VEGETATED TREATMENT OF VEHICLE
WASH SEDIMENTS: DESIGNING A
GRAPHICAL USERINTERFACE

M. Narayanan', J.B. Reddy?, S. Burckhard? D.A. Gustafsont, L.E. Erickson?, P. Kulakow?, and

B.A. Lever®

Departments of *Computing and Information Sciences, *Chemical Engineering, “Agronomy;,
and °Great Plains/Rocky Mountains Hazardous Substance Research Center, Kansas Sate
University, Manhattan, KS 66506, Department of 2Civil and Environmental Engineering,
South Dakota Sate University, Brookings, SD 57007.

ABSTRACT

Graphical user interfaces (GUIs) help to create user-friendly interactions between acomplicated
mathematical model application and an inexperienced user. The GUI hel psto package the various software
components that are essential for effective user interactions, while the mathematical model helpsto simulate the
fate and transport of water and solute in subsurface soil environments. For a successful GUI deployment,
integration of the following various componentsis essential: 1) an input component comprised of graphical units
such as graphics editor, menu bars, tool bars, and dialog boxes allows the user to generate useful site-specific
data; 2) a database component retrieves or updates information about specific soil properties, solute properties,
plant properties, and climatic conditions of asite; 3) the mathematical model component, developed in FOR-
TRAN, executes the input generated by the input component; and 4) the output component of the GUI displays
to the user the model predictionsin agraphical format. A friendly graphical manner of model predictions helps
the user to quickly comprehend and make effective management-related decisions such asirrigation and
fertilization requirements. This GUI isalso auseful tool for practicing environmental professionalswho are
training to make decisions with regards to vegetation-based treatment systems and amount of time needed for

producing aviable design.
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INTRODUCTION

Vegetation-based trestment optionsare
gaining acceptance asaviabletreatment option
for contaminated soils, sediments, and waters
(Erickson et al., 1994; Schnoor et al., 1995;
Davisetd., 1998). Using vegetationtotreat a
contaminated soil, sediment, or water requires
specidized knowledge about the contami nant,
climate, choice of vegetation, and interaction of
all thesefactors. Mot practicing environmental
professiona sdo not possess acompl ete knowl-
edgeof all theseareas. Thepurposeof this
technology transfer project isto providean
easy-to-usemeansfor practicing environmental
professiona sto make decisonsregarding the
useof vegetationin designed remediation
systems. Theproject consistsof anumber of

parts, including agraphical user interface (GUI)
for practicing environmenta professonalstouse
aspart of adecision support system (DSS).
The purpose of thisGUI isto provide an easy
manner for practicing environmenta professon-
alsto enter datafor the fate-and-transport
model and to obtain easy-to-interpret results
fromthemodd.

THE DECISION SUPPORT SYSTEM
(DSS)

A DSSisused to access various combina-
tionsof input datato reach adecision. The
typesof problemsthat aDSS can be employed
with can be smpleor complex. For example,
asauser installs software on acomputer
system, they may be prompted to provide
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certaininformationthroughaDSS. Thissmple
DSSfor the softwareinstallation may ask ques-
tionsregarding wherethe programwill resdeon
themachine, what filestoingtdl, and what
preferencesto set upintheapplication. These
guestionsare asked so that theuser ingtallsthe
softwareinthebest manner for their usage.

A complex DSS may ask questionsor
provide amanner to enter datato best solve,
possibly mathematically, agiven problem. A
complicated mathematical modd may be
embedded inthecoreof aDSS. Inour DSS
design, amathematical model isusedto provide
information onthefate and transport of con-
taminantsin aspecified vegetated treatment
system. Output from the DSS (essentidly from
the model) depends on the desired solution.
For example, if land farming isthepreferred
method of remediation, the output may include
the depth to place the contaminated soil, recom-
mended soil aeration, and possiblelength of
treatment timerequired.

