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OXIDATION DITCHES

ngectives

Upon completion of this lesson you should be able to:

10.
11.

12.

13.

14.

15,

l6.

Describe the basic philosophy behind the developmernt
of the Ox.dation Ditch.

State three reasons why the role of the Oxidation Ditch
has expanded.

Describe the basic design of the system.

Name two ways the design of the Oxidation Ditch has
evolved to meet the needs of larger users.

Describe Multi Trench and Carrousel systems.

Name four advantages or disadvantages of the Oxidation
Ditch pro:ess.

Give two important functions of aeration in the Oxidation
Ditch process.

Name several factors which influence the oxygen require-
ments of a plant.

State the basic philosophy of clarification in an
Oxidation Ditch plant and name two ways in which it is
accomplished.

Describe the importance of sludge quality in settliug.

Describe the importance of solid inventorying and
wasting are to the Oxidation Ditch process.

Define SRT and give its importance to plant operation.
Give the three basic functions of an Oxidation Ditch
process, i.e., carbonaceous oxidation, nitrification,
denitrification.

Describe five concerns with nitrogen in a treatment plant
and the environment; biostimulation, toxic properties,
interference with disinfection, pH reduction, D.O. demand.

Define nitrification.

Define denitrification.
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17. Describhe the effects of dissolved oxygen, solids re-
tention time, pH, toxic metals and temperature on the
control of the oxidation process.

18. Understand the general denitrification kinetics of an
Oxidation Ditch plant.

19. Define "anoxic zone" and state its imp.rtance to the
denitrification process.

20. Describe why carbonaceous material is needed in the
denitrification process.

21. Describe three operational techniques for improving
the verformance of an Oxidation Ditch plant.




. OXIDATION DITCHES

Glossarz

Anoxic zone ~ area of relative oxygen scarcity, not
necessarily completely anaerobic.

Brush aerators - a "river boat paddle-like" aerator.

Carbonaceous oxidation - biochemical oxidation of carbon
containing compounds.

Carrousel - a variation of oxidation ditch design in which
several circular tanks are built one-inside~the=-other.

Disc aerators - large, vaned discs on a horizontal shaft.

Nitrogen oxidation - conversion of ammonia to nitrite and
nitrite to nitrate. |

Nitrogen reduction - conversion of nitrate to nitrogen gas.

Race track -~ the oval or loop shaped aeration basin in
the oxidation ditch process.

Segmented wasting - the practice of wasting activated sludge
solids periodically as opposed to large, one-time surges.

8
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OXIDATION DITCHES
Lesson I - Introduction, Theory & Components
FOREWORD

In a way the word "pollution" is a bit of a misnomer.
Wwhenever someone mentions pollution there is a tendency to
conjure up visions of smelly debris ridden shore.ines,
industrial discharge lines gushing forth multicolored toxi-
cants and signs warning of health risks in the old swimming
hole. While at times man's incursion into the ecosphere has
been extremely damaging, it is incorrect to believe that
only negative results stem from the introduction of our waste
into the environment. By recognizing the ability of the
hydrosphere to absorb and treat waste within prescribed
limits, it is entirely justifiable to deal with waste treat-
ment from a cost benefit standpoint without jeopardizing
adequate environmental protection. The role of wastie treat-
ment has therefore become one of managing man's contributicn

of waste to the environment.
HISTORY OF THE OXIDATION DITCH PROCESS

One method of providing this cost etfective management
stems from the use of activated sludge in what has come to
be known as the Pasveer Oxidation Ditch Process, Loop
Aeration, Carrousel Process, Orbital System, etc. The
Oxidation Ditch éoncept was first dcveloped at the Reserach

Institute for Public Health Engineering (TNO), located in




the Netherlands, by Dr. Ir. A. Pasveer. Its purpose was to
provide a low cost easy to operate method of handling small
municipal and industrial waste treatment requirements.
Placed into service in 1954 at Voorshoten, Holland,1 the
process served a population equivalent of 369 persons. How-
ever, because of the relatively inexpensive construction and
maintenance costs and the ability of the process to deliver
high quality, stablerperations with a minimum of operational
vigilance, the Oxidation Ditch approach has become increas-
ingly poﬁular worldwide. As of 19;5 the EPA estimated that
there were 558 Oxidation Ditch plants operating in the U.S.

with a steadily increasing number coming on line each year.
. VARIOUS DESIGNS NF THE OXIVATION DITCH

Essentially, the Oxidation Ditch is an application of
the extended aeration, complete mix concept of activated
sludge. Utilizing a closed loop trench or race track aera-
tion tank configuration, the Oxidation Ditch represents 4
substantial design departure from conventional activated
sludge systems. In many smaller Oxidation Ditch plants the
aeration tank is simply excavated out of the ground. By
sloping the banks of the ditch and lining the interior with
an impermeable substance (usually clay or asphalt) a large
cost savings can be realized in construction. Such a sim-
plistic approach to waste treatment is very attractive to

( low volume users.

ERIC s 0




Since the inception of the process, the cost advantages
which the Oxidation Ditch process enjoys have resulted in
the development of plant capacities much greater than those
envisiored in the original design. However, when the system
is simply expanded to meet the needs of larger municipal and
industrial users, such proolems as aeration effectiveness,
detention times, hydraulic flow patterns, etc., erode much
of the process advantages. To overcome these challenges
the Oxidation Ditch process has evolved in severa® different

ways.
MULTI-TRENCH SYSTEMS

One method of avoiding the previously mentioned pitfalls

TN

has been through the use of wmultiple trench systems. Essen-
tially, this design approach is a multiplication of the more
manageable size units used in smaller treatment flows. While
replication of the basic design offers a logical alternative
for expanded capacities, the actual application of the prin-
ciple tends to fall victim to negative factors which are not
significant in single units. Potential burdens, such as large
construction sites, increased capital outlays for construction
and materials, magnified operational and maintenance costs,
etc., can quickly reduce the cost benefits of the process

when compared to other systems.
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CARROUSEL SYSTEMS

In order to avoid some of these negative spin-offs in
larger applications, a system known as a Carrousel has
recently evolved. Utilizing the basic principles developed
by Dr. Pasveer, the Netherlands based ccnsulting firm of
Dwars, Heederik, and Verhey developed the Carrousel process
irn the mid-sixties. The advantages of the Carrousel revolve
around the areas of construction, aeration, and hydraulic
principlés. Essentially, the system consists of several
free standing prestressed concrete tanks set one inside the
other. Approximately 15 feet in depth, the secondary clari-
fier occupies the innermost tank with the aeration tank
surrounding it. Within the aeration tank, a dividing 1 . ti-
tion is erected which serves to separate the tank into (WG
channels. By terminating the partitions near each aerator
the Mixed Liquors can be channeled so that the necessary
hydraulic velocities (approximately 1 FPS) can be generated
with minimum energy requirements. In approaching the con-
struction of the Carrousel in this way both the aeraticn
and clarification function of activated sludge can be
accomplished within a single unit.. This unique space
utilization saves on land acquisition needs, construction
ar.d materials requirements, operational and maintenance
demands, etc., all of which lowers the overall costs of the
unit and increases its attractiveness in the 5-20mgd appli-

cation rarre.
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ADVANTAGES AND DISADVANTAGES OF THE OXIDATION DITCH

In general the Oxidation Ditch process, whether basic
or complex, have certain factors in common with each other.
To begin with, all oxidation ditch systems use a form of
activated sludge, using some form of secondary clarification
to remove cclivdial and dissolved solids. By allowing micro-
orga:isms to incorporate organic material into their cell
bodies, waste material which would otherwise be lost to the
environment is retained in the treatment system. Next, all
Oxidation Ditch plants run in what is known as the extended
aneration modz. Utilizing fluid detention times of between

12-24 hours, these systems are designed to retain solids in

the neighbo: Eood of 15-30 days. Such—long-solids retention
times promote endogenous respiration of the cell mass. In
essence what an Oxidation Ditch plant is designed to do is
starve the microorgaaism through the course of the treatment
process and thereby reduce the amount of solid waste which
must ultimately be handled. By converting waste material
into carbon dioxide, water and energy, micvobes can in con-
ditions of severe endogenous respiration reduce solids
handling by 50% or more over conventional approaches. Some
extra expense is initially required for the construction of
lurger sy:tems needed in an extended aeration plant. How-
ever, the EPA estimates that the Oxidation Ditch process

i the cheapest systems to build and operate within the
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0.1 to 4.0 mgd flow range ( 1 ). With the advent of the
Carrousel design, compet t-ive bids of nearly any flow range
are now pos<ibie. Presentliy, Oxidation Ditch plants of 15
mgd are on line in the U.S. with even larger units under
development.

