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ABSTRACT

The design of avegetated treatment system requires avast amount of knowledge regarding plants,
climate, soils, contaminants, and their interactions. Most practicing environmental professionals do not have
this background. The objective of this technology transfer activity wasto provide a user-friendly system for
designing vegetated treatment systems. As a method to bridge the gap of knowledge needed in designing a
vegetated treatment option, a series of decision support tools were designed. The first tool was an introductory
pamphlet of information regarding vegetated treatment options. The second tool was a decision support tree to
help environmental professionals choose vegetation types for a particular site. The third tool was a graphical
user interface decision support system that will allow the environmental professional to calcul ate specific
parameters, such astime of treatment, regarding the site. The last tool was a manual detailing answersto various
guestions regarding vegetated treatment options. A multimedia decision support system, developed by
combining these tools, was designed as an aid to practicing environmental professionals. Details regarding the
development of the multimediaaid are presented in this paper, aswell as additional information on the products
used in the development.
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INTRODUCTION al., 1998). A technology transfer project,
Whenfacedwithremediatingacontami-  yqng afield siteat Fort Riley, Kan., isdevel-

nated site, therearemany different cleanup oping amultimediaproduct to assist practicing

optionsto choosefrom, includingin situ, ex environmental professionals design systems

situ, technical, and simplesolutions. Exsitu utilizing vegetation.
treatmentsincludethe need to removethe
contaminated soil, sediment, or water fromthe
siteand transport it to atreatment or disposal
facility. Insitutreatmentsavailableinclude
thermal treatment, chemica treatment, soil
washing, volatilization, encgpsulation, and
biological treatment (Riser-Roberts, 1998). A
recent development inbiological treatment has
been theincorporation of vegetationinto tradi-
tional biological trestment systemssuch asland
farming. Onedrawback to designingasystem
that incorporatesvegetationisthelack of
information on design parameters (Schmidt et

DESIGN REQUIREMENTS

The objectiveof thisportion of thetech-
nology transfer project istodesign aninteractive
systemthat apracticing environmentd profes-
siond canusein designing vegetation-based
treatment systems. Questionsasked by these
professonasinclude: “Will thevegetationwork?
How long will it take?What istherisk to
groundwater?’ Inorder to answer these
guestions, thetechnology transfer project
needed to learn moreregarding potential users
andtheir needs. A survey of potentia users
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was undertaken that focussed on the technical
background of the user, interms of software
usage, computer literacy, and questionsthat they
areinterested in having answersto. Resultsof
thissurvey showed that the potential user
wanted asystem that required alimited amount
of training to use (Burckhard et al., 1998,
1999). Suggestionswere madethat the system
have databases of required information to
choosefrom or linksto sourcesof information,
and that the design beflexibleto accommodate
different background levelsof the potential
users. A graphical user interface (GUI) that
interfaced with anexistingmode (Burckhard et
al., 1997) wasdesigned and given to the user
group for evauation. Resultsfromthisevaua
tionindicated that too much emphasishad been
giventothemode and not enough tothesimple
guestionsthat theusershad. Fromthisfeed-
back and other comments, acombination of
different productswas designed to meet the
needsof theusers. Theproductsconsisted of a
brochure on phytoremediation with afew smple
case studies, adecision support treeto choose
suitable candidatesfor vegetation (Burckhard et
al., 2000), aGUI incorporating afate-and-
transport model (Narayanan et a., 2000a,
2000b), and amanual on phytoremediation.
Thisdistributed design alowedfor the
different experiencelevelsof theusersand
provided information that the potential user
could passonto administratorsor regulatorsto
educate them regarding the beneficia useof
vegetation. Theindividua productsarebeing
incorporated into amultimediaproduct. Devel-
opment of each of the products, and especidly
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themultimediaproduct, involvesanumber of
different disciplinesand backgrounds. The
multidisciplinary teaminvolvedinthisproject
includes computer programmers, soil scientists,
environmental professionals, regulatory per-
sonnel, researchers, agronomists, engineers,
and others.

COMPONENTSOF THE DESIGN

Theindividual componentsof thedesign,
asmentioned above, includeabrochure, a
decision support treefor selecting candidate
vegetation types, aGUI for afate-and- trans-
port smulation modd , and aphytoremediation
manual. Theintegration of each of theseindi-
vidual productswasdone so that theoveral
product would be easy to use. Thedesign of
themultimediaproduct needed to be seamless
and have each component within the product be
compatiblewith and complement the other
components. Theintegrated seriesincludesthe
four components, plusaquick tour and tutorial
on how to usethe system.

