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Abstract. A waste management system plays a leading roleand even put a country’s economy in peril. However, strate-
in the capacity of an area to restart after flooding, as theirgies based solely on diminishing damage related to flood-
impact on post-crisis management can be very considerabléng are no longer sufficient. It is now essential for towns and
Improving resilience, i.e. enabling it to maintain or recover cities to be capable of guaranteeing continuity and adapting
acceptable operating levels after flooding is primordial. Tothemselves to modifications in the surrounding environment,
achieve this, we must understand how the system works for.e. for them to be resilient. To do this, they rely on a self-
bringing any potential dysfunctions to light and taking pre- organisation capacity, that is to say a capacity to permanently
ventive measures. Functional analysis has been used for udjust their behaviour depending on interactions both inside
derstanding the complexity of this type of system. The pur-the town or city concerned and with the outside environment
pose of this article is to show the interest behind this type of(Pumain et al., 1989). Waste management systems, i.e. all the
method and the limits in its use for improving resilience of activities for collecting and processing waste, play a central
waste management system as well as other urban technicable in this self-organisation capacity. During flooding, water
system$, by means of theoretical modelling and its applica- degrades everything it touches, thereby producing very im-
tion on a study site. portant quantities of waste. Blocked infrastructures, attacks
on health and environment, psychological impacts, and dete-
rioration in the area’s image are the impacts made by poor
1 Introduction management of this new waste. Therefore, adapting waste
management systems and anticipating flooding contributes
Improving the resilience of urban areas against flooding isto improving urban area resilience (Beraud et al., 2011a).
one of the main principles for flood preventforin fact, A resilient waste management system must be capable of
towns and cities are areas that are particularly vulnerablgemaining in operation at acceptable levels during and after
when faced with this type of catastroph®amage to them the crisis. The word “acceptable” is understood to mean that
may weaken the way in which the area globally operatesthe missions for which the system was created can be main-
lina systemic vision of the city, urban technical systems com-.tamed' To ach!eve_ this, the sy_st_em m_us_t be capable of re_act-
' ing and adapting itself to variations in infrastructure avail-

bine all the user service systems that are essential for the city to bilitv. but. above all. to variations in the amount of waste
operate (electricity, water supplies, transport, sewerage, etc.). Thes tiity, but, v » (0 variall ! u ) W
2011b). To assess the resilience of

systems are generally organised in the form of networks (Coutard,pmduced (Beraud et al.,

2010; CERTU, 2005). a waste management system, we have to understand how the
2In May 2010, The United Nations Organisation launched a

worldwide campaign for helping cities to reinforce their resilience riod to another. However, here we shall use the terms “flood” and

against the effects of natural catastrophes. “flooding” generically for qualifying all the events belonging to this
3The characteristics of a flood (water height, duration, speedtype of fortuitous event. For application to a study field, we will

muddiness) are liable to vary significantly from one area and/or pespecify the characteristics of the event in question.
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Fig. 1. Organisation of a waste management system.

system works. Indeed, understanding this will then enable uslso be broken down into sub-chains (“glass” chain, “resid-
to define the system’s dysfunctions and, in this way, improveual household chain” chain, “WEEE” chain, etc. for house-
its resilience to flooding. Now, studying the way this type of hold waste). On a second level of analysis, each “chain” sub-
system operates is not easy (due to the number of differensystem is broken down into “waste management stage” sub-
parties concerned and their levels of involvement and to thesystems (pre-collectidncollection, storage, transformation,
different scales and sizes of area). A functional analysis confandfill, waste recovery; Fig. 1).

cept has been chosen in order to understand this complex- In the same way as other urban services (electricity, water
ity. After the method has been presented, it will be appliedsupplies, storage, and transport), a waste management system
to a theorical waste management system, then to an existinig organised in the form of networks. They possess infrastruc-
waste management system at Ivry-sur-Seine. The results dfires (roads, incineration plants, storage centres, etc.), also
this work will be presented in part three of this document.  called “support networks”, comprised of a number of points

2 Material and method

2.1 The waste management system: defining the study’s

objectives

A waste management system brings together all the activiti
concerning collecting and processing waste. It can be consi
ered as being a complex system, i.e. as tbject, which, in

a given environment, endowed with given aims, exercises a
activity and sees its structure develop as time goes by with
out it losing its one and only identity(Le Moigne, 1977).

