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I ntroduction

The knowledge of different water bodies and of their physical chasdeteris very

important for a correct use of water resources, relating to fferatit water uses
(drinking, agricultural, industrial and municipal) and to the decislmat & planner
must take for matching the needs.

The pollution control represents one of the main aspects for develapiogtimal
management strategy of water resources and, therefore, it reguiceep and
accurate knowledge of the amount of water body and of its relatpmsvith the
physical and anthropogenic environment (Lee S.l., Kitadinis P.K., 1996&eriRke
human activities cause relevant changes on water cycle, suclist@isgeresource
depauperation and water quality worsening.

In the last years the commonly used landscape analyses technique®intee qut
the importance of the method by which the analysis is carried ogingattention
on the logical operations that composed the decisional and procedural processes.

The case study suggests an integrated approach for preventing gabemdw

pollution, including the following set of problems:

e quality and quantity characterization of the aquifer, with respectitdo
vulnerability, both intrinsic and related to the anthropogenic land-use;

e water management related to water use for various purposes (irrigation, yndustr
civil) and to water treated discarded in different water bodies.

The contribution of this paper is a tool addressed to operating tesisiand
administrative of public offices who plan and manage water resources.

The tool links an algorithmic-type approach and a heuristic systeparticular, the

DSS is defined and implemented to provide a complete definition of the aquifer natural
structure (Fedra K., 1994), that is based on the application of deterrrrasametric
model (Leone A., 1995) which has been implemented and integrated taking i
account the agricultural impact.
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The BExpert System analyses the location of groundwater dispodagumping wells
relating to control on discharge and withdrawals (La Salle A. Jdskke L.R, 1991).
The ES prototype, though connected to law and bureaucratic aspe@s, ihéerence
engine that consider the technical experience of the differenttexibrie to the
complexity and to the multi-disciplinary of environmental aspects, th&iales process
is hardly influenced by the integration of the “formal” knowledge, public agencies, with

the “informal” knowledge, personal opinions, intuitions, and experiences.

The purmpose of this paper is to realize an integrated tool found-water
management in order to protect ground-water quality and to eeatpatind-water
guantity. The main goal of this tool is to provide an efficient andtanable
management of water resources taking into account the local in fego&ations.
The tool links a Decision Support System (DSS) (Arrivo et al., 1999) mrkk@ert
System (ES) (Borri et al., 1999).

Description of integrated tool
A Decision Suppor System (DSS) is useful tool to (Negahban. B. et al. 1993):
¢ synthesize knowledge from large data sets;

e deal with integration, summarization and abstraction as well as ragodstand
allocations;

e compare data-based generalizations with model-based assumptions and reconciling

them when they're different;

e consider creative thinking and monitoring of those creative idedswhee
implemented;

e use all types of data wisely;
e understand how derived data was calculated;

e introduce continuously learning, and modifying goals and working astsemsp
based on data-driven models and experience.

In addition DSS contains also typical functions of the GIS (Geographical Information
System) such as (Fraisse et al.,1996):

e a good representation of the environment through which water flows arn of t
spatial distribution of the characteristics;

e assistance in studying the movement of water and its constituentBei
hydrologic cycle;

e an excellent illustration to the spatial variation of a landscapts property by
means of related database and cell grid structure in which thaésgpartitioned
into regular grid cells (raster) or using a set of points, lines and polygons jvector

An expert System (ES) is a computer program that containsse k@owledge,
algorithms and rules that infer new facts from knowledge and from incoming data
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It’s constituted by:

e aset of rules (if, then, else statements) and knowledge;

e an inference engine;

e agraphical user interface.

ES utilizes human expertise to solve problems, to find solutiongtiniy encoded

knowledge, and is able to explain and justify conclusions and to addgenek to
existing control systems (Borri D., 1994).

According to Simon (1958), on Expert System operates in real comglitind takes
into accounts:

e badly defined ambiguous problems;

e incomplete information about the alternatives;

¢ incomplete information about the kind of the problem;

¢ incomplete information about the consequences of the assumed alternatives;

e incomplete information about the range and the nature of the values, the
preferences, the interests;

¢ [imited time, limited abilities, limited resources.

