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ABSTRACT

Influence of hydraulic properties on baffled stabilization ponds

performance was studied. The hydraulic model was studied by tracer

From this test, the Dispersion Number Index, d was evaluated
The

test.
for each of the five ponds at four different hydraulic loadings.

results of this first part of the study formed basis for the second

part which is the performance of facultative ponds.

The performance of laboratory baffled facultative ponds was investi-

gated by the measurement of Biochemical Oxygen Demand (BOD); Chemical

Oxygen Demand (COD) and Suspended Solids (SS) of synthetic milk waste.
Also the changes in Alkalinity, the Dissolved Oxygen (DO) and pH of

the ponds were measured.

The results dhow that for good efficiency, the actual (mean) detention

time must be greater or at least equal to the nominal detention time.

Also the ratio of the effective volumes of two different ponds of the

same dimension and shape is equal to the ratio of their actual (mean)

detention times.

Generally, excessive short-circuiting are reduced by some baffle

arrangements in the ponds. The results indicate that baffled ponds

have low values of Dispersion Index, d and exhibit flow patterns nearer

to a plug flow. The overall performance is improved by increasing the

number of baffles. Baffled ponds are analogous to ponds in series or a

stream.

A significant oxygen demand and SS are imposed on the ponds contents by



algae. In terns of organic renoval and bacterial die-off, the results
indicate that baffled pond perforns better than a plain pond of the
sane size operating at approxinately the same hydraulic and organic

| oadi ngs.
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CHAPTER 1
1.0  INTRODUCTION

1.1.0 V¥aste Manszement Problems in Developing Countries

A smell minority of the population of developing countries lives
in houses which are sewered. Tnformation collected by the World
Health Organisations (W.H.0.) in 1962 showed that not over ten
percent of the people had piped water in their houses and only a
frection of those houses are sewers, Todey after a period of
over twenty years the improvements have not been all that
encouraging as a result of social, economical and political
instability in most of the developing naticns. Where sewers do
exist the main reason especially in rural areas may Lave been to
recover waste water for irrigation. Those people who have
neither piped water nor sewerage system svailadble make full use
of neariy water courses for drinking, cooking, animal keeping,

washing and weste disposal.

The grestest percentage of the source of contaminaticn of

water supplies in these developing nations is from domestie
vastewvater (sewage) tiat contains waste from human origin. This
problem is even worse in the rural areas where majority of the
people live. Tt had been projected that with tremendous invest-
ment by 1980s only 50 percent of the people in the developing

nations will have access to safe drinking water (Diarant, 1979).



With the present rate of dévelopment in the develcoping nations,
the objective of the U.N. World Water Conference Declaration of
1981~1990 to provide sufficient potable water and good
sanitation to every country by the year 1990 may not be achieved.
A major concern to the international health community is
population growth and the n.q,1tant inability of man to keep

pace with this growth in the provision of an adeguate or extension
facilities for removing from his immediate enviromment the wastes

he gensrates.

In most parts of the towns in the developing countries there has
" been little planning. In Nigeria, for example in cities like
Ibadan, Lagos, Zaria, Benin City and Ife the planning is so bad
that expenses of installation of sewerage systems apart, the
conatruction of the network of sewers will be accompanied by
dislocation of traffic and general disorganization of

business and property in the community. These factors might
have led to the Lagos Government rescinding its order on mass
demolition in early August, 1985. Other states governments

are facing the same problem but they are yet to follow that step
taken by Lagos Government. The only affective way of tackling
the problem in these ar¢as is to combine sewerage with slum
clearance and rehousing since it is not ecornomically viable to
invéét S0 much on such disorﬁanised planning that may just be

temporary. Such slum areas are the hubs of dense population

and a lot of politics, finarice and problems may be agsociated



_3...

to rehousing problems that must follow slum clearance

{Olanrewaju, 1977).

If the existing towns have followed accepted town planning
principles, the disorganisation effects and high cost of

sewerage would.have teen less serious. Unforiunately in

addition to high degree of urbanisation in the country, the pattern
of urbanism is urban sprawl in which the expansion is in

lateral direction. The problem associated with this sprawl are
longer sewers, more operational cost such as in punping and

ecquisition of plant site for the waste treatment.

