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ABSTRACT

Software engineering is an important discipline of
knowledge that allows abstracting an environmental
system, modeling a watershed and providing con-
ceptual and interaction elements of players in the
configuration of modeling approaches for decision-
making on water resources environmental planning;
therefore, the purpose of this article is to have an
environment envelope through a set of environmen-
tal aspects that can be represented by a meta-model
that leads to a cognitive construct of the problem
and defines the methodological model for proper
environmental planning of watersheds, in decision-
making at strategic and operational levels.
Keywords: Environmental planning, municipal was-
tewater treatment plants, life cycle analysis, Softwa-
re engineering.

RESUMEN
La Ingenieria de Software es una disciplina impor-
tante del conocimiento que permite abstraer un

k%

sistema ambiental, modelar una cuenca hidrica
y proporcionar elementos conceptuales y de in-
teraccion de actores en la configuracion de enfo-
ques de modelado para la toma de decisiones en
la planificacion ambiental hidrica. Por ello, la fi-
nalidad de este articulo es tener un envolvente de
entorno a través de un conjunto de aspectos am-
bientales que se pueda representar mediante un
metamodelo que conlleva a un constructo cogni-
tivo del problema, que permita definir el modelo
metodolégico para una adecuada planificacién
ambiental de cuencas hidricas, en la toma de de-
cisiones en niveles estratégicos y operativos.

Palabras clave: andlisis del ciclo de vida, Ingenie-
ria de Software, planificacién ambiental, plantas
de tratamiento de aguas residuales municipales.
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INTRODUCTION

Software engineering (IS acronym in Spanish) is a
knowledge intensive discipline that has been used
in the control of environmental systems and ad-
ditionally has developed an interaction between
the players and the configuration of the software
(Dittrich, 2014; Hanssen, 2012; Bjarnason, 2012;
Bjornson, 2008; Sommerville, 2005), as well as in
the spectrum of the generic modeling approach-
es that are capable of analyzing specific concepts
through Machine Languages (LM acronym in Span-
ish), for the control of the possible solution (Bola-
fos S., 2014; David, 2013; Beecham, 2008).

In the abstraction of the environmental system,
it is possible to consider the parametric develop-
ment and evaluate the intrinsic environmental
models, pursuant to the needs of the emergent cli-
ent and even a potential user (David, 2013; Ar-
gent R., 2004; Briand, 2000; Rizzoli A., 2008); that
is, taking IS as the foundation, this is a vehicle to
migrate the principles of a modular system, spe-
cially one of processes, complex patterns, UML
diagrams (Unified Modeling Language) (Bolafos
S., 2012; Robles, 2012; Willard, 2007; Pilskalns,
2007), in decision making elements on the Water
Resources Environmental Planning (PAH acronym
in Spanish) of a Watershed (CH acronym in Span-
ish) through a methodology of Life Cycle Analysis
(ACV acronym in Spanish), specifically through the
action and pressure of the discharge of decontami-
nated effluents from Municipal Wastewater Treat-
ment Plants (PTARM acronym in Spanish) installed
in the (CH) (Rodriguez, 2010).

This article presents an analysis through IS, uti-
lizes a Software Process and Methodology Mod-
eling Language (LMMPS acronym in Spanish)
(Bolafios S., 2014) in order to categorize and mod-
el the use cases diagrams, the sequence of types
and activities (Bolanos S., 2012), and to present the
abstraction of the PAH in a CH through the vari-
able of the PTARM evaluated with a ACV through
an analysis of the dynamic environmental context
of the physical domain categorized as CH (Castel-
letti, 2010; Reed, 1999; Rizzoli A., 1997).

