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ABSTRACT

Wastewater planning management is a complex problem involving agricultural, rural
and industrial interests. In countries facing rapid population growth, identifying methods
that can allow them to take good decisions among several competitive alternatives is of
utmost importance. The purpose of this paper isto present a methodology for a wastewa-
ter planning management system using a Multi-criterion Decision-making (M CDM)
method based on utility function. It allows one to take into account a multiple conflicting
multi criterion context in terms of objective specification, criteria, criterion scales and
construction of a payoff matrix that consists of the alternative versus criteria array. These
objectives deal with groundwater protection, effluent quality, wastewater reuse, system
reliability and resources needed. A number of wastewater treatment techniques are pre-
sented as alternative action plans from which the most satisfying alternative is to be cho-
sen. In order to select on appropriate management scheme, we propose to use the UTA
(Utility Additive) method. This method is interactive and permits the decision maker
(DM) to select the best solution according to his viewpoint . The UTA method proceedsin
two steps: the assessment of optimal utility using piecewise linear programming tech-
niques and sensitive analysis using a post - optimal procedure. An application of UTA
method in wastewater planning management system is presented for the first time and
some extensions of the method ar e discussed.

Keywords. Decision maker, Multi criterion utility function, Wastewater-management.

INTRODUCTION

One of the multi-criterion decision-making
techniques based on utility function involves
the selection of an appropriate wastewater
management scheme from afinite set of fea-
sible alternatives that have been designed to
satisfy afinite set of objectives. We used the
data of the twin cities of Nogales (Arizona)
and Nogales Sanorn (Mexico). The case
study relates back to 1951, when a wastewa-
ter treatment plant of the activated dudge
type was constructed to provide primary and
secondary trestment. The total capacity of
that plant was 6100 m*/day for a connected
population of 20000 on both sides of the
border. It served adequately well until the
early 1960s, when rapid growth of the twin

cities resulted in the plant being overloaded.
In 1972, a new plant, the Nogales interna-
tional wastewater treatment plant was de-
signed and constructed approximately 14.2
km north of the international boundary line.
The inteuded treatment capacity was 31000
m?/day of wastewater inflow for a combined
total population of 102,000. This was also
found to be inadequate, because of popula-
tion growth in the area. In 1985, the total
population in the twin cities was estimated
to be 250,000 discharging a daily average
wastewater inflow of 34000 m*/day directly
into the treatment plant, 9% above design
capacity. In addition, accumulated sudge
deposits occupied about one third of the
available pond space, making the plant oper-
ate at less than 70% of its design capacity.
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The result under current conditions is that
the wastewater can not be treated according
to the original design of satisfying a mini-
mum quality requirement level before it is
discharged in to the Santa Cruz river chan-
nel. In this paper, a multiple criteria meth-
odology for selecting an appropriate waste-
water management option from a set of fea
sible alternatives is presented. In order to
select an appropriate management scheme,
we propose to use the UTA (utility additive)
method. This method is highly interactive
and permits the decision-maker (DM) to se-
lect the best solution according to his view-
point. Some extensions of the method are
discussed.

Multi-criterion Problem For mulation

In order to evaluate a problem by using a
multi-criterion procedure, the problem must
be presented in aformat suitable for analysis
using a multi-criterion decision - making
(MCDM) technique. Accordingly, to formu-
late the problem of wastewater management
in a multi-criterion context the following six
steps appear to be useful (David and Duck-
stein, 1979; Duckstein and Opricovic, 1980;
Tecle et al. 1988). The steps are:

1-Defining the desired objectives to fulfill
the system.

2-l1dentifying the mission requirements or
desired specifications on the basis of such
objectives.

3-Selecting evaluation criteria that relate
system capabilities to specifications and
hence to objectives.

4-Determing measurement scales to de-
scribe the range of possible values (quantita-
tive) or relative positions (qualitative) an
dternative system can attain in terms of a
particular criterion. For the case study, steps
1-4 are summarized in Table 1.

As regards generating alternative schemes
to attain the desired objectives, fifteen alter-
native schemes, consisting of different
mixes of seven different activities are gener-
ated (Table 2). The first three mostly treat
wastewater to secondary level. The four
other activities are added to each of the first
three, either individually or in pairs, in order
to have a combined tertiary level of treat-
ment capability.

An evauation matrix, the elements of
which represent particular values or relative
positions of an aternativein terms of criteria
isthen formulated (see Table 3).

METHODOLOGY

There are three techniques in the MCDM
method. One employs distance based tech-
nigues such as compromise programming
(Zeleny, 1982). Another is based on a fuzzy
outranking relationship (Roy, 1978). The
third type of MCDM method assesses a util-
ity function.

The later technique uses two approaches-
multi-attribute  utility  theory, MAUT
(Keeney and Raiffa, 1976) and utility addi-
tive, UTA (Jacquet-Lagreze and Siskos,
1982).

