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The Use of Oxidation Ditches for Treatment
of Sewage from Small Communities*

J. K. BAARS1

The system of prolonged aeration in an oxidation ditch permits the full treatment of
sewage from small communities at the same proportionate cost as that of the conventional
activated-sludge system for large communities. It must be considered an important means
of abating surface-water pollution. The treatment may be continuous or discontinuous,
depending on the local situation and the quantity ofsewage to be purified. Severalplants are
at present in operation, ranging in capacity from 200 to 4000 population-equivalent. The
system may be used not only for the purification ofdomestic sewage, but also for the treat-
ment of wastesfrom dairies and other industrial activities, even when these contain phenols,
thiocyanides orpeak loads ofcyanides.

INTRODUCTION

The growth of population and the intensification
of industry result in a greater production of sewage.
In many places where simple dilution with surface
water has hitherto been the usual way of disposal,
other measures have to be taken. Often full biolo-
gical treatment is necessary, even for small com-
munities. The annual cost of purifying the domestic
sewage of not less than 50 000 inhabitants by this
system is about US$1.50 per caput. This is con-
sidered reasonable. When, however, the population
is less than 10 000 the cost unfortunately increases
considerably and may amount to several times as
much, owing mainly to the increased investment
per caput of this type of installation.
The oxidation pond, in which the sewage is also

treated with oxygen, whether obtained from the air
by diffusion or produced by algae, must have a large
surface area. A usual basis of calculation is 5 m2 per
inhabitant. However, this area is not always avail-
able, so that the system's applicability is limited.

It must be stated that our best ally in all these
purification methods is oxygen, and it is worth
while considering whether it might be possible (by
using oxygen in a different way) to overcome the
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above difficulties. Let us therefore first analyse what
is needed for full biological treatment by the conven-
tional activated-sludge system in its simplest form.
The first step after screening is pre-sedimentation.

This involves a concrete primary-settlement tank
and a method for disposing of the raw sludge,
usually a concrete fermentation tank. In the second
stage, where activated sludge is introduced, concrete
aeration basins are used. In the third stage the
purified sewage is again separated from the sludge,
in a concrete humus tank. Proper devices have to be
constructed to send back the necessary quantity
of return sludge to the aeration basins. Besides this,
measures have to be taken to treat the surplus
sludge, which cannot be dried in an untreated state.
The fourth part of the installation is the fermentation
tank, from which the fermented sludge is conveyed
to drying beds. Thus, the final products are purified
sewage and dried sludge.
These considerations have led to the posing of the

following questions in the purification of sewage
for small communities: Would it be possible to
avoid many of the expensive concrete structures
needed for the conventional activated-sludge process
and, in addition, to intensify the oxygen supply in
comparison with that found in oxidation ponds?
If so, what would be the consequences when the
quality of the effluent has to be as good as that of the
effluents from the other two systems-viz., fully
purified?

Investigations carried out at the Research Institute
for Public Health Engineering (T.N.O.) in The
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Hague by Dr A. Pasveer (1958, 1959, 1960) have
given the following results:

(1) By increasing the quantity of oxygen for a
given BOD (OC/load 2: 1, instead of about 1.5: 1
in the conventional system) it is possible to oxidize
the primary sludge.

(2) A fully purified effluent and sludge in an
advanced stage of mineralization can be obtained
from the aeration basin, if this has a capacity of
300 1/54 g of BOD, allowing detention of the sewage
in the aeration basin for 3 days and at the same time
giving greater buffer capacity for peak loads.

(3) The sludge from this aeration tank is oxidized
to such a degree that it may be dried as such, no
fermentation tank being needed for the surplus
sludge.

(4) The function of the humus tank may be com-
bined with that of the aeration basin by interrupting
the aeration for a certain time so that the sludge
settles and the clear and fully purified supematant
liquid can be drawn off. Another way of achieving
the same purpose is to combine the main ditch with
one or twG auxiliary ditches.

