction

. La politique Grands Lacs 2000 d'EC doit pouvoir disposer d'informations fiables sur le stress

environnemental que les activités humaines pourraient imposer & I'écosystéme de marais au
Parc national de la Pointe-Pelée. On soupgonne que les nutriments du systéme septique du
parc pénétrent dans le marais par décharge dans les eaux souterraines et peuvent contribuer
a une détérioration de la santé et de la biodiversité naturelle du marais. Ce modéle aide a

~ avoir une compréhension de base de I'environnement hydrogéologique a la Pointe-Pelée et

permet de simuler le transport de nutriments vers le marais. Cette situation a aussi des
implications plus vastes pour la maitrise des charges de contaminants vers le marais de la
Pointe-Peélée, et leur effet néfaste sur cet écosystéme aquatique fragile. Le programme
s'inscrit dans le cadre de l'activité 1.6 de 'ACO : Les eaux souterraines.

La surveillance a long terme du régime d’écoulement des eaux souterraines au Parc national
de la Pointe-Pelée a montré que I'environnement hydrogéologique y est trés complexe. Il a
donc fallu développer le modéle GW-WETLAND pour comprendre les renverses saisonnieres
deé la direction de I'écoulement, ainsi que I'impact du lac Erié, du marais, des précipitations, de
I’evapotransplratlon et de la largeur de la barre sur le régime des eaux souterraines. Les
modifications récemment apportées au modéle GW-WETLAND permettront 1) de simuler avec
plus de précision la contamination des eaux souterraines par les sources d'eau de surface,
2) de simuler limpact des fossés de drainage dans un marais. Ces modifications nous ont
permis de mener des études par modélisation pour aider au rétablissement de la tourbiére

“Wainfleet, en Ontario.

" Le modéle est en cours d'agrandissement et de généralisation, ce qui le rendra mieux

applicable & d’autres milieux humides et environnements d’eaux souterraines-eaux de surface,
non seulement dans le bassin des Grands Lacs, mais dans tout le Canada. Il est aussi
présentement utilisé pour évaluer Fimpact des fossés de drainage dans la tourbiére Wainfleet,
en Ontario, et pour tester divers scénarios de restauration du reglme hydrologique au sem de
ia tourblere
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ABSTRACT
GW- WETLAND isa numencal model that can be used to sunulate transient groundwater
flow and contaminant. transport in a 2-D cross section. Alth_ough the model was originally

Written for groundwater-wetland interactions, it is general enough for a variety of groundwater

, problems Moreover, the model is constantly being updated in order to allow it to be used for

new scenanos In the past year, the numerical model GW—WETLAND has gone through a series

of. updates and modifications. First, the ‘model now has the capability to 1nclude contammant
source zones that are associated with surface water boundaries. This new option allows the user

to examme the potential for groundwater contarmnatlon as a result of, for example a flooding

‘event in a river. The second major addition to the model involves the ability to include a

vertical-walled drainage ditch along the ground surface. For this option, a portion of the domain

along the surface is removed. The ditch can also have a water level that can vary in time, in the

- same manner as a surface-water boundary This report ‘describes the modifications that have

been made to the model in. the past year as well as two illustrative examples which are included |

to show these new features.-



Le GW-WETLAND est un mode¢le numérique qui peut étre utilisé pour simuler aux états
transitoires I’écoulement de I’eau souterraine et le transport des contaminants dans une coupe
bidimensionnelle. Bien qu’il ait été écrit au départ pour les interactions milieux humides-eau
souterraine, il est assez général pour se préter a divers problémes d’eaux souterraines. De plus, il
 est constamment mis & jour pour qu’on puisse l’utiliser avec de nouveaux scénarios. Dans la

derniére année, on a apporté au modéle numérique GW-WETLAND une série de mises & jouret

de modifications. D’abord, il a maintenant la capacité d’inclure les zones sources de contaminants
qui sont associées aux limites des eaux de surface. Cette nouvelle optlon permet a l’utilisateur
d’examiner le risque de contamination des eaux souterraines en raison, par exemple, du
débordement d’un cours d’eau. La deuxi¢me grande addition au modéle concerne sa capacité
d’inclure un fossé de drainage a parois verticales le long de la surface du sol. Pour cette option,
on enléve une portion du domaine le long de la surface. Le fossé peut aussi avoir un niveau d’eau
variable dans le temps, de 1a méme maniére qu’une limite d’eaux de surface. Le rapport décrit les
modifications qui ont été apportées au modéle dans la derniére année, ams1 que deux exemples
 illustrant ces nouvelles caracterxsthues
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- 1.0 INTRODUCTION

GW-WETLAND is a numerical model that can be used to simulate _transient groundwater
flow and contér’ﬁi‘nant transporf in a 2-D cross section for a variety of groundwater-wetland
scenarios as well as other préblems su;:'h as the fesponse of an aquifer to a short-term flood of a
river, or the presence 6f a drainage ditch. The model makes use of the finite-element method to
solve the transient groideater flow e'qﬁation, and solute transpbrt can be solved either by
deterministic-probabilistic particle tracking or by finite-element solution to the advection-
_disperéion equation. For groundwater flow, several different options are available for boundary
conditions. These include specified hydraulic head boundaries that can change in time (e.g.,
seasonal changes in the water levels in a-river). | | ' |

One of the unique features of the model is the ability to simulate a water .table boundary that
can change both spatially and temporally. Although the model does not include flow in the
unsaturated zone, the top surface of the finite-element mesh is allowed cbnform to the position of
the water table (CroWe et al., 1999). Sbec‘iﬁ'c’:ally, if the water table rises above a givéh tolerance,
new nodes and elements can be. ad_déd such that the existing stratigraphy is not distorted by

stretching elements in the vertical direction. Conversely, if the water table falls below a specified

tolerance, nodes and elements are removed from the mesh while avoiding distortion of the finite

element mesh, which frequently results from compressing elements. Also, because boundary

cond7itions can change at any t1me throughout the simulation, the position of the water table can
also change in time. As a result, the finite element mesh may change from one time-step to the
next. | | B ,

Since the GW-WETLAND model was introduced, cha,nges_-have been made to the model in
order to make the program more flexible With more 'Io,ption's. This report provides a brief

description of the changes to the numerical model GW-WETLAND including a detailed chapter

on the revised input requirements for the program, a line-by-line input guide for the input data

file, and illustrative examples with sammple input and output files. For a tore det‘aile,d description

of the model including a discussion of the governing .equat_io_ns and num_ericé,l' methods ﬁ_sed, the

reader is referred to Version 1;0 of the User’s Manual (Shikaze and Crowe, 1999). ‘
Although this computer program was originally created to siniulate groundwater flow and

* contaminant transport in the vicinity of wetlands, it is now flexible enough to simulate various



other Scenarios. For example, when a river floods, flood Waters rnay contain contamination that
can act as a source for groundwater coﬁtamination, even if the duration of the flood is relatively
short. The short-term, high water levels in the river can be simulated along with a contaminant
source in the river itself. Another scenario is groundwater flow in the vicinity of a drainage
ditch, which is typically used to lower the water table. Also; the ditch can have water levels that
can vary in time. In this case, the model can be used to predict the response of the water table to
the presence of the drainage ditch as well as the water level in the ditch.

This. user’s guide is set up)‘to. provide some relevant background material, a detailed

description of the procedure required to set up an input data file, as well as some example test -

cases and data files. In Chapter 2, modifications made to the code since Version 1.0 are
presented. The main modifications to the code include the ability to have a contaminant source

boundary associated with a surface-water boundary, and the ability to include a vertical-walled

drainage ditch along the ground surface. Chapter 3 describes the revised input procedure to aid

in setting up the input data file. Chapter 4 provides two gxample problems that illustrate some of
the new features of the model. These include (1) the response of an aquifer to the short-term

flood of an adjacent fiver including an examination of the potential for contamination of

_groundwater from contaminated flood waters, and (2) the effectiveness of a drainage ditch at

draining the adjacent porous material. A step-by-step input guide for the input data file is
provided in Appendix A, and Appendices B and C list the input data file and output file for the
flood example, respectively, while Aﬁpendix D lists the inpui data file for the example that
ihcludes drainage ditch.

-_-.:;_4..._._- \....._4,,‘4:.--u-“,‘-lw'vﬂ-...‘.:...'u-_,v".v:.-:..‘ -‘ - - _ _ - . - _ . - - u I |
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2.0 MODIFICATIONS TO THE PROGRAM v
The two main modifications to the GW-WETLAND code since Version 1.0 are outlined in

this chapter. First, for surface-water boundaries which have levels that can fluctuate in time, the

‘user can now specify whether or not the water in the surface-water boundary represents a

contaminated source zone. As before, the user can specify one of ‘two options for contaminant

V transport from a surface-water bouhdary — these include (a) particle tracking based on a

deterministic-probabilistic approach and (b) advection-dispersion based on a finite-elefnent

~ formulation of the solute transport equation. The second addition to the GW-WETLAND code is

the ability to handle drainage ditches along the ground surface. These ditches can be added |
anywhere within the interior of the computational domain (along the ground surface), and can also

contain water levels that vary in tlme

2.1 Contam'inént source associated with a surface-water boundary

In the previous version of GW-WETLAND (Shikaze and Crowe, 1999), surface-water
boundaries could be added for tramsient groundwater flow simulations. These types of
boundaries are first-type, or specified head boundaries, where the hydraulic head is allowed to
exceed the ele’vot‘ion of the ground surface and the water level in the surface-water body is

allowed to varyin time. This option can be useful in sunulatmg 1akcs ponds or rivers where the

 water-level history is known.

One of the limitations of Version 1.0, was that if the water associated with the surface-water
boundary was con_taminated- addition of contaminant source nodes with this zone was not
intuitive. With the new version (Version 1.1), we have created an option whereby the user can
specify whether or not a surface-water boundary is a contaminant source zone. In partlcular this
option was.addod to evaluate the potential for a flooded river to contaminate an adjacent aquifer
(Shikaze and Crowe, 1998). In this case, the duration of the flood (and, consequently, the length

of time that the river may be contaminated) may be fairly short. The user can choose one of two

, optlons by which to simulate solute transport.

The first solute transport option is particle tracking whereéby partlcles which represent |
contaminants, are individually tracked in two steps — the first being a deterministic advection

step, followed by a probabilistic dispersion step (Ahlstrom et al., 1977). If this option is ¢hosen, .




’ .
particles are added to each element that is in contact with the surface-water boundary for a length

of time that is user-specified. As the water level in the surface-water body rises, the number of
elements that represent the contaminant source zone may increase (thé model will detect this
automatically). Moreover, when the water level in the surface-water body falls, the number of
contaminant-som'ce elements may decrease. The user specifies a single value for the number of
particles that are to be added to each cell (Note: each cell consists of two tnangular finite
elements). '

The second solute-transport option available for surface-water bodies is a finite-element
solution to the advection-dispersion equation (e.g. Pinder and Gray, 1977). In this formulation,

the same mesh that’ was used for the groundwater flow solution is used for the advection-

dispersion solution at each time step (and this mesh, as mentioned previously, can change in_

time).v If the user selects this option, nodes that are associated with the surface-water body are set
as ﬁfst-type concentration nodes for a period of time that is speciﬁed'b'y the user. Also, as the

water level in the surface-water body rises or falls, the number of first-type concentration nodes
that are associated with the surface-water body will increase or decrease, respectively.
Additionally, the user can specify the start and end times at which the contaminant source zone
will be turned on and off, respectively.

Each of the two methods for solute transport has its own advantages. When dispersion is
very low (i.e., advection dominated), the particle tracking routine will be a more appropriate
choice because it is not subjected to constraints such as the Peclet and Courant stablhty criteria.
Moreover this method can be used 1n cases where dispersion is completely neglected. The
finite-element solution to the advection-dispersion equation allows a more direct method for
solving solute transport, whereby advection and dispersion are solved simultaneously.
Dispersion is solved directly, rather than as a ‘random’ component; as is the case with particle
tracking. Also, this finite-element method includes options to include simple retardation and
degradation processes. N ' .

The user can specify either method for solute transport (or both) from a surface-water
boundary. Results (i.e., cell concentrations for particle tracking; nodal concentrations for finite-

element solution of the advection-dispersion equation) can be viewed in a manner described in




\ . . .

Version 1.0 of the User’s Guide for particle-tracking or advection-dispersion results (Shikaze and
Crowe, 1999). o

2.2 Drainage ditches _
Another feature of the new version of GW-WETLAND is the ability to include drainage
ditches along the ground surface of the computational domain. This option was originally

included to simulate the effectiveness of ditches at draining adjacent zones of peat (Crowe et al.,

'2000).. More specifically, the purpose of the drainage ditches was to lower the water table in the

peat unit between two ditches such that the peat could be mined. .

For this new option, the ground surface elevation for each column of nodes is entered as
befpre. However, the user cah then vspeci,fy a surface ditch with vertical walls anywhere in the
domain. This linput ovérﬁdes the previously entered ground surface data. In the previous 'versiovn‘
of tﬁe code (ShikaZe and Crowe, 1999), if the user desired a drainage ditch, the él_evation and .
location of the ditch would have to be entered using the ground-surface elevation input. With

~ this previoﬁs method, in the case of a deep ditch, the finite-element mesh that is generated by the

program could be highly distorted in the area adjacent to the ditch. The new method (Version
1.1) will not have the same mesh problems because a portion of the finite-element mesh is
actually removed from the domain to accurately represent the ditch. |

Also, the ditch can have water levels that can change in tinie, This feature can be useful for

- simulating conditions that change annually or seasonally. The water-level history for the ditch is

entered in a manner similar to that for surface water bodies (see Vérsion 1.0 of the Uset’s
Manual — Shikaze and CroWe, 1999). As the water level in the ditch ﬁses, additional nodes along
the walls of the ditch may bé turiied ‘on’ as consfant head nodes. Similarly, as the water level in
the ditch falls, some nodes along‘ the walls of the ditch may be turned ‘off” as constant head
nodes (this is done automatically by the program). '
Currently, the ditch must exist throughout the entife simulation. In othe;‘r words, a ditch
cannot be added in the middle of a transient simulation, and cannot be ‘ﬁ_lled at any later time. A
future addition to the program will be to allow a re-filling of the ditch at some time during the
simulation. This could be used to simulate, for example, the restoration of water levels in

adjacent peat units by refilling the drainage ditches.