Another adva.tage of the Oxidation Ditch process stems
from the nominal operational requirements which the system
L.as. High MLSS levels and long detention times enable the
process ta racover from shock loadings and adverse conditions
with only minimal operational supervision. From a comparison
standpoint the oxidation process requires perhaps the least
amount of operational guidance of any act.ivated sludge design.
Such stability becomes an important asset to communities and
businesses where only intermittent attention can be paid to
the system.

The Oxidation Ditch process also encompasses the ability
to nitrify and denitrify within the same physical structure
(refer to nitrification/denitrification section). More
conventional systems require the construction of separate
facilities and the introduction of costly external carbon
sources (usually alcohol) in the elimination of nitrogen from
waste water. With the oxidation system, the design of the
plant incorporates the ability to maintain conditions which

’
will remove nitrogen without special equipment or chemicals.

However, there are inherent limits on the efficiency of this

0X-9 14




form of nitrification/denitrification which must be traded off
when comparing the system's desirability with other nitrogen

removal techniques.
AERATION OF THE OXIDATION DITCH

The basic philosophy of aeration is to develop dissolved
oxvgen levels in the mixed liquor and keep the flock particles
in activated sludge from settling out in the aeration tank.
The trick in aeration is to stimulate the absorptioa of
oxygen gas from the atmosphere by breaking through the surface
tension of the MLSS. Surface tension is the property of a
surface that imparts a membrane-like behavior to that surface.
It is this membrane-like behavior which forms a resistant
bar~ier to the free transfer of atmospheric oxygen into solution
with the mixed liquor. In the Oxidation Ditch process mechan-
ical aeration units of various designs are used to disrupt the
surface tension of water and develop necessary dissolved
oxygen levels for the system.

A mechanical aeration unit is nothing more than a device
which beats the surface of the mixed liquor creating & splash
zone where atmospheric oxygen is entrapped and absorbed into
solution with the water. The dissolved oxygen and hydraulic

" flows generated through the use of these mechanical aerators
have special significance to the Oxidation Ditch plant for
( several reasons.
The first area of importance in aerating activated

sludge centers zround the requirement for dissolved oxygen
o197,




by the microbial populations. It is necessary to provide
sufficient dissolved oxygen to a bio-mass in order to promote
efficient oxidation of waste material. Essentially, microbes
consume waste and convert it through a process known as
"biological oxidation'", into water, carbon dioxide, energy and
more microorganisms. Everyone has watched wood burn in a
fireplace. This is the same thing which aerobic micro-
organisms‘accomplish on a smaller scale. Simply stated, the
organism éf activated s'udge burns up waste material in sewage
when provided with sufficient oxygen. In the case of car-
bonaceous material (organic carbon) approximately 1.25 mgs of
oxygen are required to oxidize one mg of carbon. By itself
this requirement places a substantial burden on the aerators
to provide adequate D.0. to thc system. However, the Oxidation
Ditch was also designed to oxidize ammonia-nitrogen compounds
to nitrate. This process, referred to as Nitrification, has

a requirement for 4.57 mgs of oxygen for every 1l mg of
Nitrogen converted to Nitrate. It is easy to see how even
relatively low concentrations of Nitrogen can place a severe
demand on the dissolved oxygen generating capabilities of the
acration equipment in the Oxidation Ditch plant. Figures

on the effective oxygen requi cments of a combined carbon/
nitrogen oxidation system range from 1l to 3 ppm 02. The
important thing to remember when developing adecuate dissolved

oxygen levels for a plant are that these requirements are

0X-11
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not static through the course of a day. Dissolved owygen
needed in the Oxidation Ditch system is a dynamic process
linked to factors such as aicrobial growth rates, diurnal
flow variations, the strength and quality of the influent
sewage, temperature, etc. It is the job of operations to
routinely monitor the oxygen requirements of the system and
act as a regulator between stability in the process, and
the costs of oxygen generation. As a result, the minimum
D.0. levels of a plant is situationally dependent.

The second important area of concern with aeration Iin
the Oxidation Ditch process involves the physical agitation
of the mixed liquor by mechanical aerators. Normally speak-
ing, the dominant way in which activated sludge is held in
suspension is through the use of randomly directed turbu-
lcnce. Dr. Pasveer designed the Oxidation Ditch aeration
tank in the shape of a race track. In this way, turbulences
are directed around the tank and transformed into directional
velocities. As a consequence, the Oxidation Ditch process uses
fluid velocities and not turbulence as the nrimary method of
particle suspension. There are several advantages to this
movement which conventional aeration doesn't enjoy. To beguin
with, the creation of directional fluid in the aeration tank
substantially reduces the possibility of dead zones. A dead
zone is a pocket of activated sludge which does not receive

adequate mixing and becomes stagnant. In the Oxidation Ditch

ox-12 17/




process fluid velocities of one foot per second effectively

eliminates any chance of inadequate mixing. Also there are no
square corners in the design of the aeration tank where solids
can accumulate and cause problems. Because the movement of
MLSS in an Oxidation Ditch plant is directional, it is possible
to space the aeration units in a way which will create regions
of relative oxygen scarcity or anoxic zones. The anoxic zone
is absolutely essential to the denitrification process (refer
to the denitrification section) and allow the system to remove
nitrogen from waste water. Finally, the directional movement

of MLSS in the Oxidation Ditch has the advantage of promoting
good flocuation and contact between waste material and micro-
organisms. Since the process does not require severe agitation
of the mixed liquor in order to satisfy its oxygen demands.

The formation of high quality flock particles areallowed to
proceed relatively undisturbed. This creates an environment
where both the size of the flock particle and the time it has
to contact the waste are increased, thus enhancing effective

treatment.
TYPES OF AERATION USED IN THE OXIDATION DITCH PROCESS

In order to achieve the dissolved oxygen needed in the
Oxidation process, several different types of mechanical aera-
tion devices are used. Many small systems make use of what
is known as '"'Brush Areation'. Cylindrical in shape, these

aerators straddle the activated sludge channel, creating

0X-13
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the necessary dissolved oxygen and fluid velocities by rotating
quickly through the surface of the mixed liquor. A good ‘
analogy of the brush aerator would be the action of an old
time river boat paddle wheel as it pushed against the water.
By far the brush aeration unit is the most common method of
providing oxygen to an Oxidation Ditch system, however, there
are still a number of detractions connected with their use.
Relatively high rotational speeds (approximately 78 RPL.,;,
restrictions on the effective length of the brush, bearing
placements and alignment difficulties, high costs to oxygen
generation ratios, etc., tend to make the brush aerators
unsuitable for larger applications.