THE DITCH

General remarks
The only part of the conventional system main-

tained is an aeration basin. When costs have to be
kept as low as possible and the soil is of good com-
position this may, in principle, be a simple circular
ditch (Fig. 1). In this ditch the mixed liquor has to
circulate at a speed of 25-30 cm/sec. to keep the
sludge floc in suspension. When the intermittent

FIG. 1
OXIDATION DITCH AT DREISCHOR

FIG. 2
TYPE OF CAGE ROTOR SPECIALLY CONSTRUCTED

FOR AERATION DITCHES

system is used, the equipment should be such that
even after the water has been at rest for clarification,
this speed of 25-30 cm/sec. can again be obtained
after aeration has been continued. For aeration and
propulsion, a so-called cage rotor is chosen (Fig. 2),
which not only enables considerable quantities of
oxygen to be brought into the water, but at the same
time circulates the mixed liquor at the desired speed.
This equipment was developed from the conven-
tional Kessener brush-type rotor by Baars and
Muskat at the Research Institute for Public Health
Engineering (T.N.O.). Fig. 3 shows that the quan-
tity of oxygen dissolved in the water depends on the
speed of rotation and the depth of immersion of the
rotor blades. Under usual running conditions
(75 rev./min) this rotor dissolves about 3000 g of
02/kW in the water, which shows an efficiency at
least equal to that of the conventional systems.

In this respect one essential remark must be made.
If the ditch capacity selected is greater than necessary
for the actual load, with a view to possible needs in
the remote future, it might be supposed that even
with the slight depth of immersion then needed to
give this low oxygen supply, the mixed liquor would
circulate at the desired speed. This, however, is not
the case. When conditions become too extreme,
the ditch has to be built for the actual load and
enlarged afterwards.
On the other hand, when sewage with a very high

BOD has to be purified and large quantities of
oxygen supplied, great depth of immersion is
required. Under such circumstances the velocity of
circulation in the ditch may become too high,
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FIG. 3
DATA ON THE CAGE ROTOR
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reducing the difference between the speed of the
rotating aerator blades and the water. Special
measures then have to be taken to lessen the speed
of the latter by means of perforated baffles.
The raw sewage passes through a bar screen (inter-

spacing of bars, 5-8 cm). No sand catch is applied.

Shape of ditch
When only a single ditch is used, which is mostly

the case for very small communities (up to 1000
inhabitants), it should function both as an aeration
and as a clarification basin, the two processes
having to take place alternately. This is called the
intermittent system (type 1 in Fig. 4).

If one special auxiliary ditch is used for sedimen-
tation, nearly continuous operation will be possible.
In the case of two auxiliary ditches (type 3 in Fig. 4)
continuous operation is always possible, as explained
in detail below. It will be clear that a ditch in which
aeration takes place for 24 hours, combined with a
conventional humus tank for sedimentation, also
gives a continuous system. In that case, however, a
concrete construction will have to be used which

may sometimes be costly, so that the arguments in
favour of this solution must be compelling.

Sometimes twin ditches are built which function
alternately as a sedimentation and an aeration basin.
Both ditches, which are connected, have a rotor and
an outlet device (Muskat, 1960).
The rotors circulate the water at a speed of

25-30 cm/sec. It has been proved, in the installations
now in operation in the Netherlands, that it is quite
possible to use simple earthen ditches, provided the
soil is sandy or clayish (Fig. 5). However, where the
soil is weak, or to ensure complete safety under all
circumstances, the ditch may be lined with concrete
cobblestones, flagstones (Fig. 6), etc. In our opinion
a circuit of reinforced concrete is quite unnecessary
under moderate weather conditions or in a hot
climate, as all needless expense should be avoided
to make sewage purification possible in the maximum
number of cases. In countries with a very low winter
temperature, however, a deeper, narrower ditch
might be considered to make covering possible, and
in this case reinforced construction might be advan-
tageous.

G. 4

DIFFERENT TYPES OF DITCH
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FIG. 5
THE OXIDATION DITCH IN ITS SIMPLEST FORM,

JUST AFTER STARTING OPERATION

The foam disappears when enough sludge Is formed.