3.0 OPERATION OF THE MODEL'

This chapter describes the requirements as well as the procedure for running the models. A
detailed User’s Guide, including step-by-step instructions for setting up the input data files, is
shown in Appendix A.

3.1 Computing Requirements
The model has been programmed in FORTRAN, and ¢ompiled with Microsoft PowerStation,
" Version 4.0: Some of the utilities in the code make use of functions that are specific to Microsoft
PowerS;atidn, and thus if the user wants to compile the code with another FORTRAN compiler,
“they should contact the authors before doing so. The mlmmum system requirements are:
| - Pentium processor (166 MHz is recommended as the minimum)
- 32 MB RAM (actual memory requirements will depend on the size of the problem)
- A hard disk with at least 40 MB free. |

The 111ustrat1ve examples provided in this manual have been simulated using a Pentium-II PC

- (400 MHz) funning Windows NT and equipped with 128 MB RAM.

- The executable program runs ih\a DOS environment, and it is recommended that the user
open a DOS-Window from Windows95 (or 98 or NT) fo run the pfogram Output files are in
ASCII format, and specxﬁc output has been designed to be used in GridBuilder (McLaren 1998)

for wsuahzatlon

3.2 Dimensioning of the Arrays
Dimensioning arrays is done through an INCLUDE file (pelee.inc), listed in APPENDIX A.4.
Thus, if the user requires larger dimensions for a spec‘iﬁ,c'proble'm, changes only need to be made

to this INCLUDE file before re-compiling the program.

3.3 Input Operations
This section describes the data requirements for input to the model. The complete input
guide, which includes a detailed line-by-line description of the input data files, is shown in

- Appendix A. A sample-input file is shown in Appendix B.

RS PIRTON P RPN f ' . | N : . ! .




The user has the option of undertaking the simulations using either Engiish or metric units for
length. However, units of time must be in days and units of mass must be input in milligrams.
We recommend units of metfes/days/milligrams, and the illustrative exampies provided in this
report make ‘use of these units. Appendix A.s’summaﬁzes input parameters that have units as
well as acceptable combinations of units, »

Although the input data file is in ASCII format, there are several features that make c’r’eatirig

“and editing this file easier. For example, any line within the data file that begins with a "!" is

taken to be a comment line, and is ignored by the program. Also, on any given line, comments

can be added after the input parameters by typing a ";". - Anything that follows the semi-coloﬂ

| will be igriored by the program. This feature can be useful when the user wishes to add comments

throughout the input file to aid in finding their way through the file.

_The first information that thé user must enter is a one-line title or problem’identiﬁer (title).
This can be used to provide a description of both the input data set and the output. Twenty-four
program control parameters (option(n)) are used to control the nature of the simulation and the
type of output generated. If the user wishes to chqose one of the particular functions, option
should be\ set to ".TRUE.*' (a value of ".FALSE." indicates that the option or output is not
required). The user has the option of running various routines, such as:

| option(5)  : calculate heads ‘

option(12) generate hydrauhc gradlents (including dlrecuon) for each cell
option(15)  : calculate the velocity in each element
option(17)  :run mass u'ansport simulation using particle trackmg

option(24)  : ruri mass transport simulation using the finite-element Galerkm method

The finite element grid and hydraulic head distribution are automatlcally calculated at the .=

beginning of the simulation - based on initial information supplied by the user — as well as at

" each subsequent time step. Information about the mesh and domain may be output to a file at

~ each time step:

.option(1) : node coordinates

~ option(2) : finite ‘eler_nent incidences
option(3) . hydraulic conductivity and storativity of the element
option(6)  :nodal hydraulic heads ‘



'opt_ibn(1 3) : hydraulic gradients i‘ncluding'directioh
option(18)  : particle and concentration distributions

option(23)  : coordinates of particles and associvate'd mass

It is worth noting that if these options are turned on, the resulting output files can be quite large.
Also, the following information may be output to files that could be used for plotting, for
» example- with GridBuilder:

option(4) : nodal coordinates and element incidences

option(7) « head distribution at each time step

option(8) : head distribution at the final time step only

- option(14)  : hydraulic gradients

option(16) velocity field

option(19)  : concentrations and distribution of reference particles

option(20) : distribution of reference particles
Additional options allow the user to control various aspects of the simulation, and check its
convergence: | |

~ option(9) : print water table convergence information

option(10)  : input final heads from a pr’evidus fun to continue a simulation

option(11)  : output final heads to continue the simulation

option(21)  : output the final distribution of particles to continue a simulation

option(22) :input the final distribution of particlés to continue a simulation

The grid for the model is constructed of an array of nodes and elements. This grid is

constructed within the program according to the user's input parameters. The user must specify
the number of rows (nrow) and columns (ncol) of nodes and the vertical (delz) and horizontal

(xe) spacing between nodes. The vertical node spacing is the same for each row of cells, but the

horizontal node spacing may be constant or variable. If the horizontal grid spacing is constant, .

set var_x to .,TRUE. and enter one value for xe, else set var_)i ‘to .FALSE. and enter ‘the
different values of xe. The horizontal and vertical grid spacings are used to create a mesh of

cells, where each cell consists of 2, triangular finite elements.

‘ ‘- -
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The cross section may contain up to 9 different hydrostratigraphic units (ngeol) each with
unique values of horizontal and vemcal hydraulic conduct1v1ty (khorz, kvert), storativity (stor),
porosny (por), long1tudma1 d1spers1v1ty (dispert), and transverse dispersivity (dispert). These
units are used to represent the strat_lgraphy of the subsurface from the base of the ¢ross section to
the ground surface, whether or not the entire cross section will be saturated. The uxﬁts are
defined as an array (mapgeo) by assigning a numbered cede, from 1 to 9, which represents the | |

specific hydrostratigraphic unit at each cell within the domain. The codes are entered one row at

_ atime starting with the uppermost row of ce’lls,:with one code value assigned to each cell on that

row, and each subsequent lower row.in the cross section starts a new line. Thus, once the values

for mapgeo are entered, it should appear exactly the same as illustrated in the drawn cross -

section, The values of the parameters assigned to each hydrostratigraphic unit (khorz, kvert,
stor, vpor, disperl, dispert) are input with the hydrostratigraphic uﬁit identifier (I) corresponding
to the unit in-»the cross section (r’ﬁapgeo). Also,. entered on this line are the codes to indicate
whether or not a patticle is allowed to move (code) within the specified unit. As illustrated i
the example in Appendix B, a simple graphical representation of the Cress section for the
particular variable is formed. This style of data input fac1htates convement entry of data for
complex settmgs rapid alterations, and easy checking of input data At this time, only one value

_ of specific yield (specyd) for the unsaturated zone is entered.

Additional parameters and values are used to define the shape of the cross section and its
initial hydrogeological conditions. The elevation of the ground surface (elvgrd) and elevatien of
the base of the cross seetien (elvbas) are input for ea01} column of nodes. Because these values |
need not be constant, the cross section may have an irregtilar shape. | ,

A single drainage ditch can be added by setting variable ditch to TRUE If this is selected,
the user st then e‘ﬁte‘r dleft, dright, and dbottom to define the left, right and bottom

boundaries (in grid coordinates — usually metres). The water level in the ditch can change in

time, and is entered via a separate data file. This new file name is input into thé standard data

file, and the variable is ditchheadfile. In this ﬁle the user must first specify the number of times
at which the water level will change (n_ditchhead _chg), followed by a list where each line

contains a time (t_ditch head) and a new water level (dltch head)




A single initjal value of hydraulic head for the entite saturated domain is required (headi); to

help the solution converge, this initial value should be set equal to the average value of the head -

along the water table. The initial values of hydraulic head along the water table, (i.e. the

elevation of the water table) (headwt) are specified for each coliumn of nodes. -The user must |

also indicate at which nodes along the water table the hydraulic heads will be allowed to ﬂuctuate
in response to changes to the flow domain (set wtmove = .TRUE.) and which may not move (set
wtmove = .FALSE.). If surface water nodes or drains are specified, wtmove should be
specxﬁed as .JFALSE. for these columns of nodes. -
The user can specify vanous boundary conditions for the ﬂow domain, -including
inﬁltratlon/evapotransplratlon boundaries (second-type) and ‘constant head boundaries (first-
| type). Infiltration and evapotranspiration are inpjlt separately to accurately simulate field
conditions. Both recharge and evapotranspiration can vary over time and spatially across the
cross section. Recharge is entered by first indicating the number of different recharge periods
(hrestp) that will occur during'a simulatidn, and the time at which each recharge period starts
(t_rech) (e.g., if recharge changes twic_:e; nrestp = 3). If recharge occurs from the beginning of
the simulaﬁon, then the first value df t_rech = 0.0. For each recharge period, the spatial
distribution along the cross section is indicated by specifying the number of zones of constant
recharge across the cross section (nrzones), the startingy and ending column number (nxfrom,
nxfo) bounding each recharge zone, and the value of recharge within each zone (rval). Recharge
values of 0.0 should be entered for rval to-indicate that no recharge occurs in a given zone aﬁd at
a specific time. If no rechargé occurs throughout the simulation, then the user simply enters a
value of 0 for nrestp, and values for t_ rech nrzones, nxfrom, nxto and rval are not entered.
Evapotransplratlon is handled in the same way. The user enters the number of time periods in

which different values of evapotranspuatlon are desired (netper)_, the times at which these

evapotranspiration periods begin (t_et), the number of spatial zones along the cross section

(netzone), and starting and ending columns for these zones (nxfrom_et, nxto et) and the
values of evapotranspiration within each zone (etval). If evapotranspiration is not.to be
simulated, then the user simply enters a value of netper = 0, and no values for t_et, netzone,

nxfrom_et, nxto_et, and etval are required.
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Constant head nodes are typically used to represent surface water bodies (lakes, rivers,
wetlands), drains, or anywhere in the domain where the hydraulic head is known. Surface water
bodies .can be represented as constant head nodes by two different methods within the model.

However, it is recommended that, if the water level in the surfaéc water body charges frequently

over time, the user select and input information using the ‘Surface Water Body Data’ option of

entering data (see Appendix A.2.9). If the user selects this method, the user must create e_i
separate file containing the water-level history of the surface water bddy. This file should be set
up in ASCII format, and the first line in this file should contain number of entries in the file, and
each succeséive line should contain a value of time, followed by a new hydraulic head value.
Within the input data set, the user first specifies the number of distinc_t surface water bodies |
(nwb) within the cross s/ection. For each surface water body, the user must specify the humber of
columns of nodes associated with a surface water body (nchhodes_wb), and the corresponding

columns of nodes which represent the location of the surface water bodies (icolumns), as well as

the file name that contains the water-level history described above (file_wb). The columns
chosen should include every nodal column where the max1mum hydrauﬁc head in the water-level

history of the surface water body vexce_ed‘s the elévation of the ground surface, even if during parts

“or most of the simulation, the elevation of the sutface water bddy is above ground surface at only

a few columns. For example, if the surface of the water body specified in file_wb range between
100.0 an 101.0 m. durmg the simulation period and has an initial elevatlon of 100.2 m, then all
‘columns at the location of the surface water body where the ground surface is less than or equal
o 101.0 m should be listed in icolumns. If the user does not want to efter surface water b{)dies
or constarit he,aci nodes in this manner, then set. nwb = 0 ‘an‘d‘ do not enter values for
nchnodes_wb, icolumns, and file_wb. \

Surface-water boundaries. can bé simulated as contaminant sources in one of two ways.
First, these water boundaries can be set up as source zones for particle transpoft. In this case,

option(18) must be .TRUE.. If t_hé user wishes to simulate particle tracking from a surface-

 water ‘boundary, nwbpart should be set to .TRUE., and values should be entered for the number

of particles for each source cell (npart_wb) and the start and end times for the source zone

(ton_part_wb, toff_part_wb). The second method available is solution to the a‘dvection—

dispersion equation. by the Galerkin finite element technique. If this method is bdesired,
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- option(18) must be set.to .TRUE., and nwb_ad should also be set to .TRUE.. Also, the user

must specify values for the source concentration (conc_wb) and the start and end times between

which the source is applied to the water boundary (ton__ad_wb, toff_ad_wb). The remaining
parameters for advective-dispersive flow are to be added later in the data file (see Appendix A,
section A.2.13). \ | |

Regular constant head nodes (non-surface water bodies) can also be specified (e.g.,
drains). With this method, the user specifies the number of constant head nodes (nchead). If a
node is to be designated as a constant head node during a later time in the simulation (e.g., it is
originally not a constant head node), then it should still be included in ncheadl. For each
constant head node, the following must be specified. The location of each of these constant head
nodes (or future constant head nodes) is specified by its the nodal column (ich) and row (jch).
The original head value-(chval) assigned to the node must also be entered, as well as the number
of times the head value (for the current constant head node) will change during the s_imulation

(nchg_head). If the node is originally not a constant head node, then éssign a value of -1.0x10%

to'chval to designate that it Will become a constant head node later during the simulation. The -

user may read the changing hydraulic head values for the constant head node from separate file
(set chead_ﬁie =.TRUE.), or from the current input data file (set chead_file = .FALSE.). If
chead_file is .TRUE., then the name of  the file that contains the changing head data
(chead_file_name) must be specified. If this is the case, a list ’containing the time at which the
value of head at the specific node changes (t_new) and the new value of head (chg_h_val)
should be entered in chead_file_name and no additional information is re,ciuired in the input
| data set. If chead_file is .FALSE., a list of t_new and chg_h_val should be specified within
| the input data set and an additional file is not required. If the constant head node changes from a.
constant head node to a regular node during the simulation, then assign a value of -1.0x1 0% to
chg_h_val to designate that it will become a regular node at time £_new. In either case, this list
should contain nchg_head values. If the value of the co_ristant head node does not change during
the simulaﬁon, then set nchg_head = 0, and do not enter values for chead_file,
chead_file_name, t_new, and chg_h_val. If the user does not wish to enter constant head.
nodes in this manner, then simply set nchead = 0 and do not enter any values for ich, jch, chv‘al,

nchg_head, chead_file, chead_file_name, t_new, and chg_h_val.
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The Ihodel also has the flexibility to iriclude ptimping wells within the cross section. The

location within the cross section from which the pumping actually occurs (i.e., screened interval

- of the wéll), is defined by identifying the nodes from which pumping occurs. The usef fifst

enters the number of pumping wells (nwells). For each well, the "well screen” is loéated by
entering the left and right x-coordinates (x1, x2) and the upper and lower z-coordinates (z1, 22)
of a box representing the location of the well screen. All nodes within this box are identified as

the well screén, and a pumping rate is applied to each of these nodes. The user can change the

'pumping rate during the simulation, by entering the number of pumping periods (n_pump_per),

the time at which the change occurs (ton J)W); and the new pumping rates (prate). The pumiping
rate specified is that which is assigned to each node within the well screen box. If only one
period of pumping occurs, enter n_pump_per = 1. If there are no pumping wells, the user
simply enters a yalue of nwells = 0, and does not enter vélues for x1, x2, z1, 22, h_pump_per,
ton_pw, and prate. | . \

The length of the simulation, size of the time steps, and times at which information is output
are contfolled by the user. Rather than running the model to a speciﬁé number of time steps, the
user specifies the é.ctual time in ‘which'the_ simulation should stop (ftime). This is done because A
the size of the time step is allowed to vary and thus, desired times can be attained regardless of
the size or nuriber of time steps. The user selects an initial time step (delt), and the rate at whiéh
the time step increases in size (deltin). Ifa constant time sfep is desired, the user enters deltin =
1.0, else the time step will increase in size until the specific maximum time step size (dtmax) is
reached, at which point the time step (delt) will remam constant for the rest of the simulation.
Because of the nonlinear nature of the solution, the user ‘must also enter the convergence
tolerance (tolrnc) for converge‘nce‘w'ithin an iteratioﬁ, A value of 0.001 is rec'ommmded_. This
value represents 1 mm of hydraulic head, if the units of length are metres. The user must also
specify the maximum number of iterations fdr‘ the nonlinear portion of the code (nitmax). ,
Typically, the code will converge in less than 10 iterations, but In some cases, more iterations
may be required (for example, when water levels in surface water boundaries change fapidly).