Thefirgt highlighted componentinthe
product isthebrochure (Figurel1). The
phytoremediation brochure was developed by
Peter Kulakow, Larry Erickson, and Lucinda
Jackson. It offersthe user introductory infor-
mation on phytoremediation, including ashort
seriesof casestudiesshowing different usesof
vegetation for treatment systems. The second
highlighted component isthe decision support
treeor phytoremediation plant selector wizard.
Thedesignfor thiswasbased on aquestion-
nai re-based decision support treefor identifying
candidate vegetation typesfor phytoremediation
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Figure 1. Front page of thebrochurethat is
used inthismultimediaproduct.

projects. Thewizardisdesigned to ask ques-
tionsand collect information from the user
regarding required climate, soil, and contaminant
parameters, to assesswhether vegetation would
work onthesite. Theoutput fromthewizard
includesalist of candidate plantsthat meet the
climate characteristicsof theregion (Burckhard
etal., 2000).

The GUI and associ ated fate-and-trans-
port smulationmodel arethethird highlighted
component of themultimediaproduct. The
smulation model isaone-dimensiond, fate-
and-transport model for solute (contaminant)
flow under theinfluence of vegetation
(Narayananet d., 2000b). Thissmulation
model can ca culatetheamount of remediation
that occursasafunction of time, aswell asthe
amount of contaminant expected to flow down-
ward during thetreatment period. TheGUI isa

Windows-based system to handleinput, execu-
tion, and output from themodel (Narayanan et
al., 2000q).

The Phytoremediation Manual was
written by A. Paul Schwab. It containsinfor-
meation on designing afield-based remediation
project. Thefirst part of themanual consistsof
atablethat outlinesthe stepsinvolvedina
phytoremediation project. Themanual provides
guidance on what to datato collect, how to
collect the data, and what to do with the data
onceitiscollected. Additional informationis
included on the specificsof each step of design-
ing aphytoremediation project.

Theintegrated product incorporated each
of the specifictext products, the brochure, and
themanual by first converting thetextintoan
acceptableformat (PDFfile). Then, linkswere
added in the brochure or manual to specific
sectionsof text. Anadditional link wasmade
between the GUI help windows and appropri-
ate sectionsof the components. Theuser can
accessthebrochure or manual with or without
usingthe GUI or decisiontree.

Thereare several advantagesof this
integrated product, including an antici pated
shorter learning curve dueto the use of apoint-
and-click interface, and theability to answer
questionsthat are more specificwith smpler
answersthan the previousversion. Onedisad-
vantage of theintegrated system wasthe need
for agreat deal of planning beforeany actual
coding of themodel, GUI, or decision treetook
place. In some cases, parts of thedesign could
not proceed without consi dering both future

applicationsand other partsof the system.

Proceedings of the 2000 Confer ence on Hazar dous Waste Resear ch



SOFTWARE REQUIREMENTS

Theintegrated product runsonaWin-
dows-based personal computer system. The
overall packagewill be downloadablefroma
Web steandwill beingtaledfromasingle
compressed file. Thedevel opment of the
integrated product required numerousdifferent
softwareproducts. Threedifferent computer
programming languageswereused. Visua Basic
was used to program the plant selector wizard.
Visua C++ wasused to program the GUI, and
Digita Visuad Fortranwasused for program-
ming thessimulationmodel. Thebrochureand
manua were converted fromtheir original text
format into aPDF format with Adobe Acrobat.
Once convertedto aPDFfile, thetext was
edited using Adobe Exchangeto add the
appropriatelinksto text sections. Thedata-
bases accessed by the s mulation model and the
plant wizard weredesignedin M S Accessand
MSEXxcd.

Evduation of themultimediaproductis
planned for thelatter part of 2000, withinitial
evaluation being made by theidentified group of
cooperatorsto thistechnology transfer project.
After feedback hasbeen considered fromthis
group, arelease of the product will beavailable

for other interested individuals.

CONCLUSIONS

It isanticipated that theintegrated product
will provide aconvenient manner for practicing
environmenta professionalsto answer smple
guestionsregarding theuse of vegetationina
treatment scenario. Datacollected regardinga
profileof theintended user was collected and

incorporated into thisdesign, aswell ascom-
mentsmaderegarding anon-integratedinitial
product design. Theintegrated product consists
of four components, abrochure describing
phytoremediation, aplant selector wizard, a
GUI with an associated fate-and-transport
model, and amanual describing the steps
involved inimplementing phytoremediationinthe
field. Each component of theintegrated system
has been designed to stand alone, aswell as
complement each of the other components.
Evaluation of theintegrated designwill beinthe
latter part of 2000 with release of the product
expectedin 2001.
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