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Utilizacao do HAZOP para avaliacao da seguranca de caldeiras a vapor
em um hospital universitario localizado no Brasil

Marcos Lucas de Oliveira' - Universidade Federal de Santa Maria, Departamento de Engenharia de Produgdo e Sistemas
Janis Elisa Ruppenthal® - Universidade Federal de Santa Maria, Departamento de Engenharia de Produgéo e Sistemas

ABSTRACT ' The fierce competition between organizations has stimulated the production sector to improve its
production processes simultaneously with the quality of its products, which, in short, heats up the
economy and presents strong challenges to government agencies and employers, especially when con-
sidering the safety of employees in their workplace. The differential of this study is stated in the ap-
plication of HAZOP in the boiler sector of a hospital, in other words, , in the micro industrial area of
a company that provides services In this context, this paper aims to identify the risks present in the
fire-tube boilers of the University Hospital of Santa Maria, RS. The method used follows the applica-
tion practices of the HAZOP tool. Therefore, on this basis, we proceeded with bibliographic analysis,
methodologies, references, on-site visits at the university hospital, and studies of investments made
in steam generators. Due to this study, it was possible to show that the industry under study has no
operation and maintenance default for the boiler, resulting in a high possibility of failure in the system
as a whole and, in the case of an explosion, catastrophic consequences.
Keywords: Risks. Safety. HAZOP. Boiler. Hospital.

RESUMO A concorréncia entre as organizagdes tem estimulado o setor produtivo a melhorar seus processos
de produgido concomitantemente com a qualidade de seus produtos, o que, em suma, aquece a eco-
nomia e traz grandes desafios para as agéncias governamentais e os empregadores, especialmente
quando se considera a seguranca dos funciondarios no local de trabalho. O diferencial deste estudo
é expresso na aplicagdo do HAZOP no setor de caldeiras de um hospital, ou seja, na area micro in-
dustrial de uma empresa de prestagio de servigos. Neste contexto, este trabalho tem como objetivo
identificar os riscos presentes no setor das caldeiras do Hospital Universitario de Santa Maria, RS.
O método utilizado segue as praticas de aplicagdo da ferramenta HAZOP. Assim, a composi¢do do
estudo ocorreu através de uma analise bibliografica, metodologias, referéncias, visitas in loco no
hospital escola e estudos sobre geradores de vapor. Através desse estudo, foi possivel evidenciar que
o setor das caldeiras ndo tem nenhum procedimento padréo de operagdo e manuten¢io da caldeira,
resultando em uma alta possibilidade de falha no sistema como um todo e, em caso de explosio,
consequéncias catastrdficas.
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1. INTRODUCTION

Technological and social advances has improved the manufacturing pro-
cesses and has led to a sharp industrial growth. These changes resulted in larger
and more complex industrial plants, involving certain accident risks that need
to be identified, controlled and minimized (FUENTES-BARGUES et al., 2016).

According to the International Labor Organization (INTERNATIONAL
LABOUR ORGANIZATION, 2012), 2.4 million people die every year as a re-
sult of unsafe or unhealthy workplace conditions. Every year there are more
than 330 million work-related accidents worldwide. This causes an estimate
loss of 4 per cent of global Gross Domestic Product (GDP), and this value could
be added up to 10 per cent of national GDP in some countries. Therefore, pre-
vention is becoming an important subject for governments, economic leaders,
managers and stakeholders.

In addition, there is an increasing indication that providing a healthy and
safe working environment has the potential to enhance labor productivity and,
consequently, increase business profits (HESAPRO, 2013; BUHAI, COTTINI,
WESTERGAARD-NIELSEN, 2016; IRIMIE et al., 2015). The improvement of
the Occupation Security and Health (OSH) sector results on a reduction of risks,
leading to the preservation of health, improving the operating performance of
employees and enhancing the company’s image (EUROPEAN AGENCY FOR
SAFETY AND HEALTH AT WORK, 2000; EUROPEAN AGENCY FOR SA-
FETY AND HEALTH AT WORK 2007).