Output is generated at times specified By the user in two ways. First, a vafiety of information
'ab‘out the grid, hydrogeology, and contaminant distribution of ‘the cross section (see options

above) is output as either printed output or as data files which can be used as input to other
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software (see options above and Appendlx A.3). The number of times at which information is

to be printed (n_ out _time) and the desired times (t_out) are input by the user.. The user should

specify at least one output time. Because the simulation may proceed w1th a varying time step, it -

may be difficult to know the exact simulate times throughout the simulation. However, the time
step calculated by the program ‘will adjust such that the user-specified output times will be
reached. Secondly, the elevation of the >wa'te,r table at any loca_tion' along the cross section can Be
printed, pjrodﬁcing a time series record of water table elevations for all time -steps'. This could be

used to compare the model's prediction of water table elevations to a water table well located

along the cross section. Any number of observation points can be selected by entering the

number of observation points along the water table (n_obs) and the column correspond to the
desired location of output of water table elevations (nbbs_col).

The user can also simulate solute transport and basic reactions using one of two methods.

When the particle tracking method, which uses tl_;e deterministic-probabilistic mass transport-

method is selected (option(17) = .TRUE.), only mass transport by advection and dispersion
occurs. The user defines the initial mass of each particle (xmassi), and then enters the number of
source zones within the cross sectlon (npart_zones). Then for each source zone, the user

deﬁnes the location and size of the source zone by entering the left and right columns (plcol,

prcol), and bottom and top rows (pbrow, ptrow), bounding the soiirce zone. The user specifies

the numbet of solute particles are added tb each source zone (npper), the time at which particles

are introduced into the source zone (t_start_part), and the time at which particles stop entering

the source zone (t_stop_part). If the user wishes to enter particles for only one time step, they-

should enter the same time for both t_start_part and t_stop_part. Each source zone can have a
different size, .number of particles entered, and different times at which particles are placed in the
sotrce zone. If mass transport by this method is not»sAcle,cted (option(17) = .FALSE.), none of
these daté are entered, |

‘When solute uanspon using the Galerkin method for the solution of the advection-dispersion
equation is selected (option(24) = .TRUE.), the user can simulation 'Both advective and
dispersive transport as well as limited reactions that retard (retfact) or decay (decay) the
contaminant. retfact represents the dimensionless retardation factor, and decay represents the

~ decay coefficient or degradation rate. constant. Also required are the free-solution diffusion
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| coefficient (dstar) and the 'tortu'osity of the medium (tort). There are also options for the time-

weighting formulation for the Galerkin solution for the advection-dispersion equation. epsi can
be set to 0.0 (explicit formulation), 0.5 (Crank-Nicolson weighting) or 1.0 (hﬁplicit). 1t is
recommended that 0.5 be used because this value results in the most stable solution. If consistv =
.TRUE., consistent formulation is used, whereas if consist = .FALSE., lumped formulation is -
used. This refers ’to the way in which concentrations are obtained from the Galerkin method. It -
has been shown that consistent fonpulation fesults in less error in the solution, and is thus
recommended. Once this data is entered, the user must enter the number of source zones inside
which the concentration must be specified (n_conc_zones). For each concentration source
Zone, the user must specify the x- (x1conec, x2conc) and z-coordinates (z1conc, ng:oné) that
define a box inside which all nodes will be assigned a fixed concentration value. x1conc and
x2conc represent the minimum and maximum x-values of the “box’, respectively, while z1conc
and z2conc represent the minimum and maximum z-values of the box. The final variable for
this section is cinit, which represents the coﬁcentration value assigned to the current zone. The
units are in relativé concentrations, so all concentrafions calculated in the domain will be relative
to cinit. - o
Other programming hints are shown below:
e The values spemﬁed at constant head nodes are allowed to change in time. In addltlon
constant head nodes can be turned “off by spec1fy1ng the value to be ‘-1.0e"%".
e  When making use of the restart option (see option(10), option(11), option(22)), there
are a few things to keep in mind. ' |
e If you wish to CREATE a restart file, option (10) should be TRUE This will create
a file called prefix.hou. Output will be written to th1s file at the most recent output
time that is specified in the data file (prefix.dat). To input from atestart file, it is
recommended that you rename the prefix to, for example, prefixa. Also, the
prefix.hou file will | have to be renamed prefix2 h:Ln The new data file
(prefix2z.dat) should be modified as discussed below. To restait prefix2.dat,

option(11) should be set to TRUE |
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o Ifyou restart at time t =t you mﬁst change-to following such that they do not include
any data changes at t < t;. ' |
o constant head nodes
o infiltration/evapotranspiration
e  pumping rate
o outpﬁt times. |

‘e Make sure that at the first solution time, there are no changes in (1) the values of
heads at constant head nodes, (2) infiltration and evapotranspiration rates (3) pumping
rates, | |

o Asof Decémbe_r 1998, the restart option only works for the flow solution, and particle
tracking; it does hot currently work for concentrations generated by the solution of the
advectioﬂ—dispersion equation.

e If particle tracking is simulated, the final locations of the particles are written to the
prefix.hou file. So, if the prefix2.dat file is restarted as described above, you
should remove the particle data, or you’ll be starting particles from their original
locations in addition to the restarted particles.
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4.0 ILLUSTRATIVE EXAMPLES
The objective of this chapter is to demonstrate how the model can be used to simulate typical

Scenarios. Also, this chapter aids in understanding and interpreting resﬁlts from the model. In

- this éhapter, two illustrative examples are presented. The first example involves transient

groundwater flow in the vicinity of a short-term river flood. In this éase, the ambient
groundwater flow direction is towards the river; however, as the water level in thé river rises
during, for example, a spring flood, the groundwater flow direction may reverse such that water
flows from the river into the groundwater system. Moreover, if the flood water in the river is
contarhinated, the groundwater inay also become contaminated. This example examines this
issue by including partiélé tracking whereby contaminant particles are added adjacent to the river
during the flooding event. The second example is used to illustrate the new fe_at’uré of the model
that allows the inclus’ion‘ ofa vgrtical-walled ditch in the centre of the domain. In this one-year
simulation, the watér level rises one metre in the spring, and then drops. The water table is

examined as a result of this high water-level event.

4.1 Example 1: Contaminant transport from a river flood

- In the first example, the water level in a river isv steady for one yéar. During this time,
groundwater flows from the aquifer into the river due to rechargc that is applied to the aquifer.
In the second year, the water level in the river rises rapidly during a flooding event and then
drops to its previoils low level. The water level history for the river is shown in Figtire 4.1. The
cross-section is 200 metres wide and the river exists on the right-hand side of the domain (Figure
4. 2). Boundary conditions have been set Qp such that the nodes aiong the river are specified head

nodes that have values which vary in time. The remaining nodes along the water table are

- specified-flux nodes to represent recharge. The remaining boundary nodes have been set to no-

flow bbundalies (left and right sides, and bottom). The input data file for this example is listed
in Appendix B, and the output file is listed in Appendix C.

The initial water level in the river is 21 metres and during the flood, the maximum water
level in the river is 29 metres, which represents the elevation of the flood plain, as shown in the
schematic in Figure 4.2. ‘The flood lasts approximately five days at its peak water level before
falling to its initial value of 21 metres. For solute transport; particle tracking is carried out by

4 ;
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adding particles to cells adjacent to the river. Particles are only added during the time of the
flood (approximately 365 to 370 days into the simulation).

Figure 4.3 shows results from this simulation at four different times. At-365 days, the flood

has just started, and the river level is still low. Groundwater still appears to be flowing from the
aquifer into the river, and particles remain close to the river along the interface between the river
- and the aquifer. At a time of 369 days, the water level in the river is at its maximum, and at this
time, the number of source cells associated with particle tracking has increased because the river
has reached the flood plain. C.onsequently, the distribution of particles is much more extensive.
Also, near the ‘river, groundwater appears to be flowing from the river into the aquifer. At 370
days, the water level in the river has begun to subside and immediately adjacent to the river,
_ groundwater is now flowing from the aquifer into the river. However, there is still a noticeable
groundwater' mound that results in the particles flowing away from the river. By 500 days, the
river level has reached its original level and all remaining particles are migrating towards the
river. As_suming éonditiozis remain constant, all of these remaihin_g particles will eventually exit

into the river.

4.2 Example 2: Groundwater flow in the vicinity of a ditch

Drainage ditches are commonly used to lower the water table in the surrounding area. For

example, when mining peat, the water level must be lowered in order to make peat extraction.

more practical. The spacing between the drainage ditches will depend upon other factors, which
control the water table, such-as the rates of precipitation and evapotranspiration as well as
hydraulic parameters of the peat such as the porosity, hydraulic conductivity and storage
coefficient. In this illustrative example (Figure 4.4), a single drainage ditch is added to the
central area of a 2D cross sectional domain. The computational domain has been set up to be
120 metres wide and 6 metres high with an irregular ground surface. The boundary conditions
have been set up such that fhe ditch nodes are specified head nodes with values that change over
time. The remain nodes along the water table are specified as constant flux nodes with a small
amount of recharge in order to establish groundwater flow from the aquifer towards the ditch.
All other boundary nodes (along the bottom and left and right boundaries) have been set as no-

flow boundaries.
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' The simulation is 365 days long, and a schematic of the domain is s‘_hownv in Figure 4.4.
Figure 4.5 shows the water-level history for the ditch. The initial water level in the ditch is 3
metres, and rises to a peak of 4 metres from approximately 65 to 80 days. This is a_ssmﬁe‘d to
represefit spring levels that mayvr.esult from increased preéipitation as well as melting of the
winter snow pack. _ _

Figure 4.6 shows results from this simulation ‘at four different times. As the water level in

the ditch rises, gradients reverse, and groundwater flows from the ditch into the aquifer (62.5

-‘ days). At 65 days, the water level in the ditch is at its maximum, and flow is still from the ditch

into the aquifer. By 80 days>when the water level in the ditch is still high, the water level in the
surrounding aquifer has had time to rise in response to the high water level in the ditch.
However, by 90 days, the watcr'level in the ditch has dropped to its original level, and the

groundwater flow direction is from the aquifer towards the ditch once again.

~
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APPENDIX A- INPUT GUIDE

This appendix is setup as follows: Section A.1 describes some general points with regards to
input instructions. Section A.2 describes the specific input requirements for the data file that are
used to run the code. Section A.3 lists files that are created by a successful simulation and
Section A.4 lists the arrays and dimensions. Section A.5 lists some ups in ensuring that 4
simulation is completed successfully.

A.1 General Notes

o The executable file should be run through a DOS window.

o Once the code is run, the user will be asked to input the prefix. The preﬁx represents
the filename without the three-letter extension. The prefix must have a ‘. dat’ extension
and be 7 characters or less in length. If the data file is not found on the current directory,
an error message will appear and the program will stop.

o Any line in the prefix.dat file that begins with a ‘!’ is a comment line and will be
ignored by the program. This option is useful for placing statements within the data ﬁle
to aid the user in finding exactly where specific parameters are located.

e All data is free-format. In other words, the user does not have to be concerned with
aligning the input parameters in specific columns. Vanables that occur on the same line
must be separated by a space or a comma.

A.2 Input Guide

- A.2.1 Program Title

1. Title - Any character string (up to 80 characters in length).
(NOTE: If the user needs more title lines, they can make use of the ‘!” option discussed above;
however, you must have one legitimate title line that does not begin with ‘")

A, 2 2 Program Options

NOTE: For the program optlons listed be]ow all output is written in ASCII format to the file
called pre£ix.out unless otherwise specified. Also, setting options (1), (2), 3), (9), (13),
(18), (23), to True can result in a very large prefix.out file.

2. option(1) - LOGICAL - True: print nodal coordinates; False: do not print nodal coordinates.

3. option(2) - LOGICAL True: print elemental incidences; False: do not print elemental
incidences.

4. option(3) - LOGICAL - True: print elemental K, S; False: do not print elemental K, S.

5. option(d) - LOGICAL - True: prifit node/element data to prefix. ele file; False: do not print
node/element data to prefix.ele file.
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6. option(5) - LOGICAL - True: calculate heads; False: do not calculate heads.

