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Wastewater treatment modelling: discussing uncertainty

E. Belia, L. Benedetti, B. Johnson, S. Murthy, Meuxhan,
P.A. Vanrolleghem, S. Weijers and J. Copp (Belgium

Introduction

Uncertainty is a term that is being used often H®y inedia to describe both the current
world financial crisis and the predictions on climachange. In wastewater, however,
uncertainty has been part of the job for plantglesis and operators since the commissioning
of the first biological treatment plant. The unpotability of certain aspects of wastewater
treatment, like the characteristics of the influenthe response of the bacterial community
has forced engineers and operators to accounnfmartain variable plant responses (Belia
al., 2009a; 2009b). The recent WERF Nutrient Remowalgiam work on quantifying
effluent variability is a perfect example of thecertainty inherent to plant performance
(WERF, 2008).

Uncertainty can be defined and classified as fadtow

Uncertainty: Having limited knowledge about a system or pro@ess not being able to
exactly define the future outcome of a currentactibecause more than one outcome is

possible. It can be classified as reducible odinggble.

* Reducible - Uncertainty that can be reduced if further reseancimeasurements are

undertaken (e.g. determination of kinetic paransgter

* Irreducible - Uncertainty due to the inherent variability of astgm that cannot be

reduced regardless of further research/efforts (aigfall, toxic spills).

Historically, design engineers have addressed teertainty involved in predicting the
performance of WWTPs through the implementationsafety factors. In the 1993 EPA
Manual on Nitrogen Control, as part of a designragph for a nitrifying suspended growth
system, the following was mentioned: ‘...the aptted variations in process conditions and
the uncertainty in the kinetic coefficients warransafety factor of 2.0’ (US EPA, 1993).
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Similarly, plant managers require redundant systémas give them the flexibility to cope
with the large variability that they experiencesite (WERF, 2003a).

These semi-arbitrary safety factors are lumpedesgions of the individual sources of
uncertainty underlying any treatment process. Téwgyress the collective knowledge of the
industry and are applied to the parameters (maximitrfiers’ growth rate, aeration system
transfer efficiency, clarifier loading rates...)aththrough experience engineers know
introduce most of the uncertainty in design andrafen. Safety factors are a tried and tested
method that reflects the requirements for robusigies and risk minimisation that are the

hallmark of our industry.

This lumping of uncertainty however often resuttoverly conservative solutions. In the
current regulatory environment of extremely lowl@#ht nutrient standards and increased
demands for operational efficiency, a new approt@t identifies the main sources of
uncertainty associated with each process could belpptimise our designs. Moving away
from lumped uncertainty safety factors will help m&ximise existing plant capacity and
avoid over sizing new plants. The current genenatibwastewater treatment plant models
can assist us in this by providing a structutienh allows the identification and quantification
of the sources of uncertainty. Through the incamfion into our models of knowledge from
other fields that have already implemented uncagaevaluation methodologies, we can
develop a protocol for the inclusion of uncertaietyaluations in plant design, upgrade and
optimisation projects.

To initiate research and a comprehensive discusaimh research towards aimed at
incorporating uncertainty evaluations into modeddxhengineering projects, IWA has set-up
a new task group called: Design and Operations ttaiogy Task Group (DOUTGroup)
(http://www.iwahg.org/templates/ld_templates/lay@83184.aspx?0bjectld=679607
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Uncertainty and design — an example

The following example illustrates how engineersrently incorporate uncertainty in their

designs as well as the implications that this hrathe decisions utilities are faced with.

A major utility in the US has requested bids foe tixpansion of its nitrogen removal
process to meet a final effluent total nitrogenaanmtration of 3 mgN/L. The new process
was designed with the aid of a commercial simuleaod was sized very differently
depending on the selection of key inputs into thentpmodel. The three independent
consultants chose different process, operatioma,iafluent parameters and proposed three
different reactor volumes (X 12X n® or 4X nt) during the bid stage.