DIFFERENT METHODS OF OPERATION

The intermittent system

This is the system chosen when the sewer system
has a certain storage capacity. The ditch has a
volume of 300 1 per load of54 g ofBOD, and a depth
of about 1 m. The slopes are 1: 1.5, and where the
soil is very good, a gradient of even 1: 1 may be
chosen. Raw sewage can be stored in the sewer
system and pumped into the ditch at fixed times only,
or after a certain level has been attained in the
sewer system. At a fixed time before the raw sewage
pump starts, the rotor is switched off and the sludge
settles. When pumping starts and the water level
in the ditch rises, clear and purified water is drawn
off through a siphon. Shortly after all the raw
sewage has been pumped from the sewer into the
ditch, when the water level has been lowered suffi-
ciently, the flow-off stream breaks and a few minutes
later the rotor starts again. The settled sludge then
becomes suspended once more.
When the sewer system has only a rather small

storage capacity, pumping can be done more fre-
quently (with a screw pump, for instance) than
drawing off water. In that case the rotor operates
at a smaller depth of immersion just after drawing
off, and its depth is only gradually increased after
several periods of pumping. Arrangements must be
made to ensure that, before the final quantity of
raw sewage is brought into the ditch, the rotor is
switched off to obtain clarification of the mixed
liquor before the outfall starts.
A typical installation of this kind is the one at

Voorschoten, where the domestic sewage of 360

FIG. 6
OXIDATION DITCH AT THONGEN (GERMANY)

inhabitants (calculated on the basis of 54 g of BOD
per inhabitant per day) is purified in a ditch of
120 mr capacity. The effluent usually has a BOD
value of about 10 p.p.m. In this case varying quan-
tities of ground water are also collected in the
system, so that the daily flow sometimes amounts
to 70 ml (Fig. 7). This does not matter as the basic
design is for 300 1/54 g ofBOD. The installation has
been in operation since 1954.

FIG. 7

INSTALLATION AT VOORSCHOTEN, WHERE
THE EXPERIMENTS WERE STARTED IN 1954

The continuous system (type 3 in Fig. 4, shown in
detail in Fig. 8 and 9)
In one part of the system-namely, the main

ditch (two-thirds of the total volume)-the mixed

469



J. K. BAARS

FIG. 8
INSTALLATION AT NOORDWIJK (2500 INHABITANTS): CONTINUOUS SYSTEM

SCHEDULE OF OPERATION
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liquor is in circulation for 24 hours, and in one of
the two side ditches the water is always at rest and
clarified. The flow-off tube is lowered into this side
ditch and for any quantity of raw sewage entering

FIG. 9
INSTALLATION AT NOORDWIJK (2500

GENERAL VIEW
INHABITANTS):

the main ditch an equal volume of fully purified
effluent is drawn off. The volume of each side ditch,
in this case one-sixth of the total volume, guarantees
that with peak loads (10% of the DWF per hour)
there will be a detention time of at least five hours.
Even with a rainfall of 3 x DWF there are still one
and a quarter hours available for clarification. The
cross-section of the ditch is roughly the same as in
the intermittent system.
A plant of this type with a capacity of 2500 popula-

tion-equivalent has been in operation for three
years and gives a fully purified effluent (BOD less
than 10 p.p.m.) (Table 1).
Having discussed in general the different ways of

operation (many variations are possible to suit
typical local situations), it may be of interest to
consider some essential points of the installation.

THE PUMPING STATION

The raw sewage is brought into the ditch by the
usual centrifugal pumps. It is not necessary to
use any comminutors, as the sewage is fully homo-
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TABLE I
RESULTS OF PURIFICATION IN OXIDATION DITCH AT NOORDWIJK '

Influent Effluent
Month
1959 KMnO4 BOD NH; Prot.NH4 KMnO | BOD NH; Prot.NH4j N02 NO; 02

March 514 380 67 7 109 12 63 2 0.2 trace 3.2

April 307 278 83 7 96 13 71 2 0.1 trace 0.4

May 283 570 111 6 95 17 18 1 25 3 2.6

June 298 392 125 8 71 7 0.3 0.8 2 44 1.3

July 251 310 111 5 81 3 0.6 0.9 0.8 25 1.3

August 298 353 117 6 77 10 4 1.3 1.2 40 4.4

September 155 336 100 5 63 2 1.5 0.8 0.7 50 1.6

October 187 324 100 7 49 12 1.3 1.4 1.3 50 1.6

November 272 363 125 7 62 5 1.5 0.8 1.3 67 2.2

' Analysis made by the Regional Water Board.

genized through being circulated by the rotor with
the water in the ditch at a speed of 25-30 cm/sec.
A bar screen may be used in front of the pumps to
prevent pieces of wood, etc., from entering the
pump-house or the ditch.