Table 1. Objectives specifications, criteria and criterion scales.

Objectives Specifications Criteria Criterion scales
Groundwater Pollutant Movement Level of pollution Ordind (A-G)
Protection Quiality requirement Water quality Ordind (A-G)
Effluent quaity Required effluent quaity level Leve of treatment achieved  Ratio (0-1)
Wastewater reuse Effluent used Amount of effluent used Ordina (A-G)
System Reliability Compatability Ordina (A-G)
reliability Flexibility Ordina (A-G)
Resources Monetary cost Capital cost $/1000 m3/day
O& M cost $/1000 m3/day
Resource need Manpower Ordind (A-G)
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Table 2. Generated alternatives.

Alternative  Description

Al Facultative lagoons

A2 Aerobic lagoons

A3 Oxidation ditches

A4 A1 + chemical algae removal
A5 A2 + chemical algae removal
A6 Al + filtration algae removal
A7 A2 + chemical algae removal
A8 A4 + nutrient removal

A9 A5 + nutrient removal

A10 A6 + nutrient removal

All A7 + nutrient removal

A12 A3+ land application

A13 A1+ land application

Al4 A2 + land application

A15 A3 + land application

In order to select the best aternative for
this case study, we use the UTA method.
This method has been chosen because of the
following features. (i) it has an interactive
character which permits the DM to interact
with the computer during the search process
for the best compromise solution, and (ii) it
is suited to large-scale linear problems,
where other multi-objective methods would
be too costly to use. The proposed approach
consists of two main steps. (i) interactive
assessment of a piecewise linear utility func-
tion representing a globa model of the
DM'’s preferences; and (ii) optimization of
the constructed utility function in order to
find the best compromise solution. The UTA
method belongs to the utility / value function
category of MCDM approaches. A utility

Table 3. Evaluation matrix.

function in the sense of Neumann and
Morgenstern (Keeney and Raiffa, 1976) in-
cludes a notion of risk, whereas a value
function is deterministic In this sense, the
UTA method is a value function assessment
technique, and we will use the term “value”
in relation to this method. The UTA method
consists of assessing a set of piecewise/ lin-
ear additive value functions using informa-
tion given by a subjective preference rank-
ing (weak order) on a set of real or imagi-
nary actions or aternatives and the multicri-
teria evaluation of these actions. Although
the UTA method assumes the fulfillment of
utility theory axioms, it uses a completely
different procedure to build marginal and
global value functions. This leads to the as-
sessment of a set of utility functions that are
as consistent as possible with the DM’s
preferences expressed as a weak order of
pre-selected actions. Real decision-making
applications can be found in Siskos (1982)
for evaluating a system of furniture retail
outlets, in Treichel (1991) for a multi-
criterion analysis of rural water supply sys-
tems and Kholghi (1997) for groundwater
systems and management. In this paper, we
use the UTA method for the first time for
selecting the best performance in wastewater
system planning.

The UTA technigue proceeds with the fol-
lowing two steps:

-Assessment of an “optimal” value func-
tion U (g).

Criteria Al A2 A3 A4 A5 A6 A7 A8 A9 AI0 All Al2 Al13 Al4 Al5
Vulnerability to D D C C C C B B B B B B D D C
pollution

Level of pollution

Water quality D D C C ¢ C C B B A A A C C B
Level of treatment 040 052 065 061 060 060 065 08 08 091 091 091 08 086 0.86
Effluent use F F G F F E E F F E E F B B B
Reliability 071 066 046 066 063 071 063 063 057 071 060 050 0710 069 0.50
Compatibility E E D D D C C B B A A B A A B
Flexiability D D B C C C C B B B B A B B B
Capital cost 054 061 185 080 087 069 077 151 158 140 147 195 094 101 225
O and m cost 021 037 038 028 044 024 039 045 061 040 055 048 026 042 043
Manpower B cC E ¢C D C D C D C E F B C E

Note: Ordinal scale ranges from A-G (A= best and G = worst ) , cost in dollars per m*/day.
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Table 4. Payoff matrix.

Criteria C1 Cc2 C3 Cc4 C5 C6 Cc7 Cc8 C9 C10
Alternatives

Al 60 80 60 30 125 30 60 175 100 60
A2 60 80 0 30 125 30 60 175 80 50
A3 75 100 120 150 75 40 90 50 80 30
A4 75 100 120 30 125 40 75 150 100 50
A5 75 100 120 450 125 40 75 150 60 40
A6 75 100 120 30 120 50 75 175 100 50
A7 75 100 120 45 125 50 75 150 80 40
A8 90 120 180 30 125 60 90 75 60 50
A9 90 120 180 30 100 60 90 75 40 40
A10 20 140 210 45 150 70 90 100 60 50
All 90 140 210 45 150 70 90 100 40 30
Al12 90 140 210 30 100 60 105 50 60 20
A13 60 100 180 90 150 70 0 150 100 60
Al4 60 100 180 90 125 70 0 125 60 50
A15 75 120 180 90 100 60 90 25 60 30

-Assessment of a set of value function by
means of post-optimality analysis.