To overcome these difficulties, horizontally mounted
disc impeller aeration units are coming into greater favor.
By partially submerging a vaned, conically shaped impeiler in
the aeration channel, the efficiency of dissolved oxygen
generation and fluid velocities is improved. Slower rotational
speeds (23-32 RPM), durability, large impeller sizes (some
exceeding 3 meters), high oxygen transfer efficiencies, etc.,
all translate into making the horizontally mounted aerator
useful in large scale applications where other forms of
. acration are not practical. Oxidation Ditch plants in excess
of 15 mgd capacities clearly show a shifting of emphasis
toward the needs of larger users. The development of im-

peller aeration has played a significant role in enabling
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competitive bids to be made on such mid-range capacity plants

and will continue to enhance the desirability of the system.
SAFETY COVERS FOR AERATOR UNITS

As a final note on aeration, something needs to be said
about the usefulness of shielding on aerators. Not only are
the questions of safety and aesthetics of importance when
considering shielding. In the colder climates, ice on the
aeration tank produce significant problems with the maintenance
of the equipment. The judicious use of baffled sheet metal
and bar screening can be used to enclose and protect. both the
aeration equipment and surrounding area. Risks associated
with injury and contamination from MLSS backspray, coupled
with the potential threat of icing in some regions, makes
enclosure of aerators not only a good idea but a profitable

one as well.
CLARIFICATION

Another concern with the design of the Oxidation Ditch
process is the clarification of the activated sludge. Once
the microorganisms have consumed the waste organics present
in sewage, it is necessary to allow the mixed liquor which
composes activated sludge, to settle in a hydraulically quiescent
arca. In this environment solid material will separate from
the waste water and clcar liquid can be supernated off fov

final chlorination. The process of separating activated sludge

0X-15
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from final effluent is known as a '"'Secondary Clarification"
and is fundamental to the overall efficiency of an Oxidation

Ditch plant.
PHILOSOPHY OF CLARIFICATION

The basic philosophy of clarification revolves around
the establishement of a quiet, slow-moving area where acti-
vated sludge can be decanted. Microorganisms which inhabit
a trestment plant are nearly entirely composed of water. As
a consequenée, the specific gravity of the solid material
which must be settled out is almost identical to that of
water. Sp cific gravity is determined by comparing a volume

of sludge with an equal volume of distilled water.

5 r = Wweight of sample
p. 8r. weight of distilled water

From a settling standpoint this is cr{fical. Substances with
a specific gravity of greater than one will sink, and those
with values less than one will float. 1In order to achieve
specific gravities in activated sludge great enough to sink,
it is necessary to encourage the formation of floc particles.
Floc 1is an agglomeration of waste held together by a sticky

substance which microorganisms coat their outer cell wall.

The mechanics of floc formation is fairly complex and beyond

the bounds of this module. However, it is important in the
operation of a clarifier that a certain minimum quality of

floc be generated in order to promote settling.

0X-16 21




CHARACTERISTICS OF SLUDGE SETTLING

One excellent way of determining the sludge settling
characteristics of your floc is to perform a settlometer test
on the MLSS. The test consists of nothing more complicated
than a couple liter clear plastic container, markings every
one hundred milliters and some MLSS. To run a settlometer
test, grab a representative MLSS sample, place it in your
marked container and watch it for one hour. The objective of
the test is to provide a graph of the settling rate of the
sludge in five minute intervals for the first half hour. 1In
a process which has the correct sludge conditions you will
expect to see a graph which falls off by 40-50% the first ten
minutes and then guntly tapers off to betwe:n 65-75% of its
original volume. Where the sludge is too young, your graph
tends to stay straight and falls slowly. In plants with too
old a sludge, the graph plummets and then tapers off to a
straight line.

Another way to manipulate date gained by graphing sludge
settling characteristics is through the calculation of the
Sludge Volume Index (SVI). The SVI is defined as the volume
of sludge occupied by one gram of sludge. It is calculated
" by multiplying the milliliters of settled sludge after 30

minutes by 1000 and then dividing that figure by the mg/l of

MLSS.

SVl = ml of Settled Sludge (30 min.) X 1000
mg/1 OF MLSS

0X-17
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In a well running Oxidation Ditch the SVI remains generally
in the neighborhood of 100, A SVI ranging between 75-100 is
not uncommon, whereas high figures of 150-200 or low fighres
of 0-50 indicate a plant upset condition. A good control
technique is to plot the SVI against the quality of the

effluent until an optimum plant operating range is established.

MECHANICAL ASPECTS OF CLARIFICATION

[ 3

Secondary clarification in the oxidation ditch process
is composed of the same basic equipment which makes up clari-
fiers in any of the more conventional activated sludge plants.
(Q The main components include squeegy bladed rake arms and draft
tubes, a drive assembly to turn the rake arms, a center hopper
for the waste removal, a center feed well for the activated
sludge to enter from the aeration zone, etc. Some smaller
systems are unique in that they attempt “o accomplish clari-
fication within the aeration tank itself. By shutting down
the aerators for a period of time the aeration channels can
be turned into a clarifier for the MLSS. Such an approach
has certain cost advantages, however, the lack of wasting
control and tre inability to acrate solids while under
clarification shows up in a reduced solids removal efficiency.
Many of these dual function systems are promoted as never
requiring wasting. This is patently not true. Ultimately
Q the system must become self wasting and aeration solids will

flow out with the effluent. It is necessary in the process

0Xx-18
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control of the Oxidation Ditch to both periodically remove
old microorganisms from the system (waste) and establish an
environment which returns useful settled sludge back to an
aerobic environment before serious oxygen deprivation can
occur. Separate stage clarification is much more adapted to
providing these needed conditions than combined systems and

consequently, play a greater role in the designs of the system.
THE ROLE OF SLUDGE SETTLING IN CLARIFICATION

Characteristically activated sludge has a tendency to
stratify in the course of settling. This is important in che
clarification step of the Oxidation Ditch effluent. As a rale
of thumb, one expects to find older microorganisms settling

: quickest with successively younger organisms predominating
later deposits. Secondary clarification takes advantage of
this stratification in the wasting and returning of sludges.
Ry sloping the floors of the clarifier, the older, less active
sludges tend to migrate toward the center of the tank where
they are removed as waste. Correspondingly, the youriger,
more active microbes tend to gather around the edges of the
tank where they can be sucked up by draft tubes and returned
for continued service in the aeration tank. Both the process
of wasting and returning of solids in the clarifier are
vital to the overall performance of the system. Failure to
manage a proper solids inventory can only lead to a reduced

quality nf effluent.




SOLIDS INVENTORY CONTROLS

An important consideration in the management of solids
in the secondary clarification is the survey and control of
the Sludge Blanket Depth (DOB). Unless the D.0.B. is main-
tained at approximately one quarter of the clarifier sidewall
depth, one runs the risk of losing solids in periods of high
hydraulic loading. Perhaps the easiest way to monitor the
D.0.B. is through the use of a Sludge Judge. Ncthing more
than a clear plastic pipe with a one-way valve at the bottom,
the Sludge Judge can be used to easily obtain core samples of
your clarifier. Routine examination of such core samples
will enable an operator to very accurately determine whether
or not the level of the blanket is shifting. For instance,

a rise in the D.0.B. is noted; by turning up the R.A.S. return
rate thic increase can easily be counterbalanced. Generally
speaking the Oxidation Ditch process operates well with a
R.A.S. rate of 40-45% of the influent flow rate. However,

it is important when adjusting the return rate to bear in

mind the hydraulic pressures which are being artificially
created. By making any changes in small increments of no

more than 5%, the chances of negative side effects can be
reduced.

Wasting out of the secondary clarifier is perhaps the
most useful process control which you have in an Oxidation

Ditch plant. Although the Oxidation Ditch process runs in the

0X-20 .
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extended aeration mode, thus dramatically reducing the solids
generation of the system, it is still necessary to waste
periodically in order to remove solids which are resistant to
endogenous respiration. The Food to Microorganism ratio

(F/M ratio), Sludge Volume Index (SVI), Mean Cell Residence
Time (MCRT) or Solids Retention Time (SRT), etc., are all
dependent on wasting in their control and adjustment. Perhaps
the easiest and most co;éistent way of arriving at a poundage
figure for wasting is through the use of SRT values. This
Solids Retention Time is defined as the total pounds of solids

in the secondary system divided by the number of pounds of

solids wasted or lost in the effluent.

