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INTRODUCTION

The oxidation ditch, originally pro
posed by Pasveer (9) as a variation of the
activated sludge system, has been used for
domestic and animal waste. The idea of
using the process for animal waste was
carried from Europe by some observant
engineers who noted the simplicity of the
aeration device and the container. Others
coupled the racetrack shape of the ditch
with the slotted floors found in hog
houses. The result was a treatment plant
and housing facility neatly coupled to
gether. The loading of the ditch was
directly through the slotted floor. Odors
were much reduced and the agitation,
required prior to loading the waste for
field spreading, was an ongoing operation.
The waste was relatively odor-free.

The oxidation ditch is a biological
treatment facility. In principle, it func
tions through microbial growth in much
the same way as the activated sludge,
trickling filter, or contact stabilization
processes. There have been variations,
however, in the operation of the ditch
that modify the original concept of
Pasveer. This paper proposes three models
of the process that characterize existing
oxidation ditches. An engineer, designing
an oxidation ditch, must be aware of the
end results. If the proposed models ac
curately describe the process, the equa
tions derived show the operating charac
teristics during long-term operation.

Assumptions

It is assumed herein that the effluent

from the treatment plant is only suitable
for spreading on land or for further
detention in an aerated holding pond. It
is further assumed that the supply of
animal manure is continuous, that is, the
waste is added a minimum of 24 times
per day. From microbial physiology, it is
known that organisms use only soluble
substrates even though some particulate
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materials may be made soluble by
enzyme action (12, 13). Growth of
microorganisms are assumed to follow
Monod kinetics (5). Effects of such pro
cess variables as aeration time and tem
perature have been discussed in the litera
ture (1, 4, 8, 15) and are not treated here.

PROCESS MODEL I

Figure 1 shows the physical aspects of
a complete activated sludge treatment
facility as originally envisioned by Pasveer
using the oxidation ditch for aeration.
The plant is preparing effluent for dis
charge into a receiving stream and returns
most of the net growth of cells to
maintain an adequate population in the
aeration basin.

A schematic outline of the system is
shown in Figure 2. The process variables,
shown as symbols, are defined in Nomen
clature. This diagram simplifies the study
of the process. This is a continuous
process suitable for domestic sewage and
for some animal waste applications be
cause of the sludge recycle. The essential
requirement is that separation of liquid

Figure 1. Typical oxidation ditch treatment
plant for municipal waste.
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Figure 2. Process outline of Figure 1.

and solid occurs in the settling tank. The
further assumption is made that no solids
escape in the supernatant from the clari-
fier. The mathematical model can be
developed from Figure 2 if a balance on
chemical oxygen demand (COD) and on
solids is used. A balance on viable cells in
the system utilizes microbial growth ki
netics, which define dx/dt = [xX. There
fore, change in viable cells = input - out
put + growth, or

V5p=/Xo-0r-/w)Xe-/wX+MXV..(l)

which simplifies to

dX=fXo -fXe+fwXe -f^X +fJX . . (2)
dt V V V V

Consider that X^ = X e = 0, and since at
steady state dx/dt = 0, then

(3)

Equation (3) implies that at steady
state the specific growth rate constant ix
depends only upon the flow to the waste
sludge settling basin. The operation of
this scheme, of course, relies on a perfect
settling basin. An imperfect system hav
ing some cells in the effluent would tend
to increase the growth constant by the
amount if - fw)Xe.

A balance on the substrate (S), in
recent literature considered as the soluble

COD, in the system yields: change in
substrate = input — output — consump
tion, or,

V^/So-^S-V-Z^S-^XV. . .(4)

which simplifies to

dS=f(S0 - S) - qX (5)
dt V

But for substrate-limited growth the
specific substrate utilization rate (q) is
related to the concentration of substrate

surrounding the micoorganisms (10):

<l-<lmU +sJ
(6)

CANADIAN AGRICULTURAL ENGINEERING, VOL. 14, NO. 2, DECEMBER 1972



If it can be assumed that the utiliza
tion of substrate energy is for both cell
maintenance and growth (10), then,

q=m+ & (7)

At maximum growth rate jum, equa
tion (7) becomes

^=Vw-V ....

Equations (6) and (7) yield,

M= Yggmr S 1-Y£m ....
Us +Sj

From equation (8) qm when substituted
in equation (9) yields,

M=Mmr S l-mYer Ks H . . .(10)
LKs+Sj ta +Sj

and using equation (3)

s=K,[y+mYd . .
Mm - fw

V

(8)

(9)

(ID

This analysis shows that the steady
state substrate concentration of growth-
limited cultures in the aeration chamber

is independent of the influent substrate
concentration and flow rate and is affect

ed by fw alone since the other terms are
constant.

Equation (8) for qm substituted in
equation (6) relates specific substrate
removal to substrate concentration and

the maximum specific growth rate.