7. option(6) LOGICAL - True: print heads to output file; False: do not print heads to output
file. NOTE: This must be set the True if GridBuilder files are desired as
output.

8. option(7) - LOGICAL - True: prmt heads to prefix.hds file; False: do not print heads to
prefix.hds file.

9. option(8) - LOGICAL True: print only final heads to prefix. hds file; False: do not print
only final heads to prefix.hds file.

10. option(9) - LOGICAL - True: print water table convergence data; False: do not print water

_ table convergence data.

11. option(10) - LOGICAL - True: input old heads (from file prefix. hin) to continue a run;
False: do not input old heads to continue a run.

12. option(11) - LOGICAL - True: output last heads for a later run (to file prefix hou); False:
do not output last heads for a later run..

13. option(12) - LOGICAL - True: generate gradients/directions; False: do not sunulate
gradients/directions.

14. option(13) - LOGICAL - True: print gradients to output file; False: do not print gradlents to
output file.

15. option(14) - LOGICAL - True: output gradJents to prefix.hyd file; False: do not output

' gradients to prefix.hyd file.

16. option(15) - LOGICAL - True: generate velocity field (if True, option(12) must be True)
False: do not generate velocity field.

17. option(16) - LOGICAL - True: print velocity field to pre£ix.vel file; False do not pnnt
velocity field to prefix.vel file.

18. option(17) - LOGICAL - True: run solute transport using the deterministic-probabilistic
routine; False: do not riin the deterministic-probabilistic routine.

19. option(18) - LOGICAL - True: print concentrations/particle d15tr1but10n False: do not print
concentrations/particle distribution.

20. option(1 9) - LOGICAL - True: output concentrations/particle dlstnbutlon to prefix.con
file; False: do not output concentrations/particle distributions.

21. option(20) - LOGICAL - True: output particle distribution (prefix.pxt file); False: do not
output particle distribution.

22. option(21) - LOGICAL - True: output last particle distribution for later input (to file
prefix.hou); False: do not output last particle distribution for later input.

23. option(22) - LOGICAL - True: input particles from an old run (pre£ix.hin file); False: do
not input particles from an old run (see section A.5 for more details).

24. option(23) - LOGICAL - True: print mass and particle coordinates; False: do not print mass
and particle coordinates.

25 option(24) - LOGICAL - True: run solute transport using the Galerkin method; False: do

' not run solute transport using the Galerkin method.

A.2.3 Observation Points
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26. n_obs — INTEGER — Number of observation points at which water table elevations will be
output at every time step.

27. nobs _col(n_obs) — INTEGERS -~ Colurin correspondmg to the desired location for output
of water table elevations and nodal hydraulic heads (NOTE repeat th1s line
n_obs times. If n_obs =0, skip this line.).

28. nobs_row(n_obs) - INTEGERS - row cortesponding to the desired location for output of
water table elevations and nodal hydraulic heads (NOTE — repeat this line
n_obs times. If n_obs = 0, skip this line.). _

A24 Grid/Boundary Condition/Time Stepping Input

29. nrow, ncol - 2 INTEGERS - Number of rows of nodes; Number of colomns of nodes.
' (NOTE: ncol must be exact and nrow must be large enough to accommodate
the maximum elevation of the ground surface. )

30. ngeol, nitmax - 2 INTEGERS ‘
e Number of geological units
e Maximum number of iterations per time step.

31.var_x - LOGICAL True variable grid spacmg in x-dlrectlon False ‘constant gnd spacing
in x-direction.

- 32 xe(ncol 1): REAL — Grid spacmgmthe x-direction (honzontal) I.fvar x = True, enter

(ncol-1) values of xe (for variable grid spacing in x); if var_x = False, enter
only one value (constant grid spacmg in x).

33. delz - REAL - Grid spacing in the z-direction (vertlcal)

34. ftime - REAL - Fmal simulation time (the snnulatlon will stop when it reaches this time
regardless of whether or not steady state has been reached).

35. n_out_time - INTEGER - Number of desired times at which to create output.

36. t_out(n_ out _time) - REAL - Desired output times. The user must specxfy at least one output
time. _

37. delt, dtmaX: 2 REALS - Initial time step size; Maximum time step size.
38. headi: REAL - Initial head value assigned to the entire computational domain.
39. specyd, tolrnc, deltin - 3 REALS

e Specific Yield

o Convergence tolerance (for both steady-state convergence and iteration
convergence)
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e Factor by which to increase the size of the time step (until dtmax is reached).

A. 2 .5 Column Data

40. elvgrd(ncol) - REAL Elevation of the ground surface Enter one value for each column of
nodes

41. wtmove(ncol) - LOGICAL - True: Water table is allowed to move; False: Water table isnot -
allowed to move. Enter one value for each nodal column

42, headwt(ncol) - REAL - Initial head values along the water table. Enter one value for each
nodal column. If there are any constant head nodes along the water table, the
value of headwt at these nodes should be set to the initial constant-head
value.

43. elvbas(ncol) REAL - Elevatlon of the base of the domain. Enter one value for each nodal
column.

A.2.6 Drainage Ditches

44. ditch — LOGICAL - True: Include a drainage ditch; False: Do not include a drainage ditch.
(NOTE: if True, include lines 45 and 46 below; if False, skip lines 45 and 46
and proceed directly to line 47.) Currently, only one single ditch can be
added, and it must exist throughout the entire duration of the simulation.

45 dleft, dright, dbottom — 3 REALS
e - Left boundary of the desired ditch (in terms of grid coordinates, in metres).
‘e Right boundary of the desired ditch (in terms of grid coordinates, in metres).
¢ Right boundary of the desired ditch (in terms of grid coordin_ates, in metres).
o NOTE: data input from this section will override the information for the
elevation of the ground surface that has been previously entered.

46. ditchheadfile - CHARACTER — File name for the data file that contains the water-level history
for the ditch. The format of this data file is as follows: on the first line of the data
file, the number of water-level changes within the ditch is required
(n_ditchhead_chg). Subsequent lines in this other file should contain, first, the
time at which the new water level is to occur (t_ ditch_ _head(n_ditchhead chg))
and second, the new water level for the current time
(d,ltch_head(n_d,itchhead_chg))



A2.7 Inﬁltratlon/Evapotransplratlon Data

47. nrestp INTEGER - Number of dlfferent recharge periods. If nrestp = 0, skip to line 50.
For each recharge period, the user can specify dlfferent zones, if the recharge
varies spatially.

48. t_rech, nrzones - REAL, INTEGER (Repeat this line for each value of nrestp).
o Time at which to apply the new recharge values
o Number of spatial zones for current recharge period.

49. nxfrom, nxto, rval — 2 INTEGERS, REAL (Repeat this line for each value of nrzones)
' ' e Starting nodal column-for current recharge zone

e Ending nodal column for current recharge zone

° Recharge value for current recharge zone.

50. netper INTEGER - Number of different evapotranspiration periods. If netper =0, skip to
line 53. For each evapotranspxratlon period, the user can specify different -
zones, if the evapotranspiration varies spatlally

51.t_et, netzone - REAL, INTEGER (Repeat this for each value of netper)
e Time at which to apply the new evapotranspiration values
e Number of spatial zones for current evapotranspiration period.

52. nxfrom et, nxto_et, etval — 2 INTEGERS, REAL (Repeat this for each value of netper)
o Startmg nodal column for current evapotranspiration zone
~ o Ending nodal column for current evapotranspiration zone
e Recharge value for current eva_potranspiratidn zone.

A.2.8 Constant Head Data

53. nchead — INTEGER - Number of constant head nodes. If nchead = 0 sk1p to line 58.
NOTE: For each nchead, repeat lines 54-57.

54: mh(nchead) jch(nchead) chval, nchg_head(nchead) 2 ]NTEGERS T REAL,
INTEGER _

‘Column number of current constant head node

Row number of current constant head node

Original value assigned to the current constant head node

Number of times to change the head value at the current constant head

node (if nchg_head = 0 (i.e., a constant head node does not change, chval

applies throughout the entire simulation, skip lines 55-57 for current
constant head node).

+ (NOTE: If the user wants to have a constant head node turned on at a later
time, they must specify a value for chval here equal to -1. 0x107%)
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55. chead_file - LOGICAL - True: if changing constant head data is read from another file (go
to line 56, then skip 57. NOTE: if another file is used, data should be in the
same format as line 57 below); False: if changmg constant head data is read
from this data file (skip line 56).

56. chead_ flle _name - Character Stnng filename which contains changmg constant head data
(if chead_file = True).

57: t_new(nchg_head), chg_h_val(nchg_head) - 2 REALS _
e Time at which to change the constant head value assigned to the cuirent
~ node '
New constant head value assigned to the current node.
(NOTE: if a node is initially not a constant head node, the user must still
flag it as a constant head node and assign it a value equal to -1.0x10" 3,
The user can turn constant head nodes off at any tlme by spec1fymg
chg_h_val to be equal to -1.0x1 03, )

A.2.9 Surface Water Body Data

" 58. nwb — INTEGER — Number of surfacé water bodies. NOTE: lines 59-67 mﬁst be repeated

from 1 to nwb times. If nwb = 0, skip proceed directly to section A.2.10.

59. nchnodes_wb(nwb) — INTEGER - Number of columns associated with current surface
water body. These nodes should be chosen where the maximum head in the
water-level history for the current surface water body exceeds the-elevation of
the ground surface for the column. '

60. file_wb(hwb) - CHARACTER - Filename that contains the water level history of the current
surface water body. NOTE: the filename must be in ASCTI format. The first
row in the file should contain the number of entries in the file, and this must
be followed by a list of time and water level. :

61. icblumn's(nwb,nchnodes_wb) — INTEGERS - Columns (of nodes) at which to apply data
from current surface water body.

62. nwbpart — LOGICAL - True: include particle transport with cuirent surface-water body as a
source boundary (NOTE: make sure option(18) is set to True). False: do not
include particle transport. (NOTE: if nwbpart= True, include steps 63 and
64 below. nwbpart= False, skip lines 63 and 64, and proceed to line 65).

63. npart_wb(nwbpart) - INTEGER - number of particles added to each cell that is associated
- with a surface-water boundary. : ‘
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64. ton part wb(nwbpart), toff_part_wb(nwbpart) — 2 REALS
: e Time at which to start adding particles to the surface-water boundary.
e Time at which to stop adding particles to the surface water boundary.

65. nwb_ad — LOGICAL - True: include advection-dispersion transport with current surface-
water body as a source boundary (NOTE: make sure Option(24) is set to
True). False: do not include advection-dispersion. (NOTE: if nwb_ad=
True, include steps 66 and 67 below. nwb_ad= False, skip lines 66 and 67,
and proceed to lme 68).

66. conc_wb(nwb_ad) - INTEGER - source concentration that is associated with a surface-
water boundary. ' ,

67. ton_ad_wb(nwb_ad), t,off_ad_wb(nwb_a_d) - 2REALS
¢ Time at which to start advection-dispersion with the surface-water
boundary as a source boundary
o Time at which to stop advectio-dispersion with the surface water bouridary
as a source boundary.

A.2.10 Pumping Well Data

68. nwells - INT EGER - Number of pumping wells. If nwells >0, loop over lines 69 to 73 for
each ‘tiwell’, otherwise if nwells = 0, skip to line 71.

69. x4, X2 - 2 REALS - X-range within which all nodes will be flagged as well nodes with the
following well parameters.

70. z1, 22 - 2 REALS - Z-range as above. NOTE: x1, x2, 21, 22 define a box inside which all
nodes will be assigned the following well parameters Each node within the
box will be assigned the same pumping rate, and the flux is not ‘dlstnbuted’

~ 71. n_pump_per(nwells) - INTEGER - Number of pumping periods for current well (NOTE: if

a constant pumping rate is desired, n_pump_per must be set to 1. Thus, this
variable should always be > 0 if wells are considered.)

72. ton _pw(nwells, n_change_pw(nwells)) - REAL - Time at which to change to new
pumping rate for current pumping period(NOTE: repeat Lines 72 and 73 up to
the value in Line 71).

/

73: prate(nwells, n_change_pw(nwells)) - REAL - New pumping rate for current pumplng
period.
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~ A.2.12 Particle Tracking Data

A211 Stratigraphy Data

" 74. I(ngeol) - INTEGER - Zone number.

75. khorz, kvert - 2 REALS - Honzontal and vertical hydraulic conductivities for the current

zone |.
76. stor, por - 2 REALS - Storage coefficient and porosity for the curfe_nt zone I

77. dlsperl dispert - REAL - Longitudinal and transverse dispersivities of the current zonel. If -
 transport is not done, these values are still read in, but are not used.

78. code - LOGICAL True: particles are allowed to move within thls zone; False: particles are - |
not allowed to move within this zone (via part1cle trackmg) ‘
NOTE: Repeat lines 74 to 78 from (1 to ngeol).

79. mapgeo(ncol, hrow) - INTEGER - Map of‘zone numbers. Repeat, beginning at the top of
the grid, for each row (where each row contains the code for each columir).
- This map should be entered as it appears — in other words, the lower-left

corner of the cross section should be entered in the lower-left comner of this
map.

NOTE: This section is only used if option(17) is True.
80. xmassi -REAL - Initial mass added per particle. K
81. npart_zones - INTEGER - Number of particle source zones.

NOTE: Linies 82-85 are repeated from (1 to npart_zones).

" 82. npper - INTEGER - Number of particles to add.

83. t_start_part, t_stob _part — 2 REALSs - Time at which to add particle(s) for current particle
source zone; time at which to stop adding particle(s) for current particle zone.

84. plcol, prcol - 2 INTEGERS - Left and Right columns of nodes defining the end columns for
~ the current particle source zone.

85. pbrow, ptrow 2 INTEGERS Bottom and Top rows of nodes defining the end rows for the -
current partlcle source zone.

N
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'A.2.13 Advection/Dispersion Data

NOTE: This section is only used if option{24) is True.

86. retfact, decay - 2 REALS - Retardation factor; decay coefficient.

87._dstaf, tort - 2 REALS - Diffusion coefﬁcient; tortuosity.

88. epsi - REAL - Time-weighting factor (=0.5 fof Crank-Nicolson time-weighting). ,
89. consist - LOGICAL - True: for cons1stent formulatlon, False: for lumped formulation.