It is composed of subsystems that correspond to the differen‘{J
waste management chains or channels. These chains co

or nodes and a network. These points correspond to dis-
tinct, differentiated entities that are support points for the net-
work’s activity (waste production sites, incineration plants,
storage centres, etc.). They are the places where the parties
involved (owner, entrepreneur, administrator, etc.) think out
their actions, that is to say, the places where an individual
e9r collective will to create relationships with another point
{Or person involved is born (Dupuy, 1991). This infrastructure
supports the material flows (waste, secondary raw material,
gtc.) and immaterial flows (information, regulations, etc.) re-
quired for providing the service (Blancher, 1998; Gleyze,
2005; Martinand, 2001). All the interactions between these
ifferent points creates a structure (or a “grid”) that is spe-
rﬁi_fic to the system (Gleyze, 2005). Providing the required

bine all the activities needed for handling a single type of  4pre-collecting covers all the operations for transporting waste
waste (household waste, economic activity waste, buildingrrom its point of production to the point where waste is taken in
and public works waste, medical care waste, etc.). They cahand by the collection entity (Le Bozec, 1994).
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service relies on a general organisation encompassing the iref the system (constituent elements, environment, relation-
frastructure and the structure, called the “service network”ships) and calling on two tools: the functional block diagram
(Blancher, 1998; Gleyze, 2005; Martinand, 2001). Together,and the functional analysis chart (Zwingelstein, 1996).
all these different constituent elements form the waste man-
agement system. 2.2.1 The tools

For this reason, a waste management system is an ex-
tremely complex system that is composed of several Sub:l_'he functionf';\l blqck diagram is the principal tool in func-
systems that correspond to the different waste manageme#onal analysis. It is a representation of the system, the sys-
chains and which are organised in the form of a network. Totem’s outside environments and the interactions that irrigate
be able to study it in terms of reliability, a detailed study must it- It enables functions to be identified by examining the flows

be made of the dysfunctions in every “chain” subsystem. ~ that put the different constituent elements in relation with
each other and with the environment (Peyras, 2002). This is

2.2 Purpose and interest of functional analysis done by means of a structural analysis that enables a detailed
understanding of the system’s general framework to be ac-

Functional analysis has already been used in an exploratorguired. The functional analysis chart ensues from the func-

way on socio-technical systems (Zihri, 2004; Maiolini, 1992; tional block diagram. It presents the functions carried out by

Barrere-Lutoff, 2000; Lhomme et al., 2010), and on other the system depending on the constituent elements concerned

complex systems (Peyras, 2002; Serre, 2005), but never o(Peyras, 2002). In this wayaflocation of internal functions

a waste management system. This method of understanding the different elements (...) enables the “who does what” to

of how the system operates is derived from reliability assessbe defined, and thereby a check to be made to ensure that all

ment methods. Reliability assessment is concerned by makthe functions required are provided. In the other direction,

ing an entity capable of meeting one or more functions re-this is a relationship that enables any possible dysfunctions

quired for it to operate correctly (Villemeur, 1988). To do in these elements to be linked with behavioural disturbances

this, the concept proposes methods for analysing potentig(...) [in the system](AFNOR, 2004).

failures in a system should an accident occur (Zwingelstein,

1996). The first step in all these methods is to become fa2.2.2 Two levels of analysis

miliarised with operating modes under normal conditions

(Noyes and Bres, 2007). Functional analysis is an interest- After describing the system studied and its boundary defined,

ing tool in this respect, as it makes it possible tmderstand ~ functional analysis can begin.

and make a synthetic description of the way in which the sys- ) )

tem under study operates: it defines its limits, its environ-EXtérnal functional analysis

ment and its constitution and it searches for the funcfions ' . .
that the system providegPeyras et al., 2006b). As such, it The first stage consists of understanding why the system ex-
o ' ' | _ists. To do this, on the one hand we must bring out any rela-

systematically and exhaustively establishes functional rela—tionshi < that exist between two elements outside the svstem
tions both inside and outside the system. This then enables a b y

o . and which pass through the system itself. These relationships
study to be made of the possibilities of any dysfunction and . : )
) . are supports for the main functions that express the system’s
their consequences (AFNOR, 2004). After functional analy- ", ™ : ;
. . : objective. They correspond to the relationships created by
sis, the FMEA (Failure Modes and Effects Analysis) method I . ) .
. : . . . the organisation between certain of its constituent elements
is generally used. This method is an interesting way to assess : . . :
. : ; . . and the outside environment. On the other hand, interactions
failure in a system. But, in this work, it has not been used \ . . )
: . between the system’s constituent elements and outside envi-
because it was too unwieldy.

