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AUTOMATIC CONTROL IN COMBINED WASTEWATER TREATMENT PLANTS

Gustaf Q0lsson

Department of Automatic Control
Lund Institute of Technolagy, Lund, Sweden

ABSTRACT

Some problems in bivfogiocal wastewater treat-
ment conthol are discussed. The reason for control
48 distunbances, and some impontant operaiional
problems are descnibed. The control means available
fon an activated sfudge process are considered.
Available dynamicaf models are neviewed briefly
and a survey of cwwent practice in control 45
glven.

1. INTRODUCTION

The demand for control of sewage treatment
plants has been recognized for several years. It
is only in recent years, however, that an under-
standing of the majority of the treatment processes
has become such that meaningful control algorithms
can be written. In addition, few of the required
sensors have been available in a sufficiently
reliable and robust form.

Several factors have contributed to a rapid
development of the control and instrumentation of
wastewater treatment plants. Important causes are
the increasing demand for high effluent quality as
well as the ever increasing operating costs. The
cost for on-line computers are now so reasonable,
that advanced methods for process identification
and control are realistic to apply. New sensors
have made more elaborate process studies possible.
With an increasing interest in process dynamics
and with more methods and tools available much
more insight into the dynamical behaviour of
essential unit processes has been achieved.

Surveys of the development of automatic con-
trol and dynamic modeling in wastewater treatment
pracesses have been made elsewhere, see e.g.
Andrews (1974), Buhr et al (1975), and Olsson
{1977). Two conferences have been organized by
IAWPR around the theme of control and instrumenta-
tion in wastewater treatment, the last one, see
TIAWPR (1977). ’

The purpose of this paper is to emphasize
some problems in biological wastewater treatment
control. In section 2 some typical operational
disturbances of a treatment plant are character-
ized. Because of such disturbances control and
instrumentation is in demand. Most emphasis has
been given to the activated sludge process, as it

is the most important unit process in wastewater
treatment. It also has a high potential for
control. In section 3 some qualitative aspects
of control actions are given. The possible
actions are discussed, but no quantitative
figures are given. Modeling of the activated
sTudge process is reviewed in section 4. Quanti-
tative models are discussed, and it is demon-
strated how different disturbances are reflected
in the model eguations. Current praxis in control
of sewage treatment plants is discussed in
section 5.

2. OPERATION PROBLEMS

It is well recognized by operating people,
that a wastewater treatment is hardly ever in
steady state. The influent flow rate or concentra-
tion variations are such that adequate control
actions would be desirable all the time. Moreover,
within the plant itself disturbances are created
because of the coupling between different unit
processes.

Hydraulic disturbances

The hydraulic disturbances are significant
in amplitude. In a plant with a concentrated
sewer network, the ratio between minimum and
maximum flow rate can be as much as ten. In a
larger plant with a more distributed network of
sewers the ratio may typically be in the order of
1.5 to 2. The frequency of the disturbances has
a wide spectrum. Diurnal, weekly, and seasonal
variations may be relatively easy to predict.
Often, however, shock locads from rain storms or
melting snow may cause major operational problems.
Because of the large variability of the influent,
the control of a wastewater treatment plant has
to be different than many chemical process control
tasks. Quasi-stationary or linear methods are
seldom adequate because of the large amplitudes
of the disturbances.

Disturbances initiated within the plant also
create significant operational problems. The pri-
mary pumps may cause major undesired hydraulic
disturbances. If the primary pumps cannot be
varied continuously, then the flow rate may
change too abruptly when the pumps are switched
on and off. This will sometimes upset the settler
performance. No control action can damp such a
disturbance. One example is shown in Fig. 1.



The hydraulic load from back-washing of deep
bed filters may be of the same order as the influ-
ent flow rate. Therefore the coupling between the
operation of filters and an activated siudge unit
has to be considered. An equalizing tank may be
necessary.

The return sludge flow rate has a dual influ-
ence as a control signal of the activated sludge
process, It will affect not only the sludge tran-
sport back to the aerator but also the hydraulic
load to the settler. Therefore the return sludge
control must be used with much care, see e.g.
Cashion et al (1977).