In this context, the term risk can be characterized as the effect of un-
certainty on determined objectives. Thus, risk analysis involves identification,
recognition, evaluation and gradation of risks followed by controls in order to
mitigate the probability of the causes occurrence and risk effects INTERNA-
TIONAL STANDARD ORGANIZATION, 2009). Therefore, identifying risks
is fundamental for ensuring the safe design and operation of a system proces-
ses and facilities (DUNJO et al., 2010).

The decision by the appropriate risk assessment technique is will depend
on factors such as the complexity of the problem, the amount of information
available, the need for quantitative data, and available resources. Overall, the
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Hazards and Operability Study (HAZOP) is probably the most commonly
used risk analysis and hazard study in industry (TYLER, 2012; FUENTES-
-BARGUES et al., 2016). Thus, as a means to identify the current situation of
the boiler sector of the university hospital, as to the operation risks, chose the
hazop because it is a technique that helps the managers to identify the existing
risks in the current situation of the company (LEE; CHANG, 2014), that corro-
borates with purpose of this study.

HAZOP is a systematic procedure to identify causes and consequences
of process deviations from normal behavior, and therefore eliminate or miti-
gate hazards (SRINIVASAN; VENKATASUBRAMANTIAN, 1998). In the risk
identification process, a multidisciplinary team of experts commonly perfor-
ms this analysis during brainstorming sessions (GUO; KANG, 2015). The me-
thod provides an identification of accidental events and operability problems
by using logical sequences of cause-deviation-consequence of process parame-
ters (GIARDINA; MORALE, 2015).

In view of this, the present article proposes to identify the hazards present
in the operating phase of flame tube boilers of the University Hospital of Santa
Maria (HUSM) with the use of Hazards and Operability Studies (HAZOP)
tools. As a problem issue of the study we have: is the non-use of standard ope-
rating procedures in steam boilers provide risks for the unit operators and the
users of the hospital service? The justification for this work is based on the
identification of improvements in controlling the process of HUSM’s boiler’s
sector, seeking for the safety and physical integrity of employees.

In this way, the theoretical contribution of the present study is the appli-
cation of the HAZOP risk assessment technique, in a low scale, in the boiler
sector of a hospital. Wherefore, the procedures for applying this study can be
used as a basis for understanding the application of the technique in the hos-
pital sector. However, this study it cannot be generalized to other hospitals,
since there is dependence on the characteristics of the operation, which must
be analyzed in loco.
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2. DEFINITIONS
2.1. Study of risks

Hazard determination and risk assessment studies are an important ele-
ment in occupational health and safety in industrial process and industrial
facilities. The term risk has been defined as the combination of the severity
and the occurrence probability of a determined hazardous event (BRITISH
STANDARDS INSTITUTION, 2007; GUL; GUNERI, 2016). In other words,
the term “risk” can be characterized as the effect of uncertainty on determined
objectives INTERNATIONAL STANDARD ORGANIZATION, 2009).

The process of risk management starts primarily with the identification
and analysis of risks of accidental losses that threaten the organization and,
then, evolve into a continuous and systematic process (DE CICCO; FANTA-
ZZINI, 2003; MORAES, 2010). Thus, the development of a risk analysis ope-
ration program involves identification, recognition, evaluation and gradation
of risks followed by controls in order to mitigate the probability of the causes
occurrence and risk effects.

In this context, risk management is the systematic practice of selecting
necessary actions to minimize or avoid the materialization of potential causes
that can lead to the occurrence of accidents. Therefore, risks can be minimi-
zed into tolerable levels set by the company or the process under analysis. Risk
analysis methods have the goal to assess one or several risk related quality at-
tributes of systems, components or even processes with respect to causes and
consequences (DE CICCO; FANTAZZINI, 2003; FREIBOTT, 2013; ZENDEL
el al., 2016). All risk analysis methods define systematic processes for identi-
tying potential risks.
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2.2. Maintenance

Maintenance concerns the combination of technical, administrative and
managerial actions during the life cycle of an item or equipment intended to
retain it in, or restore it to, a specific condition (DHILLON, 2006; COMITE
EUROPEEN DE NORMALISATION, 2010; GOMES, 2016). Industrial systems
are periodically subject to deterioration in function of its use and life cycle.
Thus, the insertion of a maintenance policy becomes essential in organizations
to mitigate problems (FREIBOTT, 2013).