In the first step , an additive piecewise/
linear global value function is assessed:

U=y "i=1""[gi(x)] )
Where ui: (x) - ui[gi(x]][0.] is a

monotone, piecewise/linear function ( mar-
ginal value function) , and

ui(gi.) =0; for i=1,...1 (2
> =1V (gif)=1 ®)

Where gi-, gi' are extreme values of the
criterion that correspond to the least and
most preferred values of gi, respectively.
The assessed value function should be as
consistent as possible with a subjective rank-
ing of severa pre-selected aternatives as a
reference set.

Next, in the second step, a post optimality
analysis alows ambiguity zones to be delim-
ited in the marginal value functions, for ex-
ample, and the indifference relation alb may
correspond to [u (a) — u (b)] < J rather than
U (@ = U (b). For small values of O there
may be ambiguity. The mean functions are
proposed, but each of the functions lying in
the ambiguity zones can be considered as a
value function that corresponds well to the
reference set ranking.

Using (1) and the assessed margina value
functions, the global value function coeffi-
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cients are calculated for each alternative un-
der consideration, and the final ranking cor-
responding to these valuesis reached.

Application and Analysis

A computer algorithm has been used to
analyse the problem. The payoff matrix in
Table 4 has been used as a standard dimen-
sionless input into the program. This payoff
matrix is a quantified version of the evalua-
tion matrix in Table 3. Its quantification is
based upon the range of the scale assigned to
each criterion.

In order to show the various possibilities
of this method, we assume here seven cases
asfollows:

-Equal weighting for al criteria.

-Variable weighting.

-DM chooses a subset of the presented so-
lution set consisting of a few relatively well
known solutions or that are easy to deduc
from afew relatively well known solution or
that are easy to compare.

-DM changes his subset.

-DM chooses a subset and then ranks it
according to subjective global judgment
without being asked to explain the rule and
global preference model governing the deci-
sion.

-Choosing another subset and ranking it.
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Table 5. Results of seven cases.

1 2 3 4 5 6 7

AL UT AL UT R AL UT R AL UT R AL AL Pref UT R AL Pref UT R AL UT R
5 08 1 15 08 1 15 08 1 15 08 1 11 1 05 - 12 1 07 1 15 09 1
11 08 2 14 08 2 11 08 1 14 08 2 2 05 - 15 2 07 2 11 08 2
14 08 3 11 07 3 13 07 3 11 07 3 3 05 - 3 3 05 3 12 08 3
12 08 4 13 07 4 12 07 4 13 07 4 4 05 - 14 4 05 4 14 08 4
10 07 5 10 07 5 9 06 5 10 07 5 12 5 05 - 7 5 045 9 07 5
9 07 6 12 07 6 8 06 6 12 07 6 6 05 - 2 6 04 6 10 07 6
3 077 9 06 7 6 057 9 06 7 14 7 05 - 11 7 04 7 8 06 7
8 07 8 8 06 8 4 05 8 8 06 8 8 05 - 5 8 03 8 7 06 8
7 06 9 7 06 9 2 04 9 7 06 9 15 9 05 - 9 9 03 9 5 06 9
5 06 10 5 06 10 1 03 10 5 06 10 10 05 - 10 10 03 10 13 05 10
3 05 11 6 05 11 6 05 11 13 11 05 - 8§ 11 03 11 3 05 11

6 05 12 3 05 12 12 05 - 6 04 12
4 05 13 4 05 13 13 05 - 4 04 13
2 03 14 2 04 14 10 14 04 - 2 03 14
1 02 15 1 03 15 15 01 - 1 01 15

AL (Alternative), R (Ranking), UT (Utility Function), Pref (Preference).

-Changing the weighting for the second
case.

The results are given in Table 5. With
these seven cases, we want to show how the
final ranking of the method is influenced by
varying weighting (cases 2 and 7), non-
weighting (case 1) and aso wigh reference
to and preferences of DM. For example, in
case five, the DM chose unreasonable pref-
erences and the model can not reach a solu-
tion. In such a case , the model demands the
DM to modif his preferences.

CONCLUSIONS

Wastewater is a potential nuisance that
must be dealt with in the best possible way,
in terms of: environmental quality; technical
feasibility; economic viability; socio-politcal
acceptability; resource availability; and post-
treatment usability. Thus, wastewater man-
agement is a complex activity that must sat-
isfy a host of constraints and meet a number
of objectives. This procedure has motivated
the use of an MCDM approach. Comparison
of the potential solutions shows that the
UTA method is very sensible in terms of the
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reference to and preferences of DM. Thus,
for ared life case, the DM must have a good
knowledge of the wastewater systems for
taking a good initial decision in choosing his
reference and preferences.
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