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ABSTRACT

The use of vegetation in remediating contaminated soils and sediments has been researched for a
number of years. Positive laboratory results have lead to the use of vegetation at field sites. The design process
involved with field sites and the associated decision processes are being developed. As part of this develop-
ment, a computer-based graphical user interface decision support system was designed for use by practicing
environmental professionals. The stepsinvolved in designing the graphical user interface, incorporation of the
contaminant degradation model, and development of the decision support system are presented.
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INTRODUCTION

Vegetation hasbeen shown to increase the degradation of petroleum and organic contaminants
incontaminated soils. Laboratory experimentshave shown promising resultswhich hasledtothe
deployment of vegetationinfieldtrials. Thedesign of fieldtrialsisdifferent thanthedesignof a
treatment system. Inafieldtrial, thetype of vegetation, use of amendments, placement and division
of plots, and monitoring requirementsare geared toward producing statistically measurableresults.
Inaremediation treatment system, the design isbased on optimizing theamount of degradationin
order toreach adefined goal. In some cases, the cost of the treatment system isthe most important
factor; whileinthe other cases, thetimerequired for treatment ismoreimportant than the cost. A
designtool to assst practicing environmenta professional swith thevariousaspectsinvolvedin
designing vegetated treatment systemswoul d decrease the amount of timeneeded for producing a
viabledesign. Inorder to understand the various el ementsthat areincluded in adecision support
system (DSS) and thedesign of itsassociated ddlivery system, asummary of eachelementisgiven
along with theresultant product.

ELEMENTSOF A GRAPHICAL USERINTERFACE

Graphica user interfaces (GUIs) cameintoincreased usage with the popul arity of the
Windows operating system. Theideaof point and click applicationsmadeit possiblefor more
peopleto use computer systemswithout extensivetraining. A GUI isasophisticated visua presen-
tation that accesses resources through menusthat allow the choosing of options by picking them
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with amouse pointer or other input device. Theinterfacehasarestricted set of options, makingit
moredifficult for the user to chooseincorrect or improper items.

A GUI makesextensive useof aperson’srecognition memory. Thelearning curvefor a
GUI istypicaly shorter than with non-graphica interfaces. Thetyping requirementsarelimited and
thereforefewer errorsare associated with ussingaGuUI. Sincemost GUI designsarefor aWin-
dows-based operating system, certain menusand optionsare standard, such as: File, Edit, View,
and Help.

ELEMENTSOF A DECISION SUPPORT SYSTEM

A decision support system (DSS) isasystem used to s mulate various combinations of a
decision optionsin order to choosethe best set of optionsto solveagiven problem. The DSS may
have acomplicated s mulation model asits baseor asimpleeconomic comparison model. The
typesof variables needed asinput to the DSS depends on the type of problem that isbeing solved
and the possible solution typesthat are ssimulated. Output from the model also dependsonthe
possible solution typesthat aresmulated. For alandfarming DSS, the output may includethe depth
to placethe contaminated soil, therecommended interval sfor aerating the soil during treatment, and
thepossiblelength of timerequired for treatment.

ELEMENTSOFA TREATMENT SYSTEM FORVEHICLEWASH PIT WASTE

Facilitiesused to wash dirt from vehiclestypicaly collect thewash water in such amanner
astotrapthegrit and soil, thereby not allowing the material to enter the wastewater collection
system. Typically, the sedimentsfoundin these collections systems are contaminated with various
hydrocarbonssuch aslubricants, fuel, and oil. Dueto thiscontamination, disposal of these sedi-
mentsisgoverned by variousregulations. Disposal optionsfor the sedimentsare placing the sedi-
mentsin alicensed solid waste disposal facility or trestment to removethe contamination. Withthe
number of solid wastedisposal facilitiesdecreasing in recent yearsand the need to conservelandfil|
space becoming morecritica, treatment of the sedimentsto remove contamination isbeing per-
formed. Varioustreatment optionsinclude chemical leaching trestment, bioremediation, and
phytoremediation (Riser-Roberts, 1998).

Chemical leaching techniques cost more compared to bioremediation or phytoremediation
options, dueto the cost of chemicalsand thedisposal of theused chemicals. Landfarmingand
composting approachesto remediate contaminated soil requirelabor for monitoring and mainte-
nance of the soil during thetreatment process. A phytoremediation or vegetated treatment systemis
designed to requirelimited maintenance or other inputs. Theoptimal design of avegetated treat-
ment system depends on anumber of factors.

Firgt, the sediments being removed from the coll ection basin, after draining, would need to
betested for TPH (total petroleum hydrocarbon) content. The sedimentswould then betransferred
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toasdite, withlimited access, and placed inalayer so that they may be seeded. After seeding, the
stewould requirelimited monitoring of the vegetation’sgrowth and the TPH level withinthe soil.
Thehealth, extent, and diversity of the vegetation can bevisualy monitored, whilethe TPH level
would requirethecollection of soil samples.

