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ABSTRACT

Water resources management is a worldwide challéargthe 2f' century. Water resources
management in urbanized cities raises the questiccohabitation between the collective
wastewater services and the individualized systdings, an objective measure of efficiency
is required: this can be done by evaluating thelle¥ provided service instead of evaluating
the means available themselves. For several dec#ldesemergence of new alternative
technologies has been raising the question of cesvefficiency offered by traditional
technologies used in drainage management. Thistignes emphasized by the need for a
global management of wastewater systems and thHetevoof legislation, from discharges
standards ("emission based") to standards in emwiemt acceptance capacities ("immision
based"). Integrating these impacts becomes a smgestep in order to plan sustainable
drainage decisions. In this context, a methodologymed BASR', is proposed to support
wastewater management strategies. This methodolsgyapplied on the SIVOM
(Intermunicipal Union with multiple vocations) ofi¢ Mulhousian agglomeration (Alsace,
France). This study is conducted with a close bolation of local authorities, of the
“Lyonnaise Des Eaux” (Mulhousian manager) and oflstakeholders (associations, Water
Agency, etc.).
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INTRODUCTION

Water resources management is a worldwide challdogahe 2% century. The United
Nations’ Commission on Sustainable Development (CH[@ncourages better governance at
all levels and promotes regulatory frameworks tatgut aquatic and terrestrial environments,
requiring an active implication of all stakeholddrsthis respect, the Ministerial declarations
from the Third and Fourth World Water Forum tendréinforce the role of local public
utilities. These declarations also encourage lecdhorities to recognize that an effective
collaboration with and between all stakeholdera grimary key for reaching water—related
challenges and goals (ISO/FDIS 24511, 2007).

The water resources management in urbanized citisges the question of cohabitation
between the collective wastewater services andhttieidualized systems. Thus an objective
measure of efficiency is required: this can be doypevaluating the level of provided service
instead of evaluating the means available themseler several decades, the emergence of

! Evaluation, Decision, Action, Survey and Retraauti
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new alternative technologies has been raising tlestpn of services efficiency offered by
traditional technologies used in drainage managerftéald et al., 1997). This question is
emphasized by the need for a global managemenastewater systems and the evolution of
legislation, from discharges standards ("emissi@sed”) to standards in environment
acceptance capacities ("immision based") (Fuclad.e1997; Stahre, 2006 ; Villareal, 2005 ;
Novotny & Brown, 2007). Integrating these impactetimes a necessary step in order to plan
sustainable drainage decisions (Chatal, 2007).

In this context, a methodology namegdA&ER is proposed to support these evolutions. This
methodology supports wastewater management bygakito account local characteristics
and expectations, and considering logic of perforcea(results objectives). This approach,
derived from methods used in industrial quality agegment, is based on the continuous
monitoring of the gap between provided service asdrs expectations. The methodology
EpAsR is composed with five steps, presented in figure

Evaluation: definition of indicators and
assessment of the level of provided service.

v

Decision: definition of the objectives to reach for the
wastewater system and definition of the survey to set up in _
order to verify the accomplishment of these objectives.

v

Action: choice and application of the scenarios
which respond to the objectives and setting up <
of field measurement campaigns.

1 Retroaction: actions required to

adjust project, program, models or
objectives when needed.

Survey: continuous evaluation of *
the system and comparison to
defined objectives.

Figure 1 Five steps of the;BEsR model: evaluation, decision, action, survey,oattion.

The originality of this contribution is the devetlopnt of a methodology aiming at an efficient
management, based on a local empirical relationships relation can be adjusted by
retroaction with the constant monitoring of the lgyaand thus, allows an insurance quality
of the wastewater management.

In this paper, the F#AsR methodology is introduced in the first sectiomerne its construction

is explained. The second section illustrates a pérthe methodology for the SIVOM
(Intermunicipal union with multiple vocations) dfie Mulhousian agglomeration (Alsace,
France). This illustration focuses on the functi®neserve uses of water bodies” and more
especially on river bathing. The methodology arsdaipplication are discussed in the third
section.