Pounds of Suspended Solids in the Total Secondary System
Suspended Solids Wasted, 1bs/day + Suspended Solids lost to the
Effluent lbs/day

SRT =

In other words, this calculation is a rational description
of sludge age which takes into account the entire secondary
system. Ordinarily, che Oxidation Ditch process runs best
with a SRT of between 15 and 24 days. Once the optimum re-
tention time is established for the plant, the simple manipu-
lation of the equation will provide each day's wasting re-
quirement. For a more complete description of SRT refer to
the Standard Methods for Water and Waste water. Whatever
technique is chosen, it is important to pick one which
correlated well with effluent quality and is easy to routinely

apply to the question of solids removal.
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THE IMPORTANCE OF SIGMENTED WASTING SCHEDULES

Once a daily wasting figure has been arrived at, it is
best to break the withdrawal up into a segmented schedule.
Withdrawal of the waste severral times over the course of a
day avoids the pitfalls associated with removing waste all at
one time. For instance, wasting for only short periods of
time, with an inter-m period for solids build up, will
significantly increase the sclids concentration of the waste
and reduce the equipment wear, energy requirement and burden
on down stream sludge handling facilities which the transfer
of excess vater brings. Also it is important to remember
that the obiective of wasting is teo remove the old and dead
bugs while allowing the young active microbes to return to
the process for further treatment. The en masse wasting of
the daily poundage requirement creates a condition of
diminishing returns, wh2reby after a certain point the useful
microorganisms are removed along with the less desirable ones.
In conditions of heavy organic or toxic shock lcading, the
destabilizing effects of removing extensive quantities of
sludge over a short period of time can leave tie system with
an insufficient bio-mass to effectively treat incoming w2aste.
Breaking up the wasting into a segmented schedule allows time
for the microbial popul-~tiwn to stabilize itself, resulting

in a smyother growth curve and more consistent cperationg.
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PROCESS HINTS FOR THE OXIDATTON DITCH PLANT

One of the most important parts of an Oxidation Ditch
process is the preventative maintenance program of the plant.
The '"guess and by golly" approach to maintenance will always
end up costing more in time, materials and reduced plant
efficiency than a well thought out program of preventative
maintenance. First, establish a systematized card file which
locates and describes the maintenance requirements of each
piece of equipment in the plant. Second, prioritize the equip-
ment according to the manufacturer's recommended mairntenance
schedule, importance to the plant, availability of repair
materials, etc. Some equipment simply can not be allowed to
fail, otherwise the plant is out o€ business. By including a
description of the pieces of equi . ¢, the order numbers,
the Lest place to order parts from, etc., valuable time can be
saved in emergency situations. Third, estatlish a card filing
system which can be readily sorted. In small plants rummaging
through a stack of cards may be acceptable. However, when the
cards start running into the hundreds this approach will not
work due to equipment which might be ignored. The judicious
use of holes punched according to a time sequence, equipment
‘priority, parts number, etc., can expedite tha speedy rccovery
0of needed information with a minimum of time and confusion,
Presently, there are several card file systems on the market

which can be purchased in lie.. of a "do it yourself'" catalog.

oS
&
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With regard to the maintenance ot Brush Aeration units, a
number of problems have cropped up with the placement bearings
and the alignment of the brushes. It is exceedingly herd to
keep these types of aerators in true alignment for extended
periods of time. Once a misalignment occurs torque and the
high rotational speeds of this lype of aerator will quickly
wear out bearings. A yearly alignment adjustment will minimize
the problems associated with sagging and will reduce the need
for unscheduled maintenance. It is iuortant to remember
that while routine mcintenance may not be exactly fun, it is
certainly better than constantly fixing equipment which has
broken down for lack of it.

Directly related to the performance of the aeration unit
is its ability to generate fluid velocities needed to suspend
the mixed liquor solids. One way to check on this movement
is to place a stick in the flow and time its progress. The
float should be weighted so as to penetrate approximately two
thirds of the way to the bottom of the channel. By timing the
float's progress in a number of different locations, an idea
of the average channel velocity can be determined. A generally
accepted minimum for fluid velocities in the Oxidation Ditch

process is one foot per second,

)
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In conclusion, there is the routine of sampling and
testing. The meth.ds by which information is gathered about
the plant processes is completely dependent on the quality
of the sampling technique. The urge to get out of the cold,
wind, or night air, etc., has led more than one operator co
discover easy ways to generate data. Holding one's finger
in the air, consulting metaphysical tables and penciling in
data are not useful ways to collect pertinent data and
samples. It is very important to take samples which reflect
an average part of the whole. Avoid taking samples in only
a portion of a tank. Try to gather samples from various

, depths. Most of all, decide what types of samples you need
before you gather them. Always utilize Standard Methods in

preservation of samples and you will ultimately find a.great

reduction in problems associated with poor sampling techniques.
It is important to remember the computer slogan:

'"garbage in -- garbage out."
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OXIDATION DITCHES

Lesson II - Process Kinetics & Process Control

FOREWORD

In this section of the Oxidation Ditch module we will
be describing the major process kiretics of the system and
looking a‘'. the concerns which must be addressed when treat-
ing waste. Essentially, the oxidaticn ditch process is
designed to perform three major functions. First, as an
activ~ted sludge system, the process has the capability to
oxidize carbonaceous material. Second, due to the design
and operations of the process, nitrification of ammonia-
nitrogen compounds can be accomplished without the need
for special systems and chemical additions. Third, the
process can remove nitrogen entirely from the wastewater
by converting nitrates (oxidized ammonia-nitrogen compounds)
into nitrogen gas which then passes out of solution and is
lost to the atmosphere. These three main groupings can,
in turn, be lumped into the broad categories of oxidation
and reduction. 1In the following material we wii examine
each group from the standpoint of what composes it, how it
affects the treatment process and environment, how it is
controlled from a process standpoint, and finally what an

operator might do in order to help the plant run smoother.
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CARBON IN THE ENVIRONMENT

Carbon is an absolutely necessary component of life,
By definition all organic molecules must contain some degree
of carbon. As such, carbon has become a common heritage for
all life. arough a process known as ''Carbonaceous Oxidation,"
microorganisms break down organic carbon molecules into a food
source. They then in turn, become food for cther organisms,
thus building a food chain. This food chain is completed
when higher life forms, eliminate waste contairing organic
carbon which the microorganisms once again use for food.
Simply stated, organic carbon or carbonaceous material supports
the primary fuel supply of life on tlkis planet. Man and his
activities liberate vast quantities of usable carbon into che
environment. In aoing so we have become responsible for degrad-
in the quality of the environment by pruviding too much of a
good thing. We have in essence over-stimulated a natural bal-

ance to the point where it becomes self-destroying.

CARBONACEOUS OXIDATION

One of the main concerns of wastewater treatment is the
removal of organic carbon compounde found in sewage influant.
In the case of the Oxidation Ditch process, dense populations
of microorganisms accomplish this removal by utilizing organic
carbon and oxygen as a scurce of energy. This process is
known as biological oxidation or aerobic respiration. Dy
artificially maintaining concentrations of microbes, essen-

tially all soluable organic carbon found in wastewater can
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be converted to H,0, CO,, energy and more microorganisms.
This conversion is exactly the same mechanism which nature
uses in the removal of waste material from the environment.
Essentially, by compressing and controlling concentrations
of microbgs, man has domesticated these naturally occurring
processes into a system which can be used to manage his

contributions of waste into the ecological system.