. : ronments must also be determined. These interactions reveal
There are several models of functional analysis depend-

ing on the type of the system under stfdg@ne of them, the constraint functions and these functions express the require-

APTE method (APplication aux Techniques d’Entreprise) is rznoeonzt)s of an outside element in relation to the system (Peyras,
frequently used for analysing failure modes (Serre, 2005). It '

has the advantage of carrying out a structural analysis bernternal functional analysis

fore doing the functional analysis, i.e. making a description

Secondly, the flow movements through or inside the system
and its constituent elements must be determined. These flows
elements expressed in terms of finality. define the functions that enable the system to attain its objec-

6There are three main families of functional analysis: analysest've anq in this way give a descrlptlon Of the system’s mternal
based on value analysis techniques (Reliasep; FAST, Den, APTEOPeration (Peyras, 2002). The definition of these functions
and other methods), analyses applied to information technology ang§ould be run at several granularities depending on the needs
software (SADT, ASA, and other methods), and analyses applied t®f the study. Indeed, each constituent elements of the sys-
organisations (MESIRE and APTE method; Zwingelstein, 1996). tem can operate as a subsystem of the system. It also can be

SHere the term “function” is defined in the sense of standard
NF X50-150, i.e. the action of a product or one of its constituent
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Fig. 2. External functional block diagram of a waste management system.

broken down into components. So different analyses couldogether under three titles that correspond to the main mis-
be run at small granularities or large granularities if requiredsions in common to all waste management chains: managing
(Peyras et al., 2006a). It needs to find the appropriated scaleaste in a way that suits the type of flow, limiting impacts
of analyse according to the objectives’ study. on the environment and guaranteeing that waste management
Once the granularities defined, each level of the systentreatment is maintained (continuity of service, obligations in
must be described (structural analysis). Lastly, interactiongerms of sanitation and public safety; Beraud et al., 2011c).
between constituent elements or with outside environmenihe way in which the “household waste management chain”
must be determined. These interactions are the flow movesubsystem operates internally must enable these main mis-
ment which define functions. sions to be carried out.
For these reasons, this method has been applied to a waste
management system. The main results of this analysis ar8.1.2 Internal functional analysis

presented below.
Granularities and structural analysis

3 The usefulness of functional analysis for improvinga  The “household waste management chain” subsystem deals

waste management system’s resilience to flooding with household waste: residual household whsgéass, pa-
per, etc. It could even be broken down into “chain” subsys-
3.1 Applying a functional analysis tems. However, with a concern for simplicity, it has been de-

cided to limit the study to a “household waste management
To provide an example, the functional analysis concept haghain” level, and to consider that all household waste is pro-
been applied to a subsystem of the waste management sygessed in the same way.
tem: the “household waste management chain” subsystem. The subsystem is broken down into six subsystems that
The procedure is the same for all the other subsystems.  correspond to the six stages in household waste manage-
) ) ment: pre-collection, collection, temporary storage, transfor-
3.1.1 External functional analysis mation, landfill and waste recovery. It is linked to elements

h in f . d ints h b defined bfrom the outside environment through which and for which
The main functions and constraints have been define Yt exists: waste producers, society in general, the world mar-

studying .the relationships existing between the .subsystenp(et’ regulatory authorities (State, EU, decentralised state ser-
and outside elements (waste producers, regulating author(-

. h . Z21Fia. 2). Thev h b b h Vices, etc.) organising authorities (regional councils, eco-
ties, the environment, etc.jFig. 2). They have been brought organisms, etc.), companies that use secondary raw mate-

"For example: MF1: Meeting society’s expectations in terms of rials, serylce proylder an.d the gnVIronment (B'eraud et al.,
sanitation, health and safety; MF2: limiting effects of waste on the 201;0; F|g._3_). This organisation is based on an infrastructure
environment; MF3: inciting producers to reduce the waste they genihat is specific to every sub-system, and which corresponds to
erate by means of different standardisation and rule-making toolsthe different stages of waste management, comprising a road
CF4: taking account of world market evolutions for choosing the
system process; CF6: meeting control organisation requirements; 8Residual household waste represents all household waste from
CF7: complying with regulations. which the recoverable part has been removed.
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Fig. 3. Organisation of a subsystem of the waste management system, the “household waste management chain”.

environment. As shown above, these relationships define the
Infrastructure of Site : Garage functions that enable the system to carry out the missions
« collection agent » for which it was created. Each function is supported by a
relationship that can be materialised by a flow or a link.
Technical resources On the level of the “household waste management chain”
subsystem, eight types of relationship have been defined:
waste flows, financial flows, information flows, the “pres-

Personnel | |Activities

Site : Decision-making sure” link, the contractual link, the control link, material
point flows and nuisance flows. Each subsystem in the “household
| Personnel | | Activities | waste management chain” subsystem generates relationships

with another subsystem. To illustrate this, the “transforma-
tion agent” subsystem establishes 12 relationships (seven in-

| Technical resources |

% formation flows, two waste flows, one financial flow, one
contractual link and one nuisance flow) corresponding to

Site : Operational centre nine functiond (Fig. 5). In parallel, eighteen relationships

| Personnel | |Activities | with this same involved party are generated by the other con-

stituent elements in the subsystem (five information flows,
four constraint links, three waste flows, to financial flows,
one contractual link, one control link, one material flow and
one nuisance flow) corresponding to the eighteen functtons
) ) o (Fig. 6). The fact that the “waste management chain” subsys-
Fig. 4. Example of an infrastructure’s organisation. tem carries out sixty-three functions enables it to achieve the
missions for which it was created.