A DSSfor avegetated treatment system
involvesanumber of components. The opera-

tion of the DSS needsto bewell thought out in
order to haveasuccessful system. For our
application, the GUI wasdesigned asaDSSfor
choosing various parameter values(lisedin
Table 1) associated with the underlying core
solutefate-and-transport model. Next, thefate-
and-transport model would be executed, after
theinput ischecked for completeness. Finally,
the output from the DSS, such as effect of
vegetation to enhance biodegradation, pos-
sible containment of the contaminant, and
extent of volatilization of contaminant, is

presented for analysis.

FATE AND TRANSPORT MODEL
Thefate-and-transport model usedinthe
DSSand GUI was specifically designed for this
application. Themodd isfor flow inthevertical
or zdimension. Themodel incorporatessoil-
water movement, soil-water uptake by plants,
contaminant movement, degradation, volatiliza-
tion, and uptake by plants. Required inputsto
thismodd aresoil texture, contaminant typeand
level, planting type, climatetype, and other Site-

Tablel. Typical parametersassociated with theinput of avegetated DSSfor remediation.

Parameter Examples of required information
Soil Texture, specific storage, specific retention, saturated hydraulic conductivity, specific
yield, soil dispersivity, organic matter contert
Veoetation Plant type, root-water pressure head, maximum water uptake by plants, root-length
oot density along depth
Cortarminant Henry's law coefficient, carbon adsorption coefficient, degradability, gaseous diffusion

coefficient, octanol-water partition coefficient

Simulation controls

Soil domain of interest, output variables, time length for simulation

Initial conditions

Groundwater table, plart type, contaminant type and level, water content

Boundary conditions

Upper boundary as climactic variations, contaminant type, and level
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gpecificinformation. For further informationon
themodel development, pleaserefer tothe
paper by Narayanan et al., entitled, “ Vegetated
Treatment of Vehicle Wash Sediments. Math-
ematical Modeling of Groundwater and Solute

Transport,” included in these proceedings.

GRAPHICAL USER INTERFACE (GUI)
GUIsaresophisticated visud software
toolswith*“menus’, “toolbars’ and“ dialogs’
that enable easy choosing of options, execution,
and analysesof results. Therestricted options
of aGUI help the user by preventing the choice
of improper itemsfor input variables, execution
settings, or analyses. GUIsgained popularity
with the Windowsoperating system. One
attractive characteristic of aGUI isthelearning
curvefor agraphical-based tool isshorter than
the corresponding textual-based tool (Galitz,
1997). The GUI could bedevelopedin Visua
C++, Visud Basic, or Visua Javacomputer
languages. The GUI presented hereisdevel-
opedusing Visual C++. System requirements
for thisGUI arefor aWindows 95 OSor higher
versions, minimum processor speed of 486,
and disk space of 20 MBytes.
Thereareanumber of expectationsfor the
GUI designedfor thisapplication. Thefirstisto
promote user-friendly interactionsbetweenthe
complicated model and the non-technical user.
The second isto package thetool s such asinput
dataset, databases, complicated mathematical
model, and output data set for easy usage,
execution, and anaysesof results. Third, the
GUI isto provideeasy graphical plotsof the
output predictionsfrom the mathematical model
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to help theuser analyze varioustypesof output.
After interviewingindividua stargeted aspart of
thepotential user group, anumber of specific
outputswereidentified (Burckhardet d., 1998;
1999). Theseoutputs, showninTable2, were
grouped infour categories. soil-water move-
ment, solutetransport in soil and extent of
degradation, theroleof vegetationin containing
contaminant infiltration, and assessment of a
vegetati on-based treatment strategy asawhole.
In addition, help in making management-rel ated
decisonson extent of irrigation and fertilization
required can be based on the model results.
ThisGUI isintended to act asatool for practic-
ing environmenta professionasmaking deci-
sionswith regard to the use of vegetation-based
trestment systemsat acontaminated site.

COMPONENTSOF THE GRAPHICAL
USERINTERFACE

Figure 1 showstheinteraction of the
variouscomponentswithintheGUI. TheGUI
istheinterfacing boundary between the user and
thefate-and-transport model. The GUI con-
tainslinksto aseries of databasesand agraphi-
cal output system to view model results. A data
setisconstructed, with theaid of the GUI, for
thefate-and-transport model. Through proper
controlsinthe GUI, thefate-and-transport
model isexecuted and output dataisgenerated.
Oncetheoutput dataisgenerated, it can be
viewed withinthe GUI environment.