The relations with various knowledges of experts, and consequently the uncertaintie
and ambiguities, carry to various modalities of knowledge and therageawith
various types of knowledge, classified as (La Salle and Medsker, 1991):

e ambiguous knowledge: the ambiguity comes from the uncertainty inherent int
some areas of the cognitive dominion;

e distributed knowledge: some fields of knowledge can be considered like
“regional”, that is the knowledge is distributed among few experts because of the
remarkable importance of field;

e knowledge disjoined: the knowledge can compose in others fields, than
eventually they could integrate between them;

e critical knowledge: the redundant or the overlap of the experts kdgelis
necessary in order to confirm integrity of expert system;

e contrasting knowledge: the experts can not be agreements eachhatiedore
the conflicts can regard ideologies or different points of view (Bemz A., et
al., 1998);

e synergic knowledge: some applications demand that the disjoined knowledge has
to be linked to resolve and/or to supply support for complex problems.

Land use planners and water resource managers can use thisSD&S<he of
available tools to assess the effects of current land use, to smuiatre
development alternatives, and to describe pollution management cpsadin
valuable water resources, specifically for arid and semiarid regions.
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Because variables and assumptions are easily modified, D SS-ES can be usead to stud
the effects of many different scenarios. By evaluating both land us¢ pod
nonpoint control options (Petersen. G. J et al., 1991), the DSS-ES cassatlde
adoption of land use policies, and plan the strategy to effectiedlyce inputs on
water resources.

The ES provides indications at punctual level whereas the ¥8S midications at
regional scale. The interface between DSS and ES is an imppararof the tool; in

fact some elements such as physical and environmental information (e.g., land surface
slope, topographical aspect, channel length, land use, and soil arod)agol
propetrties) are attributed interactively by the DSS andcansidered fundamental
elements by the ES.

The integration between the two approaches assures the validlitg irarious parns
and combines the “formal” information, identified and formalized from institutions,
with the “informal” information, personal judgements, personal intuitions,
presentiments, personal experiences (Maciocco, 1993) as shown in Table 1.

Tab.l. Relations between knowledge, rules and eldit the DSS, ES and DSS-ES systems

GIS DSS ES DSS-ES
KNOWLEDGE |structured semi-structured unstructured structured
unstructured
RULES no rules semi-structured structured structured
CHOICE assisted supported oriented supported
oriented

Prototype

The DSS runs under ARC/INFO (ESRI, 1991) and integrates all kinds of information
and applications with a geographic component into one, managealiemsys
(Medsker L., Tan M., Turban E., 1995). DSS and GIS organize, manage, and
distribute geographic information selected from various databases mvaihtaining

data integrity and focusing on project direction (Mc Kinney D.C., Loucks D.P., 1992).

The considered DSS stores input data, generates new data, awksetdditional
new data as example pollutant loadings, as a function of spatahddtassociated
attributes, and displays spatial distributions of pollutant loadings igiven
watershed. A very useful analysis that is facilitated by D%Swsl analyst to
visualize the spatial distribution of loading of a considered pollutaeiighout the
entire watershed. This display allows one to use the DSS toyragetérmine the
relative contributions from different classes of sources during a given period.

The integration in the DSS between model and GIS has been carrieddiffierent
ways: from a very simple case in which GIS is used to preparenodel input and
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analyze its results, to a fully developed way in which the GIS incorporatesotted m
itself. In this paper GIS (ARC/INFO) has been used to overlie someatitemaps
representing different model parameters in the whole study area.

ES has been realised with Resofvsoftware (M ultilogic, 1998), a shell for personal
computer with inferential engine of backward chaining type with a friendgrface
useful to save time and human resources.

The developed ES is constituted by two sections. The first one alowsnsider
laws and bureaucratic aspects, while a second part is dewotieth ement more
gualitative and heuristic aspects that involve the protectionl@ddfeguard of the
water body.

This shell supplies many instruments for the representation of tldddge with the
possibility to quicky manage more interconnected sections: algectquestions,
variables, trees, rules, validation (Donatelli M., 1994).

The definition of the objectives, to which the system must aim (15 goads been
inserted), represents the first phase of the implementation of the ES.

Subsequently the formulation of the questions (98 questions), necessary to the
construction of the tree diagrams, outlines the reasoning of theteXprees), and
the definition of the rules of the type if... then... else (rules).

Such a subdivision has been revealed of remarkable aid for the palpro
management of the system. The ES has been tested in all pagshesvalidation

section (validation) and verifying the closing of all the connectionsditeused in

the input rules.