On afiner scale, relationships are also established between

system, sites for producing, collecting, treating, eIiminatingthe constituent elements in the subsystems of the “household
and recovering waste and sites for organizing the activity (op-

erational centres and decision-making points). Each of these 9For example: FI5: being in contact with partners in front of and

Slt.es POSSESSES an orggnlsatlon and resources that are Spe%fé‘ﬁind waste management in order to manage evolutions in waste
to it and which enable it to carry out its mission (personnel,ﬂows; FD6: Once it has been transformed, sending waste to its en-

| Technical resources |

technical resources, management, etc.; Fig. 4). ergy recovery facility; FC4: concluding service or supply contracts
] . for carrying out the activity.
3.1.3 Internal functional analysis 10For example: FI2/FI8/FI11/FI14: being in contact with partners

in front of and behind waste management in order to manage evolu-
To define this means of operation, the role of each constituenions in waste flows; FIC2: having regulations followed concerning
element in the subsystem has been analysed by studying itgaste storage; FD4/FD5: sending waste to its point of transforma-
relationships with the other elements and with the outsidetion.

www.nat-hazards-earth-syst-sci.net/12/3671/2012/ Nat. Hazards Earth Syst. Sci., 12, 363a82 2012
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Fig. 5. The functional block diagram of relationships generated by a “transformation agent”.

waste management chain” subsystem (for example, the “col3.2.1 The capacity to operate in degraded mode

lection agent” subsystem). Four types of relationship have

been defined: information flows, financial flows, material It would appear that a waste management system needs to be
flows, and mixed flows (information and material; Fig. 7). resilient in view of its impact on how urban systems oper-
Except for a few cases, these relationships are similar fronfte and how they are kept in operation. Therefore, a techni-
one subsystem to another. Indeed, infrastructures are almo§g! urban system can be resilient if it succeeds in reducing
identical between the different agents. To operate, they genthe urban system’s requirements and operating in a degraded

erally mobilise the same type of resource and thereby generhode in this way. Maintaining all functions in running order
ate similar functionL. is not always necessary. Alternative solutions may be found.

The system itself may be led to evolve with the catastro-
3.2 The usefulness of functional analysis for studying phe and to modify its missions. However, contrary to most
the waste management system’s resilience technical urban systems where service dictates flow, in the
case of the waste management system, flow dictates service.
The waste management system’s resilience has been definggtoduction of waste takes place upstream from the service.
above as being its capacity to react and adapt itself to variTherefore, maintaining degraded operation means adapting
ations in availability and in operation of its infrastructures, itself to requirements, more than any other technical urban
but, above all, to variations in the amount of waste pro-system. Now, for a waste management system, requirements
duced. In an article, Barroca et al. (2012) define this as beingannot be reduced, because flooding generates extremely im-
the conjunction of three factors: territorial resilience, i.e. a portant quantities of waste. Therefore, it will probably be in-
propensity for the system to be mobilised on larger scalessyfficient for the waste management system to diminish its

correlative resilience, i.e. the capacity to reduce needs and teequirements and reduce its activity in this way. It will need
operate in degraded mode, and, lastly, functional resilienceyo adapt itself.

which corresponds to the capacity to make a system operate
reliably (Barroca et al., 2012). 3.2.2 The capacity to maintain acceptable operating
levels

Questioning the system’s capacity to maintain an acceptable

operating level compared with the functional solicitations

made on it requires understanding the way it operates, and
LFor example: FF.1: remunerating personnel; FF.2: purchasingherefore calling on functional analysis.

and renewing equipment required for the activity; FI.3: handling

evolutions in the quality and quantity of waste flows.
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Fig. 6. The functional block diagram of relationships generated by other constituent elements toward a “ transformation agent ” subsystem.