Concentration disturbances

Concentration or composition changes often
occur in phase with hydraulic disturbances. This
of course amplifies the total load variation to
the plant. Industrial effluents may cause signi-
ficant shock Toads to a plant. Sometimes there
are very strong influent streams of biodegradable
organic waste, sometimes there are toxic Toads.
It is quite evident, that a control system must
distinguish at an early stage between the diffe-
rent types of loads. From the plant itself super-
natant from digesters or centrifuges is a signifi-
cant source of concentration disturbances.

Many concentration disturbances appear as
shock loads, added on top of the diurnal varia-
tions. This makes early prediction of the loads
very desirable. The number of companents in the
influent wastewater is so large and their concen-
trations sometimes so small, that the concentyra-
tion measurement problem is almost prohibitive.
The large flow rate makes it very difficult to
achieve representative samples of the liquid.
Only a smail fraction of the relevant variables
can be measured. Moreover, the measurement delays
are sometimes so large, that proper control
actions cannot be taken in time.

Microbial changes

Microbial disturbances are important in the
operation of wastewater treatment plants. Some of
them are quite slow and cause only gradual changes.
Just the fact, that they are slow makes them
difficult for manual control. The sources of micro-
bial disturbances can be divided into different
groups:

» Influent water composition
+ Sludge production and sludge structure
» Formation of microbial products

If the influent water contains toxic compo-
nents, the biological processes can be signifi-
cantly disturbed. As a result of toxic influents
the substrate elimination as well as the sludge
floc formation are deteriorated. If the influent
water contains oil, the sludge floc may absorb
the oil and form a low-density aggregate of oil
and water. This will cause poor settling proper-
ties, resulting in thin return sludge and high
suspended solids concentration in the effluent.

Bulking sludge is a difficult problem
arising in activated sludge systems. It can be
observed in the settler, when the settling

characteristics and the compactability are poor.
This will make the effluent suspended solids
concentration gradually too low.

There are two principal causes of sTudge
bulking. One is caused by the growth of filamen-
tous bacteria, or organisms that can grow in a
filamentous form. The other is caused by bound
water in which the bacterial cells composing the
flow swell through the addition of water to the
extent that their density is reduced and they
will not settle. An investigation of the extent
of bulking sludge and its causes is in progress
in England, see Tomiinson (1976).

An important cause for the growth of fila-
mentous bacteria' is insufficient or unsuitable
addition of nutrients to the activated sludge. If
the nutrient concentrations are too low, then the
growth of floc bacteria is limited. Because of a
different relation between surface and v(ﬂLh ‘for
filamentous bacteria, their growth will be
favoured compared to floc bacteria. It has been
observed, that bulking sludge appear more seldom
in plug flow reactor systems. The reason for this
would be, that the nutrient concentration at the
initial contact between sludge and influent
water is higher compared to a complete mix
reactor system, see Jenkins et al (1976).

Limited DO concentration has been noted to
be a2 major cause of bulking. This can also be
explained by the geometry of the floc, and fila-
mentous growth is favoured at low DO concentra-
tions.

In an activated sludge plant with nitrifica-
tion the problem of rising sludge may occur.
Sludge, that has good settling properties will be
observed to rise or float to the surface after a
relatively short settling period. This is caused

.by denitrification in the settler, in which

nitrites and nitrates are converted to nitrogen
gas.

Inherent control difficulties

There is an immense difference between the
smallest and largest time constant in a waste-
water treatment plant. In a non-linear system
Vike this the word time constant is not adeguate,
and may be replaced by "response time". The
response times for pumps, blowers, and similar
equipment are less than aminute. Chemical floccu-
lation also takes place rapidly. The oxygen
transfer of gaseous oxygen to dissclved oxygen
has a time constant in the order of 10 to 15
minutes. Typical hydraulic time constants are of
the order several hours. The rapid uptake of
substrate in a floc appear within 30 minutes,
while the cell growth is a process over days and
the endogenecus respiration even slower. Diges-
tion of sludge takes weeks. On top of this,
seasonal variations play a strong role, such as
slow temperature and composition changes.

A conventional control system cannot solve
the problem to attenuate the response of large
disturbances into the system. The inherent non-
linearities are significant. Moreover, often
quite elaborate decisions sometimes have to be
taken which control variable to use for a



certain measurement.