The differing data inputs used by the consultantglpced three widely variable outputs,
which had multi-million dollar implications for thetility. One of the main parameters
differentiating the three options, even though extlicitly stated, was the selection by each
design engineer of the major sources of uncertaifitthe new design. Figure 1 shows a
simplified, pictorial representation of the modaisbd design process for each of the three

solutions.

The first consulting firm assumed that there way Vew uncertainty in the process rates
and selected an optimistic value for the paramedescribing denitrification rates in the
model when using an external carbon source suchesisanol. The second firm felt that the
main sources of uncertainty were in the process taadresponse of the clarifiers. They
decided that they wanted to lower the operatioist because they felt that increased
operator comfort was required. They selected a erwaive denitrification rate and
maximum clarifier loading rate. The third firm fahat most of the uncertainty was in the
influent and therefore used conservative influesstameters for their design by combining

the maximum flow and minimum temperature simultarsiyn

The utility managers were faced with having to makdecision without being able to
compare objectively the risk that each of the desicarried. This was due to the fact that an

explicit evaluation and quantification of the s@s®f uncertainty was not part of the design
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brief. A more systematic methodology quantifying thncertainty in each of the critical

model parameters was needed to enable the utlitpmpare objectively the three options.
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Figure 1 — Model-based design process for the thregosed solutions.

Identifying and analysing uncertainty

Figure 2 shows an example of how the quantificatbruncertainty could be used to
clarify the decisions of each consultant to théitutmanager (Benedetti, 2006). By running
multiple simulations with different process paraenetalues (e.g. denitrification rates) and
tank volumes, each consultant could generate psquegiles like the one shown in Figure 2.
The tools needed to perform this analysis are abklin WEST (Benedettt al, 2008).

The graph presents a quantification of the probighitat a given process will exceed the
final effluent nitrogen limit depending on the siakthe reactor. Using this information, the
consultant can choose his or her preferred tankmveland justify that decision to the client

based on the level of risk he or she is willindgake. The risk in the design is now expressed
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as the probability that the plant will be non-corapt for a given percentage of time. For
example, by choosing the 70% volume they will havesk of under-designing the tank (90%
sure that TN is exceeded less than 3% of the tioreyvith 100% volume that risk is much
lower (90% sure that TN is exceeded less than @BYe time), but the cost of the design

increases and the bid could be lost.
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Volume as a percentage of safety factor
(100% = safety factor of 1.6 for the tank volume)

Figure 2 — Exceedance of nitrogen effluent limipascentage of time over a 1-year evaluation
period for a given process and a given time-varyifigent as a function of tank size; 100% of
volume refers to a design volume resulting fromsewuative guidelines).

Summary and future direction

Current regulatory demands require plant ownedetign and operate processes close to
their limits while at the same time increasing e@yeefficiency. Conventional design
approaches can often lead to conservative desigdsda not provide objective ways of
guantifying the risk involved in the decisions ititds and engineers make. Process models
can be used as tools for the quantification of aisil uncertainty, thus providing stakeholders
with the ability to explicitly quantify uncertaims and include risk evaluations in their

decision-making process. To initiate the discussibruncertainty evaluation in the wider
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wastewater engineering community, the research wafrkacademics and the practical
knowledge of process designers need to be combivitd the needs of the engineers
implementing modelling for various applications. ffes end a number of items need to be

discussed:

1. What are the concepts and definitions that neebetaliscussed so that a common

language is established?
2. What are the important sources of uncertainty?

3. What are the available methods, quantitative ofitgtie, that can be used to evaluate

model prediction uncertainty?

4. How much effort should be put into the assessméntncertainty? Do all model

applications require the same degree of detaihoértainty evaluation?
. What confidence levels are required for differendelling objectives?
. How do we quantify risk?

. What is the added benefit of including uncertaegluations in modelling projects?

o N o O

. How can uncertainty evaluations be incorporated d#sign and communicated to non-

technical stakeholders?

A number of these items will be addressed as pafheowork of the IWA DOUTGroup. It
is the intent of the group to build on the knowleddready acquired by certain key efforts in
the field of wastewater (WERF, 2003b and 2008) ek as the work done in related fields.
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