GENERAL PRESENTATION OF THE E pAsR METHODOLOGY

The BASR model aims at meeting the following objectives:

-To evaluate the wastewater system through albitierent functions:the efficiency of a
wastewater system must be considered globally €al@l005). Functions of wastewater
systems are presented in Table 1. TRA4R model is based on a holistic approach which
integrates water resources management, both thkeahand the anthropic systems, and also
all possible uses of the system (Mitchell, 199®)isTkind of response is required to overcome
the typical problems linked to fragmented water aggment (World Water Council, 2000).

2 Sustainable management of wastewater systems
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-To satisfy expectations of territory’s stakehoklersing local indicators understood by every
stakeholders enables them to express their exmertand thus to set up a common language
encouraging dialogue.

-To support the local utilities decisiongnanaging a wastewater system requires a
participative and negotiation-oriented institutibf@mework. The methodologyAsR is
developed in order to build a local model (représgnthe local wastewater system). This
local model enables the definition of objectivetated to local expectations and to the
capacities of the wastewater system.

-To guarantee a sufficient quality of servidbe model EAsR is based on the Deming
management method “plan-do-check-act” (Andersainal, 1994). Integrating quality
insurance involves a continuous evaluation of tiistesn in order to detect differences
between provided service and quality objectivesesehdifferences must be explained and
means to reduce them need to be considered.

To answer these objectives, we propose a five stepkodology, namedjAsR (Evaluation,
Decision, Actions, Survey and Retroaction); eadp gsee figure 1) is detailed in the sub-
sections below.

Evaluation

To evaluate the level of provided service by thesteaater system, a global vision of the

efficiency of the wastewater system is necessarg. dssessment of the system’s efficiency is
based on indicators classified by functions. THéedint functions of the wastewater system

are detailed in the following table:

Table 1.Functions to assess the efficiency of the wasewvsistem.

Functions Comments
Protect human health Evacuating pollution withaurtitary risk.
Protect against flooding Protecting people, stmgstugoods and infrastructures.
Preserve water bodies quality Protecting the watedies from acute and chronic pollution.
Preserve uses of water bodies Uses include wabphsuishing, bathing, walking, etc.

These nuisances include smells, noises, aesthdtigipn, collapses,
fraffic disruptions, etc. These nuisances may apgedng the steps of
construction, operation, maintenance or rehabitat

Avoid the nuisances induced by th
wastewater system and other risks

Guarantee an acceptable cost for tHavo costs are distinguished: construction cost Iotiog
system rehabilitation) and operation cost.

Guarantee a wastewater syste@rainage system should be easy to rehabilitateoorehovate and
easy to operate and to maintain  operation should be optimized.

Limiting the risk for the staff during their integations (inhalation,

Protect the health of the staff . . .
drowning, disease, explosion, etc.)

Guarantee a social, urban anédllowing equity of service, informing on the bersfiof wastewater

educational role system and educating people on the role of water.

i , .. Using technologies allowing the wastewater systemdapt itself to a

Maximize the adaptation capacity e ;
change of objectives or other changes, such asidichange or local

of wastewater system

changes.

The evaluation step of this methodology is simitathe methodologies suggested by Edlis
al. (2004) and Kennedyet al. (2007); however our methodology concerns the whole
wastewater system, integrating the scale of theitself instead of the scale of a specific
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urban operation. The wastewater system is charaeteiby the 10 functions introduced
above. Each function is defined by several indisatepresenting the different aspects of a
function. Two categories of indicators have bedmed:

- A final indicator is an indicator which must be understood by ewtakeholder in order to
develop local negotiation. Th&nal indicators are based on interviews with territory’s
stakeholders;

- An expert indicatoris required to complete information given bwgal indicators; for
example if dinal indicator has a long response time or needs a long peribd talibrated or
monitored, an expert indicator will be consideredhie mean time. This kind of indicator is
also used to connect final indicators to possibte®as on wastewater system.