METHODOLOGY

Some of the practices used in the integration of
models in natural system with the IS may be the
design oriented to objects, formalized model-
ing language (Argent R., 2001). The RUP (Ratio-
nal Unified Process) process, allows the timely
construction of a software and uses UML (Uni-
fied Modeling Language) to specify, visualize, con-
struct and document a software system, reducing
the complexity, and the process design while cre-
ating an optimum development. The RUP process
presents three (3) essential characteristics such as
the use cases, centered on the architecture and ad-
ditionally it is interactive and incremental; it also
has four (4) phases: the initial phase, the prepara-
tion phase, the construction phase and the tran-
sition phase, which represent the emphasis of
the activities within each iteration (Florez, 2009;
Pressman, 2010; Kroll, 2006; Jacobson, 2000; Tab-
ares, 2011; Pilone, 2005). Within the set of tools
of the RUP, it is worth mentioning, the administra-
tion of the requirements (change during the life of
the project and identify the requirements of a sys-
tem in technical and economic terms), the inter-
active development of the software (facilitates the
implementation of requirements and characteris-
tics; from each iteration all the products articulate
in a predictable and repeatable manner), the visu-
al modeling of the software (visualizes, specifies,
constructs and documents the structure and be-
havior of the architecture of the software system),
the continuous testing (the quality of the system is
evaluated with respect to functionality, reliability
and performance), the architecture based on com-
ponents (allows the reutilization or adapting of
the existing components), and the change control
(establishes repeatable processes to manage the
changes to the software) (Florez, 2009; Abrahams-
son, 2002; Kasoju, 2013).

For the representation of the natural langua-
ge (LN acronym in Spanish), an environment en-
velope was used which is represented through a
set of activities (Pressman, 2010; Sommerville,
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2005) that articulate in the flow of the ACV in the
PTARM, through a meta-model based on processes
and methodologies (Germain, 2005), constructing
a synergic concept that analyzes and totalizes the
ACV in the PTARM (Bolanos S., 2012; Niazi, 2010)
within a theoretical conceptual strategy. Therefore,
the grammar with structure of phrases for the abs-
traction of the phenomenon studied is as follows:

e The grammar with structure of phrases G=
(V. T S, P) consists of a vocabulary V, a subset T of
V formed by the terminal elements and an initial
symbol S of V —T and a set P of productions (Bola-
fios S., 2014; Rosen, 2004; Chomsky, 1957).

e The vocabulary (V) is a finite set and not void,
whose elements are called symbols, where a word
onV is a finite chain of elements of V (Bolafos S.,
2014; Rosen, 2004; Chomsky, 1957).

According to the above, the language generated
by G can be defined in the abstraction of the envi-
ronmental system to be analyzed, in the following
manner:

e For a set consisting of aspects, we have:
N={PTARM, CA, EA, CH} where CA (acronym in Spa-
nish) is the environmental load and EA (acronym in
Spanish) is the environmental effect.

e Then if PTARM € CH, considers every PTARM
as an element of CH set; then f, ACV — N, it means
that the ACV functionally maps the N set.

e Meaning that, the ACV is considered a func-
tion of PTARM, CA, EA, CH where it is possible to
confirm and validate if (ACV,CH): PAH(ACV,CH).

On the other hand, the ACV in PTARM is used
to compare alternatives or to estimate the poten-
tial effect that can be obtained in the change of the
product, and how it could be improved to decrease
the environmental consequence at a global or re-
gional scale (Benveniste, 2011). In general, one of
the strengths of the ACV is that it considers global
and regional impacts, and it makes it possible to
estimate impacts that influence health and society;
while one of its weaknesses is that it is not capable
of analyzing the temporary or spatial character of a
particular effect (De Carvalho F., 2001).

The ACV essentially presents two types of meth-
odologies; the first one is based on the conventional

process of energy analysis and the flows of mate-
rials according to the manufacturing process, and
the second one is based on the input — output (Le-
ontief, 1986), that involves environmental data of
the process to be analyzed, where the latter is the
one more widely used in the studies (Zhang Q.H.
et al., 2010). The evolution of the ACV has moved
from the products and materials to the analysis of
the productive systems such as the Wastewater
Treatment Plants and their influence on the envi-
ronment (Deusto Tech, 2012; Rodriguez, 2010). A
way of presenting the process in natural language,
in machine language, as domain of the solution is
through software engineering (Bolafios S., 2014),
and this, in turn, may be represented by program-
ming language, hence in a language for the model-
ing of software processes and methodologies.