Generically, in view of the results already presented, flood- Functional analysis allows one to study the system’s ca-
ing may have consequences on all the constituent elemenfsacity to maintain acceptable operating levels. This is main
in the waste management system (Fig. 8): flooding of col-stage of system resilience analysis. Therefore, using func-
lection, processing or organisational infrastructures, unavailtional analysis for studying the way in which a waste man-
ability of personnel or equipment, modifications to functions, agement system operates appears to be interesting. Indeed, it
even changes in main missions due to evolutions in infrasenables work to be done on increasing the operational relia-
tructure availability, or to the nature and quantity of the wastebility, which is the system’s main resilience factor. Let us try
flow. Even if disturbances to the way the waste managemento apply this method to a concrete case, the waste manage-
network operates are, above all, clearly linked to any directment network of the urban district of Ivry-sur-Seine.
damage caused to the infrastructure due to flooding, or to its
incapacity to adapt to the new flow of waste, they may have
other origins. Indeed, it would appear that flooding can act? Assessment of the resilience of the “household waste
directly on the system’s organisation by modifying its main ~ Management chain” subsystem of the urban district
missions because of new requirements, new priorities or out-  Of Ivry-sur-Seine by means of a functional analysis
side partners’ changes in objectives. Consequently, all the ) )
functions can be disturbed by dysfunctions in the system. 41 C_on_cernlng the reIev_ance of working on the urban

Once these dysfunctions are highlighted, it is possible to district of lvry-sur-Seine

determine if the system will be able to maintain acceptab.lelvry—sur-Seine is an urban district on the outskirts of Paris,

Xwhich is significantly exposed to flooding by the River Seine.
Its flood zone plays a central role in its development and its
dynamics. In fact, the zone is the home of almost half the
town'’s population and a major part of its economic activities.
This situation should become increasingly important over the

A system is also resilient if it is able to adapt itself to pertur- Next few years as a significant urban renewal project (lvry
bation. Therefore, waste management system’s resilience cgaonfluences) plans for the arrival of 10000 inhabitants and
be assess by its capacity to mobilise others waste managéreating 20 000 jobs. Now, a major flood on this area would

ment infrastructures on a larger scale. This capacity allowgProbably last for several weeks with water levels reaching
system to deal with waste produced by flood. a height of 2m in certain are¥s Therefore, improving the

area’s resilience would appear to be primordial for the town’s

to mobilise outside resources.

3.2.3 The capacity to mobilise outside resources:
territorial resilience

12The reference flood for this area is the 1910 flood.
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Fig. 8. Consequences of flooding on the waste management system.

long-term existence. In this context, making the waste manin a way suited to the type of flow, (2) to limit impacts on
agement system resilient appears to be relevant. To do thignvironment and (3) to ensure that waste management pro-
we need to measure what dysfunctions are liable to occucessing can be continuously maintained.

because of flooding. Like all other urban districts, Ivry-sur-

Seine is responsible for managing the household waste pro4.2.2 Internal functional analysis

duced by its inhabitants. As it is responsible for public health

and safety in the context of local police responsibilities, it Structural analysis

will also be in charge of cleaning the area after flooding. For

these reasons, the method presented above has been appliatthe town of Ivry-sur-Seine, the “household waste” chain
to the “household waste management chain” subsystem. Inis organised in eight flows (residual household waste, multi-
terviews were held with local parties involved in waste man- materials, newspapers/magazines, glass, hazardous house-

agement for obtaining the information required. hold waste, large objects and electrical/electronic equipment
) ) ) waste). The urban district is in charge of pre-collecting and
4.2 Analysis of the way in which the Ivry *household collecting this type of waste. These two stages have been
waste management chain” operates by means of the  gejegated to private companies, Plastic Omnium for pre-
functional analysis collection and OTUS for collectidd. As far as processing

421 External functional analysis responsibility is concerned, it has been transferred for all

The external functional analysis is similar to the one carried 13gyen so, certain waste is collected by the urban district (time-
out above (Sect. 3.1.2). The main mission of the “householdwork) in the context of road-cleaning: hazardous and large-sized
waste management chain” subsystem is (1) to handle wasteousehold waste and electrical/electronic equipment waste.
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Fig. 9. The functional block diagram of the “residual household waste” chain.