Once indicators have been identified, the methagolallows, based on expert relations
named “effect-cause relationships”, to connectvidwgous actions on the wastewater system
to indicators which are representative of the tssobjectives. A second expertise allows to
build empirical relations, named “relationshipscofevolution”, estimating the efficiency of
these various actions. Because it is an imposs$dsk to locally and precisely model all
phenomena, these relationships are intended toagieneral trends as the best available
representations of the local phenomena. They debleshed by joining several sources of
information: literature review (including standaydkcal expertise and field measurement
campaigns. Local expertise depends on availablevieuge: expertise may come from the
wastewater system manager, from the services dfaiand surveillance, from scientists....
Field campaigns of measurements may be existingghmuld be planed. In fact, the
methodology is mostly based on local expertise fagld campaigns, and consequently the
proposed indicators are not intended to be stamsatar used in another location; this global
approach differs from those proposed by Guérin-8ictem and Brunet (2002) or Mates al
(2002).

Thus, the evaluation step includes more than alsienaluation; it involves the realization of
an empirical and simplified modelling of the waster system itself. An illustration related
to the function “Preserve uses of water bodiest] amore especially of the bathing uses, is
proposed in the next section (application on théhdusian territory).

Decision and_Action

The next stepgjecisionandaction can be divided as follows:

- First of all, local authorities define the objges based on local dialogue with all
stakeholders. Objectives concern théimato reach for final indicators and the weights
attributed to each final indicator. Based on relaghips of co-evolution, values for final
indicators can be translated into operational ebghens for the wastewater system.

- In parallel to the definition of the objectivameans to monitor these indicators must be
defined. In fact, in the scope of quality insurameanagement an objective cannot be use if
no monitoring is possible. Monitoring is required verify quality objectives and to
calibrate/validate the empirical model, which i tmajor difficulty (Brelot-Wolff et al,
1993). The definition of monitoring also means testablishment of expectations for
measured variables, measurements protocols, measoti®location, etc.

- It is then necessary to define the projects @nados which correspond to the required
minima Projects which do not fulfil these expectations adapted, or even eliminated if no
adaptation is possible.

- Between the selected projects, the project tolempnt is chosen using a multicriteria
method based on weights and values of each fundWatticriteria analysis enables to choose
the project which offers the best consistence ighoverall priorities of decision-makers.

4 Sustainable management of wastewater systems
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- Finally, the chosen scenario and the associagdd fnonitoring are set up. Scenario setup
includes a calendar of actions to apply to the ewaster system, and field monitoring

includes measurements locations and expected vdtussmplied that both the system and

the expected values to reach for are in a permasvahation.

Survey and Retroaction

The two last steps of thepEsR model aim at ensuring the quality of wastewa@wises.
This quality of service requires a continuous limkween needs and provided services. A
provided service is qualified as sufficient where theeds are satisfied. For example,
considering river bathing uses, the provided sergarresponds to the water quality. In this
case, a co-evolution relationship must be estatdidietween water quality and for example
the number of days per year where bathing is ples$ilmal indicatorsare meant to represent
these needs and are regularily measured and coohparebjectives. Figure 2 shows the
permanent survey of the gap between the providettseand the objectives to reach.

RETROACTIONS
A

Needs, desires Provided service

roaram — — Observatory of Object/
prog qualrty survey) service

4- Quality circle
pro iect =Involves defines
)

<+— Service quality assessment

Figure 2 Survey and retroaction of theAsR model are based on the continuous
improvement of the quality adapt from (Brelot, 1994

The continuous improvement of the quality can becdbed as follows:

- The needs and desiresncern all stakeholders involved in the wastewsystem. A general
typology was established in accordance with Jaegagteze’s works (1981), depending on
each stakeholder’'s position and membership (adsmtidirm, lobby, etc.). This functional
typology is presented in the case study (figureSsakeholders’ needs may change over time,
due to an external event (flooding, peak of pabhti etc) or a personal evolution of
sensitivity, implicating a change in the wastewatwices.

- The programaims at representing the specifications for thetewater system in order to
meet the needs. The program is highly related eédDtbcision and Actiorphase of BAsR
(definition of minimato reach and weights).

- The projectis the answer to the program selected (considaseoest available), including
actions and measurement campaigns. It is alscecklat theDecision and Actiorphase of
EpbAsR (project selection).

- The object or services the operating wastewater system itself, in taomtsevolution due to
the implementation of new objects or new actions.