RESULTS

In the technical report on wastewater treatment
systems in Colombia — base line 2010 (Marin,
2012), it was established that out of 1119 munici-
palities in Colombia, 490 have a PTARM (43.80%),
there is a total of 556 PTARM in Colombia, whe-
re the greatest numbers of PTARM are located in
the Departments of Cundinamarca and Antioquia.
The capacity installed of PTARM is 33.2 m?/s, and
as a conclusion the report establishes: absence of
monitoring and control of the processes; no water
characterizations are made, control records of the
inflows and outflows are not kept, and the flow de-
signs are unknown; therefore, the operation of the
systems is conducted in an empiric, autonomous
and customary manner; the lack of knowledge
of the systems operated does not allow the pro-
per planning of the expansion and optimization of
the treatment systems; lack of corrective and pre-
ventive maintenance of the wastewater treatment
systems; absence of vector control programs and
sludge management; control over the discharge of
non-residential wastewaters and conduct the moni-
toring of the compliance with current regulations.

In addition to the above, the Asociacién Co-
lombiana de Ingenieria Sanitaria y Ambiental
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(ACODAL, 2013), indicates that 31% of the cities
in Colombia have PTARM (29% primary treatment
and 1% tertiary treatment); where it has been ob-
served the presence of improper selection of te-
chnologies, high investment and operation costs
(although the investment allocated to the treatment
of wastewaters does not reach 1% of the invest-
ment allocated to potable water), and very little
protection of the water sources, which jeopardizes
environmental sustainability, due to the contami-
nation of the water resources, given the obsolete
premise being used, which states that the water
resources in Colombia are infinite. In general, the
PTARM have always been seen as a black box (te-
chnologies that are highly efficient in the removal
of contaminants, with low energy cost and econo-
mical operation (Rodriguez, 2010), as a solution
at the end of the pipe, where contaminating ele-
ments and/or parameters enter, and then degrade
or oxidize or transform and then are discharged as
decontaminated flow into a receptor body of wa-
ter, that is, under certain technical and economic
limitations (Flores, 2014); however, every PTARM
must contain three sustainability aspects (environ-
mental protection, and social and economic deve-
lopment) (Garrido et al., 2013).

On the other hand, the management strategies
are focused on the regional planning of the water
resource, the optimization of wastewater treatment
plants already built and the development of new

treatment alternatives, and the reuse of wastewa-
ters, as well as the review, update and regulatory de-
velopment for the adjustment of policy instruments,
but the environmental assessment of the PTARM in
relation to the watersheds is not mentioned. How-
ever, by conserving the watershed through a more
efficient assignment of the resource and in addition
to evaluate the effects resulting from the develop-
ment works and the contamination of the water re-
source in particular and the environment in general
(Garcia, 1998); but essentially, reference is made
to what is politically viable and technically desir-
able, but with the explicit environmental assess-
ment of the PTARM on the watershed. Given the
preliminary issue, when taking the water from the
offer present in the area of the study or watershed,
and use it in the different anthropic activities (do-
mestic, industrial, institutional, commercial, agri-
cultural, etc.), the manipulated water is discharged
or poured (liquid waste) onto the same body of wa-
ter, in many cases without an adequate collection,
treatment and disposal system, but in the form of
contaminated or wastewater, limiting the availabil-
ity of the water resource; it is then, when the pro-
cesses and operations at the end of the pipe are
used, denominated as municipal wastewater treat-
ment plants or in amore integral concept, as waste-
water treatment system (STAR acronym in Spanish)
to decontaminate the wastewaters used in anthrop-
ic activities (Figure 1).

CH with planning of the
Effluents of 1119 water resource PTARM must be
Municipalities in (environmental analyzed with ACV
Colombia, only 556 —>»  dimension, inventory ———>| for the PAH in the
PTARM. without analysis of CH.
PTARM.
\ J

Analysis of the system through Software Engineering.