THE AERATION ROTOR

In addition to what has already been said about
the aeration capacity of the rotor, a few further
remarks must be made.
The ditch load for 1000 inhabitants, for instance,

means that 108 000 g of oxygen (1000 x 54 x 2)
are needed per 24 hours, or 4500 g of oxygen per
hour in a continuous system. (When the rotors
act intermittently, the aeration capacity per hour
should be increased.) Fig. 2 shows that this can be
obtained with a 2-m rotor and immersion of about
10 cm. For 1000 inhabitants the ditch has a volume
of 300 mr. Circulation will be sufficient under these
circumstances.
The rotor is either fixed on a concrete support,

which takes the two bearings, or suspended under-
neath a steel construction. The only condition is
that the two bearings must be very well fixed so
that they cannot move separately.
When using concrete supports care must be taken

not to decrease the wet profile of the ditch too much,
as any considerable narrowing may diminish the
velocity of flow. This in turn may result in deposits
of sludge, thus considerably retarding the full

working of the plant, especially when starting a new
operation.
As regards frost protection, in a cold climate ice

may form on the surface of the mixed liquor, since
the detention time in the ditch is three days. Pre-
cautions have to be taken to keep the rotor and its
immediate vicinity ice-free, which can be done by
means of covering the rotor and by infra-red heating.
The ice layer on the remaining part of the ditch
gives a certain insulation against frost. Even if the
rotor has to stop for some reason or other and
cannot be put into operation again, the ditch may
act as a pre-sedimentation basin, the effluent being
only partly purified under extremely cold conditions.
However, in such circumstances biological reactions
are slowed down considerably, so that even freezing
of the whole ditch might be accepted. When the ice
thaws biological purification starts again, even
below 5°C; experience under these conditions is
being gained in Norway.

THE OUTFALL DEVICE

A siphon has already been mentioned, in con-
nexion with the intermittent system, as a device to
draw off large quantities of water in a short time and
to cut off the stream abruptly when the level in the
ditch is lowered sufficiently and the rotor has to
start again. A common weir could not be used
here, as it is essential to avoid drawing off effluent
plus floc. A rubber tube of sufficient diameter was
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FIG. 10
OUTFALL FOR INTERMITTENT SYSTEM

also used with success in a type 1 (Fig. 4) ditch
(see Fig. 10).

In type 3 the outfall system may consist of two
rubber tubes, which are alternately lowered into the
auxiliary ditches with clarified liquid. Here, too, a

safety switch prevents the rotor in one of the side
ditches from coming into action when the tube is
still lowered. Other solutions are also possible-
e.g., a trough, lowered at one side, may be used as an

outfall. This can be used with type 2.

THE SLUDGE

When this system is used to purify domestic
sewage, after some time a heavier sludge-floc is
formed which settles easily. The sludge index is
mostly 30-40 after one hour of sedimentation. The
quantity of sludge in the ditch is about 4 g/l, so that
in the Imhoff cone a sludge volume of 150-200 ml is
obtained after one hour. This raises another point-
namely, the sludge load, which is extremely low:
about one-twentieth to one-tenth of the load in the
conventional activated-sludge process.
The sludge production per caput per day may be

calculated as not more than 30 g. As the volume of
the ditch is about twelve times greater than the
conventional aeration basin, the sludge itself also
remains much longer in this aerobic medium and
mineralization takes place. The result is that this
sludge, when put into a fermentation flask, only
produces half the quantity of gas compared to that
obtained from " conventional " sludge. This also

accounts for the fact that the " oxidation-ditch
sludge" may be dried as such or kept in storage
tanks without producing any bad odour due to
fermentation. The ash content of the dry-solids in
the sludge (excluding sand) is 24%-27% in winter-
time. In the summer it amounts to 30%-32%.
During the purification process some mineraliza-

tion of the sludge takes place, as already mentioned,
but there is in any case a certain amount of surplus
sludge. (In fact, the above figure of 30 g per caput
per day relates to the surplus sludge.) Measures
must therefore be taken to maintain the sludge
content in the ditch at a level of about 4 g/l. To
obtain this several solutions are possible.