The jack of adequate sensors is and will be a
major problem in wastewater treatment. Even if new
sensors are developed still only a small fraction
of all components can be measured. Moreover, some
measurements are very difficult to perform auto-
matically. No sensors can replace an operator’®s
Jjudgement of patterns of the siudge, of odors or
of cotours. Therefore any contro! system should be
constructed in such a way that automatic measures
are used to their Timits. Any additional informa-
tion from laboratory tests or manual observation
then can be added in order to make more advanced
control actions , see Gillblad and Olsson (1977).

The proper location of sensors is an unsolved
problem. In an aerator the concentrations are not
uniform along the tank. It is not self-evident
where to locate DO or other concentrations sensors.
Different locations give different sensititivity
to disturbances, or different information to a
controller. The spatial distribution of the pro-
cesses give both practical problems (1ike the
sensor location) and theoretical problems. The
natural description of both a reactor and a settler
i5 by partial differential equations, which of
course gives a high complexity to the dynamics.

The different process disturbances appear
quite differently in the modeling equations. Flow
and concentration disturbances appear in the input
variables of the equations. Other disturbances,
Tike pH changes, toxic inputs etc. either change a
parameter Tike the specific growth rate or cause
other products to be formed, i.e. new equations
are suddenly getting significant in the model.
Such process changes are quite typical for biolo-
gical processes. Therefore the reproduction of
certain experiments is extremely difficult and it
is difficult to achieve the proper knowledge of
the relevant control actions for certain disturb-
ances.

3. CONTROL OF DISTURBANCES

There are few control actions possible to
damp hydraulic disturbances. Special hold-up tanks
or trunk sewers can be used as equalization basins.
However, it is not trivial to empty the tanks, as
sedimentation may occur. Therefore the load from
the equalization tanks must be considered carefully.
In the design of the plant the primary pumps must
be considered also from a control point of view.
Not only the absoiute vaiue of the flow rate but
also the flew rate change is an important factor
for the settling behaviour.

The DO concentration is a crucial variable
for the operation of an activated sludge process.
It is of vital importance for the biological
behaviour in the reactor, it affects the economy
of the plant and it is strongly related to the
mixing conditions in the reactor.

) It is a non-trivial problem to determine the
desired level of the DO concentration. In a non-
-homogeneous reactor there will appear a DD profile,
and it has been shown, that this profile is inti-
mately related to the biological reactions in the

.

aerator, see (Qisson and Andrews (1978). The conse-
quence of this conclysion is briefly discussed
later.

The Timiting concentration for bacterial
growth is quite different for different species.
For floc forming bacteria it is larger than for
filamentous bacteria. This is one of the causes
for butking sludge. Nitrifying bacteria has
different limiting concentrations of DO than the
Heterotrophs.

There is a complex dual relationship between
mixing and DO concentration. The degree of mixing
will naturaily determine the DO, but it will also
affect the floc size and formation. Therefore it
is rejated to the causes of bulking sludge as
well as changes of the dispersion in the hydrau-
Tics of the reactor.

The control of DO as a physical variable -
as soon as the desired value is known - does not
require any in-depth knowledge of the process.
There are, however, several practical problems
that appear in the implementation of a DO contro?l
system, which make the control non-trivial. The
control authority of the actuators as well as the
measurement handling are important factors to
consider. Some of these problems and their solu-
tions are discussed in Gillblad and Olsson (1978).

The information about the DO cencentration
is an important variable to indicate the organic,
biodegradable load to the reactor. The DO concen-
tration variations in time as well as in space
give significant information in this respect.

With the return sludge flow the internal
distribution of sludge can be affected in the
reactor-settler system. It is conventionally used
as a control variable for the control of organic
loading. As the process is multivariable, a change
in the return sludge flow rate will cause several
outputs to change.

There is an immediate hydraulic change into
the aerator, which in turn is changing the Joad
to the settler. According to empirical experiences
this will change the effluent water suspended
solids concentration, see e.g. Pflanz (1968). The
transport of sludge by the return flow has an
upper 1imit, and the underfiow concentration from
the settler is related to the flow rate. Of course
the sludge buffer - the sludge blanket - of the
settler is changed by the return sludge flow. The
control authority of the return sludge flow to
meet organic loads is limited because of the
opposing effects of sludge transport to the
aerator and the increasing hydraulic load to the
clarifier. These phenomena may compensate for
each other, see Cashion et al (1977), so that no
improvement is achieved.