A correct and regular maintenance program is necessary to keep both ma-
chines and work environment safe and reliable. Although, maintenance itself
has to be executed in a safe way (EUROPEAN AGENCY FOR SAFETY AND
HEALTH AT WORK, 2010). The application of maintenance techniques com-
bined with quality and safety assessment tools, account as very effective ins-
truments to increase companies productivity, safety and quality (MANZINI
et al., 2010).

Therefore, maintenance could be classified as corrective, preventive, pre-
dictive and detective. Normally, the corrective maintenance is an unplanned
maintenance action that requires urgent attention where remedial measures
take place after the fault detection. In its turn, the preventive maintenance
actions are performed to reduce failure or drop in performance according to a
planning based on established regular periods. Detection and correction of in-
cipient failures are performed before their development into major failures or
before their occurrence (MANZINI et al., 2010; SUGANTHI; ANAND, 2011).

The predictive maintenance looks for malfunctions evidences and once
it is found the appropriate maintenance is carried out. Similarly, the detective
maintenance is done for equipment that are not in constant use. The periodic
inspection is carried out to certify that systems will work properly when re-
quested (SUGANTHI; ANAND, 2011).
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2.3. Hazards and Operability Study (HAZOP)

A Hazard and Operability study (HAZOP) is a systematic technique that
aims at the identification of hazards. It was originally created for the chemical
industry (KOPCZYNSKA; NAWROCKI, 2016). That technique is widely used
for systems processing and handling hazardous material. Therewithal is a sys-
tematic technique for identifying potential hazards and operability problems.
HAZOP involves a systematic examination of design documents that describe
the installation or the facility under investigation (LEE; CHANG, 2014).

For the Chen et al. (2016), HAZOP is a structural analysis used for identi-
tying design defects, process hazards and operating risk. The analysis is practi-
ced by serial conferences to analyze process diagrams and operation procedu-
res. This method assumes the process deviations from the planned operations
based on the use of guidewords, each part of the design is questioned with the
use of combinations of guide words: primary keywords (attributes).

The first step in a HAZOP is to identify the essential components of the
system to be analyzed, the parameters for each component, which define its
behavior, have to be identified. During the analysis, the analysis group con-
sisting of the professionals systematically studies every single part (i.e. the
analysis node) of the system in a prescribed manner (CHEN et al., 2016; AHN;
CHANG, 2016; FUENTES-BARGUES et al., 2016). The method main goal is
identified hazards that may affect the safety and operability of a system at pro-
gressive phases. This method assumes the process deviations from the planned
operations based on the use of guidewords (AHN; CHANG, 2016; FUENTES-
-BARGUES et al., 2016).

In the analysis process, a multidisciplinary team of experts and operators
should examine the facility or the mechanism plant. All conceivable deviations
far from design intentions in the plant should be identified and all the possible
abnormal causes and the adverse consequences of these deviations should be
determined (WANG, GAO; WANG, 2012).
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For this purpose, the HAZOP team members try, in a brainstorming ses-
sion, to imagine in which ways hazards and operating problems might occur.
To cover all the potential problems, the team apply the guide words to process
parameters at different locations, called nodes (BAYBUTT, 2015).

The evaluation of risks is estimated by numerically multiplying the fre-
quency and consequence of the event (AHN; CHANG, 2016). Therefore, the
HAZOP report results generally involves deviation, causes, possible conse-
quences, existing safeguards, and corresponding recommendations (JANG;
GUQ, 2016).