- The provided services the impact of the operating of the wastewatestesy. Impacts
concern all stakeholders and the natural environniEme gap between the needs and the
service provided by the system corresponds to tladity.

- The monitoring of qualitys defined in the program and must assess contshyadiuthe
wastewater system respects the program and mor#watethe provided service responds to
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stakeholders’ needs. In case of an increasing iveggap — a negative derive - , retroactions
are required.
- The Retroactiostep concerns all the possible correction actions:

e First of all, if an exceptional stakeholder (natucet human) appeared, the time
estimated to reach the objective could be reviewed;the exceptional stakeholder has
been given irreversible damages, program must\bewed;

e Secondly, if necessary effect-cause relationships a@nalyzed and corrected or
modified. Corrections may concern modification m#nids or modification of actions
related to the wastewater system (for example,uaceoof suspended solid which has
been underestimated or omitted);

« Thirdly, final indicators are checked: if they appenot to be relevant to assess the
provided service, a new negotiation with all stakdars will be proposed;

« Finally, whether previous actions have been appbiedot, program must be reviewed
and then the project, including actions and measen¢ campaigns, must be adapted.
This will be facilitated if chosen technologies bkasufficient adaptation capacities.
Sustainable management involves that local autbesritpromote the function
“Guarantee a capacity of adaptation of the waswsistem”.

In the case of a positive derive (service provideateed the needs), if no exceptional
stakeholder appeared, final indicators and effaase relationships may be improved if
necessary.

The BASR model is therefore a complete methodological stpallowing the respect of

quality insurance in the field of wastewater systemanagement. The following section
illustrates an application of tievaluationstep of the model for the Mulhousian territory.

APPLICATION ON THE MULHOUSIAN TERRITORY

Presentation of the case study

This methodology is applied on the SIVOM (Intermaipal Union with multiple vocations)
of the Mulhousian agglomeration (Alsace, Franceg¢msha close collaboration exists between
the SIVOM, the “Lyonnaise Des Eaux” (Mulhousian rager) and 23 local stakeholders. The
Mulhousian SIVOM consists in the association ofddninistrative districts, and manages
750 kilometres of wastewater networks (Figure 3).

M sewage treatment plant b

i A =
® seweroverflow / » ¥ / II's Bathroom area

1 I
Sewernetwork g
{ {

= \Naterbodies
2km

Figure 3 SIVOM of the mulhousian agglomerationaltation (Alsace, France) and
description of the watewater system.
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This case study only concerns the function “Preserses of water bodies” as defined by the
Rhone-Mediterranean-Corsica Water Agency (1998)dwads with the river bathing uses in a
specific area called “llI's Bathroom area” (seaufig 3).

Setting up the function “Preserve uses of water bads”

Effect-cause relationships connect fireal indicator to possible actions on the wastewater
system, as shown in Figure 4. These actions airedaicing thdimiting factors which are
the local origins limiting the river bathing uses.

Gross Storm sewer «ll's Bathroom area » ,/’\I
Aesthetic pollution X PE-aly 1
p solids overflows % ‘)// /
L MULHOQUSE ". II
W\ /) /,’ 3
e

Silting up

Waste from N S
fish breeding Q
N $
N
Bathing Physico -chemical ’ Transparence Suspend Untreated
use quality solids wastewater DIDENHEIM * N BRUNSTATT

Washing of
farmlands |

\
N \
Bacteria defined by 1
Bacteriological the Code of the Sewage from
quality Public Health wwtp
(France) Upstrepaoie ZILLISHEIM\}L’

Figure 4 Effect-cause relationships for the bathiag on the “lII's Bathroom area” on the
SIVOM on the mulhousian agglomeration (Alsace, Eegn

®
FLAXLANREN
W 4 E

According to our local survey, bathing use appdarbde directly dependent on aesthetic
pollution, physico-chemical quality and bacteriotzy quality of water. These three aspects
must be fulfilled in order to guarantee bathing .u$éree kinds of arrows are being
considered: the size of the arrow represents tipeitance of the source and the influence of
the limiting factor on the final indicator. Concerg the studied area, bathing use is limited
by five upstream sources: the storm sewer overflde organic waste rejected by the fish
breeding farms, untreated wastewater directly tegeanto the river, washing of farmlands
and sewage rejected by the wastewater treatmanit pla