With an increasing return sludge flow rate
the hold-up time of sludge in the settler is
changed. This may be a suitable contreél action to
avoid denitrification and rising sludge in the
settler. If nitrification occurs it may be
possible to achieve denitrification in the aerator
as well. The air flow distribution can be control-
led so that anaerobic conditions will occur at



the head end of - the reactor so that denitrifica-
tion may occur. The return sludge flow rate must
be large enough, so that denitrification in the

settler is avoided.

Step feed control has beep recognized for a
long time as a useful control strategy to manage
certain hydraulic or organic disturbances to an
activated sludge process, see Torpey (1948). The
main idea is to transport the sludge within the
reactor-settler system to the location where it
is best needed. Typically the sludge is tran-
sported to. the head end of the peactor.

Step feed control has been analyzed by Busby
and Andrews (1975), Andrews and Lee (1972), and by
Olsson (1975). It should be mentioned, that step
feed control sometimes has been misunderstood. If
only statical considerations are made, it can not
improve the plant operation compared to e.g. a
plug flow design. It must be used dynamically,
i.e. to damp undesired disturbances by changing
the flow pattern in the plant for a certain
amount of time.

Control actions with step feed control have
typical response times of several hours, i.e. the
time it takes to re-locate the sludge in the
system. Therefore, if an adequate control actian
should be made with step feed control it is needed
to predict the disturbances. Step feed control can
a}su be used to meet diurnal variations to the
plant.

Four types of disturbances can be recognized,
when it may be favourable to apply step feed
control:

» large organic loads

» large hydraulic disturbances
« toxic loads

+ bulking sludge

In order to meet an expected large organic
load it would be favourable to store as much
sludge as possible at the head end. When the load
comes, the flow pattern should be shifted to a
plug flow reactor, thus injecting more organisms
to the feed. The sludge content of the reactor can
be saved at major hydraulic disturbances. The feed
should be inserted downstream into the reactor.
The return sludge flow rate should be at a maximum.
This will save most of the sludge at the head end
of the reactor. Even if the cleaning result would
be poor while the disturbance lasts it will save
the plant. At a toxic disturbance the plant could
also be saved by letting in the influent at a
point towards the tail end of the reactor.

The step feed should be considered useful to
prevent bulking sludge. As pointed out earlier,
too Tow a substrate concentration may cause sub-
strate limitation and favour the growth of fila-
mentous bacteria. With the step feed the F/M
ratio can be suitable changed to prevent undesired
sludge conditions.

The waste sludge flow rate has a very slow
impact on the behaviour of the plant because of

the little flow rate, compared to the influent
flow rate. The control action is noticed over
days and weeks, but has a significant influence
over the long term behaviour of the plant. Prima-
rily the sludge age (or better, the specific
growth rate) is affected. This in turn will deter-
mine which species will grow in the cultures.
Nitrification is primarily affected by the waste
sludge flow rate.

4. ACTIVATED SLUDGE MODELS

The understanding of the dynamics of the
activated sludge process has increased rapidly
during the last few years. Still, however, the
knowledge is far from complete. It is not unusual
to find significant variations in plant efficiency
in a plant or between different plants. There are
of course several reasons for this. There is in-
sufficient understanding of many basic phenomena
in the biological process, but also inadeguate
instrumentation, poor monitoring and knowledge
of the influent flow characteristics, sometimes
inadequate competence of the operating personnel.

It is important to emphasize, that the bio-
logical reactor (aerator) and the settler should
be considered as one system, because of the
strong interactions. The modeling of the activated
sludged process has been developed along two lines.
The first one is compiex deterministic models,
derived from basic knowledge of the physics,
chemistry, and biology of the process. The second
one is models derived from process identification
on pilot or full scale plants.

Deterministic dynamical models

The purpose of seeking a deterministic or
mechanistic model is to allow an explanation for
the response of a process to variations in the
input variables or parameters. If such a model can
be determined, the response of the processes to
input variables which cannot be examined experi~
mentally due to equipment or time Timitations,
can be examined. Deterministic models nearly
always have empirical qualities, and it is un-
likely that a system as complex as a biological
wastewater treatment plant will ever be described
exactly by a theoretical model.