Therefore,

q=/Vm+m\r S n (12)
Vg /lKs+sJ
Now substituting equation (12) into

equation (5) yields the transient state
behavior under substrate-limited growth:

... (13)

But at steady state dS/dt = 0,

therefore,

f (S0 - S)
X =

(\hn+m\ r_S_"l
VY* /LKs +Sj

*g

(14)

Combining equation (10) with equa
tion (2) describes the transient-state be
havior of the cellular concentration when

Xo = Xe = 0.

dX =X(nmS - mYgKs) I(KS +S) - X/„
dt V ' V

(15)

Providing the assumptions in equations
(8), (2), and (12) are valid, then equa
tions (13) and (15) describe the operation
of the system shown in Figure 2 during
transient state and equations (11) and
(14) during steady state.

In general, the object in a waste
treatment process is to reduce the sub
strates available for microorganisms. In
this study soluble COD values are con
sidered to be the concentration of sub
strates. The work of Mullis and Schroeder
(7) indicates that soluble COD can be
used to indicate total biochemical oxygen
demand (BOD) if COD is measured both
before and after aeration. The difference
in COD values, under batch conditions, is
the biodegradable portion. It is proposed
that by maintaining low COD values
under aerobic conditions, odors are rela
tively low because the volatile acids often
responsible for odors are substrates for
aerobic microorganisms and they are also
measurable as COD.

Equations similar to those shown here
have been derived on other occasions by
Herbert (2) and Gradya to explain the
activated sludge process. The critical dif
ference in intent, however, is in the
desired end products. As stated previous
ly, treated animal waste will not be
returned to a stream from an oxidation

ditch. Although, for odor control, it is
important to have the value of substrate
(S) low, the effluent will be proceeding to
field disposal and concentration Xe is not
so important.

Discussion

Although the equations as shown have
been verified in laboratory experiments
with soluble substrates during recent
years, a number of deviations from the
process are peculiar to animal waste. The
extent of the particulate matter, part of
which may be broken down by enzymes
to soluble substrate, along with some
input of dead bacterial cells may influ
ence equation (2). The small volume of
waste per animal-day results in evapor
ation only from the aeration basin and no
overflow. Of course, this could be equat
ed to a normal outflow of clean water

from a municipal oxidation ditch. The
result is that all solids are recycled within
the ditch and none go to waste. The
effect on S would be a reduction by
equation (11) with no flow to waste and

a Grady, C.P.L. Jr. 1971. A theoretical study
of activated sludge transient response. Paper
presented at the 26th Purdue Industrial
Waste Conf., Purdue Univ., Lafayette,
Indiana, May 4, 1971.
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on X an increase in cells by equation (14)
because /S/V equals zero.

A recent paper described the design of
an oxidation ditch having model I as its
base (14). A special screen replaces the
bar screen shown in Figure 1 and the
removed solids are deposited in a com
post tank for wet composting. The non-
chlorinated supernatant from the final
settling tank is returned to the hog house
for use as flushing water. This unit was
placed in service in April 1971. The
degree to which extensive mineralization
can promote good settling characteristics
and settled sludge can be removed from
the system will likely be the measure of
operational viability.

PROCESS MODEL II

Many oxidation ditches have been
constructed containing only the compon
ents shown within the dotted boundary
on Figure 1. That is, they have the
familiar racetrack shape complete with
rotor aerator and continuous inlet but no

outlet. They are designed for a batch
operation. The manure is added continu
ously and evaporation removes the water
leaving the solids behind. Figure 3 shows
the simplified process. Equation (2) must
be modified to:

dX=fXX
dt

and no steady state can exist.

MIXER

f (EVAPORATION)

(16)

Figure 3. Schematic of fill and draw type
oxidation ditch with evaporation.

TIME (DAYS)

Figure 4. Volatile solids concentration for
fill and draw type oxidation ditch.
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A typical curve of solids concentration
versus time is shown in Figure 4. These
data were taken from Robson (11).
Amounts of manure were added daily to
a 4-liter jar containing water initially (X0
= 0 at t = 0). The theoretical addition
curve is shown along with the line of best
fit faired in through Robson's data. The
results show an increasing deviation from
the theoretical line until at approximately
11 d the slope becomes constant. No
steady state is observed in Figure 4. If in
fact the reduction in volatile solids be

comes constant, then the slopes will
remain the same. Data from Jaworski et

al. (3) show that maximum percentage
reduction in domestic sewage sludge was
about 46% after 60 d for 15°C and 20°C
and 45% for 10dat35°C.

Depending on the maximum desirable
level for some mixed liquor characteristic,
say volatile solids, the contents of the
ditch would presumably approach this
amount (Figure 4) and then have to be
pumped out for the next run of the
process. Figure 5 shows a simulation of
such a batch system set to be pumped to
one-half full and refilled with water when
total solids reached 2%.