2.4. Boilers

The Brazilian Regulatory Standards on Health and Safety at Work define
steam boiler as an equipment used to generate and accumulate steam at pres-
sures higher than atmospheric pressure, using any source of heat (BRASIL,
2014). The risk of accident of such equipment tends to increase as the material’s
allowable stress and wall thickness are reduced.

Steam boilers are classified into three different categories, as show in Ta-
ble 1. The boilers of category "A" provide the highest risks, while the ones in
category "B" represent the lowest risks (BRASIL, 2014; JANG; GUO, 2016). In
general, boilers can be classified as fire-tube and water-tube. The flame tube
boilers, subject of this case study, are characterized by internal circulation of
the combustion gases in operation with liquid or gaseous fuels.

Table 1 - Steam boiler categories.

Operating pressure

Inner Volume
Class Lit
kPa Kgf/cm? (Liter)
A >1960 >19.98
B <588 <599 >100
C Out of previous parameters

Source: (Brasil, 2014).
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The functionality of fire-tube boilers is restricted to the production of sa-
turated steam. The work pressures are not high and possess limitations re-
garding the thickness of the outer wall of the side, once that the greater the
thickness, the higher the pressure.

The fire-tube boiler operation is characterized as simple, once it has few
equipment to monitor the operation. However, this factor favors the occurren-
ce of accidents. According to Ruppenthal (2013), this type of boiler leads the
accident statistics in the world, since it is common the presence of negligence
in its operating processes and maintenance.

3. METHODOLOGICAL PROCEDURES

3.1. Case study

It was performed a case study in which was possible to identify the risk
factors present in the flame tube boiler’s operating phase, focusing on the main
risks noticed in workplaces. The application was conducted in a federal orga-
nization of the hospital sector (HUSM), located in Santa Maria, Rio Grande do
Sul, Brazil.

The University Hospital of Santa Maria (HUSM), founded in 1970, is re-
cognized as a health reference for the central region of the state. The institution
works as a school hospital in the Federal University of Santa Maria (UFSM)
with attention focused in developing education, research and public health as-
sistance. The hospital serves a monthly average of 11.3 thousand specialized
consultations, 4.6 thousand emergency consultations and execute approxima-
tely 760 thousand medical examinations and 10.8 thousand hospitalizations
per year (HUSM, 2016).

The HUSM possess two flame tube boilers, both manufactured in 1971.
The boiler in analysis is a horizontal flame tube H-3N model, category B, wi-
th production capacity of 3,300 kg.v/h, maximum allowable working pressure
(MAWP) or permissible (MPWP) of 150 Lbs/pol? (10.55kgf/cm?) and hydrosta-
tic pressure of 225 Lbs/pol* (15.82kgf/cm?) with vaporization area up to 100 m*.
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The boilers sector is responsible for supplying steam to: laundry, autocla-
ves, kitchen, showers and more. This sector has five boiler operators that alter-
nate with each other in a work schedule scheme that consists of two operators
per scale. The shift begins at 6 a.m., and the system shutdown occurs at 10 p.m.

Initially, it was identified a lack of standard procedure to the boiler’s ope-
ration once the five operators use different procedures to operate the hospital’s
flame tube boiler. Accordingly, for apply the methods proposed in the study it
was necessary to map the process for the steps to be focused on the boiler’s risk
study in order to establish an operation pattern.

For the creation of these flowcharts it was used the brainstorming tech-
nique. In order to apply it, four standard procedures were established: (i) team
definition; (ii) definition of the central focus; (iii) generation of concept; (iv)
selection of concept. This stage of the study required two on-site visits to the
hospital boiler unit for the procedure of the meetings, and in each, the average
duration was one hour.

From this, the action team was initially built in order to solve the problem,
which consisted of the boiler operators, the mechanical engineer, the safety
engineer and the researchers of that study. For the second stage of Brainstor-
ming was defined as focus centric the establishment of a standard procedure
for turning the boilers on and off. Thus, for the third stage, the idea generation
was applied.In the last step, the safety engineer along with the researchers dis-
cussed the main points of the standard procedure that was established.