90. n_conc_zones - INTEGER - Number of spec1ﬁed concentration zones.

NOTE: Lines 91-93 are repeated for (1 to n_conc_zones).

91. x1cone, x2conc - 2 REALS - X—cdordihat&s of the start and end values that define a box
inside which all nodes are constant concentration.

- 92, z1 cong, z2conc - 2 REALS - Z-coordinates of the start and end values that define a box
inside which all nodes are constant concentration.

93, cinit - REAL - Concentration value assigned to current zone.

A.3 Output Files
The current version of the code produces the foilowing output files:

prefixn.imp - Files that can be unported’ into GridBuilder (NOTE: the ‘n’ that is appended on
the prefix represents a counter for each output time. For example, if three
output times are specified, three files will be created: prefix1.imp,
prefix2.imp, prefixB imp) ‘

prefixn.no0l - F11es containing hydrauhc head values at each output time (n) As before, one
file is created for each specified output time. These files are in ASCII format
and can be read in as nodal files in GridBuilder.

- prefixn 01 - Files containing elemental hydraulic conductivity values at each output time, ().
As before, one file is created for each specified output time. The files are in
ASCII format and can be read in as element files in GridBuilder. (NOTE:

One file is created at each specified output time because the finite element grid
may be changing in time.) ‘
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‘prefixn.e02 - Files cont_ai_riing’ particle concentrations at each output time, (z). Because particle

concentrations are formulated on a cell basis, cell'concentrations are converted
to an elemental basis (Where each cell is comprised of two triangular finite
elements). As before, one file is created for each specified output time. The
files are in ASCII format and can be read in as element files in GridBuilder.
(NOTE: One file is created at each specified output time because the finite
element grid may be changing in time.)

prefixn.vo1 - Files containing elemental velocity values (¥;, V) at each output time. As

before, one file is created for each specified output time. The files are in
ASCII format and can beé read in as velocity files (in ‘Edit Elements’) in
GridBuilder.

* prefixn.£01 - Files containing cell concentrations from the particle tracking routine. This ﬁle |

can be read by GridBuilder using the ‘Field Data’ option.

prefixn .£02 - Files containing particle locations from the particle tracking routine. This file can |

be read by GridBuilder using the ‘Field Data’ option.

prefixn.col - Files containing nodal concentrations from the advectlon/dlsperslon equation.
These are ASCII files and can be read by GridBuilder as nodal files.

prefix.obl - prefix.ob9 — Files containing water-table heads versus time for specified
columns. Up to 9 columns can be specified.

prefix.mbl — Fluid mass balance information.

_ prefix.swb — Fluxes at surface water bodies. ‘For'example, if two surface water bodies exist,

this file will contain a list of columns containing (1) time, (2) fluid flux at the
first surface water body, (3) fluid flux at the second water body.

prefix.tim — Computation time. This file contains 2 columns of data: (1) cumulative CPU
time at each time step and (2) total elapsed time at each time step. NOTE:
CPU time calculations will only work for the current version of the program,
which as been compiled using Microsoft PowerStation Fortran, version 4.0.

The procedure for using GridBuilder to view output is as follows:

In GridBuilder, click on ‘File/Import’. Go to the directory the contains the pre£ixn. imp and
click on the file which you want to import. After a series of prompts, the grid should appear in
the GridBuilder window. On the main GridBuilder menu, choose ‘File/Save’ and create a new
file name. Then convert the file to ASCII format, and save all subsequent files that are imported

- in ASCII format. In a DOS window, copy the prefixn.n01 (and/or .v01, .01, .f01, .f02, .c01) file

to a new file with the new prefix which you specified in GridBuilder . The extension must
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- remain the same. (NOTE: the *.c01 files must be renamed with .n01 extensions to be read as
nodal files in GridBuilder).

A.4 Dimensioning of Arrays

Included with the program is a file that contains arrays that are used in the program. If you
require dimensions that are larger than those specified in the file, you must change the values that
are shown below in the ‘parameter’ statements and recompile the program. The parameters and
values are outlined below. The values listed below have been set to be large enough to run the
example problems.

* parameter(maxnx=211,maxnz=201)
parameter(maxnxe=maxnx-1,maxnze=maxnz-1)
parameter(maxnn=maxnx*maxnz,maxne=maxnxe*maxnze*2)
parameter(mxzone=3)

parameter(mxchd=235)

parameter(maxbnd=251)
parameter(maxtime_chd=4300)
parameter(maxtime_chg rch=180)
parameter(maxtime_chig_et=121)
parameter(max_outtime=300)
parameter(maxwell=1,maxwellnode=maxwell*60)
parameter(maxwellperiod=1)
parameter(maxpt=250000)
parameter(maxts=4000)
parameter(mx_conc_zone=1)
parameter(max_part_zone=10)
parameter(mx_conc_node=50)
parameter(maxnwb=>5)

maxnx v = maximum number of nodes in x-direction (i.e., columns of nodes)
maxnz = maximum number of nodes in z-direction (i.e., rows of nodes)
maxnxe = maximum number of columns of elements
maxnze = maximum number of rows of elements
maxnn = maximum total number of nodes
maxne = maximum total number of elements
maxzone ~ =maximum number of different K zones
mxchd ~ =maximum number of constant head nodes
maxtime chd - = maximum number of times to change the value of head at a constant head

node ,
maxtime chg rch =maximum number of times to change the recharge values
maxtime chg et = maximum number of times to change evapotranspiration values
max_outtime = maximum number of output times
maxwell = maximum number of pumping wells
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maxwellnode = maximum total number of nodes that represent wells
maxwellperiod = maximum number of times to specify different pumping rates
maxpt = maximum total number of particles

maxts : - = maximum number of time steps

max_part_zone = maximum number of source zones for particles
mx_conc_zone = maximum numbser of fix (Dirichlet) concentration zones
maxnwb = maximum number of surface water bodies.

A.S Units

grid spacing m

hydraulic conductivity : m/d

elevations (w.t., ground surface, base of domain) m

initial value of head m

initial value heads along w.t. m

initail values of constant heads m

value of recharge m/d

value of evapotranspiration m/d

pumping rates m/d

time step d

output times _ d

times when recharge or evapotranspiration applied d

dispersivity ' : m

solute concentratlon mg/L

initial mass of each particle mg
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APPENDIX B - INPUT DATA FILE FOR EXAMPLE 1

t £

I M

Flo

OrmrththihHh T rht thth et My b th i P Hh CF My Fh Hhoin

lood simulation
arch 22, 2000
od . dat .
; (1) Print nodal coordinates
; (2) Print elemental incidences
; (3)Print elemental K and S
+(4)Print nodes/elements to file
; (5)Calculate Heads
; (6)Print Heads
; (7)pPrint Heads to a file (*.hds)
; (8) Print only last heads to a file (*.hds)
; (8) Print water table convergence info
; (10) Input old heads to continue a run
; (11)print last heads for input for a later run
; (12)generate gradient/direction field
; (13)print gradients/directions
; (14)output gradients/directions
; (15)generate velocity field
; (16)output velocity field
; (17)run mass transport
; (18)print conceéntrations/particle distributions
; (19) output concentrations/particle distributions
: (20) output particle distxribution
; (21) output last particles for input to continue a run
; (22) input last particles to continue a run
; (23)print mass, X,2 coordinates of particles
: (24) Run advection/dispersion

snobspts

181 201 ;jnrow, ncol

1 100 ;ngeol,nitmax
£ ;var_x (T for var. delx, F for const. delx - if F, enter only 1 value)
1.0

.2d0 ;delz

730.0 ;Etime

2 ;n_out_time
365.0

730.0
0.5 2.5 ;delt, dtmax
21.0 ;headi

0.200 .005 1.05 ; specyd, tolrne, deltin

! elvgrd
34,5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5

34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5

34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5 34.5

34.5 34.5 34.5 34.5 34.45 34.4 34.35 34.3 34.25 34.2
34,15 34.1 34.05 34 33.95 33.9 33.85 33.8 33,775 33.75
33,725 33.7 33.675 33.65 33.625 33.6 33.575 33.55 33.525 33:.5
33.4 33.35 33.3 33.25 33.2 33.1 33 32.9 32.8 32.7

32.6 32.5 .32.4 32.3 32.2 32.1 32 31.8 31.65 31.5

28.
28.
28.
28.
24.
18.
17.
!

.4 31.3 31.1 30.9 30.7 30.5 30.3 30.2 30.1 30
.9 29.8 29.75 29.7 29.65 29.6 29.5 29.415 29.4 29.385

.37 29.355 29.34 29.325 29.31 29.295 29.28 29.265 29.25 29.235
.22  29.205 29.19 29.175 29.16 29.145 29.13 29.115 29.1 25.085
,07 29.055 29.04 29.025 29.01 28.995 28.98 28.965 28.95 28.935
.92 28.905 28.89 28.875 28.86 28.845 28.83 28.815 28.8 28.785

77 28.755 28.74 28.725 28.71 28.695 28.68 28.665 28.65 28.635
62 28.61 28.6 28.59 28.58 28.57 28.56 28.55 28.54 28.53

52 28.51 28.5 28.49 28.48 28.47 28.46 28.45 28.44 28.42

4 28.3 28.2 28 27.7 27.4 27 26:5 25.7 24.9

2 23.5 22.9 22.3 21.7 21.2 20.7 20.1 19.6 19.2

8 18.5 18.3 18.2 18.1 18 17.9-17.8 17.7 17.6

5

ttttttttﬁtttttttttttttttttttttttttttttttttttttttttfttttttttttttttttttttttttttttt
ttttttttt:tttttttttttttttﬁtttttttttttttttbtttfffffffffffffffffffffffffffffffffff
FEEEEFEEEEFEEEEEEFEEFEELELELLEEELLELELLES [ wmove

{INITIAL WATER TABLE

21.
21,
21.

21.

0 21.0 21.0 21.0 21.0 21.0 21,0 21:0 21.0 21.0

0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21:0 21.0 21.0 21,0 21.0 21.0
0 21.0 21.0 21.0 21,0 21.0 21.0 21.0 2.0 21.0 21.0 21.0 21.0 21.0 21.0
0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 210 21.0 21.0 21.0 21.0 21.0 21.0
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21.0 21.0 21.0 21.0 21.0 21.0 21.

21.0 21.0 0 21.0 21.0.21.0 210 21.0 21.0
21,0 21,0 21,0 21.0 21:0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0
21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0
©21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0
21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21:0 21.0 21.0 21.0
21.0 21,0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21:0 21.0 21.0
21.0 21.0 21.0 21.0 21.0 21.0 22.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0
21.0 21.0 21.0 21.0 21.0 21.0 21,0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0
21.0 21:0 21:0 21:0 21:0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0
21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 ;headwt
! 'ELEVATION OF BASE :
0000000000
0000000000000 00CO00000 '
0000000000000000CO0CO0O0GC
0000000000000000OCOO00O
00000000000000000000¢C
0000000000000 00CO0O0O00O0COC
0000000000000 0000000O0
00000000000006000000O0
00000C00C000000000COC6O00O0
0000000000000C0000O000
00000000O0CO0O0 ;elvbas
F . . ;DITCH
1 ;NRESTP
0.0 1 © ;time to start recharge, number of recharge zones
1 201 0.0015 ;start column, end column, recharge value
{E/T :
0 ;NETPER
!
0 ;NCHEAD
1 surface water bodies
1 ;NWB
© 76 . ijnumber of nodes. associated with current surface water body

tdatafile containing water level h;story
rivflood.hed

126 127 128 129 130 131 132 133 134 13S
136 137 138 139 140 141 142 143 144 145
146 147 148 149 150 151 152 153 154 15§
156 157 158 159 160 161 162 163 164 165
166 167 168 169 170 171 172 173 174 175
176 177 178 179 180 181 182 183 184 185
186 187 188 189 190 191 192 193 194 195
196 197 198 199 200 201

T ;T=include partlcle tracking for current surface water body.
1 ;number Of particles per cell for each timestep
365.0 386.0 ;tstart, tend for particles to be added
F ;F=do not include Finite Element solutlon for advectzon/d;sperszon
0 i : ,nwells ’
1 i1
8.64E-0 8.64E-0 ;khorz, kvert
0.50BE-3  0.30E+0 ;stor,porxsty
1.00E-0 0.10e-0 ;disper
T i ;ptcode
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11111111111111112111121112231111131111111

112
111111111114111112113111121111211121113132111111111212131133111232212111311231121111111
1111111111111111233331313311112121111111111112111131111311122311111111111112111112
11131131111211111113131113231231113271111231311
11111111111111111111111111111111111111111111111111111111111111111111111111111111
111411111111111111111311112111122111111211112221212313111311112331111122211211111111
1111112112111113121212111121121111211111111111 .
1111111111111111111212211231112137322111212123311121113112121312311112123113171111111131111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
111111321111121211111311232111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
171111113111111111111111111111122211221111311113111131111132123111321131112311111111
111111121111112111111111111122111311111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111311111211112123111111112111113112122211221111311121221113123113313111111132
111111112123111121213121111111113111111131331
111111311111111311123211211111111111233111112113211121231131311:1213223111111121111311132
1111111111113113317121311112111113111111213331111121111111111111213121113211111111
1111111112112111111312311211171122111111311111 ’
11111111111221111111111211111121111111112222121212111213112111111111312121111111111%
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111113217112121211322111111111
11111111111131131122211211112111121322122111112171111221121111121211311311331113111111
171111111111111211112121311212232131223221237121131121211121213111112111311131212311111
113111121111111113121111111211211111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111711111111111111211111131122133113331121222111112213131111212132113231111111111
1111111111112111111111111211211213111212211

1111111111311111112112231111211221112311221311112111122111111321113111311112211111111 -

11111111121121111221311132211121111111112121211111111137111122112111112313111231111111
11111111113112111111331113121112111313113111
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113