It is not the purpose of this paper to
review the Titerature on complex dynamical models,
as detailed reviews are found elsewhere, e.g. by
Andrews (1974), Stenstrom (1975), Olsson (1977),
Tyteca et al (1977). Particularly models ror
mitrification are reviewed by Murphy et al (1977),
Sharma and Ahlert (1877), Poduska and Andrews (1974).

In the development of a structured model of
the activated sludge process the following items
have to be considered:

* the degradation of degradable pollutants,
containing both organic carbon and nitrogen

- the solubilization of particulate degradable
organic carbon

» cell growth and basal metabolism
+ the oxygen requirements of the system



< the flow regime in the aeration basin

* the effect of secondary parameters, such as
wastewater temperature, pH, and toxic substances

Reactor dynamics

In a structured model it is assumed that the
organic substrate (or pollutant) is degraded into
following steps:

(1) The substrate penetrates the cell membrane by
a purely physicochemical process. The removed
substrate is thus "stored" in the floc phase. This
procedure can take piace within 15-30 minutes if
the cells are in the right condition.

(11) The pollutants stored in the sludge are meta-
balized to give viable organisms. This synthesis
phase is a process which has a response time of the
order of days.

{i11) The organisms are degraded to inert mass
through endogeneous respiration and decay. Typical
time scale for the process is several days.

The number of state variables in a structured
model tends to be extremely large, if an adequate
description of the dynamics should be given.

It is sometimes adequate to represent the
substrate in two forms, a soluble substrate
phase and a part of colledial or suspended sub-
strate. The latter parts need more time for the
rapid uptake (i).

It is clear that there are several species of
organisms present in an aerator. In many models
the viable bacteria are only represented by one
variable. It is normally assumed that the floc
forming Heterotrophs could represent all species.
If, however, bulking sludge phenomena should be
described by the model, it should be necessary to
include filamentous bacteria or dispersed bacteria.
The growth of these types of species is favoured
during oxygen or substrate limiting conditions.

The growth of Nitrosomonas and Nitrobacter
can be sustained if the sludge age is long enough.
Due to the metabolism of the nitrifying bacteria
ammonium nitrogen is oxidized to nitrite and
nitrate. Nitrate is the final oxidation state of
the nitrogen compounds, and as such represents a
stabilized product.

) As the mixed liquor consists not only of
viable bacteria, there has to be at least one
state representing inert organisms.

The dissolved oxygen concentration is crucial
for the operation of an activated sludge reactor.
Its dynamics has to be included in the models if
the oxygen control actions should be represented
adequately. Moreover, the dissolved oxygen influ-
ence on the specific growth rates has to be con-
sidered carefully.

The concentrations of dissolved oxygen, sub-
strates and organisms are generally spatially
dependent. This distribution depends of course of
the design of the reactor, and can vary from

homogeneous concentrations (complete mix reactor)
through dispersed plug flow reactors to the
other extreme, purely plug flow.

Each one of the process variables can be
suitably described by a diffusion equation of the
structure
3¢ 3%c 3c
E=E—az—2_ V'E'ff](c) -fZ(C),
where £ = dispersion coefficient, v = stream
velocity, ¢ = c(z,t) = concentration (substrate,
organism, oxygen), z = spatial coordinate,

t = time, fy = production rate of element ¢ per
unit volume and time, fp = corresponding con-
sumption rate.

A derivation of the diffusion equation above
is found e.g. in Olsson and Andrews (1978). The
boundary conditions of the equation are functions
of the settler performance, and are consequently
quite complex. There is a certain relationship
between the head end and tail end concentrations,
determined by the settler. The complicated
boundary conditions make the simulation of the
activated sludge system, described in this way,
extremely complex.

The effect of wastewater temperature, toxic
substances or pH will not change the structure
of the model equations, but the growth and decay
rate parameters will be changed. The temperature
influence on bacterial growth is relatively well
known, but normally the temperature is assumed
constant in the models. A Tot of research has
been spent on the influence of pH or toxic sub-
stances on growth rate or decay rate parameters.
In dynamical situations, however, the problem is
very complex. The reactions of the different
organisms for toxic inputs depend on the time

- scale. The bacteria can be gradually adjusted to

different toxic inputs, why several changes are
not exactly reproducible.