Resolver, moreover, concurs to the visualization of the used rules, andhgets
opportunity to make questions on the covered way and to furnishes explanations on
the final result (Conte, 1994).

In the ES the uncertainty has been managed usingthe fuzzy logic. In every decisional
process there are various types of uncertainty and imprecisich, afawhich
demands one specific instrument to be dealt with and represeitegrdbability
theory, in fact, reproduces the stochastic nature of the decisional analysiss lmat it

able to measure the imprecision or the uncertainty due to theathation of the
phenomena.

In these types of uncertainty it has been opportune for the new sist@sort to
fuzzy logic. The nature of these various types of data is given by thecision of

the information that is introduced to every stage of the environmertaess: in
scientifical and technical literature fuzzy logic has been adpdinly in limited
section (Zimmerman, 1985). Generally in the decision making fuzzy three main type
of imprecision can be identified:

e fuzziness, when there are some difficulties to obtain precise misnder
attributes, criteria, characteristics;
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e incompleteness, when data are insufficient;

¢ validity illusion, this type of imprecision has had to discover the outp utskesta
like the selection of alternatives that do not satisfy the criteria set up.

The developed integration between DSS and ES (Fig.1) allows to proadde |
decision makers a watershed management tool that can be usedrtplett the
following items:

e compare the change in potential pollution and pollutant loading wifferent
development scenarios and anthropic activities;

e estimate the reduction in nutrient loading with implementation afteveater
management practices;

e increase public awareness of nonpoint pollution sources and management
solutions through the use of DSS-ES output products;

e good representation of the environment characteristics;

e assistance in studying hydrologic cycle and its constituents.

Finally the prototype, obtaining the integration of a DSS and an ES, includes:
familiar and friendly user interface;

e geographic information system (ARC/INFO);

¢ relational database management system;

e process decision support system and expert system linkages;

e input and graphics output linkage assistance tools.

A case study under invegtigation

The study area (approximately 70 :iar‘rs the Municipality of Bisceglie, a small town
located in the southern part of Italy. In this area, as the whole southly, water
resources are limited with respect to the demand of farmers. Farmers bsed fir
have a great entrepreneurial capacity in converting theuitaet from extensive to
intensive agriculture, through the introduction of irrigation.

The study area is characterized by a coastal semiconfineceiaduimoni et al.,
1993) and groundwater flows almost perpendicularly to the coastline; the dept of the
aquifer increases from the coast towards the inland in comparisorthgidea level
(Lopez et al., 1996).

The main land use is agricultural; moreover other potentialjyutaoit activities
exist. Among these particularly relevant are 14 olive oil midisated in the North
East of the study area.

An analytical survey of groundwater performed in June 1992, allowed to dbéne
pollution of the aquifer (M. Maggiore et al., 1999). The study has clearly demeqstrat



An integrated tool for an appropriate groundwateouese management (o]}

that: (a) the main stream flowing into the Lama is the treatfficbiet discharged
from the Corato’s Municipal wastewater treatment plant, (b) nitrate ions occur into

the Lama mainly because of rain-washings ofN@®; fertilized agricultural soils
bordering the Lama, (c) connections between the Lama and the underly
groundwater exist, (d) the percentage of the infiltration is about 20%0%, (e)
compared with those measured in the Lama, the concentrations of T8, HAd
N-NOsresult: lower for TOC (it can be adsorbed or biodegraded in the top-soil zone
or diluted in the aquifer); about zero for NH, (it can be biologically transformed
into N-NO3 and/or chemically retained by some components of top- and/or sub-soll
zone); greater for NNO; (it can be formed during the partial nitrification of the N-
NH, occurring in the Lama and/or due to a diffused background of nitrate ions
occurring into local groundwater because of the extensive local agradyitractices
involving nitrogen based fertilizers), (f) contaminants occurring into dmad._reach

the underlying aquifer within less than one week because of sevectlirés
characterizing the local karst area, (g) agricultural seisrounding the Lama
resulted significantly contaminated by halogenated organics formed gdtine
disinfection of the Corato’s municipal wastewater because of occasional overflows
and/or seasonal use of the water flowing through the Lama for irrigation purposes.