DECISION SUPPORT SYSTEM DESIGN PROCESSFOR THE VEGETATED TREAT-
MENT SYSTEMS

IndesigningaDSS, the problem that isto be solved, thetypes of ssmulated solutionsand
their associated decision variables, and the simul ation model need to be defined. Inthevegetated
treatment system, many parametersare associated with smulation models. A list of thetypica
parametersisshowninTable 1. Using thislist asabase, each parameter was examined and catego-
rized asreadily availablefromtheliterature, availablefrom standard testing of afield sample, and
others. Each parameter wasdiscussed with the group of environmental professonasinvolvedinthe
designof thisGUI. Besidesdiscussing parameters, the group wasasked to providealist of their
desired outputsfrom the DSS (Table 2).

By comparing thelist of readily availableinput parametersand thedesired outputs, a
flowchart of the DSS operation was generated (Figure 1) along with adescription of therequired
smulationmodédl. It wasdecided to writeaspecific smulation modd to usefor smulating thefate
and transport of contaminant under theinfluence of avegetated treatment system. Severd models
werenoted intheliterature (Daviset al., 1993; Jinet d., 1994; Campbell, 1991) but were not
cons dered appropriate dueto theamount of required inputsand the limitations of the outputs.

GRAPHICAL USER INTERFACE DESIGN PROCESSFOR THE DECISION
SUPPORT SYSTEM

Ingeneral, the GUI design process can be split into twelve steps (Galitz, 1997):
1. Know your user
2. Understand the* businessfunction
3. Usegood screen design
4. Select the proper types of windows
5. Developthe system menus
6. Select the proper device-based controls
7. Choosethe proper screen-based controls
8. Organizeand layout thewindows
9. Choosethe proper screen colors
10. Createmeaningful icons
11. Provide meaningful messages
12. Test, test, and retest
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Following the design process, aquestionnairewas prepared to better understand the* typical’
environmenta professional who would beusing the GUI. Questionsweredividedinto severa
categories: computer hardware and softwareliteracy, user profile, andtalk anaysis. Someof the
questions, although basicin nature, were required to ascertain thetype of computer operating
systemto design for and the types of support system that would beincorporated inthedesign.

INCORPORATION OF THE CONTAMINANT DEGRADATION MODEL

The contaminant degradation model used for thisDSSisal-D solutetransport model,
incorporating root growth, water movement, contaminant movement, contami nant degradation, and
theeffect that vegetation hasonthese. Required inputsto thismode are soil texture, climate data,
plant type, contaminant type, and contaminant level.

THEWASH PIT WASTE DECISION SUPPORT SYSTEM PRODUCT

Theinitial screenfor the Wash Pit Waste Vegetation Treatment System DSSallowsthe user
to open aproject, and access various menus from the menu bar or by pointing at theicons shown.
Each menu bar entry, Figure 2, allowsthe user to enter information required for input or output from
thesmulationmodel. Theiconbar, Figure 3, also allowsthe user to enter information. Eachicon
representsadifferent set of parametersto enter. Thefirst threeiconsarefor the soil, contaminant,
and degradation parameter menus. Thenext three represent the boundary andinitia conditions; and
thelast threearefor the physical and temporal s mulation parameters, and the run button for the
model. Userscan build aproject and run aproject, then view the output by accessing the appropri-
atemenuitems. Help menusare provided to guidethe user through the process.

CONCLUSIONS

A decision support system designed for avegetated treatment system for vehiclewash pit
waste was designed to meet the needs of agroup of environmental professionals. Withinthedesign
process, various data had to be collected on the people using the DSS, the characteristics of the
vegetated treatment system, and the typical wash pit waste generated.

FUTURE RESEARCH
Additiona researchisplanned on comparing themode output resultsto those collected for
severd fidd gtes.
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Tablel. Typica parametersassociated with the smulation of avegtated remediation treatment

system.

Parameter type

Examples of required information

Texture, specific storage, specific retention, saturated and unsaturated

Soil hydraulic conductivity, specific yield
Plant type, leaf area index, root hydraulic conductivity, root permeability, root
Vegetation death rate, root proliferation rate, root elongation rate, biomass yield,
permanent wilting point
Henry's law coefficient, solubility, adsorption coefficient, degradability,
Contaminant diffusion coefficient, dispersion coefficient, root concentration factor,

transpiration stream concentration factor

Simulation Controls

Number of nodes in problem; maximum allowed number of plants, soils,
contaminants; output variables, time step for calculations

Initial conditions

Soil, plant, contaminant, water content

Table2. Dataprovided by the contact group regarding input and output parameters.

Readily available input parameters Desired output parameters

soil requiring treatment

Sail texture, plant type, climate TPH contaminant
level, target contaminant treatment level, volume of

Depth-to-layer contaminated soil for treatmert, time-
to-reach-target contaminant level, management needs
of treatment system
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Figurel. Flowchart describing theinteractions between the s mulation model and thegraphical
user interface.
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Figure2. Themenu bar for thegraphica user interface.
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Figure3. Theicon bar fromthegraphical user interface.
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