Reactor model simplifications

Before a model is developed its purpose
should be made clear. All kinds of simplified
models are found in the literature. In order to
judge their relevance their use should be
described. Any added complexity gives new diffi-
cuities, as more parameters are added. The veri-
fication of a fully structured model is an
awkward problem, and very little verification
work of such models has been done hitherto. Many
dynamical models are derived to give a qualita-
tive description of & process. The answers are
in the right direction and the values in the
right order of magnitude.

A model with only two states, substrate and
living organisms, can show the basic metabolism.
It cannot, however, describe oxygen Timitation,
which most often appears in a plug flow reactor
at the head end. If a contact stabilization or a
step feed reactor should be described adequately,
then the rapid uptake must be taken into account.

If bulking sludge should be predictab]g in
a model, then filamentous bacteria must be in-
cluded in the model. Sometimes nitrification



must be considered, even if the model purpose
should not be to describe the removal of ammonia
nitrogen. Nitrification will significantly affect
the oxygen demand. In order to achieve a proper
aeration both nitrification and carbonaceous
removal has to be considered. Nitrification and
denitrification must be considered if rising
sludge should be explained.

The flow regime of the aerator is complex,
and quite seldom it would be sufficient to describe
2 reactor with complete mix or a plug flow. Ofter
it seems to-be adequate to represent the aerator
by four reactors in series. This is quite a good
approximation of a long reactor, a fact which has
been analyzed in Glsson (1975).

Settler models

Also for the settler a whole spectrum of
models can be derived. The simplest one considers
the underflow concentration constant, independent
of any disturbances or changes of the return
sludge flow rate. In another approach there is a
constant compaction ratio between the feed and the
underflow concentrations. Such a model is inade-
quate for dynamical changes, and quite unrealistic
results can appear, see Gustavsson (1977).

A common model approach is based on the zone
settling theory, see Kynch (1952). The basic
assumption is made, that the settling velocity
depends cnly on the local concentration of sludge.
The vertical sludge mass transport in the settler
consists of two components, one being the settling
of the sludge relative to the fluid, the other the
bulk movement caused by the underflow. A mass
balance can be set up, showing the sludge concen-
tration distribution in along the vertical axis of
the thickener,

& = R Ef %€s
at N S(cs) B—ZS—

where c. is the sludge concentration and zg the
vertical distance in the settler. The function
fg(cs) is a nonlinear function of the sludge con-
centration and corresponds to the total flux
velocity. The boundary conditions are obvious. The
bottom of the separator represents a physical
boundary to sedimentation. Therefore, the settling
flux at the bottom of the separator is zero. More-
over, the flux input to the settler is determined
by the aerator tail end conditions.

It can be shown, that the mass balance model
based on the Kynch assumption is not adequate for
dynamical conditions. The reason is, that the
sludge level is not a stable function of the load
to the settler. There are two ways to overcome
this dilemma. One is to include limitation in the
parameters of the mass balance equations. The
settler is discretized into a number of vertical
spatial points and the partial differential equa-
tions are suitably approximated. The model is
then constrained in such a way, that the concen-
trations at all points above the compression zone
are kept from exceeding the concentration at the
limiting flux, see Stenstrom (1975).

The other way - more complex but also more
adequate - is to include not cnly mass balance
but also momentum balance equations for the sett-
1ing sludge. There is, however, an extremely
complex problem to find out the true nature of
the forces acting on the particles, The reason is,
that the density of the sludge is so close to that
of water. Therefore it is hardly possible to
Judge which forces are dominating, gravitation,
friction, water displacement or other phenomena.
A combined momentum balance and mass balance
equation leads to a system with a stable sludge
Tevel. On the other hand it must be emphasized,
that the parameters of the model are so difficult
to obtain, that more empirical models probably
must be derived.