waste flows (excluding gla¥y to an inter-municipal syn- Internal functional analysis
dicate, the syndicate for processing household waste in the
Paris area (SYCTOM). Once waste has been collected, th&he internal functional analysis has enabled thirty-six func-
SYCTOM deals with organising its processing and transfor-tions supported by about fifty relationships to be brought
mation for landfill or waste recovery. Waste is sent either toto light (Fig. 9). This mode of operation relies on an in-
processing facilities belonging to the SYCTOM, but man- frastructure organised around the five management sites: the
aged by a service provider, or to facilities belonging to out- Ivry Town hall, SYCTOM'’s premises, the Plastic Omnium
side companies with which the SYCTOM has contracts. site, the OTUS operating unit and the Ivry-sur-Seine incin-
In order to analyse the way this network operates in moreeration plant. As described above, relationships are created
detail, all the chains comprising it must be modelled by between the different constituent elements (personnel, equip-
means of a functional analysis. This stage has been carriethent, management, etc.) on each of these sites, and it is these
out for each one of them. The article presents a number of rerelationships that enable the system to carry out its missions.
sults concerning the residual household waste chain (RHW). This model can be reproduced for all the “chain” subsys-
The chain is organised on the basis of three stages: prgems inthe “household waste management chain” subsystem.
collection, collection and waste recovery. Once it has been
collected, waste is transported directly by truck to the energy4.3  Characterising the resilience of Ivry’s waste
upgrading site, without any intermediate storage. Residual ~ Management system: applied to the “household
household waste is incinerated in the Ivry-sur-Seine house- ~ Waste management chain” subsystem

hold waste incineration plant belonging to the SYCTOM ) _
and managed by SITA. This plant enables waste to be upAfter modelling has been done, questions can be put concern-

graded using the waste-to-energy concept. The steam prdg IVry-sur-Seine’s “household waste management chain”
duced feeds the urban heating network belonging to thées'“('?‘nce.-_ThIS capacity will be put into question by means
“Compagnie parisienne de chauffage urbain” (CPCU). of the resilience factors brought to light in Sect. 3.2.

4.3.1 The capacity to function in degraded mode

In view of what has been said above (Sect. 3.2.1), the sys-

14For glass, the urban district has signed a contract directly withtem’s capacity to maintain an acceptable level of operation
St-Gobain, the company that acquires used glass. in degraded mode appears too insufficient. Indeed, it is true
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Fig. 10.Consequences of flooding on Ivry’s waste management system.

to say that the volumes of waste produced during past catast.3.3 The capacity to mobilise outside resources:
trophes are generally the equivalent of 1.5 to 15 yr of normal territorial resilience
waste collection (Brown et al., 2011; Robin des Bois, 2007,
2010). By making a low assessment, as seen in New Orleanks the present case, if the Ivry area was the only one to be
and Dresden (between 1.5 and three years’ collection), th@ffected, it is highly probable that waste management sys-
volume of waste produced by the River Seine flooding the urtem infrastructures that cover a much larger area than just
ban district of Ivry-sur-Seine could be approximately 33000 Ivry could face up to this production. However, the whole
to 67 000%°. In view of these volumes, it is highly probable of the lle-de-France area would be affected by the River
that the system cannot maintain acceptable operating levelsSeine flooding, which would probably generate between 9
and 18 miot of new wast®é. Therefore, the capacity of the
4.3.2 The capacity to maintain acceptable operating waste management system to absorb this additional produc-
levels tion as well as its “normal” production would appear to be
doubtful. How can the thousands of refrigerators, vehicles
Putting this capacity into question means listing all the dys-or mattresses, the tonnes of polluted sludge that this type of
functions that are liable to be encountered (Fig. 10). For thiS,ﬂOOding is liable create in just a few days be handled, when
constituent elements of the SyStem or of the environment eXSevera| months’ or even several yearsy are needed to reach
posed to flooding were listed based on functional analysis. these guantities under normal conditions?

This analysis shows the high number of waste manage- ynder the present circumstances, there appears to be a
ment infrastructures exposed to flooding. Even if they arejarge number of dysfunctions. Now, infrastructures’ reaction
not all directly flooded, this will be the case for their ac- and adaptation capacity is essential for the system to be able
cesses, Wh|Ch W|“ make |t d|ﬂ:|CU|t for their miSSionS to be to Continue Carrying out |ts missionsl H|gh infrastructure un-

carried out successfully in flood and post-flood periods. In-ayailability levels will give Ivry’s waste management system
deed, unavailability of some system constituents complicategery fittle resilience.