Figure 1. Cognitive scheme of the system and the interaction with software engineering

Source: Own work.
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According to the above, a territorial environ-
mental zoning is presented with an instrument
such as environmental planning (PA acronym in
Spanish), and this is a type of planning oriented
to the operativeness of four general objectives of
the environmental policy: the protection of com-
ponents or especially vulnerable environments or
environments estimated as valuable to society; the
repair of damaged components or environments;
the optimization of the uses of the land to mini-
mize environmental loads, and the prevention and
relief in relation to human wellbeing and health
(Aronoff, 1989; Brilhante, 2003; Leitmann, 1999;
Millar, 2004; Sheila, 2004).

The above takes into account aspects such as
the study of the environmental impact, planning of
protected areas, the environmental contributions
to urban planning and territorial zoning and the
sectorial planning for the protection or repair of
certain components or environments (decontami-
nation, recovery of rivers and bodies of water, and
the management of biotopes, green area systems,
etc.), that conventionally include the environmen-
tal dimension (DA acronym in Spanish) and the
protection, management and zoning of the water-
sheds (PMOCH acronym in Spanish), and this, in
turn, analyzes the inventory of the superficial and
subterranean water resource (IRH acronym in Spa-
nish), the influence of the population that exerts
pressure over the CH through the socioecono-
mic activities of the Municipalities (M), the zones
for the protection of the forests where the water
springs are located (ZPB acronym in Spanish), the
protection actions of the CH (APCH acronym in
Spanish) and supply and demand of the water re-
source (ODRH acronym in Spanish), generate the
following:

o If OAT f (PA) and PA f(PMOCH, DA), then it can
be consider that a representation of CHO IRH, M,
ZPB, APCH, ODRH.

e A conceptualization of a PAH can be made
considering N={PTRAM, CA, EA, CH}

e Establishing that the ACV is considered a
function of PTARM, CA, EA, CH, where it is possible

to confirm and validate if V (ACV, CH): PAH (ACV,
CH), it is possible to make an adequate planning of
the CH and an interrelation of the environmental
dynamics.

Therefore, it is possible to present scopes of
analysis such as:

a) Identify and analyze factors that influence the
behavior of the PTARM (CA and EA), and their inte-
rrelations with the environmental dynamics of the
CH.

b) Develop an ACV methodology in the PTARM,
taking into account a representation model (inclu-
ding the CA and the EA) and the influence of the
components of the environmental dynamics and
the sensibility analysis in the CH.

c) Apply the regional ACV methodology to the
PTARM (constructed and projected) as a factor for
the PAH of the CH, which will allow decision-
making at strategic and operative levels (Salah,
2006; Castelliti, 2008; Dietrich, 2010).

The meta-model proposed for the PAH, using
the regional ACV methodology in PTARM, is ba-
sed on players that define the development of the
process (functions and actions), (Ellison, 1998; Mi-
sic, 2004; Davis, 1994); therefore, the RUP process
and the business modeling is used by means of the
diagram of use cases to analyze the interaction of
the players in the PAH, using the Coloso program
in the following manner (Bolafios, 2010).

In a descriptive manner, Figures 2 and 3 exp-
lain the abstraction for the PAH from the point of
view of the players that intervene in the analysis
if (ACV, CH): PAH (ACV, CH), it is possible to make
an adequate planning of the CH and an interrela-
tion of the environmental dynamics. However, the
problem of the PAH can be represented through a
requirement and sequence, in Figure 4, where it
is expressed that the problem is the lack environ-
mental strategies that do not contemplate the PAH
and consequently, the hypothesis would be to veri-
fy and validate if with the PAH, including the ACV
in PTARM, it is possible to conduct a sustainable
environmental planning in CH.
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| I 1 _|

Figure 2. The RUP process applied to PAH

Source: Own work. Prepared using the Coloso program. (Bo-
lanos S., 2010).

Water resources environmental planning J

Guarantor: reviewer/advisor/director

TTT————— 0

X
/kvﬁ/ade/drem

Mentor: reviewer fad visor [direc tor

Evaluator
Evaluator: Jury

Figure 3. Business modeling using a diagram of use
cases in PAH

Source: Own work. Prepared using the Coloso program (Bo-
lafios S., 2010).