PROCESS CONTROL OF CARBONACEOUS OXIDATION IN A
" OXIDATION DITCH TREATMENT PLANT

The way in which carbon supports a food chain carries

over into the microbial populations that clarify raw sewage.

g Organic carbon found in wastewater provides the backbone for
an increasingly cdmplex hierarchy of microorganisms found

in activated sludge. Further, as is the case with the
Oxidation Ditch system, the denitrification process is direct-
ly supported by the presence of carbonaceous material (refer
to the denitrification section). It is cumpletely beyond the
scope of this module to attempt to explain the chemistry of
carbonaceous oxidation in sewage. Because of the myriad of
different compounds found in wastewater it would be nearly
impossible and certainly unprofitable to adequately describe
the chemical kenetics of the Oxidation Ditch. From a pro-
cess ccntrol standpoint one need only remember that organic

carlon compounds are broken down by microorganisms in the
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presence of oxygen, forming H,0, CO,, energy and more mi-zro-
organisms. A common organic carbon component of sewage 1is
glucose or sugar. Under carbonaceous oxidation the glucose
will break down according to the reaction formula:

microorganisms

C H .0  (glucose) + 60

61276 ----9 6CO

+ 6H.0 + 686 Kcals/mole + more micro-

2 2 2

organisms

In the Oxidation Ditch process the capability exists to
oxidize both orranic carbon and nitrogen compounds. This
dual function is the actual key to maintaining efficient
process controls. Because nitrification (nitrogen oxidation)
kinetics are relatively more sensitive than carbonaceous
oxidation, as a matter of practice, operational guidelines
are shifted in favor of promoting nitrification. By placing
greater emphasis on nitrification in process control, the
effective carbon removal rates are not significantly changed,
while at the same time nitrogen oxidation within the system
is substantially improved. As a consequence, process control
of carbonaceous oxidation can be covered in the same section
asnitrificatio... However, the recognition of carben's role
in sewage dynamics will enable operations to formulate a
clearer understanding of the factors promoting effective

treatment and as such should not be ignorec.




NITROGEN AND SEWAGE TREATMENT

In this next section of the Oxidation Ditch module we
will look at the effects of nitrogen, the kineti-~s of its
removal and how to control the process for effective removal
efficiencies.

At one point in the evolution of sewage treatment in
this country, there was a major concern over the concentra-
tions of NHZ (ammonium ion) present in the effluent. In fact,
the ccncentration of ammonium was used as the main standard
frnr effluent discharg:. With the advent of the BODg test,
the emphasis on control shifted away from nitrogen. Further,
engineers found it more economical becausc of the lower 02
requirements, to design new plants around the elimination of
carbonaceous organic material and exclude the question of
nitrogen compounds. In this sense, the developmer.t of
effective nitrogen removal techniques are only now beginning
to achieve the state of the art which was enjoyed in the

early 1900's.
THE IMPORTANCE OF NITROGEN IN THE ENVIRONMENT

Nitrogen exhibits several properties which make it both
an essential atom and one which can severly impact the en-
vironment and the treatment facilities. The atom itself has
the ability to become tied into a great number of different
chemical reactions. As a consequence, nitrogen, along with

phosphorus, carbon, oxygen, and hydrogen has become one of the
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major building blocks of life on Earth. However, nitrogen,
like oxygen, can create environmental concerns when present
in overabundance. Increasingly, it is becoming necessary
for man to control his contribution of nitrogen in order to
avoid the detrimental effects which it can have on lakes,
streams, and oceans. The foilowing is a discussion of where
nitrogen comes from, some of the concerns with it and ways
in which nitrogen removal can be accomplished through the

use of the Oxidation Ditch process.

[y

SOURCES OF NITROGEN

Most of the nitrogen which man introduces into the
environment is the result of run-off from agricultural lands
where nitrogen is used as a fertilizer. However, the nitrogen
present in raw waste water is also a major contributor and
it is the job of treatment plants to remove this source.
Primarily, nitrogen in raw sewage results from the urine
and feces which dommestic sources produce. The estimated
contribution of these two sources of ammonia-nitrogen range
from 1-2 g/day/adult for feces, to 0.5-3 g/day/adult for urine
( 2 ). Because nitrogen is such a versatile atom it becomes
tied up in nearly all the proteins and enzymes which are
essential for life. This propensity of nitrogen to involve
itself with the life processes carries over into the inicro-

crganisms which make up activated sludge. The associated
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nitrogen in a cell mass is approximately 0.07 1bs/1b BOD5 at
a zero SRT and 0.015 1lbs/1b BOD5 at an infinite SRT or about
97 of the cell mass as nitrogen ( 3 ). Both the exte.nal

and internal sources are contributors of nitrogen and as such

play a part in the kinetics of the treatment process.
CONCERNS WITH NITROGEN

Biostimulation is one of the major concerns in control-
ling nitrogen. Nitrogen, along with phosphorus, cairbon di-
oxide andlsunlight are fundamental in the growth of algae.
In the presence of excess nitrogen, algae can grow unchecked
into what are referred to as algae blooms. These blooms can
spoil the aesthetics of the water, create odor problems in
their decay and reduce the dissolved oxygen levels to con-
centrations lethal to aquatic 1ife. Further, there is a
tendency for lakes to store and recycle nitrogen compounds,
thus, perpetuating recurring algae build-ups and enhancing
the premature eutrophication of the water body.

Nitrogen can also exhibit direct toxic properties.
Under certain conditions fish, when eﬁposed to nitrogen in
the form of ammonia (NH3) may die. Normally speaking emmonia
(NH3) does not occur naturally, however, in an elevated pH
environment the ammonium ion (NHZ) will transform to ammonia

in accordance with the following formula.




(elevated)
pH
+

NH; , op ---% NHy + H,0

Because of the synergistic interaction which ammonia has with
dissolved oxygen levels, carbon dioxide, temperature and pH
it is difficult to make definitive conclusions about effec-
tive levels of toxicity. Some research into the question
has indicated that ammonia as low as (.0l mg/l will produce
debilitating effects on fish populations ( 4 ).

Directly relevant to the operation of a sewage treat-
ment plant is the effects which ammonia-nitrogen compounds
have on the efficiency of the disinfection process. The
ammonium ion (NHZ) will directly react with hypochlorous
acid (HOC1l) and produce what are called chloramines. The
following chemical expressionsarefor the generation of
chloramine compounds:

Cl, + H)0  --» HOCL + H' + CL~

+ . .
NH, + HOCl  --3 NH,Cl (monochloramine) + H,0 + gt

NHZCl + HOCl --» NHClz(dichloramine) + HZO

NHCl2 + LOC1 --) NCl3 (nitrogen trichloride) + H,0

(elevated)
pH

2

The problem with chlceramines stem from the fact that these
compounds are much less effective oxidizer than the original
hypochilorous acid. As a result, much larger quantitier of
expensive chlorine must be used to achieve a given level of

disinfection. Beyond the expense, chloramines are not
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desirable in wastewater due to their relatively long life

spans. In conditions of low flow and elevated teuperatures,
effluent containing concentrations of chloronitrogen compounds
can significantly degrade the water quality in the receiving
stream.

Another area of concern with nitrogen compounds is their
impact on the pH of the treatment plant and receiving waters.
Although this process of alkalinity destruction will be covered
in much greater detail later, be aware that the process where
certain types of microorganisms oxidize nitrogen can create
serious d£0ps in pH values. 7mg of alkalinity, measured as
Calcium Carbonate (CaCOB), are required to oxidize lmg of
ammonia-nitrogen. This destruction of alkalinity can seriously
depress the pH of an aquatic environment should it be carried
too far.

Perhaps the greatest concern with ammonia-nitrogen is
the dissolved oxygen demand which it places on both the treat-
ment facility and receiving water ecology. Approximately
4.75 mg. of oxygen are required to oxidize lr;. of emmonium
(NHZ-N) to ritrate. This is compared to approximately l.25mg.
of oxygen which .arbonaceous material require in their process
of oxidation. It is easy to see how even relatively small
quantities of nitrogen can place a significant oxygen require-
ment on a system. The Oxidation Ditch process, because of its
long detention time and physical design is ideally suited for
the elimination of nitrogen. In the following discussion we

will be looking specifically at how the process accomplishes

this task.
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NITRIFICATIONDENITKIFICATION

Simply stated, biological nitrification/denitrification
is where certain types of aerobic microorganisms first oxidize
ammonium ions (NHZ) to nitrate (Nos). Next populations of
facultative microbes reverse the process and reduce the nitate
to free nitrogen gas (N,) by stripping away availalble oxygen
atoms. Partial pressure differences between the wastewater
and atmosphere, then drive the nitrogen gas out of solution

and nitrogen is lost from the system.
NITRIFICATION

In the first step, a process called nitrification, oxygen
is attached to a nitrogen atom in two general steps. Initially,
a group of microorganisms known as Nitrosomonas, oxidize ammon-
ium ions to form nitrite (NOE). This reaction takes place

according to a general reaction formula of:

2] +0.3 0, (Nitrosomonas) , NO, + 2H,0 + 2H + energy

Following this step, a group of microorganisms known as
Nitrobacter, conplete the oxidation of nitrite to nitrate with
the addition of an extra oxygen atom. This oxidizing step is

accomplished according to the reaction formula of:

Nitrobact -
2N0, + 0, 5---59-§9~9§} 2NO; + energy
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DENITRIFICATION

As a second step of the conversion of ammonium to nitro-
gen gas, the now oxidized nitrate (NO,;) is, in turn, reduced
by a wide group of microorganisms under the general type head-
jug of facultative heterotrophs. These denitrifyingmicrobes
fall into a number of different strains including: Psuedo-
monas, Micrococcus, Achromobacters, Bacillus, etc. As a
general process description, the dentrifying microorganisms
reduce nitrate according to the following reaction formula:

(sewage) -
+ 0.33 CH,0H ---3 NO, + 0.67 H,0

NO3

- (sewage) -
NO2 + 0.5 CH3OH -—— 0.5N2 + O.SCO2 + O.SHZL + OH

Overall Reaction

(sewage) -
+ 0.833 CH3OH --=3 O.SN? + 0.833 COZ + 1.16 HZO + OH

NO3

One must realize that in both the nitrification/denitrifi-
cation reactions that 2ll is not the smooth and orderly pro-
cession that paper presents. There are a myriad of complex
interactions which defies a detailed kinetic description of
the system dynamics. This confusion is only enhanced when
sewage is utilized as a substrata rather than of specific car-
bon source. However, there are ways to r . an Oxidation Ditch
process which ignore much of this complexity and still produce
good quality effluent. Hopefully, you will find information

i+ the mext section which will help you to controli and upgrade




the treatment process in your facility.
PROCESS CONTROL OF AN OXIDATION DITC.. PROCESS

Some of the control peculiarities which an Oxidation
Ditch process exhibit stem from the need to essentially satisfy
three different reactions; carbonaceous oxidation, nitrogen
oxidation, and nitrogen reductizn. The activated sludge pro-
cess and specifically the oxidation ditch system, can satisfy
the requirements of all of these varying reactions. To do this,
however, certain envirommental conditions must -e maintained.
For the sake of clarity we will approach process control from
two directions. First, by lumping both the carbon and nitrogen
into the category of general oxidation we can more easily see
how the two reactions are interrelated. Second, the unique
process control requirements of nitrogen reduction must be
married to the total system dynamics. In other words, from an
operational standpoint the Oxidation Ditch process requires
you to balance the needs of two opposing functions, oxidation
and reduction within the framework of a siiigle system. Unless
this balance point is carefully chosen, you will find it dif-
ficult to obtain maximum effic’ency out of the system. In the
following discussion we will examine how effective controls
and measures can be placed on these three separate and distinct

reactions while maintaining integrity on the system 25 a wvhole.

I EN
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PROCESS CONTROL OF CARBONACEOUS AND NITROGEN OXIDATION

In the control of the oxidation reactions in your plant,

there are a number of ways to approach the subject. Trite as
it might sound, one of the most helpful things which you can

do for the system is nothing. By schooling yourself in the
"wait and see' philosophy, many of the plants short-term breaks
in efficiency become self-coirrecting. Ehis is particularly
true of the Oxidation Ditch process, onée certain gross para-
meters are met, the system tends to be celf-regulating. The
operator wﬁo, upon seeing a change, immediately initiates some
counter-balancing control step, may in effect be "cutting his
own throat." In a very real sense sewage treatment requires a
delicate touch. You must first be certain any changes being
observed are long;term and/or serious in nature; end next you
must introduce only those changes in the process which do not
cause more damage than they cure. In other words, you do not
have to fix it if it is working. One way to avoid the pitfalls
of negative reinforcement is by utilizing a five-day moving
average on your control parameters. This enables you to adjust
to changing ccnditions in a slow, easy manner and avoid nuch
of the helter skelter conditions which quick reaction times,
but limited knowledge can bring.

However, all of these cautionary notes do not address
the topic of what control techniques and gross parameters

are needed to run an Oxidation Ditckhk.
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Perhaps the most significant item which is useful in set-
ting up a viable environment for biological oxidation is an
understanding of the microbes involved. It becomes appa.ant
when studying the requircments of the different organisms
responsible for carbnn and nitrogen oxidation that the nitrogen
group, known as nitrifiers, are relatively delicate bugs.
Although the basic requirements of D.0., specific pH levels,
temperature, access to a food source, etc., are fundamentally
similar. The factors which dictate efficiency in nitrification
run in a much narrower band than do those goveriing the acti-
vities of the carbonaceous group. As & consequence, you will
bte able to control your plant in favor of nitrifiers without
aampering the efficiency of carbonaceous oxidation. 1In the
following discussion we will approach the question of control-
ling the oxidaticn process from the standpoint of prcmoting the
most favorable conditions for nitrification and allowing car-
bonaceous oxidation to follow as a matter cf course.

The first major requirement in controlling the oxidation
process is the establishment of adequate dissolved oxygen for
the microorganisms to thrive. It is importent to recognize
just how aercbically inclined Nitrobacteraceaes (Nitrosomunas
and Nitrobacters) really are. Approximately 4.57 mgs of
oxygen are required to oxidize lmg of ammonium~nitrogen to a
nitrate compound (NOS). This is compared with 1.25mg of D.O.

needed for the oxidation of lmg of carbonaceous material. It
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( is easy to see how even relatively low concentrations of nitro-
gen can cause substantial demands on the system's ability to
provide adequate free oxygen. In order to meet the dual goals
of carbon and nitrogen removal, it is necessary to maintain
excess dissolved oxygen levels of at least lppm. Some authori-
ties advocate residuals in the neighborhood of 3ppm. These
greater residual increase safety margins, but tend to be more
costly and really do not add to the overall effectiveness of
the process. Recognize, however, that by maintaining relatively
low D.O. lévels it will be necessary to closely monitor the
aeration zones. Diurnal flows can cause fluctuations in the
oxygen requirements of the microorganisms metabolic processes.
By routinely regulating the aeration zone for clhanges, the
operators can reflect system changes and create a proper
microbial environment while containing costs.

One peculiarity which develops in the maintenance of
nitrifying microorganisms in the Oxidation Ditch process, stems
from these microbes relatively long reproduction time. Normally
speaking, microorganisms found in wastewater double their popu-
lation every 30 minutes. In the case of Nitrobacteraceae
(Nitrosomonas and Nitrobacter), their doubling time runs in
the neighborhood of 30 hours. From an operational standpoint,
what this translates into is a tendency to over-waste the
nitrifying organisms vhile attempting to control the general

population of bugs. Experience with other plants indicates




SRT (solids retention time) of 7 days will minimize the impact

of the wasting program. However, because of the design con-
siderations of the oxidation ditch, SRT's from 15 to 30 days
are common. These long retention times are one of the major
advantages of the sysiem when controlling for nitrification.

A positive consequence of controlling wasting in favor of
nitrogen oxidation is a tendency toward higher MLSS concentra-
tions. MLSS concentrations of £000-6000mg/l are not uncommon
in the Oxidation Ditch process. Such high solids loading rates
provide nat only the long SRT's required by the nitrifiers, but
also buffer the system againgt shock loading and toxicants as
well.

Concentrated BOD or toxic shock loads can both be more
effect’vely handled in a system which has excess populations
of microorzanisms. By running a high MLSS in the Oxidation Ditch
process you end up creating a buffer of microorganisms which
resist changes in the quality of the effluent.

Another area of concern when attempting to establish and
maintain a population of nitrifying organisms is the toxic
effect which certain heavy metals can have. Such substances
as zirc, copper, nickel, chrome and especially silver, can
seriously inhibit nittification. In guarding against toxicity,
it is important to know what types of industries discharge into
your plant. Higher levels of contamination can be tolerated if

the concentrations of toxicants are metered out at a constant

value. By developing cooperacion from the industrial sector,
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problems associated with concentrations, shock loadings, types
of material, etc., of toxic waste can be dealt with much more
successfully.