achievement of system functions identified during functional
analysis.
Nevertheless, the capacity to adapt cannot be put int& Discussions on results
question solely on the scale of Ivry and its area. The local
waste management system is a part of a much larger systerthe method used and the results obtained reveal a certain
which must be incorporated into the resilience analysis. number of limits that need to be discussed. Firstly, the func-
tional analysis was applied to the waste management sys-
tem theoretically, without carrying out a complementary field
study. In fact, the decision was taken to make the system’s
15Annual production of household waste in the urban district of Operational model reproducible for all the different chains
Ivry is 22 283t (2009). Annual production of household waste for (household waste, building waste, hazardous waste, etc.) ir-
the wholelle-de-France area is about 6 miot (2005). respective of the study area. This reflection gives rise to a
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number of different points of view, as organisation is differ-  This work also stresses the importance of reflecting
ent depending on the chains and areas under consideratiamn a system’s resilience on different levels. Even if the
(parties involved, regulations, processes, etc.). However, theollection agent's area of action is the urban district, the
important thing was not to be exhaustive in terms of opera-processing agent’s area is regional. Therefore, reaction and
tions, but to have a generic model that is sufficiently accu-adaptation capacities are extremely variable. Now, it is by
rate to serve as a basis for functional analyses applied to spéhorough knowledge of the way the system operates that
cific cases. Theoretical modelling is an indispensable toolthis characteristic can be brought to light. Consequently,
however, it is also important to take territorial and contextualthese observations clearly show the need to have detailed
factors into account. Depending on the areas, the parties inknowledge of a system in order to work on its resilience and
volved have roles and responsibilities that are liable to varyfunctional analyses contribute to this.

Therefore, modelling must be seen as a guideline that en-
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functions ensue from empirical, theoretical reflections based

on experience feedbacks and interviews. They show an inter-

esting potential, but which is only validated by a single caseRéferences

study at present. Therefore, the method needs to be teste'&iF

) . . e NOR: Management par la valeur et ses outils, Analyse fonc-
further on different cases in order to identify its limits. g P Y

tionnelle, analyse de la valeur, conceptiarobjectif dsigre,

AFNOR, Coll. Recueil Normes, Saint-Denis, 294 pp., 2004.
Barrere-Lutoff, C.: Le systme urbain nigcois fac@ un €isme,

Méthode d’analyse des enjeux et des dysfonctionnements poten-

- . tiels, Universié de Savoie, 368 pp., 2000.
A resilient waste management system is a system capablganoca, B., Serre, D., and Diab, Y.: Le concept dsiliencea

pf remaining in op_eratlon over t|m§, and therefore of regct- I épreuve du gnie urbain, Vertigo, 12, no. 1, 2012.

ing and adapting |t§elf to dysfunctions caused by ﬂ.OOd'ng-Beraud, H. Barroca, B. and Hubert, G.. De l&cassaire

Its mode_ of o_p_eratlon must be plearly u_nde_rsto_od in order prise en compte duéseau de gestion dechets dans les

to make it resilient. Now, due to its organisation in the form  straggies d’arélioration de la ésilience des territoires urbains

of different chains, a waste management system is extremely aux inondations, Soéfés et catastrophes naturelles, &nis,

complex to model. For this reason, the functional analysis 30 September-1 October 2010, 2011a.

concept was chosen to alleviate this difficulty, as it is Capa_BeraUd, H., Barroca, B., and Hubert, G.: Assessing the resilience of

ble of making the way complex systems operate understand- urban technical networks: from theory to application and to waste

able. It succeeds in this task by making a virtually systematic Management, How the concept of resilience is able to improve

inventory of all the functions required for these systems to urban risk management?, A temporal and spatial analysis, Paris,
. . . . . 3—4 November 2011, 2011b.

carry out their main missions. After making this inventory,

h , .\ . h h liabl Beraud, H., Barroca, B., Serre, D., and Hubert, G.: Making ur-
the system's sensitive points — those that are liable to gener- ban territories more resilient to flooding by improving the re-

ate dysfunctions — can be identified. For this, it is necessary gjjience of their waste management network, A methodology for
to identify constituent elements of the system or of the en-  apalysing dysfunctions in waste management networks during
vironment that exposed to flooding. If these components are and after flooding, ICVRAM 2011 and the International Sym-
exposed to flooding, some functions will not be achieve. In  posium on Uncertainty Modeling and Analysis, ISUMA 2011,
conclusion, functional analyses appear to be an interesting Hyattsville, 11-13 April 2011, 2011c.

tool for clarifying the way in which complex socio-technical Blancher, P.: Risques, ville eeseaux techniques urbains, in:
systems such as waste management system operate, and the)Risques et&seaux tech.niques urbains, edited by: Blancher, P.,
make it possible for work to be done on improving their re- _ Certu, Coll. Cebats: Environnement, Lyon, 13-24, 1998.
silience. Brown, C., Milke, M., and Seuville, E.: Disaster management: A re-

Applying this method to the Ivry-sur-Seine area has en- view article, Waste Manage., 31, 1085-1098, 2011.
pplying Y CERTU: Reduire la vulierabilitt des eseaux urbains aux inon-

abled, the sys'tem’s sensitive _pOims_ to be.highlighted.on the dations, Minisére de [Ecologie et du éveloppement durable,
area in question, then to estimate its resilience in this way. payis 112 pp., 2005.