Figures 1 through 8 show aseriesof
screensand menusthat the user will seeasheor
shecongtructsinput filesfor themodd. Thefirst
screen, Figure 2, showsawel come screen and
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Figure2. Opening screen of thegraphical user
interface.

Sublayer

Figure 1. Schematic representation of compo-
nent interactionswithinthegraphica user
interface.

haslinksfor ingtructionsinusingthe GUI, model
development, and help menus. Fromthe

wel come screen menu, the user choosesan
existing project or new project. Figure 3 shows
the screen and menuitemsfor apartially com-
pleted project. Figure4 showsthemenufor
choosing thetime-rel ated s mulation parameters,
whilefigures5, 6, and 7, allow the user to input

information onthe soil, vegetation and climate,
and sol ute (contaminant), respectively. Figure8
isthemenufor entering information on ground-
water depth, and Figure 9 showsthe menufor
entering degradation parametersfor the con-
taminant. Further menusguidetheuser through
themodel execution. After themodel hasbeen
executed, the user can accessthe output data
for andysis. Besidesthe menu system, aseries
of helpmenusareprovided. Additionaly,
default settings have been entered in some
menusto hel p theuser build theinput file.
Where appropriate, an explanation of the

Table2. Typica output associated with the vegetated DSSfor remediation.

Parameter Examples of information reported

Soil-water Profiles of:
1. Soil-water content along the soil depth at any time of smulation
Profiles of:

Contaminant 1. Contaminant levels along the soil depth a any time of simulation
2. Data on contaminant movement past any soil location aong simulation time

. Profiles of:

Water velocity 1. Water velocity along the soil depth at any time of simulation
Profiles on direction of solute movement:

Contaminart flux 1. Along the soil depth at any time of simulation
2. Against time at any particular soil location
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Simulation time

Figure 3. Example screen showing aproject
using dfafaasthevegetationtypechosenfor a
two-layer soil system, and sand and silt loess,
withathree-year timeof smulation.

Choosing the START and END time for simulation.

Seed e Tewmssr T pesis T [T

Tl rumbm i’ s shpar :{w

Number of stepsto be simulated depending on time step

Figured. Menufor entering smulation start
andendtimes.

required information isprovided as part of

the menu.

CONCLUSIONS

A GUI-based DSSisauseful tool for
non-technical userswho aretasked with making
technical decisions. Inthispaper, thedesign of
aGUI, for useinaDSSfor practicing environ-
mentd professionasmaking decisonsregarding
useof vegetationin designed-remediation
systems, ispresented. The expectationsof the
DSS, and thereforethe GUI, necessitated the
development of afate-and-transport model and
an easy-to-use system for inputting datato the
model, executing themodel, and viewing output
fromthemode. Thesystem shown hasmany
componentsand additional support documenta-
tiontohelptheuser. A non-technical user
would be ableto go through the series of menus
and build aremediation project for thefate-and-
transport model torun. Atthistime, further
work isplanned on theimplementation and
testing of the GUI, themodel, andthe DSS.
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Figure5. Menusfor entering the number and types of soilspresent inthesimulated remediation
project.
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Window to choose the vegetation Window to choose the climate type
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Figure6. Menusfor entering thetype of vegetation to usefor the ssmulated treatment system and
the climate parameters associ ated with the project Site.
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Figure7. Menusfor entering the number and types of solutes (contaminants) present inthessmu-
lated remediation project.

Enter Groundwater Data x| Enter Groundwater Data

pith of graund-water table at start time

""""""""" € Known @ Far below, unknows

Enter depth of groundwater I_
table in'cm';

LCancel |

nter depth of aroundwater
in'cm’;

Enter groundwater dataif known

Figure8. Menusto enter groundwater information.
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Figure9. Menusfor entering degradation parametersfor the ssmulated remediation project.
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