% Problem: Environmental strategy Hypothesis: PAH

Proponent |
| |

| 1 Definition(): void _I

L 1 9 Forrlldatjmo:void

|
n |
| |
| |
Figure 4. Requirement, using a sequence diagram in
PAH

L:J

Source: Own work. Prepared using the Coloso program (Bo-
lanos S., 2010).

return x> 08&y:>0valider); I\
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| @ estades {FORMULADA APR OBADA, RECHAZADA, CONTRASTADAenum
(@ estadoActuatestados=estados. FORMULADA

Gxcint - [ Hieotesi h=new Hpctesi(12) formular()s
N | Gt - try{
\ L = h.validar();

. formular():Hipctesis - = Jeatch(Exceptione){

fo . validsr{):void s - System out.printin‘Ingresar nueva hipotess”)

> § aprobar(pvoid - s

[PV rechazar(ivoid -~
o contrastarp6d

estadoActual=estagcé, APROBADA;
S/ﬂemnn.m'nﬂz:[" ifcacon amb
wnrastarl); / /

ible de las O de acverd Ay EA producid hsmm'%‘

/  |estadoAdal=estadcs. RECHAZADA;
/ System cut. printin{"No existe planficact

CHde mdomlﬂy&wd\ddﬁwmm'h

System cut. printin(Toma de decsion con pardmetros de CAy EA");

ZtadoAdual=estadcs, ONTRASTADA, H

Figure 5. Implementation, using a class diagram in
PAH

Source: Own work. Prepared using the Coloso program (Bo-
lanos S., 2010).

A cognitive process in the class diagram is
shown in figure 5, where a hypothesis is formula-
ted; there, it is possible to validate if V(ACV, CH):
PAH (ACV, CH) and arrive to the adequate plan-
ning of the CH and an interrelation of the environ-
mental dynamics, that is, if there is a sustainable
environmental planning of the watersheds, accor-
ding to the CA and the EA produced by the PTARM
when using the ACV. Figure 6 expresses the aliena-
tion of the approval or rejection and the compari-
son of the formulated hypothesis.
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Formulze HYPOTHESIS: ' (ACV, CH):PAH(ACV,CH) \“‘H“["‘d"yaﬂ'obaf wmasmomm:km-amdphigdd\em]

)

\aidate/ reject

[ HYROTHESIS REECTED: There is no sustanable environmental planning of the G4 J

(orerast

%

Figure 6. Implementation, using a status diagram in the PHA

Source: Own work. Prepared using the Coloso program (Bolafos S., 2010).

Identify and analyze factors — —
T A L TR
and (CA and EA), their DTARM (mnstrucdted and projected)
ntemelation vith the CH
ACV methodology inthe
PTARM, (induding the CA
and the EA)

Apply the regional ACV methodology
for the PTARM (buit and projected)
as a factor for the PAH of the CH

o
ACV: Classification of the
CA of the inputs and
cutputs of the PTARM

Figure 7. Implementation, using an activity diagram in the PAH

Source: Own work. Prepared using the Coloso program (Bolafos S., 2010).

Figure 7 shows the research methodology ap-
plied for the verification of the PAH in CH, using
an ACV in PTARM.

CONCLUSIONS

The significant finding of this article is the exposi-
tion of a methodological scheme to interrelate the
IS with the PAH, taken through a LMPS for deci-
sion-making in the PTARM investments, that is, the
inclusion of CH and methodologies such as ACV
in the configuration and personalization of the IS

through the RUP and UML language can be consi-
dered as an innovative benefit of the software pro-
duct. The research process presented establishes
the integration of the IS through methods with the
PAH, the ACV and the PTARM for the analysis of
the problems and the solutions in the CHs. It is also
shown that in the methodology to confirm and va-
lidate if there is a PAH, when there is a consistent
set of variables that belong to a set mapping that is
interpreted as ACV, attains an strategy for decision-
making in the investment on the PTARM in CH to
achieve gradual and persistent decontamination of
the superficial waters in a CH.
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