111111212111312311912131112113237232112321322123111123271212212:2321131212212111112111
111111121131111111121211131122122123223121121212111121231111211321332113221111111111111
1111211311131313113111111211112111131111111111 :
111211311111313113113111131311212113111221312111121221371233211213111133173131111131311
1111111111111231111211132312221232321222211322111321121212121112212122311113111127111111111
1112111111111111111112321111112112111111 ’
1111111311111111211111122211121121231212213113321123113311212213121111112121311111112113
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11311111121111111311213111121111111112131171
11111111111111111111111111111111111111111111111111111111111111111111111111111111
111131311111111111112112111111121111211111121121122112111223121121121321111311112111711
111111111211131112221212113311111113113111211
1111111111122111212111222111121111121121211311112213121111112211111112111111311211211111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
111111131331111111312111212111371111111111
1111111311111111271121112112111111112122112111211113112131213121112121111111111111121313111111%
111111712121 113111211311212111733217312123117313332121232132111212111211122321121113111
1111121121111121131111112221211221311313211111
1111112122121111112111213212222122121331213213113112222111121121213121131323133132223311
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11171111111111111111311311121212311121111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111211111111111171121231132111111111
111111111112111111111111111111211112111121211111111111111111111111111111211111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111171111131111111211131111131111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111311111211311131313711111111111111111

114
11111111111111111111111111111111111111111111111111111111111111111111111111111111,
111111131123171111122111311211122713111123237111223231111111113111111111121111111111111
111111231121121113133113123121231231111111111
11131111311211123312113313311121131331132311122212121331332311211121121311213311113311111
11111111111111111111111111111111111111111111111111}11111111111111111111111111111
1111111111131111121111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
111331131122211122323113232221123213212233212121212333122221133222123122121113311111111
11111311111211121211311131111113121211111311111
11111211111111121111121111131131233111111111112111121121111111111111113111121111
1111111111111111331211111112112111223112124213322233123122111211311131211111312111111111
111111111111121111131111211231211211111111 .
1113111111131111111121113111127112131311111113112111121331312111112121311112112113111111311
1111311313211231131311212231212212113112132111113312211123211211211223113331131311111131111
111131121111111212312112111111113111111111
111111211131113112111123123122132113113311113123113131212231112123223211222231213131113211
11111121131211112121212211312211121111123121213121211121121211111222133111321122111111111131111
1111312113111111111121113113221111313111111111
11112121113111311113231112121122122221213231232131112122132312311223221212313111211121111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111121111311111111111111111 .
1112311313111111211311721112111121123212111111313111113311121311132333312333211331311213111
1111111111111111112111312121221213112111112311111131221123123123133223132221213112313212
111111111111111111211112321212111311111111
1111111111121121121122112131312113111121231111111311111111111211122113212311131111221111311321
111111131111131131121113113232331233123311332312311312311113111121111313112131211111111211
1111111111111311112131111111211111112111131
1111111111111711111171111111121131221112112117121121111112113171111711111111211211
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11113111111213131212111311113113111311113111111

115
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111131113133111231111 -
11111111111111111111111111111111111111111111111111111111111111111111111111111111
111121131111111111211312121131111121221211111323311312121111111111131112121112122111311
1111313111111113111111111113311113111111111
11131111313111112313133133331213312133313133123231212113733123212112312321232111121211111
11111112111311112123211121313123112121121331113131112111212131121223121211111213112111111111131
111111121121211211121113111212112111211111111111
11111111111311121111132112111111211121131211111111111131331311721113211313121311213311111
1111221311111212222121323311322333131332231311121131223113212333313332113129211123121313132131
111111111133111111111331131111131112311111 )
1111111111121111112111311111121211311113112211211322121221322231123211121131211121111211
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1l11111111111111111111111111111111111111111111111l111111111111111111111111111111
1111111211111111211121121312111123111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111131211221112122123121213131213131331131312132111223123131111311133331111123212111111
1111111111113111111712211111111111111111%
11111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111113111212121311312221231111311113111212111123112131112213131311111131311111131
1111111111111111111111111111111111111111
11111111111111111111ll1111111111111111111111111111111111111111111111111111111111
11111111111111112111112113211311311131111 -
11111121111111711111111112311212212211112113131711211321992221121111111112111111111111
11111111111111111111111111111111111111lll111111111111111111111111111111111111111
1111111111111111111111111111111111111111

11111111111111111111111111111111111111111111111111111111111111111111111111111111'

1111111111111111121112111121111222111121221112111113211731311331121121211111111131112111
111111111121721311212112111111111111211311

rl6
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111112111121111111131111111111133122111211111111131131213233114411111111111111
11111111131311111111113132111121111711113111
1111111111211112111112111111111123122132131122122321111112112312121221112111311111111

1111111111131111111121111112221112111222323221331133331121212311111112112311111111

1113111111121111311311123311311311121111111%
111111113111113112111311311212132112112311312123311111311311111111221111121131111121111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
©11111131211131113111231111111131111111111111
131117111111121211212111111112122112122321122212121211311331222113121211111111111111111
11112111111111111117113111231111111132312112221323323321112311111112111271211313111121
1111111111131212111131131311311111123121311111
111111112131311133112121113111113112113311222113113331121112311112133121231331311111311111
1111111111211117171111111111112211121233313313111232123311211111111113111112331111111111
11121111113113111111113111111111131311111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111131131131131333131311111131111112111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
111111%¥1111111111112112311211117121111111 ’
1111111111111l111111111111111111111111111111111111111111111111111111111111111111
ll111111111111111111111111111111111111111111111111111111111111111111111111111111
11171111121132111111221112111111321111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111ll11lll11111111111111111111111111
11171211113111111113121213213333131111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111113213111311313111311111133113111111111
7
11111111111111111111111111;11111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111312111121111121121131111213311131111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
111111112111112111113113211111112212113111
1111111211111111113121171121123211212111213122321122213311123213127222217311121312111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111113111111121111111131123111111
1111111131111111111111112122123113111113111313312113213113211312211121113111111111111
11111111111111l11111111lll111111111111111111111111111111111111111111111111111111
11111112111111111112111331131111121111312111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111l1111111111111111111111111111111111111111111111111111111111111111
11111111121131121111111111111113312113111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
111111121211111131213111113113133121111122123
11111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111l111111111111111111111111111111
11111111111311313121312112111131131311131111
lllllll1111111ll1111111111111111111111111111111111111111111111111111111111111111
111111lll11111111111111111111111111111111111111111111111111111111111111111111111
111111111111121121111113111212113313331311111
11111111111111111111111111111111111111111111111111111111111111111111111111111111
. 11111111111111'1 111111111111111111111111 11111131111111112311213121331311131311111313111
111111111111121121111111122111212131133311
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11111131121111131221212313122313223111373323213:11122231311311113211112211311112111813
111111111111111111231112122211123211212131322111112112121311121212111111131111111111
11111111111121311113111221223311211111111 ' .

118 .

! comment out random walk

0.10 ;1 XMASSI -
0 ;# Particle Bource zones
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APPENDIX C - OUTPUT FILE FROM EXAMPLE 1

R L R s A R R Ry R R R E L

Program GW-Wetland
: Version 1.0

written by: Steve Shikaze, Allaii Crowe
Last Update: February 1999

Title: Plood.dat_

ﬁt****,*********'k**********************#*****************************************

({ 1)= F :Print the nodal co-orxdinates

{ 2)= F :Print the elemental incidences

( 3)= F :Print the elemental hydraullc conducthltles and storativities
( 4)= F :Plot the finite element grid

{ 5)= T :Calculate the head distributions

( 6)= F :Print the head distributions

( 7)= T :Plot all head distributions

( 8)= F :Plot only the last head values

{ 9)= F :Print the water table convergence information at each iteration
(10)= F :Input previously calculated heads to continue an earlier run
(11)= F :0Output the last head distribution for use as input in a later run
(12)= T :Calculate the hydraulic gradient and the direction of the gradient field
(13)= F iPrint the hydraulic gradient and its direction flelds

(14)= F :Plot the hydraulic gradient and its Direction

(15)= T :Calculate the velocity field

(16)= F :Print the wvelocity field

(17)= T :Run the deterministic/probabilistic mass transport

(18)= F :Print the concelitratioh and particle distributions

(19)= F :Plot the particle concentration

(20)= F :Plot the particle distributiom

(21)= F :Output the last particle distributicn to continue the ryn

(22)= F :Input the last particle distribution to continie a previous run
(23)= F :Print the mass, X and Z coordinates of the reference partlcles
(24)= F :Run Galerkin method for advection/dispersion

Constant horizontal grid spacing
Delta x = 1.000000000000000

There are 2 output times:
Output times 365. 000000000000000 730.000000000000000

181 :Number of rows
201 :Number of columns
1 :Number of geologlcal units
.20000 :Vertical node spacing
.50000 :Time step size
21.00000 :Initial head value
.20000 :Specific yield
.00500 :Cénvergence tolerance
1.05000 :Time step increment factor
100 :Maximum number of iterations

COL ELEVATION COL ELEVATION COL ELEVATION COL ELEVATION COL ELEVATION

1T 34.50 27T 34.50 3T 34.50 4T 34.50 5T 34.50

-E .




LR B B T B B B B B B B I B I e e B I I R I R I I A N e N R e e ]

Lo I B T B B B G R B RO R R mvﬂvﬂ HHEAAE3EESAld S AdE3Haas

34.50
34.50
34.50
34.50
34.50
34.50
34.35
34.10
33.85
33.70
33.58
33.35
33.00

198

o R R R R R I B R R I B B I R R H’H HarAHdBEdddadldadddgs

34.50
34.50

-34.50

34.50
34.50

34.50

34.30
34.08
33.80
33.67
33.55
33.30
32.90
32.40
31.80
31.10
30.20
29.75
29.41
29.34
29.27
29.19
29.11
29.04
28,97

28.89

28.82
28.74
28.66
28.60
28.55
28.50
28.45
28.20
26.50
22.90
20.10
18.30
17.80

I B B B B T I B B R R R e R B R R B I R R B N e N R R R B |

COL ELEVATION

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

COL: ELEVATION

21.0000

21.0000

21.0000

21.0000

21.0000
21-.0000
21.0000
21.0000
21.0000
21,0000

© 21.0000

21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000

‘ELEVATION

21
21
21
21
21
21

S 21
21

- 21.
21.
21,
21.
21.

.0000
.0000
.0000
.0000
..0000
.0000
.0000
.0000
0000
0000

0000
0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

,.0000

.0000
.0000

..0000

.0000

0000

COL ELEVATION

48

21.0000
21,0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21,0000
21.0000
21.0000
21,0000
21.0000
21.0000
21.0000
21,0000

21.0000

21.0000
21.0000
21.0000
21.0000
21,0000
21.0000
21.0000
21.0000

o MAM Mg g3 EEARAEEAE3HAdAARY

ELEVATION

21
21

21.
21.
21.
21.
21.
21.
21.
21.
21.
21.
21.

21
21
21
21
21
21
21
21
21

21.
21.
21.

0000
0000
0000
.0000
.0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

.0000
.0000
.0000

.0000°

.0000
.0000
.0000
.0000
.0000

21.0000

21

.0000

0000 -



136 21
141 21
146 21.
151 21.
156 21.
161 21.
166 21.
171 21.
176 21,
181 21.
186 21.
191 21.
196 21.
201 21.

There are

RECHARGE VALUES
CHANGE AT TIME:

COL RECHARGE

1

.0000
.0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

1 recharge period(s)

.0015

137
142

1147

152
157

162

167
172
177
182
187
192
197

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

138
143
148
153
158
163
168
173

‘178

183
188
133
1958

21

.0000

.0000

.0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0000 -

0000

199

' (+VE=RECHARGE; -VE=EVAPORATION)

.000

COL RECHARGE

2

.0015

COL RECHARGE

3

.001s

COL RECHARGE
4

49

21.
21.
21.
21.

0000
0000
0000

21.0000

21.
21.
21.
21.

21
21

21.
21.

0000
0000
0000
0000
.0000
.0000
0000
0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

- .0000

.0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000
-0000
.0000
.0000

0000

.0015

0000

140
145
150
155
160
165
170
175
180
185
190
195
200

165
170
175
180
185
190

‘195
200

21

21
2%.

21

2%.

21

21.

.0000 |

.0000
0000
0000
0000
.0000
0000
.0000
.0000
.0000
.0000
.0000
.0000

.COL. RECHARGE
<0015

s .




T

6
11
16
21
26
31
36
41
46
51
56

61
66

76
8l
86
91
96

101

106

111

116

121

126

131

136

141

146

151
156
161
166
171
176
181
186
191
196
201

There are

There are

There are

ZONE

.0015 7 .0015
.0015 12 .0015
.0015 17 - .0015
.0015 22 L0015
.0015 27 .0018
.0015 32 .0015
.0015 37 .0015
.0015 42 .0015
.0015 47 .0015
.0015 52 . 0015
.0015 57 . 0015
.0015 62 .0015
.0015 87 .0015
.0015 72 .0015
.0015 77" .0015
.0015 82 - .0015
.0015 87 .0015
L0015 92 .001S
.0015 97 .0015
L0015 102 .0015
L0015 107" .0015
.0015 112 .0015
.0015 117 .0015
L0015 122 - .0015
L0015 127 L0015
.0015 132 .0015
L0015 137 .0015
L0015 142 .0015
L0015 147 .0015
.0015 152 .0015
.00i5 157 L0018
.0015 . 162 .0015
.0015 167 .0015
.0015 172 .0015
,0015 177 L0015
.0015 182 - .0015
.0015 187 .0015
.0015 192 0015
L0015 187 .0015
.0015

0 B/T period(s)

‘0 constant regular head nodes

1 surface water body (constant head) zones

1

8
13
-18
23
28
33
38
43
48
53
58
63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138
143
148
153
158
163
168
173
178
183
188
193
198

.0015
.0015

.0015.

.0015

.0015.

.0015
.0015
.0015
.0015
.0015
.0015
0015
.0015

.0015.

.0015
.0015
L0015
,0015
.0015
.0015
.0015
L0015
.0015
.0015
.0015
,0015
.0015
L0015
.0015
.0015
.0015
0015
.0015

©.0015

.0015
.0015
.0015
:0015
.001s

Reads head history from file rivflood.hed

There are
There are

There are no Pumping Wells

9
14
19
‘24
29
34
39
44
49
54
59
64
69
74
79
84
89
94
104
109
114
119
124
129
134
139
144
149
154
159
164
169

174

179
184
189
194
199

154 head changes for this water body
76 nodes associated with this water body

50

.0015
.0015
.0015

.0015

.0015
.0015
.0015
.0015
.0015
.0015
.0015
.0015

.0015

.0015
.0015
.0015
.0015
.0015
:0015

©.0015
- .0015

-0015
.0015
.001s
.0015

.0015

.0015
.0015
.0015
.0015
.0015
.0015
.0015
.0015
.0015
.0015

10
15
20
25
30
35
40
45
50
55
80
€5

75
80
8S
80
95
100

105

110
115
120
125
130
135
140

145

150
155
160
i6s
170
175
180
185
190
195
200

.0015
.0015
.0015
.0015
.0015

.0015.
©.0015
.0015

.0015
.0015
.0015
L0018
.0015

.0015.