Slack, Chambers and Johnston (2009), point out that the application of
the Brainstorming technique is a disciplined way of generating new ideas from
group discussion. It was also necessary to set one stage of the operating process
to the study application. For use, analysis and identification of the HAZOP
method, spreadsheets with color scales for mapping risk and weighting scale
were structured, as shown in Figure 1.
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Figure 1 - Matrix of risk magnitude.

GRAVITY PROBABILITY
1 2 3 4 5
CATEGORY Improbable Remote Occasional Probable Frequent
Once every 100 Once every Once Until five times More than five
years or more 10 years ayear ayear times a year
5 Catastrofic (C) 5
4 Critical (CR) 4 8
3 Moderate (MO) 3 6 9
2 Marginal (MA) 2 4 6
1 Negligible (N) 1 2 3
RISK MAGNITUDE
Magnitude Probability x Gravity
Coseee wws
Significant 4t09
Tolerable 1t03

Source: Authors.

Therefore, HAZOP application was performed in the boiler’s water and
pressure (steam) flows. For the application of HAZOP, two Knots of the flame
tube boiler’s system were considered. The first one was located in the boiler’s wa-
ter supply and the second was situated in the steam power of the pressure vessel.

4. RESULTS

HAZOP is a qualitative analysis technique developed to examine the
process lines, identifying hazards and preventing problems. In this paper, its
analysis was performed through words that guide the reasoning of multidisci-
plinary study groups for identifying operating discontinuities. Its application
was through three basic procedures: (i) identification of the “Connections”,
which are the probable critical points in the system; (ii) determining the guide
words able to cover the possible deviations of the evaluated system; and (iii)
assessment of deviations and proposition of mitigation alternatives.

In this work, as a limiting factor, was analyzed two steps of the boiler
operation, water flow and pressure. Both processes have a major impact on
boiler operation, in this case. Therefore, the methodology include both cause
and consequence. The application of HAZOP for the first Knot is presented in
Figure 2, while Figure 3 shows the application for the second Knot.
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The HAZOP application pointed critical points of the system. For the first
Knot, it was evident that the identified deviation concerns the low water flow
(guide word: less). And for the second Knot, pressure (steam), the deviation is
linked to the pressure of low steam (guide word: less) of steam pressure. The-
refore, the corrective actions are: (i) implementation of a operating manual for
the boiler; (ii) piping’s preventive maintenance; (iii) operators’ training; and
(iv) implementation of an alarm (andon) system for low water level.

5. CONCLUSION

The use of HAZOP methodologies for the case study of the University
Hospital of Santa Maria’s flame tube boiler resulted in the identification the
risks of system failure as a whole through the security processes currently exis-
tent in the boiler sector. Thus, it was shown in this work, before the application
of the methods and through the study of the scientific literature, that the risks
are likely to characteristics change in function of the organization performan-
ce environment and its operating characteristics. Therefore, the risks emerge
from new corporate structures, per lack of equipment maintenance, and per
technologies change without previous study of its impacts.

The limitations of this study has been the time and the sample size, whi-
ch were limited because the hospital demanded the preliminary assessment
of the research ethics committee. This process took about four months to be
approved. In addition, the results found in this study can not be generalized,
since the applied technique evaluates the existing condition of the unit under
analysis. In other words, the results may vary according to the characteristics
of the application place and the standard procedures adopted in the unit which
is being analyzed.

However, it may be concluded by the application that the sector under study
has no operating and maintenance default of the boiler which in short results in
a high possibility of failure in the system as a whole and catastrophic consequen-
ces in case come an explosion. At the same time, it was observed that the use of
methods helps in understanding and identifying critical points as well as in pro-
posing corrective measures or mitigation/elimination of faults. For future work
it is suggested an extension of the application of the HAZOP tool in a flamedu-
bular boiler, which has similar characteristics to that presented in this study, in
order to identify all possible flaws in the operation of the boilers.
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