(1) Part of the mixed liquor flows through a
sludge trap (" thickener "), where some sludge is
concentrated to a dry-solid content of 3 %-4 %. This
thickened sludge is used in liquid form for' agri-
cultural purposes, as it has a nitrogen content of
6% of the total weight of dry-solids and a content in
organic matter of 65 %-75 %.
Up till now, no exact data are available about the

fate of worm-eggs that might be present in the raw
sewage. It cannot be expected that their number will
decrease in the same way as in thermophilic digestion,
so that this might constitute an objection to spreading
the wet sludge on grassland used for cattle-breeding.

It is possible, of course, to convey the thickened
sludge to drying beds, but an even spread is some-
times difficult.

(2) An even more simple procedure is simply to
pump the mixed liquor to the far end of the drying
beds, which are located beside the ditch. The
clarified liquid flows in the direction of the ditch and
is collected there to be brought back into the circuit.

Provided that the layer of sludge on the beds is
not too thick (10-15 cm) the sludge dries within a
reasonable time, the dry-matter content increasing
from 10% or 12% to 25%. A surface of 1/3 mr per
inhabitant is quite sufficient.

THE COSTr OF THE PROCESS

From the foregoing it will be clear that the con-
struction costs of the system are low. In practice
they amount to not more than USS8.50-14.00 per
caput, which is even less per caput than the sum
needed for a conventional plant for 100 000 popula-
tion-equivalent, or more. The maintenance costs
(cleaning of the plant, oiling of bearings and trans-
portation of sludge) are negligible.
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On the other hand, the energy required is about
18 kWh a year per head, which is relatively high.
This is due to the high oxygen supply necessary for
mineralization of the sludge. However, the total
annual cost of treatment per caput is about the
same as for a large installation. For small conven-
tional plants the cost is considerably higher, so
that the ditch system offers a method of purifying
at bulk costs. This creates the possibility for full
treatment in many cases where pollution of surface
waters has hitherto had to be accepted owing to the
high cost of purification.

It is not yet known up to what maximum capacity
the ditch system will be of advantage, but it was
introduced in the first instance for 300 inhabitants,
and some time ago a plant for 4000 inhabitants was
put into operation. Now a project for 7000 inhabi-
tants is under consideration.

OTHER POSSIBILITIES

Besides purification of domestic sewage, the
possibility of purifying any sewage which can be
treated biologically offers many prospects, as is
illustrated by two examples.

Dairy factories are often located in places where
the receiving surface water has only a small capacity
for untreated sewage. For this reason, in 1956, the
Government Agricultural Waste Water Institute
in the Netherlands started a pilot plant for the
treatment of dairy waste. Here again the OC/load
was taken as 2: 1. The BOD of the incoming water
was about 200 p.p.m., the value in the effluent 5-10.
The nitrogen components were strongly nitrified
and the sludge, which had a typical yellow-brown
colour, settled very well. The pilot plant was
followed by three full-size plants, including one for
4000 population-equivalent. As technicians are
always available in a dairy factory, this sometimes
considerably simplifies the problem of constructing
the ditch and installing the electrical equipment, so
that the cost of full treatment will no longer be a
drawback to starting purification.
Another possible application of the ditch system

is for industrial waste water containing a large
amount of phenol. The Netherlands State Mines in
the south of the country produce at one of their
plants a sewage with more than 200 p.p.m. of phenol,
and about 35 p.p.m. of thiocyanate (Netherlands
State Mines, 1960).
A circular ditch was constructed, with a volume of

about 450 ms and with a 5-m rotor, giving the water

PURIFICATION OF
TABLE 2

PHENOLIC WASTE IN THE DITCH
SYSTEM'

Components Influent Effluent % purification

Phenol 241 1.82 99.3

BOD2, 639 30 95.2

COD 1312 179 86.2

CNS' 38.5 0.0 100

NH; 364 259

NO, 36.9 105.3

NO' 30.8 119

temperature (OC) 33.4 17.8

pH 7.9 7.4

Load per day 156 m3

'Analysis made by the Netherlands State Mines Laboratory.
From these figures the ditch load may be calculated as_1800
population-equivalent of 54 g of BOD.

a circulation speed of 3040 cm/sec. The most
typical components of the raw sewage, which was
partly mixed with domestic sewage, are given in
Table 2.

These results clearly demonstrate the great
oxidation capacity of the " ditch sludge ", which is
fully adaptable to certain influents. The breakdown
of such large quantities of phenol as indicated
above might be quite valuable for keeping our
rivers clean. The considerable tolerance of peak
loads shown by the sludge is also demonstrated by
experiments in which sulfuric acid and cyanides were
added to the raw sewage.