.0015
.0015
L0015
.0015
.00158
L0015
.0015
.0015
.0015

.0015 "

.0015
.0015
.0015
.0015
.0015
.0015
.0015
0015
.0015
.0015
.0015
.0015
.0015
.001S
0015



UNIT Kh Kv STOR.  POROSITY ang;DISP. Trans.DISP

1 .8640E+01 .8640E+01 .S5000E-03 .3000E+00 .1000E+01 .1000E+00

11111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111112111121212113111131212313333374122211111111111211111111212111113111131111111
111111112311121111111112131111111111111111
111111111113121111111113111113231221111221121221111121121121112111111132233133211111
11111111111212312337132133123131121211221111121211121222211132211213121131211111111111
11171111311211111131211111111111111211113
11411111111111111111211121113111111213123211111111121113212311113323322133112293111
11111111113111313111111111223121121112311111111211113121133111312112112211111111111
11121211111711112111111111121112131131111
111111111111211111111122111232111323121111211111111121212122331131112112111111112311
1121111111132111111132111111211111112121321712133112211113112111121312121112111331
11111111111121111121112133111111131113111
11111111111111111112211221112111121111211111113121121211122211111111111111111111131311
111111111121111111111111111112311111212112111111111211122313111212122231111111111111
111111111111113121121111111111311111311111
21111211111112111111211122121212111231211223111231211311111113311111113221111111211111
11111111111111111117111133313111111111121321132131111111113111112121211122111112111
11111111111112112321111111111111111211111

1111111311311121121133311311111 111111111311111121117131121111211132131211111111112 11 111111131
111111111111111211111111111113111212111121122121313111111133212211111211111111111211
11111111111111111111211112111111211133111"
111111111111121111132111:11131122911112211111211111172311111121231111111111111111111
1112111131111711117111111222111121111131131121233112221211111231211113111311111111
1111111111112111111121111111121111111111
11111111111211211411111111711111111111111111113111131111111111111121111111121111
1111171211111111111111111131112211111211211212111111111111113311211111131111112111111
11111111121111111111111111111111111113212
111111111111221111113211111112111111217121111111212111111111112111111121123333:111111
1171111111112211111211112133111231111421211111131111211311212113111111211111321111113
11111117311111111717111111111111111131111
11131111112111111111121211131117311711123121111111121131332311113133113211111111111111
111111111111111131321111111111111111111111111111123111111132111111111111121111111
111171111711111112111211111111111113112311
1111111111111111111111111,1,111]_.,_1_‘.!,_111]_._],'111111-11141-1111111‘11111111111111111111111111
11111111111111111112111111211111111111121121112112131311111112121121311133131111111111
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CONTAMINANT TRANSPORT PARAMETERS

+100 :INITIAL MASS ADDED PER PARTICLE

# of particleé Source Zohes 0

21270: Actual number of nodes
41944: Actual humber of elements

15: Actual number of constant head nodes
21255: Number of nodes with unknown heads

4

\

ITERATION: 1 TIME: 365.00000
CoL NODEWT % (OLD) % (NEW) HEADWT (OLD) HEADWT (NEW) PREV.HEADWT ELVGRD~ )
10 107  21.1041  21.1042 21.1042 21.1042 21.1041 34.5000 T
2 0 214 21.1041  21.1042 21.1042 21.1042 '21.1041  34.5000 T
3 0 321 © 21.1041 21.1041 21.1041 21.1041 21.1041 34.5000 T
4 0 428 21.1041 21.1041 21.1041 21.1041 21.1041 34.5000 T
5 0 535 21.1041 21.1041 21.1041 21.1041 21.1041 34.5000 T
6 0 642 21.1041 .21.1041 21.1041 21.1041 . 21.1041 34.5000 T
7 0 749 21.1041  21.1041 . 21.1041 21.1041 21.1041 34.5000 T
8 0 856 21.1040 21.1040 21:1040 21.1040 21.1040 34.5000 T
9 0 963 21.1040 21.1040  21.1040 21.1040 °  .21.1040 .34.5000 T
10 0 10790 21.1040 21.1040 21.1040 21.1040 21.1040 34.5000 T
11 0 1177 21.1039  21.1039 21.1039 21.1039 21,1039 34.5000 T
12 0 1284 21.103% 21.1039 21.1039 21.1039 21.1039 34.5000 T
13 0/ 1391 21.1038 21.1038 21.1038 21.1038 21.1038  34.5000 ' T
14 0 1498 21.1037 21.1037 21.1037 . 21.1037 21.1037 34.5000 T
15 0 1605 21.1037  21.1037 21.1037 21.1037 21.1037 34.5000 T
.16 0 1712 21.1036 21.1036 21.1036 21.1036 21.1036  34.5000 T :
17 0 1819  21.1035 = 21.1035 21.1035 21.1035 21.1035  34.5000 . T ;
18 0 1926 21.1034 21.1035 ©21.1035 21.1035 21:1034 34.5000 ‘T :
19 0 2033 21.1034 21.1034 - 21.1034 21.1034 21.1034 34.5000 T K
20 0 2140 21.1033 21.1033  21.1033 21.1033 21.1033  34.5000 T :
21 0 2247 21.1032 21.1032 21.1032 21.1032 21,1032 34.5000 T !
22 0 2354 21.1031 21.1031 21.1031 21.1031 21.1031 34.5000 T i
23 0 2461 21.1030 21.1030 21.1030 ©21.1030 - 21.1030 34.5000 T ;
24 0 2568 21.1029 21.1029 21.1029 21.1029 21.1029. 34.5000 T :
25 0 2675 21.1028 21.1028 21:1028 21.1028 - 21.1028 34.5000 T :
26 0 2782 21.1026 21.1026 21.1026 '21.1026 21.1026 34.5000 T :
27 0 288% 21,1025 21.1025 21.1025 21.1025 21:1025 34.5000 T )
28 0 2996 21.1024  21.1024 21.1024 21.1024 21.1024 34.5000 T ;
29 0 3103 21.1022 21.1023 21.1023  21.1023 21.1022 34.5000 T ;
30 0 3210 21.1021 21.1021 21.1021 21.1021 21,1021  34.5000 T K
58 . : ' : :
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4280
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5350
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5671

.1020
1018
.1017
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.1013
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.0992
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21.0496
21.0487
21.0479
21.0471
21.0463
21.0454
21.0446
21.0437
21.0429
21.0420
21.0411
21.0402
21.0393
21.0384
21.0375
21.0366
21.0357
21.0347
21.0338
21.0328
21.0318
21.0308
21.0298
21.0288
21.0278
21.0267
21.0257
21.0246
21.0234
21.0223
21.0211
21.0199
21.0187

$21.0174

21.0160
21.0146
21.0130

29.2800
29.2650

'29.2500 .

29.2350
29.2200
29.2050
29.1900
29.1750
29.1600
29,1450
29.1300
29:1150
‘29,1000
29.0850
29.0700
29,0550
29.0400
29.0250
29.0100
28.9950
28.9800
28.9650
28.9500
28.9350
28.9200
28.9050
28,8900
(28.8750
28.8600
28:8450
28.8300
28.8150
28.8000
28.7850
28.7700
28.7550
28.7400
28.7250
28.7100
28.6950
28.6800
28.6650
28.6500
28.6350
28.6200
28.6100
28:6000
28.5900
28.5800
28.5700
28.5600
28.5500
28.5400
28.5300
28.5200
28.5100
28.5000
28,4900
28.4800
28.4700
28.4600
28.4500
28.4400
28.4200
28.4000
28:3000
28.2000
28,0000
27.7000
27.4000
27:0000
26.5000
25.7000
24.9000
24,2000
23.5000
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NNNNNMONNNMNDNDNNNOOCOO

19543
19649
19755
19861

18966

20068
20167
20264
20359
20453
20546

§ 20638

20730
20821
20912
21002
21092
21181
'21270

21.
21.
.0074
.0049
.7000
.1000
.6000
.2000
.8000
.5000
.3000 -
.2000
.1000
.0000
.9000
.8000
.7000
7.6000
.5000

0113
00595

ITERATION CONVERGENCE;

21.0113
21.0095
21.0074
21.0049
20.7000
20.1000
19.6000
19.2000
18.8000
18.5000
18.3000
18.2000
18.1000
18.0000
17.9000
17.8000
17.7000
17.6000
17.5000

ERROR:

21.0113
21.0095
21.0074
210049
21.0000
21.0000
21.0000
21.:0000
21.0000
21.0000
21.0000

¢ 21.0113
21.0095
21.0074
21.6049
21.0000
21.0000

21.0000

21.0000
21.0000
21.0000
21.0000
21.0000
21,0000
21.0000
21.0000
21,0000
21.0000
21.0000
21.0000

TOLERENCE :

21293: Actual
41990: Actual

‘15: Actual

21278: Number

ITERATION: 1

CcoL

OO0 0O00DO00O0O0OOOO0OO0CAOOO00DLODO0COODODDOO0OO0QCQODOO

NODEWT

214

321

428

535

642

749

856

963
1070
1177
1284
1391
1498
1605
1712
1819
1926
2033
2140
2247
2354
2461
2568
2675
2782
2889
2996
3103
3210
3317
3424
3531
3638
3745
3852
3959
4066
4173

107

number of nodes
number of elements
number of constant head nodes
of nodes with uniknown heads

TIME: 730.00000
HEADWT (OLD) HEADWT (NEW)

Z (OLD)

.1975
.1975
.19875
.1974
1974
.1973
.1973
1972
L1971
.1870
+ 1969
:1968.
.1967
.19866
.1964
.1962
L1961
.1959
.1957
.1955
.1953
L1951
.1948
.1946
1943
.1940
.1938
.1935
.1932
.1929
.1925
.1822
.1919
.1915
.1911
.1908
.1904
.1900
.1896

% (NEW)
21.1975
21.1975
21.1975

- 21.1974
21.1974
21,1973
21.1973
21.1972
21.1971

21.1970 |

21.1969
21.1968
21.1967
21.1965
21.1964
21.1962
21.1961
21.1959
21.1957
21.1955
2i.19853
21.1951
21.1948
21.1946
21.1943
21.1940

21.1938

21.193%
21.1932
21.1929
21.1925
21.1922
21.1819
21.1915
21.1511
21.1908
21.1904
21.19%00

21.1896

21.1875
21.1975
21.1975
21.1974
21.1974
21.1973
21.1973
21.1972
21.1971
.21.1970
21.1969
21.1968
21.1967
21.1965
21.1964
21.1962
21.1961
21.1959
21.1957
21.1955
21.1953
21.1951
21.1948
21.1846
21.1943
21.1940
21.1938
21.1935
21.1932
21.1929
21.1928
21.1922
21.1918
21.1918
21.1911
21..1908
21.1904
21.1900
21.1896

61

21.1975
21.1975
21.1975

21.1974
21.1974
21.1973
21.1973
21.1972
21.1971
21.1970
21.1969

21.1968
21.1967
21.1965
21.1964
21.1962
21.1961
21.1959
21.1957
21.1955
21.1953
21.1851
21.1948
21.1946
21.1943
21.1940
21.1938
21.1935
21,1932
21.1929
21.1925
21.1922
21.1919
21.1915
21.1911
21.1908
21.1904
21.1900
21.1896

21.0113
21.0095
- 21.0074
21.0049
21.0000
21.0000

21.0000 -

21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000

..005

PREV.HEADWT
21.1975
21.1975
21.1975
21.1974
21.1974
21.1973
21.1573
21.1972
21.1971
21.1970
21.1969
21.1968
21.1967
21.1966

21.1964

21.1962
21.1961
21.1959
21.1957
21.1955
21.1953
21.1951
21.1948
21.1946
21.1943
21.1940
'21.1938
21.1935
o 21:1932
21.1929

21.1925"

21.1922
21.1919
21.1915
21.1911
21.1908
21.1904
21.1900
21.1896

-22.9000

22.3000 -
21.7000
21.2000
20.7000
20,1000
19.6000
19.2000
18.8000
18.5000
18.3000
18.2000
18.1000
18.0000
17.9000
17.8000
17.7000
17.6000

17.5000

ELVGRD
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000

. 34.5000

34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.5000
34.4500
34.4000
34.3500
34.3000
34.2500
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4280
4387
4494
4601
4708
4815
4922
5029
5136
5243
5350
5457
5564
5671
5778
5885
5992
6099
6206
6313
6420
6527
6634
6741
€848
6955
7062
7169
7276
7383
7490
7597
7704
7811

7918

8025
8132
8239
8346
8453
8560
8667
8774
888l

- 8988
9095
9202
9309
9416

9523

9630
9737
9844
9951

10088

10165
10272

10379

10486
10883
10700
10807
10214

11021

11128
11235
11342
11449
11556
11663
11770
11877
11984
12091
12198
12305

21.1891

21.1887

21.1883
21.1878
21.1874
21.1869
21.1864

21.1859 -

21.1854
21.1849
21.1844
21.1838

'21.1833

21.1827
21.1821

21.1816 -

21.1810
21.1804
21.1798
21.1791
21.1785
21.1779
21.1772
21.1765
21.1759
21.1752
21.1745

21.1738

21,1731
21.1724
21.1716
21.1709
21.1701
21.1693
21.1686
21.1678
21.1670
21.1662
21.1654
21.1645
21.1637
21.1628
21.1620
21.1611
21.1602
21.1594
21.1585
21.1575

21.1566 -
21.1557

21.1548
21.1538
21.1528
21.1519

$21.1509

21.1499
21.1489
21.1479

21.1469

21.1458
21.1448
21.1438
21.1427
21.1416
21.1405
21.1395
21.1384
21.1372
21.1361
21.1350
21.1338
21.1327
21.1315
21.1304
21.1292
211280

21.1891
21.1887
21.1883
21.1878
21.1874
21.1869
21.1864
21.1859
21.1854
21.1849
21.1843
21.1838
21.1833

21.1827"

21.1821
21.1816
21.1810
21.1804
2i.1798
21.1791
21.1785
21.1779
21.1772
21.1765
21.1759
21.1752
21.1745
21.1738
21.1731

21.1723

21.1716
21.1709
21.1701
21.1633
21.1686
21.1678
21.1670
21.1662
2i.1654
21.1645
21.1637
21.1628
21.1620
21.1611

21.1602
21.1594

21.1585
21.1575
21.1566
21.1557
21.1548
21.1538
21,1528

21.1519

21.1509
21.1499
21.1489
21.1479
21,1469
21.1458
21.1448

©21.1438

21.1427
21.1416
21.1405
21.1394
21.1383
21.1372

21.1361

21.1350
21.1338
21.1327
21.1315
21.1304
21.1292
21.1280

21.1891

21.1887

21.1883
21.1878
21.1874
21.1869
21.1864
21.1859
21.1854
21.1849
21.1843
21,1838
21.1833
21.1827
21.1821
21.1816

'21.1810
21.1804

21.1798
21,1791
21.1785
21.1779
21.1772
21.1765
21.1759
21.1752
21.1745
21.1738
21.1731
21.1723

21.1716

21.1709
21.1701
21.1693
21.1686
21.1678
21.1670
21.1662

21.1654

21.1645
21.1637
21.1628
21.1620
21.1611
21.1602
21.15%4
21.1585
21.1575
21.1566

21.1557

21.1548
21.1538
21.1528
21.1519
21.1509
21.1499
21.1489
21.1479
21.1469
21.1458
21.1448
21.1438
21.1427
21.1416
21.1405
21.1394
21.1383
21.1372
21.1361
21.1350
21.1338
21.1327
21.1315
21.1304
21.1292

-21.1280

21.1881
21.1887
21.1883
21.1878

21.1874

21.1869
21.1864
21.1859
21.1854
21.1849
21.1844
21.1838
21.1833
21.1827

21.1821 .