Indeed, we showed that (1) the “household waste managecoutard, O.: Services urbains: la fin des grareaux ?, in: Ecolo-
ment chain” has to face extensive production of waste flood, gies urbaines, edited by: Coutard, O. aréhy, J.-P., Economica,
but (2) it is not able to maintain acceptable operating lev- Coll. Villes, Paris, 102-125, 2010.

els because its infrastructures are exposed to flooding, anBupuy, G.: Lurbanisme degseaux: thorie et néthodes, Armand
() its capacities to mobilise outside resources are uncertain. Colin, Coll. U. Geographie, Paris, 198 pp., 1991.

Therefore, we concluded the “household waste managemeﬁ%'eyze‘ J.-F.: La vulerabilite structurelle destseaux de transport
chain” is not resilient to flooding. dans un contexte de risquesé@raphie, Universit Paris 7 —

Denis Diderot, Paris, 539 pp., 2005.

6 Conclusion

www.nat-hazards-earth-syst-sci.net/12/3671/2012/ Nat. Hazards Earth Syst. Sci., 12, 363a82 2012



3682 H. Beraud et al.: A resilience improvement tool applied to a waste management system

Le Bozec, A.: Le service élimination des ordures @magres. Or- Peyras, L., Royet, P., Salmi, A., Salembier, M., and Boissier, D.:
ganisation — cbts — gestion, L'Harmattan et Cemagref, Paris et  Etude de la 8re€ de fonctionnement d’'un a@nagement hy-

Anthony, 460 pp., 1994. draulique de gnie civil. Applicationa des ouvrages de protection
Le Moigne, J.-L.: La thorie du sysime @réral. Tteorie de la contre les inondations de la Ville ddiNes, Revue eur@enne de

mocklisation, PUF, Coll. Sysimes — [&cisions, Paris, 258 pp., génie civil, 5, 615-631, 2006b.

1977. Pumain, D., Sanders, L., and Saint-Julien, T.: Villes et auto-
Lhomme, S., Serre, D., Diab, Y., and Laganier, R.: l&=eaux tech- organisation, Economica, Paris, 191 pp., 1989.

niques face aux inondations ou commeéfinir des indicateurs  Robin des Bois: Bchets post catastrophe: risques sanitaires et en-

de performance de cesseaux pougvaluer la ésilience urbaine, vironnementaux, GEIDE, 300 pp., 2007.

Bulletin de I'Association de gographes francais,&8graphies, Robin des Bois: Lesé&thets de la tengte Xynthia, 110, 2010.

4, 487-502, 2010. Serre, D.: Evaluation de la performance des digues de protection
Maiolini, J.-L.: Sireg de fonctionnement degseaux urbains. Deux contre les inondations, M@tisation de criéres de écision dans

études de cas : leg@seaux d'alimentation en eau potable et les  un Syseme d’Information @ographique, Univergétde Marne-

galeries techniques visitables, Ecole des Ponts ParisTech, Paris, la-Vallée, 363 pp., 2005.

41 pp., 1992. Villemeur, A.: Sireé de fonctionnement des sgsies industriels,
Martinand, C.: La miurise des services publics orgagss en Fiabilitt — Facteurs humains — Informatisation, Eyrolles, Coll.

réseaux, Avis du conseéiconomique et social au cours de sa  Etudes et recherches d’Electriide France, Paris, 795 pp.,

seance du mardi 24 avril 2001, La documentation frangaise, 1988.

Paris, 123, 2001. Zihri, G.: Risques s aux ouvrages souterrains: constitution d’'une
Noyes, D. and Eres, F.: Analyse des syshes, 8re€ de fonction- échelle de dommages, Doctorat sous la direction @eiécivil,

nement, Techniques de I'légieur, p. 14, 2007. Institut national polytechnique de Lorraine, Nancy, 226 pp.,
Peyras, L.: Diagnostic et analyse de risqués ku vieillissement 2004.

des barrages. &eloppement de éthodes d'aide& I'expertise, Zwingelstein, G.: La maintenance Ig&ssur la fiabilié: Guide pra-

Universié Aix-Marseille 11, 199 pp., 2002. tique d’application de la RCM, Heres, Coll. Diagnostic et

Peyras, L., Royet, P., and Boissier, D.: Dam ageing diagnosis and maintenance, Paris, 666 pp., 1996.
risk analysis : Development of methods to support expert judg-
ment, Can. Geotech. J., 43, 169-186, 2006a.

Nat. Hazards Earth Syst. Sci., 12, 36713682 2012 www.nat-hazards-earth-syst-sci.net/12/3671/2012/