The application of the system has been carried out to obtain an ofuttadadn of
wells which pump up water to support different activities. The procedure ek
following phases:

1. location of the site in which the drill of the well is proposed;

2. automatic compilation of a database containing information expressed in the DSS
thematic cartograp hies;

automatic imputation of the territorial information in ES;

imputation of the unstructured information in the ES;

run of the ES;

control of the choices and of environmental compatibility of these choices;

N o kM~

in case of incompatibility of the choice site, completely automatic e xaionnait
the surrounding pixels using an iterative algorithm until the nbwaice is a
compatible one.

In the studied case (i.e., the optimal location of a pumping wellaibleconsiders a
series of parameters and land characteristics (tab.2) assot@tesh expert
knowledge. This knowledge is organized using logical procedures semantic
network and is represented by rules of the ES.

All these data, as reported in table 2, have been assessed irs$hanD several
maps of the zone have been drawn. The point information produced by the DSS
the input for the run of the ES.
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Presently, the considered integrated tool is being used to asses the areel willvhi
be preferable to drill wells, after a certain number of iterati The choices of the
system are also being verified and confirmed by the opinion of reference experts.

Tab.2. The main considered parameters

TOPOGRAPHY Slopes, exposure, coefficient and density of water-drainage;

COVER VEGETABLE Land use, theoretical polluting load (pesticides, fertilizers,efc.), zones of
pref erential outf low;

CLIMATOLOGY Historical series of precipitations and av erage temperatures;
ev apotranspiration; ev aporation, effectiv e precipitations (active
recharges + runoff)

PEDOLOGY Ty pe, thickness, texture, mineralogical composition, porosity,
permeability, specffic retention, chemical-physics soils characteristic

HYDROLOGY Superficial run off

HYDROGEOLOGY A) Water table depth; lithology; structure; porosity; v ettical permeability;

fitration; fractures indexes; recharges;

A) UNSATURATED B) Lithology, structure, pemeability, horizontal andv ettical effective
porosity, groundwater delay, hydraulic gradient, storage coefficient,
dispersion, topology of aquifer (confined, semicorfined);

B) SATURATE interconnections with other aquifer or superficial water bodies; mean
flow direction; position of the hy drogeological-watersheds; effective
v elocity of flow

USE OF WATERS Location of the wells; cone depressions; systems of recharge

CHEMISTRY POLLUTION [A) Physical and chemical waters parameters, groundwater quality.

B) Identification of the polluting zones, concentrations, density,
solubility, viscosty, ions exchange, biodegradability, mobility

ANTHROPHIC INFLUENCE |Location of the town, industrial and agricultural impacts, point and
diffuse source pollution

Conclusions

In conventional approaches to environmental decision making, each of the processes
is performed individually (e.g., fate and transport, risk analysis/bevstfit, etc.)

and often it does not permit an easy evaluation of alternative sxemaremedial
approaches. Environmental DSS-ES overcomes this problem by incamgorat
several data, models and unstructured information to perform an integrate
assessment.

The developed tool puts together a DSS, an ES and a user friendfacmtinks
DSS and ES. The tool is a system that permit to decision makdranalysts to
evaluate environmental information and to manage practises for pirgyent
groundwater contamination. The integration of the DSS with the B&sato link
unstructured technical aspects with juridical, social and economictaspe
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Key attributes of the system include the capability to:
e manage uncertainty in the decisional processes for water resourcesi@rptec

e quantify uncertainties in relation to the construction of wells, disehaetr.
and/or remedial actions (e.g., pump and treat performance);

e provide recommendations on the implementation of monitoring well network;

e provide visual feedback for the location of the most suitable site ffer eht
activities.

The tool is based on process model algorithms and on heuristic ap pooassess
the potential contaminant migration and operations research meffioel®utput of
the tool provides guideline or key decision analysis needs (e.g., recaade
location of wells). The DSS-ES methodology is an improvement of comvahti
groundwater modeling analysis approaches, because of the folloeatgds: 1)
allows the user to simulate the different scenarios; 2) quantifies uncertaimtegh
the use of stochastic simulation techniques; 3) evaluates hydrauliaatotg
information and spatial variability using of geostatistical routings provides
guideline on monitoring well network (rather than using expert judgment).

The DSS-ES is being tested in the Municipality of Bisceglith the purpose to
asses, inside an established area, the optimal site in which a pumpisgouddl be
drilled. The obtained results are being verified on site and compared with theopi
of quoted experts.

The results seem to link all the aspects involving water reamag and they can
represent a usefultool for supporting, consulting and learning technical.
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