Discussion

The result of using this system is a
fairly odor-free mixture for field handling
but one in which the conditions for
microbial growth are constantly changing.
In the early stages, the aeration capacity
is excessive and in the latter stages the
effect of the concentrated solution un
doubtedly reduces the ability of the
wheel aerator to mix and add oxygen.
The oxidation ditch is essentially an
aerobic storage with 30-40% reduction in
volatile solids. It is a process unique to
animal waste due to the small volume of
waste per animal-day. The effect of the
moisture evaporation must be taken into
account in ventilation of livestock struc
tures unless a separate exhaust is provid
ed. The high solids level reached in some
oxidation ditches operating this way may
cause excessive settlement of manure

solids on the ends and difficulties with
cleaning. Moore et al. (6) experienced an
11% total solids level in an oxidation
ditch treating beef cattle waste. The
process may, however, reduce the total
amount of waste to be handled.

PROCESS MODEL III

If the oxidation ditch were operated as
a continuous aeration basin with only
inflow and outflow, a different model
could describe the process. The same
portion of Figure 1 within the dotted
line, but having an outflow as well as
inflow, could represent the physical
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plant. The schematic outline of this single
pass system is shown in Figure 6.

The equations originally outlined for
Model I may apply except that equation
(3) would become:

_/
M = (17)

and the growth rate would equal the flow
through. If the effluent flow were reduc
ed, due to evaporation for example, then
the growth rate would be similarly reduc
ed. A true steady state could be reached
provided some outflow was maintained.
Equation (5) would also be valid and
equation (11) would become:

;=K5(/+mYj,) .
Mm f_

V

(18)

The substrate level becomes strictly a
function of hydraulic detention time f/V.
Equation (14) remains the same in order
to describe the level of viable cell concen

tration.

But equation (15) would be modified
to

dX fw =X(jUmS - mY^Ks) / (Ks +S) - x£
. . • (19)

A typical concentration versus time
curve for a 20-h hydraulic detention time,
//V = 0.05, as well as the level of volatile
solids input to the reactor are shown in
Figure 7. The difference between the feed
and the mixed liquor is the loss due to
oxidation of volatile solids. The total
volatile solids are shown but these con
tain particulate matter in both feed and
mixed liquor. The most important point
to note is the relatively steady state
condition.

Discussion

Operating an oxidation ditch accord
ing to this model results in achieving a
certain constant level of cell material and

substrate. This continuous culture yields
a certain culture health but also yields an
overflow on a continuous basis. Although
the effluent is suitable only for land
application, and in this regard conforms
to the assumptions, nevertheless, the
day-in, day-out discharge can become a
liability. During the summer months,
April to November, a small irrigation
system could automatically remove the
correct amount onto grassland. Storage
must be provided during the period from
December to April. Considering the pres
ent operation of some oxidation ditches,
it is obvious that extra water must be

supplied to provide an effluent from the
system.

SUMMARY

Anyone designing an oxidation ditch
must be aware of the operational charac
teristics, both physical and biochemical,
in order to predict the way in which the
treatment facility will fit into the farm
stead system.

Variations of the theoretical detention

time and fluctuating temperature have
been shown to influence greatly the
performance of aerobic treatment pro
cesses but these have not been considered

here. The basic variations in hydraulic
flow patterns and microbial growth have
been used here to suggest models for
future design and experimentation. The
equations have been developed from con
sideration of Monod kinetics. The Monod

equation, originally developed for pure
cultures, depends on some nutrient be
coming limiting. The limiting substrate
has been taken as the soluble COD in

several recent investigations.

A true steady state condition can be
achieved with the oxidation ditch if there
is some outflow. Some oxidation ditches

TIME (DAYS)

Figure 5. Analog simulation of total suspended
solids.
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Figure 6. Schematic of continuous-flow oxida
tion ditch.
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Figure 7. Volatile solids vs. time in continuous-
flow oxidation ditch.
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do not have outflows, or very little, due
to evaporation from the aerator wheel.
Nonsteady state conditions are not con
ducive to microbial health nor process
stability. Foaming in the oxidation ditch,
as yet unexplained, may be the result of
unsteady state conditions existing in the
ditch.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge
the financial assistance of the Quebec
Agricultural Research Council under
grant McA 70-382 in support of the
studies connected with this work.

/ =

fw ~
a —

Xo =

X =

Xe =

V =

So =

t

V-m

9

Qm

NOMENCLATURE

3 _
inflow to aeration basin L T

outflow to waste L T

ratio of return sludge to /
(inflow)

concentration of viable

cells in influent ML

concentration of viable

cells ML~

concentration of viable

cells in effluent ML

volume of aeration vessel V

substrate concentration in

influent ML

substrate concentration in

aeration basin ML

time T

specific growth rate T

maximum growth rate T

specific substrate utiliza
tion rate T

maximum substrate utiliza-

tion rate T

Ks = substrate concentration at
W2

Yg = yield coefficient
m = specific rate of substrate

utilization for maintenance

COD = chemical oxygen demand

BOD= biochemical oxygen de
mand

ML"

T-l

ML"

ML~
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