(1) Sulfuric acid was added in such quantities
that for 8 hours the pH of the incoming water had
been as low as 2. The 50 p.p.m. of phenol in the
influent was still reduced to as little as 1.4 p.p.m.

(2) The concentration of HCN may sometimes
rise (owing to production trouble) to as high as
30 p.p.m. While the conventional activated-sludge
process is seriously affected by this, it has no notice-
able effect on the oxidation-ditch system.

It is intended to construct a full-size plant (volume,
30 000 mi) for this waste water.
Thus the oxidation-ditch system for domestic

sewage offers a method of purification that is very
suitable for small communities. For the purification
of industrial sewage this system can tolerate peak
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loads of toxic components much better than the
conventional system.
At the time of writing (September 1960), the system

is used in the following countries:
Austria
Belgium
Federal Republic of Germany (in 20 plants,

capacities 3004000 population-equivalent)

Netherlands (in 20 plants, capacities 20040
population-equivalent)

New Zealand
Norway I

Sweden (in 12 plants, capacities 200-900 popula-
tion-equivalent)

United Kingdom

RtSUMt

La pollution croissante des eaux superficielles impose
de proceder dans toute la mesure du possible A l'epura-
tion des eaux usees. Jusqu'A pr6sent, cette operation 6tait
le plus souvent r6serv6e aux grandes villes en raison du
coAt eleve des procedes classiques quand ils sont appliques
A de petites collectivites.

Cependant, les recherches poursuivies a l'Institut
technique (TNO) de la Sant6 publique, La Haye, montrent
qu'il est d6sormais possible d'obtenir un effluent entie-
rement epure en engageant des depenses raisonnables,
d'apres les directives suivantes:

Les boues primaires peuvent etre oxyd6es dans le
bassin d'aeration a condition de porter a 2:1 le rapport
de l'oxygene dissous A la DBO de la charge traitee (ce
rapport est de 1,5: 1 dans les installations classiques.) Le
bassin d'aeration donne un effluent epure et une boue
tres mineralisee si sa capacite est de 300 1 par 54 g de
DBO. En Europe, les conditions generales sont telles que
les eaux usees doivent A l'ordinaire etre maintenues
3 jours dans le bassin d'aeration.
Pendant ce sejour prolong6 en milieu aerobie, il se

forme une boue oxyd6e qui peut etre sechee directement
sans qu'il soit n6cessaire de traiter dans un bassin de
fermentation les boues excedentaires.
Le bassin peut servir alternativement a la s6dimenta-

tion si l'on interrompt l'oxygenation des eaux usees qui
s'opere par brassage au moyen d'une roue A palettes;
il est alors procede A la vidange de la partie liquide

clarifiee et totalement 6pur&e. Un systeme A fonctionne-
ment continu peut etre realise en adjoignant au bassin
principal deux bassins annexes r6serves A la sedimentation.
La quantit6 de boue en suspension est maintenue a

4 g/l; apres une heure de s6dimentation, l'indice de
formation de la boue oscille entre 30 et 40. La DBO de
la boue a des chiffres 10 A 20 fois inferieurs A ceux que
donnent les procedes classiques d'oxygenation des eaux
usees.

Alors que la consommation d'energie ne&cessaire est
relativement elevee (18 kWh par an et par personne),
la construction des installations est peu onereuse. Selon
l'experience hollandaise, elle revient A US$ 8-14 parequiva-
lent-habitant. Les frais d'entretien etant negligeables,
1'epuration des eaux usees de collectivit6s de 2004000
equivalents-habitants au moyen de bassins d'aeration
est d'un coOt absolu qui est tres voisin de celui des pro-
cedes classiques appliques au traitement de quantit6s
beaucoup plus considerables.
Une installation operant par oxyg6nation prolongee

donne un effluent de meme qualit6e que la methode
classique.

L'emploi du proced6 n'est pas limite A l'epuration des
eaux usees d'origine domestique. I1 a donn6 de bons
resultats avec les dechets de laiteries, les eaux usees d'une
usine de f6cule ou de mines de charbon; dans ce dernier
cas, les residus contenaient des ph6nols et des thio-
cyanates.
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