Process identification

The field of process identification and
parameter estimation has been developed rapidly
during the last decade. Four specialized symposia
have been arranged by IFAC (1967, 1970, 1973, 1976)
and numerous papers on methods and applications
have been published. The survey by Astrom and
Eykhoff (1971) and the textbooks by Eykhoff (1974)
and Box and Jenkins (1970) give a comprehensive
description of the methods available. The appli-
cability of parameter estimation in wastewater
treatment or water quality systems has been
demonstrated. Reviews are given in Beck (1975),
Olsson (1977), Sawaragi and Ikeda (1976), and
Shih (1976). Here some general problems and
results, particularly for activated sludge
systems, will be presented.

There may be two reasons why quite few
attempts have been made in wastewater treatment
system identification. One reason is that suffi-
cient data are seldom available. Although scme
plants have day-to-day composite samples available,
tt is still rare to find frequent grab samples on
an hour-to-hour basis. Ancther reason is that many
persons in the environmental engineering profes-
sion are not familiar with the statistical
approach.

With more and more on-line computers being
installed the potential for identification and
control is steadily increasing. Most of the
computers are still only used for data acquisi-
tion, but the available number of real data is
increasing significantly. This fact was clearly
demonstrated at the TAWPR (1977} conference on
instrumentation and control.

Studies have been made to correlate the
effluent filtered or total BOD from a plant to
its influent BOD, mass flow, and flow rate at
different plants in Wisconsin, USA, see Shih
(1976). At first the results look quite discour-
aging, as a poor correlation between the influent
characteristics and the effluent BOD are found.
The parametric models have a poor quality. There
are two important remarks to be made. First,.the
results demonstrate that the plant capacity is so
large, that the influence of input variations to
output variations is hidden by the noise in the
data. This is a sign that the plant may be over-
designed. Secondly, there has been no or only
Tittle manipulation of the inputs. In order to



achieve reliable results, the input amplitudes
have tc be large enough. Moreover the different
inputs should be manipulated independently of
each other. This is an awkward problem, and very
seldom the influent stream concentrations can be
manipulated.

The dynamics of dissolved oxyden (DO) in the
aerator has been studied at the Kippala wasta-
water treatment plant near Stockholm, Sweden. The
plant has a dry weather flow of about 1.3 m*/sec.
Details of the results are presented in Olsson
and Hansson (1976a, 1976b). The following aspects
of the DO dynamics have been examined:

- the hydraulic dispersion and transportation of
DO in the aerator

= the transfer mechanism from gaseous to
dissolved phase

° oxygen uptake rate due to sludge activity

The air flow rate has been manipulated. In
the hydraulic experiments the influent flow rate
was redistributed within the plant in order to
get desired rate to the experimental aerator. The
return sludge flow rate has been manipuiated as
well. The settler and clarifier dynamics have
been examined in other experiments, see 0lsson
and Hansson (1976b). Typically the underflow
concentration and the effluent concentration were
identified as functions of flow rate, mass
loadings to the settler, and the underflow velo-
city.

A typical representation of the model struc-
ture in the parameter identification is an auto-
regressive --moving average model {ARMA) Tike

-1 - E e -1
M) ¥(E) = 285007 up(t) +ac(a) e(b),
1=

where A, B, and C are polynomials in the shift
operator q, while y and u; are the output and
the inputs, respectively. the disturbances are a
sequence of independent Gaussian zero mean
stochastic variables. The parameters in the
polynomials can be identified with the Maximum
Likelihood method.

The derived models are usually simple and
contain few parameters. The parameters generally
have no clear physical interpretation. Further,

3 weak aspect of the time series approach is a
sense of too much empiricism because it does not
take explicit account of the underlying mechanisms
of the process under study. Therefore it is
crucial to verify the identified model against a
structured model. The two model approaches should
certainly be considered as complements to each
other, With a step by step verification by
process identification there is a hope to improve
the knowledge of the internal structure of such
compiex systems as the activated sludge process.

5. CURRENT PRACTICE IN CONTROL

There has been hardly any applications of
control schemes derived directly from structured
models. Most control strategies used in practice

are either simple conventional control schemes of
Tocal Toops or algorithms based on steady-state
assumptions. A more detailed review can be found
in Olsson (1977). Here a short summary of some
applied control schemes for the activated sTudge
process are summarized. DO control is fundamental
for the operation, not only conventional DO
control but alse the control of the shape of the
D0 concentration profile. Return sludge control
and waste sludge control is also discussed.