In the process of nitrification, pH values car. be de-
pressed through the destruction of carbon diovwide and ammcnia.
During the oxidation of ammonium approxima‘cly 7mgs. of alka-
linity (measured as CaCO3) are destroyed, per lmg. of ammonia-
nitr-gen oxidized to nitrate. This reduction of alkalinity

can be described according to the following reaction formulas:

Oxidation + - -

Oxidation - -

Nitrobacters NO, + 0.50 5---> NO4

Oxidation + - -

Overall NHZ + 202 + 2HC03 - N03 + 2H2C03 + Hzo

(3)

In plants where insufficient alkalinity buffer is present in
the wastewater, this pH depression can drive levels down to a
point where the treatment process is significantly impaired.
Normally, carbonaceous oxidation can tolerate lower pH levels
than nitrifiers. As a general rule of thumb, do not allow
your pH values to fluctuate out of a 6.5-8.0 range. Remember,
it will commonly requife 10 times as much alkalinity ac
ammonium to achieve complete nitrification. Although approxi-
mately 3.75mgs. of alkalinity are returned to the process dur-

ing denitrjification, sever pH depressions can still occur.
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Should your pH levels fall too far, you may need to use an
artificial alkalinity buffer. Lime and sodium bicarbonate are
both useful in elevating pH. and can be used to ccmbat the
effects of nitrification.

Temperature is also important in the process cecntrol of
an Oxidation Ditch. Variations in the temperaturec can have
a dramatic effect on the activities of a microbial population.
As a rule of thumb, the metabolic rzte of a bug will double
for every‘10°C rise in temperature. This means the activity
of your aeration zones can vary hundreds of percent, up or
down, depending on the way seasonal temperatures swing.
Normally, wastewater plants operate at ambient &air tempera-
tures. Since this eliminates the possibility of direct tem-
perature control of the system, operaticns must, instead,
control for the effects of temperature. Take for instance
a cold climate, as opposed to a warm one, you would expect for
your system tc take longer to achieve a given level of clari-
fication in the colder region. This is in fact the case. In
order to compensate for this loss of efficiency you end up
needing more time for the microorganisms to contact the wastz.
From an operational standpoint this means increasing your MLSS
and SRT's, while correspondingly reducing your wasting.
Remember even diurnal swings in water temperatures affect your
plants kinetic dynamics and place restrains on your opera-

tional practices.
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In summary, there are several important factors which
influence the success of the oxidation process in an
extended aeration plant. First, you should control your
plant in favor of nitrifying organisms. This will enable
the greatest efficiency to occur in both carbonacenus and
nitrogen oxidatioun. Second, you must take care to provide
sufficient dissolved oxygen for the support of oxidizing
microorganisms needed in the process. By maintaining D.O.
levels above lppm and by closely monitoring these levels
to safeguard against diurnal swings and shock loads, an
optimum environment can be sustained for microbial growth --
while at the same time containing costs. Third, a solids
detention time (SRT) of at least 7 days must be sustained
in order to allow populations of nitrifying bacteria to
build-up to useful levels. Fourth, maintenance of a pH
abova 6.5 is necessary to guard against inhibiting the
system; remember that nitirification places a significant
demand on alkalinity and can seriously depress pH values.
Fifth, the process must be protected against concentrations
of toxicants. By communicating effectively with business,
metering toxicants slowly into the system, maintaining
high MLSS levels, etc., you can reduce the damage which
toxic material can have Lastly, be aware of the effects
of temperature on your system and base your process control

accordingly.
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DENITRIFICATION

As mentioned earlier the Oxidation Ditch process has the
ability to sustain both an oxygen rich (aerobic) and an oxygen
starved (anoxic) environment, without the requirement of two
separate systems. By performing this dual function the process
can both oxidize material in the aerobic zone and reduce or
denitry nitrates in the anoxic zone, all at a substential cost
savings over conventional approaches.

Simply stated, the process of denitrification is where
certain types of microorganisms, known as facultative hetero-
trophs, have the ability to utilize oxygen attached to nitrogen
compounds in their metabolic functions. As a result, these
microbes can survive and prosper in dissolved oxygen levels too
low for aerobic microorganisms. This process of stoipping
oxygen off of Nitrous Oxide (NO), Nitrite (NOE), and Nitrate (NOS),
is called denitrification and is the second step in removing
nitrogen from wastewater through biological means. In the
following discussion we will bte looking at how denitrification
in a biological ervironment occurs. Also, we will study how
the operations of the oxidation ditch can be controlled to

favor the most effective removal of undesireble nitrogen.
DENITRIFICATION KINETICS

To begin with, a large number of different types of
microorganisms are in.clved in denitrification. Consequently,
it becomes umnprofitable to look at any one group kinetic
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description whern crying to understand denitrification. 1In
general, however, there are some basics which nitrogen removal
dynamics require. First, the respiratory functions which occur
in carbonaceous oxidation are almost identical to those of
denitrification. In fact, they are so similar that facultative
organisms can switch back and forth between aerobic and anoxic
environments rapidly by only changing one enzyme. This ability
to alternate rapidly from a free oxygen source to nitrates has
a very definite bearing on the operation of the treatment plant.
From a strictly chemical standpoint, the facultativemicroorgan-
ism can gain 177 more energy from respirating with free oxygen,
as opposed to stripping nitrates. It has been calculated that
686 kilocalories of energy are liberated per mole of glucose
oxidized in the presence of free oxXygen, as compared with 570
Kilocalories which are obtained from nitrates ( 5 ). In each
of the two cases organic carbon is used as the electron
acceptor, but it is free oxygen, rather than nitrate, which
is the more energetic as an electron donor. The consequence
to operations is that unless forced, these organisms will
invariably seek out the more abundant energy source of free
oxygen and abandon any attempts to denitrify.

Fortunately, it is relatively easy to create anoxic
zones thru the operation of the Oxidation Ditch process which
will force the denitrifiers to make the conversion. Before

going on, it is necessary to make a distinction betwzen anoxic

0X-46




and anaerobic conditions. In the former case oxygen is only
severly reduced, whereas in the latter, oxygen has been com-
pletely eliminated. The deterioration which an anaerobic
environment entails cannot be tolerated in an activatad sludge
process. The Oxidation Ditch process, by maintaining fluid
velocities of 1FPS. can create oxygen-starved areas without
allowing the development of anaerobic conditions. To do this,
Dr. Pasveer designed the aeration tank in the form of a long
race course channel. In this way the respiration of the micro-
organisms consume all the available free oxygen before reaching
the next aeratéd zone. By spacing the aerator far enough apart,
you in effect artifically create alternating zomes of relative
oxygen abundance and starvation, an ideal set-up for denitri-
fication. By utilizing a dissolved oxygen probe, operators

can assess the oxygen profile of the activated sludge zone and
manipulate the most beneficial enviromment for both eerobic

and anoxic requirements.

A second area of control concerned with the process of
denitrification revolves around the development of cptimum
levels of organic carbon need by denitrifying crganisms as
food. TFrom a chemical standpoint carbonaceous material is
utilized by the faculative microorganisms to achieve denitri-
fication in a two-step breakdown. This two step sequence is

symbolized in the following reaction formulasas:




(microorganism)

L - - .,
: NO, + 0.33 CH3OH et NO, + 0.67 Hy(
(sewage)
_ (microorganism) .
NO, + 0.5 CH30H ;::: 0.5N, + 0.5C0, * 0.5H,0 + H,0 + OH
(sewage)

Recognize that this formula portrays the organic carbon source
as methyl alcohol which simplifies any intermediate steps. Such
a clear-cut breakdown is not the case when sewage is used as a
substrata in support of oxidation. What the formula does
clearly p&int out is that whatever substrata is used, in- order
to achieve complete denitrification, two separate and distinct
breakdowns must occur. In process control care must be exer-
cized to promote the must favoraple conditionms for this com-
plete breakdowm.