21.1816

21.1810

21.1804
21.1798
21.1791
21.1785

. 21.1778
.21.1772

21.1765

21.1759

21.1752
21.1745
21.1738
21.1731
21.1724
21.1716
21.1709
21,1701
21.1693
21.1686
21.1678
21.1670
21.1662
21.1654
21.1645
21.1637
21.1628
21.1620
21.1611
21.1602

21.1594 .

21.1585

21.1575

21.1566
21.1557
21.1548
21.1538
21.1528
21.1519
21.1509
21.1499
21.1489
21.1479
21.1469
21.1458
21.1448
21.1438
21.1427
21.1416

21.1405

21.1395
21.1384
21.1372
21.1361
21.1350
21.1338

21.1327

21.1315
21.1304
21.1292
21.1280

[=]
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12412
12519
12626
12733
12840
12947
13054
13161
13268

13375

13482
13589
13696
13803
13910
14017
14124
14231
14338

14445

14552
14659
14766
14873
14980
15087
15194
15301
15408
15515

15622 °

15729
15836
15943
16050

. 16157
16264

16371
16478
16585
16692
16799
16906
17013
17320
17227
17334
17441
17548
17655
17762
17869
17976
18082
18188
18294

- 18400

18506
18612
18718
18824
18930
19036
1942
19248
19354
19460
19566

19672

19778
19884
19989
20091
20190
20287
20382

21.1268
21.
21.
21.
.1219
.1206
.1194
.1181
.1168
.1155
.1142
.1129
.1116

1256
1243
1231

1102

.1089

1075

.1062
.1048
.1034
.1020
.1006
.0992
.0978
.0964
.0949
.0935
.0920
.0906
.0891
.0876
.0861
.08456
.0831
.0815
.0800
.0784
.0769
.0753
.0737
.0721
.0705
.0689
.0673
0657
.0640

0624

.0607
0580
. 0573
.0556
.0538
.0521
.0503
. 0485
. 0467
. 0449
.0430
. 0411
.0392
.0372
.0352
.0332
.0310
.0288
.0265
.0241
. 0215
1.0187
.0156
.0121
.0080
.7000
.1000
.6000
.2000
.8000

.1268
.1256
L1243
.1231
.1219
.1206

1194
1181

.1168
.1155
.1142
.1129
L1116
L1102
.1089
L1075
.1062
.1048
.1034
.1020
1006
.0992
.0978
. 0964
.0949
.0938
.0920
..0905
.0891
.0876
..08B61
.0846
.0830
.0815
.-0800
.0784
.0769
.0753
.0737
0721
.0705
0689
.0673
. 0657
.0640
. 0623
.0607
0590
..0573
.0556
.0538
.0521
.0503
.0485
.0467
.0449
.0430
0411
.0392
.0372
.0352
,0332
.0310
.0288
.0265.
.0241
.0215
.0187
.0156
.0121
.0080
.7000
.1000
.6000
.2000
.8000

21.1268

21,

1256
1243

.1231
.1219
.1206
.1194

1181

21.1268
21.1256
21.1243
21.1231
21.1219
21.1206
21.1194
21.1181
21.1168
21.1155
21.1142
21.1128
21.1116
21.1102

21.10838

21.1075
21.1062
21.1048

21.1034°

21.1020
21.1006
21.0992
21.0978
21.0964
21.0949
21.0935
21,0920
21.0905
21.0891
21.0876

21.0861

21.0846
21.0830
21,0815
21.0800
21.0784
21:0769
21,0753
21.0737
21.0721
21,0705
21.0689
21.0673
21,0657
21.0640
21.0623
21.0607
21.0590
21.0573
21.0556
21.0538
21.0521
21.0503
21.0485
21.0467
210449
21.0430
21.0411
21.0392
21.0372
21.0352
21.0332
21.0310
21.0288
21.0265
21,0241
21.0215
21.0187
21.0156
21.0121
21.0080
21.0000
21.0000
21.0000
21.0000
21.0000

21.1268
.1256
.1243
L1231
.1218
.1206
.1194
.1181

1168

.1155
1142

1129
1116

.1102
.1083
.1075
1062
.1048
.1034
.1020
.1006
.0992
.0978

0964

.0949
.0935
.0920
.09086
.0891
.0876
.0861
.0846
.0831
;0815
.0800
.0784
.0769%
.0753
.0737
.0721
0705
.0689
.0673
+0657
.0640
.0624%
.0607
.0590
.0573
.0556
.0538
0521
.0503
.0485
. 0467
.0449
. 0430
.0411
.0392
.0372
.0352
.0332
.0310
.0288
.0265
.0241
.0215
.0187
.0156
.0121
.0080
.0000
.0000
.0000
.0000

. 0000

.9000
2000

.7000
.2000

1000
.6000
.2000
.8000 -
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193
194
195
196
197
198
199
200
201

time=

107
1391
2675
3959
5243
6527
7811
9095

10379
11663
12947
. 14231
15515
16799
18082
19354
20569

192

[SIESE SIS SIENENE NN NN K]

20476
20569
20661
20753

20844
20935
21025
21115
21204
21293

18.5000 18.
18.3000 18.
18.2000 18.

18.1000 . 18
18.0000 18

17.9000 17.
17.8000 17.
17.7000 17.
17.6000 17.
17.5000 17.

ITERATION CONVERGENCE;

_ERROR:

5000
3000
2000
.1000
.0000
2000
8000
7000
6000
5000

730.0000 nn=21293 niter=

214
1498
2782
4066
5350
6634
7918
9202

10486

13770

13054

14338

15622

16906

18188

19460

20661

321
1605
2889
4173
5457
6741
8025
9309
10593
11877

13161,

14445
15729
17013
18294
19566
20753

NODES ALONG WATER TABLE

428
1712
2996
4280
5564
6848
8132
9416
10700
11984
13268
14552
15836
17120
18400
19672
20844

535
1819
3103
4387
5671
6955
8239
9523

10807
12091
13375
14659
15943
17227
18506
19778
20935

642
1926
3210
4494
5778
7062
8346
9630
10914
12198
13482
14766
16050
17334
18612
19884
21025

21
21
21
21

21

. Time Step:455 STEADY STATE CONVERGENCE;

1 dts

749
2033
3317
4601
5885
7169
8453
9737

11021
12305
13589
14873
16157
17441
18718
19989
21118

-0000
.0000
.0000
.0000
0000
.0000
.0000
. 0000
.0000
.0000

.0007625488

21.0000

21.0000°

21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000
21.0000

TOLERENCE :

ERROR:
. 2.5000

856
2140
3424
4708
5992
7276

8560

9844
11128
12412
13696
14580
16264
17548
18824
20091
21204

963
2247
.3531
4815
6099
7383
8667
9951
11235
12519
13803
15087
16371
17655
18930
20190
21293

.000

1070
2354
3638
4922

6206

7480

8774
10058
11342
12626
13910
15194
16478

17762

19036
20287

.005

.0000
.6000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

TOLERENCE :

1177
2461
3745
5029
6313
7597
8881

10165

11449

12733

14017

15301

16585

17869

19142

20382

1284
2568
3852
5136
6420
7704
8988
10272
11556
12840
14124
15408
16692
17976
19248
20476

18.
18.
-18.
18.
18.
17.
17.
17.
17.
17.

.005

5000
3000
2000
1000
0000
9000
8000
7000
6000
5000
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APPENDIX D - INPUT DATA FILE FROM EXAMPLE 2

March 27, 2000
tch.dat
: (1YPrint nodal coordinates
; (2)Print elemental incidences
; (3)Print elemental K and S
: (4) Print nodes/elements to file
; (5)Calculate Heads
i (6) Print Heads )
; (7YPrint Heads to a file (*.hds)
; (8)Print. only last heads to a file (*.hds)
; (9)Print water table convergence info
# (10} Input old heads to continue a run
; (11)print last heads for input for a later run
; (12)generate gradient/direction field
i (13)print gradients/directions
; (14) output gradients/directions
; (15)generate velocity field
; (16)output velocity field
; (17)run mass transport
; (18)print concentrations/particle distributions
; (19) output concentrations/particle distributions
; (20)output particle distribution
; (21) output last particles for input to continue a run
; (22)input last particles to continue a run
; (23) print mass, X,Z coordinates of particles
; (24) Run‘adVEction/dispersion

(™S

W HEM T AT FY T T HhcF B T 0T T Fh b B b D —

in._obs

37 25 ;col (1) ,row(l)

57 25

75 25

97 25 ;jcol (4) , row(4)

84 121 ;nrow, ncol
1 100 ;ngecl,nitmax

£ ;var_x (T for var. delx, F for const. delx - 1f F, enter only 1 value)

1.0 :

.1do ;delz

365 ;Etime

& ;n_out_time

60.0 .

62.5

65

100

101.5

110

0.5 1.0 ;delt,dtmax

3.0 ;headi

0.200 .001 1.01 ;specyd, tolrnc, deltin
7 4.76 4.82 4.88 4.94 5 5.06 5.08 5.1 5.12
14 5.16 5.18 5.2 5.22 5.24 5.26 5.28 5.3 5.32
34 5.36 5.38 5.4 5.42 5.44 5.46 5.48 5.5 . 5.51
52 5.53 5.54 5.55 5.56 5.57 5.58 5.59 5.6 5.6
6 5.59 5.58 5.57 5.55 5.53 5.5 5.459 5.47 5.45
8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
8 5.61 5.62 5.63 5.64 .5.65 5.66 5.68 5.7 5.7
7 5.7 5.69 5.68 5.67 5.65 5.64 5.63 5.62 5.61
6 5.58 5.56 5.54 5.52 5.5 5.48 5.46 5.44 5.42
4 5.37 5.34 5.31 5.28 5.24 5.2 5.15 5.1 s
9 4.8 4.67 4.55 4 .48 4.45 4.42 4.39 4.36 4.33
3 4.27 4.24 4.21 4.18 4.15 4.12 4.09 4.06 4.03 *

;elvgrd
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ttttttttttttttttttttttttttttttttttttttttttttttttttfffffffffffttttttttttttttttttt
ttttttetttetetttttttteettttttttettettettt ;wtmove
IINITIAL WATER TABLE

3.0 3.0 3.0 3.0 3.03.03.03.03.03.0
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
3.0 3.03.03.03.03.03.03.03.03.0
3.0 3.0 3.03.03.03.03.03.03.03.0
3.03.03.03.03.03.03.03.03.03.0
3.0 3.03.03.03.03.03.03.03.03.0
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
~
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3.0 3.0 3.0 3.0 3.0 3.03.03.0 3.0 3.0
3.0 3.0 3.0 3.0 3.0 3.0 3.03.03.03.0 '
3.0 3,0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
3.0 3.0 3.0 3.03.03.03.03.03.03.0
3.0 ;headwt
| ELEVATION OF BASE
0. 0. 0. 0. 0. 0. 0. 0. 0. 0
0.0. 0. 0. 0. 0.0.0.0.0
0. 0. 0. 0. 0. 0..0. 0. 0. 0
0. 0. 0. 0. 0. 0. 0. 0.0.0
0. 0. 0. 0. 0. 0. 0. 0. 0. 0
6. 0. 0. 0. 0. 0. 0. 0. 0. O
0. 0. 0. 0. 0. 0..0. 0. 0. C
0. 0. 0.0.0.0.0.0.0.0
0. 0. 0. 0. 0. 0. 0. 0. 0. ©
0. 0. 0. 0. 0. 0. 0. 0. 0. ©
0. 0. 0. 0. 0. 0. 0. 0. 0. 0
0. 0. 0. 0. 0. 0. 0. 0, 0. O
0. ;elvbas
! DITCH
T o
50.0 60,0 2.8
ditch.hed :
1 ;NRESTP
0.0 1
1 121 0.001
1E/T
0 ;NETPER
0 ; NCHEAD .
isurface water bodies
0
0 ;nwells :
1 . il
8.64E-0 8.64E-0 ;khorz, kvert
0.50E-3 - 0.30E+0 ;stor, porsty
0.00E-0 0.00e-0 idisper
T iptcode
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! comment oUt random walk

1000.0 - XMASST

0 ’ ;# Particle source zones
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