DO control

When DO is controlled in an aerator with the
air flow rate there are two types of methods that
are dominating. In one the air flow rate is ratio
controlled to the influent wastewater flow rate,
without any other measurements being made. In the
other scheme the DO concentration is controlled
around a set point with a simple conventional PI
controller. There are several commercially DO
control systems available today.

Olsson and Andrews (1978) have suggested
using the shape and position of the DO profile
in the aeration tank to determine whether the
supply of oxygen is adequate or in excess of
requirements. By this technique the aeration tank
is used as an on-line respirometer, and the oxygen
supply is regulated directly according to the
needs of the microorganisms present (specific
oxygen utilization rate, SCOUR). Fig. 2 illu-
strates how the DO profile varies with the plant
load in Enkdping, Sweden. Corresponding dynamical
changes of the DO profile are simulated in Olsson
and Andrews (1977). The practical implementation
of such a scheme has been realized in Gavle,
Sweden, see Gillblad and Olsson (1977).

Rettrn sludge control

In a previous section it has been discussed,

- that the control authority of the return flow is

quite limited. If the recycle flow rate is con-
trolled at all, the most common control is to
vary the sludge recycle flow rate in proportion
to the influent flow rate. This control strategy
is of course far from optimal. It does not take
concentration variations of the influent waste-
water into consideration. Neither does it consider
changes in the recycle flow concentration. Due to
the 1imited control authority, however, constant
recycle ratio seems to be a good strategy,
according to simulations, see Briggs and Jones
(1977) and 01sson and Andrews (1977). Alterna-
tively the recycle rate should be the lowest rate
that is consistent with the proper functioning of
the final sedimentation tank. In fact, simulations
suggest that only actions which do not create
additional disturbances should be used on a con-
tinuous bases. The DO control is such a control
method. The inherent ability of the biomass to
minimize changes in effluent quality must be
exploited as far as possible.

Organic load estimation

Although it is not strictly necessary for
control purposes it may be extremely useful to
measure the organic matter in the system. Today
there are several commercial monitors available,
such as COD, TOC, or UV monitors. The last one



is based on the measurement of the ratio of the
absorbance by the sample of light in the ultra
violet and the visible part of the spectrum.

The aerator itself can be used as a respiro-
meter to estimate the organic load. If the DO is
controlled in one peint, then the air flow varia-
tion is a measure of the load of biodegradable
matter to the reactor. The DO profile shape is
another way to estimate the specific oxygen
utilization rate. In Givie, see Gillblad and
Olsson (1977), the respiration is calculated on-
-line in the computer from DO measurements.

Waste sludge flow rate control

The main objective of the waste sludge flow
rate control is to keep the sludge age (or sludge
retention time) at a desired value. Several control
schemes, however, consider ather variables for the
control, because of simplicity. In one control
scheme the sludge is wasted s¢ that the mixed
Tiquor suspended solids concentration (MLSS) is
kept constant, in other words, the purpose is to
keep the total mass of sludge in the system con-
stant. If, however, the siudge concentration
varies significantly in the aerator {as in a step
feed system) or if the buffer volume of the
settler is large, then a constant MLSS is a poor
measure of the sludge mass.

Sludge is also wasted based on sludge
blanket height measurements. Mostly on-off control
is used to keep the height between desired limits.
Sludge wasting is used also if poorly settling or
buTking sludge is encountered, in order to prevent
the sludge blanket level from rising too much. To
waste sludge under bulking conditions may be a
wrong control action, if the bulking sludge is
caused by process overloading. By wasting the
sludge, the total sludge mass in the system is
further decreased.

Some proposed control schemes keep the recycle
flow rate constant but vary the waste sludge flow
rate in an attempt to keep the food-to microorga-
nism ratio constant. Because of the small flow
rate of the waste sludge such a strategy will have
only a marginal influence in a short time scale on
the sludge content of the aerator.
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Fig 1. Influence of influent hydraulic shocks
on the secondary settler suspended solids
concentration. Experiment at Kippala,
Stockholm.
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Fig 2. Influence of diurnal load variations on
the DD concentration profile, without any
control. Recordning from Enkdping,
Sweden.