A major problem which tends to crop up in maintaining
populations of facultative microbes, is their relatively deli-
cate nature. The aerobic heterotrophs simply vut-ccmpete with
denitrifiers in a typlcal sewage environment. More conventional
approaches to denitrification use a separate stage system vhere
low level BOD waste is introduced to a predominately faculta-
tive population group. Carbonaceous material or BOD, in the
form of alcohol, is reintroduced to the process to provide
just enough food to cémpletely reduce nitrogen compcunds %o
nitrogen gas. This kind of refined technique is not possible
in the Oxidation Ditch process, as a consequence, the system
is inherently less efficient. Offsetting this loss in effi-

ciency is a ¢ rresponding cost reduction in construction,
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operations and maintenance of the process. In order to promote
the most efficient denitrification in an Oxidation Ditch plant
current opinion favors a low F/M ratio of between 0.25 to

0.35 with a corresponsing high SRT value of between 10-30

days ( 6 ). It is a distortion of our presen- understanding
of mixed media denitrification to say that by setting up
procedures X, Y, and Z you will invariably obtain good results.
The truth of the matter finds operations working somewhere in
the region between a guess and science. Once you have pro-
vided the gross environmental conditions of anoxic zones; a

pH between 6-8, carbonaceocus substrata, a ball park SRT and
F/M ratio, etc., you,of necessity, base your operational tech-
niques on how the system responds. In the final analysis it

is the efficiency of the process which dictates the guidelines
by which you operate the process. Any other approach in-
volving the multi-variables of an Oxidation Ditch plant has

no meaning.

HELPFUL HINTS IN THE OPERATIONAL CONTROL OF
AN OXIDATION DITCH

Having now read about carbonaceous oxidation, nitrifi-
cation and denitrification, the next logical question to ask
yourself is ''how do I operate my plant"”. 1In this section
of the module we will attemp: to cross the gep between the
conceptual understanding of the plant processes and some of

the routine operational realities which make it possible to
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run a system continuously. Perhaps the thougnt of performing
a routine each day lacks somewhat in glamor and excitement
but it more than pays for itself in the quality of the plan:'s
final effluent. One area which requires constant attention
is general upkeep and housecleaning of che plant. At first
glance the appearance of the plant wouldn't seem to be something
whica would affect the quality of the effluent. However,
there are some very sound and practical reasons why keeping
the appearance of the plant nezt does affect the operations
of the plant. Of course, the real reason you leep your wrrk
area ocderly is to prevent yourself from injuring a valued
part of your body. It is each individual's responsibility

to guard against accidents to themselves and others. One of
the most common hazards in sewage treatment is a cluttered up
work environment. Probably the two most worthless things to
say after an accident are "I should have" or "I'm sorry,"
just a minimum of housecleaning can substantially reduce

the possibility of ever finding those words on your lips.
Another very tangible result of a neat plant is the positive
public relations which it can incur. Very seldom are the
sentiments of the public aroused more by marginal quality
effluent than by a shabby looking plant. Although sad it is
true that the quality and efficieacy of the treatment plant
is measured directly by the public tarough the length of the
grass. Aside from the aesthetic considerations, a éood

housekeeping routine can have a direc " earing on the quality
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of your final effluent. Take the case where routine cleaning
of the Secondary Clarifier launders is neglected. As the
amount of algae and debris builds up, the V notch will begin
to plug. The results can ultimately develop into a short
circuited flow pattern, ineffective clarifier and an upset
plant.

Another area of concerﬂ in clarification revolves around
the cleaning of draft tubes in the secondary clarifier. Draft
tubes work in accordance to a relatively small difference
between the surface of the clarifier and the level of the
center well. As a result, draft tends to be prone to clogging
and must be checked cn a regular basis. Unless the tubes are
clean and flowing freely, solids will accumulate in the
bottom of the secondary clarifi ~ instead of circulating back
to the areation zone in in a timely manner. Here these
solids can stagnate, becoming hard to settle, odorous, and
less effective in the treatment process once returned. By
routinely watching the operation of the draft tubes it is
possible to improve the efficiency of your entire system. As
a parenthetic note, while you are out checking the draft
tubes it is always a good idea to make sure the rake arm
assembly is working properly. This is in no way besmirching
of one's intellect for being mentioned, because the center
mechanism turns so slowly, it is rather difficult to tell if

it is moving. It ‘is not at all an uncommon occurrence for
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a person to thoroughly clean the draft tubes and then return
later to a clarifier full of the real thing and the rake arm
stopped in one position.

Mentioned earlier in passing, the routine development of
an oxygen profile in your aeration zone can be a valuable
operational asset. The concern with such a profile stems
from the nasty tendzncy of dissolved oxygen to disappear
toward the bottom of your activated sludge channel. By per-
forming a. cross-sectional survey of the dissolved oxygen
levels, you will protect the activated sludge frcm the poten-
tial of a dead mixing zone and a resultant anaerobic environ-
ment., Such areas of slow mixing and depressed oxygen levels
W can cause increased filamentous growth, undesirable odors,

a deterioration in the effectiveness of aerobic micro-
organisma, etc., and should ' juarded against with the
judicious use of a D.0. proke.

Unquestionably, the most useful and versatile instruments
in assessing the effectiveness of plant performance and main-
tenance of a functional system are the operators themselves.
An experienced operator can provide an intuitive insight into
the operation of a plant which is impossible to duplicate in
the laboratory. In order to provide a truly effective opera-
tional environment there must be an intermarriage between the
testable and reproducible data of the laboratory and the
perceptions which experience brings. Operator in a very real

{ sense becomes attuned to how a plant works and variations in
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familiar odors, the color and texcure of the sludge, the
thickness of a scum layer, effluent turbidity, floc formation

characteristics, etc., can all be indications of impending

process failure (or recovery). One must develop an awareness
of che non-quantifiable data which the senses provide and
integrate it into useful tools to regulate plant effectiveness.
At the very best operation of any activated sludge system is
an attempt to gauge tomorrow's performance on the basis of
yesterday's data. The knowledge which you gain from observa-
tion and study of the system as it goes through periods of
change will provide a foundation for more effective operational
decisions. It is your responsibility as an operator to

C. create an awareness of the treatment plant which will help
you to find and correct problems before they have a major
impact on the system. Without a doubL the most important
thing for an operator to remember is to use common sense in
dealing with the routine duties of a treatment plant. You
are working in a potentially very hazardous environment,

subject to injury and contamination from a number of sources.

By maintaining an awareness of your surroundings you will
substantially improve your operational effectiveness and

save yourself from some nasty situations.




OX IDAT ION DITCHES

References

1. A Comparison of Oxidation Ditch Plants to Competing
Processes for Secondary and Advanced Treatment of
Municipal Waste, E.P.A. 600/2-78-051.

2. Forms of Organic Nitrogen in Domestic Wastewater, Jour.
WwW.P.C.F. 43(11), 2271, 1971.

3. Small Wastewater Treatment Facilities, E.P.A., EP
7.2:W28/5.

4. Process Design Manual for Nitrogen Control, E.P.A.,
EP 7.8/2:N63.

5. The Nitrogen Cycle, Scientific American, Delwicﬁe,
C.C. 223 #3 pg. 137-146.

: 6. Combined Carbon Oxidation-Nitrification, Jour. w.P.C.F.
44(10), 1916, 1964.

ERIC 0X-54 9




OXIDATION DITCHES

Name

Worksheet

1. Calculate the volume of an oxidation ditch which has a crcss-section as
shown below and is 350 feet around in the center of the basin.

2. Calculate the aeration time for an oxidation ditch which has a volume
of 0.33 Mgal and an influent flow of 260 gpm.

3. If a float in an oxidation ditch travels 50 ft in 38 sec, what is
the horizontal velocity in feet per second?

4. Calculate the F/M ratio for an oxidation ditch which has a volume of
1.0 Mgal with MLSS of 5000 mg/1 Toaded with a flow of 10 MGD and a
BOD of 170 mg/1.

5. If the influent flow is 3 MGD and the RAS flow is 875 gpm what is
the percent rc' 1 flow?
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