Each arrow defines empirical relationships of coletton, based on experts opinion,
literature review and field measurements. For msgaFigure 5 presents the relation between
gross solids pollution (one of the final indicatseected to measure aesthetic pollution in the
lI's bathroom area), and the number of combinedeseoverflows equipped with a screen
(which is one possible action on the wastewateesys
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Surface occupied
by gross solids per
m2 of water

surface Actual value: 5cm?2/m?2

Field measurments

Visible
polluton | L— T

70% : 18cso
Initial curve

Limited
pollution —
0,1cm2/m?2

Very low 30%: Othersorigins
pollution

18 .
(actualvalue) Increase of the number of cso with no screen 0

Figure 5 Relationship of co-evolution between giesgls (aesthetic pollution) and the
number of combined sewer overflows equipped wiscraen. Only gross solids superior to 1
cm? are taken into account.

Gross solids pollution is quantified by measuritg tsurface occupied by gross solids
(superior to 1 cm?) per m2 of water surface. Tm# has been proposed by (Kregi al,
2005) and corresponds to a visual disturbing effEloe present level of gross solids pollution
is 5 cm?/m2 of water surface, which is unacceptablguarantee bathing use. The bathing use
is authorised when the gross solids pollution idasnlcm?/m? (limited pollution). Experts
estimated that 70% of the gross solids accumuiatdtis bathing area come from combined
sewer overflows and 30 % come from other sourchs.iilitial curve is an estimation of the
actual effect-cause relationship: it implies tHaili combined sewer overflows are equipped
with screens, aesthetic pollution (due to CSO) khba between 1 cm2/m2 and 0.1 cm?2/m2 of
water surface. The readjusted curve corresponda fmssible correction depending on
measurement campaigrisufveyandRetroactionphases).

Other effect-cause relationships are not repredantéhis paper. They also may evolve with
measurement campaigns. Co-evolution models allend#termination of actions that are the
most efficient. For example, adding screens to firtt 3 CSO (16 % of all CSO) will
eliminate 40 % of gross solids pollution. Alsothe 10 first CSO are equipped with a screen,
visible pollution should be below 1 cm?/m2. As sdiefore, this forecast is based on an
estimation trend (figure 5): measurement campaag quality of service monitoring will
improve this estimation.

The most difficult part of this work is the estahliment of empirical relationships of co-
evolution. Indeed, only few stakeholders have aegarvision, and there is also general lack
of information. The most important difficulty of owystem lies on our ability to manage
information (Shupinget al, 2006). The BAsR methodology completes this objective by
accompanying the decision making process duringctrginuous assessment of quality of
service. TheRetroaction step is of major importance when dealing with mpbete
information.

8 Sustainable management of wastewater systems
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CONCLUSIONS
The BAsR methodology aims at supporting decision makersimplicates five steps:
Evaluation, Decision, Actions, Survey and RetraactiThe local utilities decision process
should respond to the monitoring objectives:

* evaluate the wastewater system through all iteihfit functions

* integrate and satisfy expectations of territoryakeholders

e guarantee a sufficient quality of service

e consider local specificities

* include reactivity in the decisional process.
The main elements of this methodology are the effaase relationships construction and the
retroactionphase. Effect-cause relationships offer a congistend based on local expertise:
there are the best representations of the locahgrhena. By regularly monitoring service
quality, it will be possible to correct or adapesle trends.
In the case of the Mulhouse study, thaaluationstep for the functions “Protect the uses on
the water bodies” and “Preserve waterbodies quiaditg nearly finished. The evaluation of
others functions is in progress. The next stefiénEbAsR model, thedecisionphase, will be
beginning soon.
This methodology is reproducible in other locatidosal specificities will conduct to choose
other final indicators and to construct differeffeet-cause relationships. Furthermore, this
methodology can be adapted to other domains, wdesision making is required and where
the system to manage is complex to understandegrdgent.
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