Other probiems of waste management in the developing countries
are: education, menpower and technology. Most of the now
avellable waste trestment methods reguire feirly high technology
beyond the present reach of most of developing countries, Where
the technology is transferred there comes the problem of manpower.
Unfarturately it is very expensive to keep the expatristes just
as training the indigenes is exhorbitant, Most of the pecple

in the developing countries lack the educetion on the need for
good sanitstion. EFducation may bpring awareness of the impertance
of good sanitation. So on the part of the people cne hopes that
that phase of War Against Indiscipliine {WAI) campeign launched

at the end of July 1585 by the Higerian Goverrment would go a

long way to improve the sanitary situvation in the country.

A few consideration need to be given to waste manegement in

developing countries:



(1) As a result of varying customs of personal and community
hygiene and because of the greater prevalence of
- communicable diseases, primary attention must be focused

on the way people dispcse waste at the source;

(ii) For ﬁne reason or the other, majority of the people in
the developing countries are neither having sufficient nor
gocd quality water supply in their households. This
inadegquate supply may be responsible for the higher
organic concentrations in the sewage in the developing nations

relative to those in the affluent nations;

(iii) Surface waters in most developing countries are nct
classified as to appropriate usage and little 1s known of
their quality; and

{iv]} Most communities in developing country's rural areas and
many large cities have at present neither facilitles
for colliecting and disposing of wastewater nor the
financial, educational and organisational means to

build and operate them.

In Nigeria there is yet not a single town with a central

sewerage system which is still the most satisfactory methed of
sewage disposal. The only one being planned in the country

is that of the new Federal Capit=l, Abuja. In August 1985, at the
commissioning of a2 E1.3 million sewage treatment plant having
about 12km sewer for a group of flats with a population of

2,000 in Lagos, Nigeria, the Lagos State Government indicated
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the government's plan for central sewerage system for lagos
in due course of time. This is a huge amount of money when
one considers what the cost would be for a populaticn of over

2 million.

1.2.0 Waste Treutment Methods

There are many waste treatment methods, some requiring very
high and sophisticated technology and a lot of financial
backings while some are relatively simple processes.

The treatment processes include:

(a) the trickling filter process

(b) the sctivated sludge process

(¢) the oxidation ditch

(d) the serated lagoon

(e) the septic tanks

(£) the pit letrines

(g) the bucket latrine, and

(h) the waste stabilization pond system.

(a) Trickling Filter is a fixed-film reactor in the shape of a
column, Until the mid 1960s trickling filters maCe Of stone
were been used.. More recently plastic redia like egg crates

are been use to increase the height to zbout 6ém (Middlebrooks, et:

al. 1980). .The waste-water runs in a thin sheet over the packing
material upon which a microbial film(heterotrophic microbes) grows.

These organisms extract the soluble organic matter such as 502 as a



source of carbon and energy. As a result of the detachment
of microorganisms from the film surface, the concentration
of the suspended solids (SS) in the effluent from the reactor
is in excess of the concentration in the influent. This is
because, a trickling filter converts soluble organic metter
into an insoluble form which can be removed by sedimentation.
Trickling filters are simple, easy to operate, and tolerant
to changes in the influent; however, there is no effective

way of controlling the quality of the effluent from then.

(v) Activated sludge reactors are generally open tenks about
4 - 5m deep constructed of concrete with vertical side walls,
although steel and earthen basins are also sometimes used.
Oxygen is supplied by either bubble diffusers or me lanical
surface aerators. Major ectivated sludge types are conven—
tional (CAS), Tupered aeration (TAAS), Step seration (Saas),

Contact stabilization (CSAS), Completely Mixed (CMAS), Extended

peration (EALS), and Pure Oxygen (POAS). All have mean cell residence

time, MCRT of between 3-15 days except the extended aeration.

The main role of activated sludge process is the removal of
Boluble organic matter, however, colloidal and suspended

organics will be entrapped in the floc end removed as well,

Although it produces an effluent of high quality at reasonable
cost, its main defect is that it is a complicated process

requiring relatively sophisticated operation.
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Regardless of the reactor configuration, all activated
sludge systems share four common characteristics: (i) they
employ aerobic flocculent slurries of microbes, (ii) by
sedimentation, they separate the microbes from the effluent,
(iii) they recycle the microbes from the settler to the
reactor and (iv) their performance is dependent on the mean

cell residence time (MCRT).

Oxidation Ditch: Oxidation ditech (extended aseration) was

developed in Hollard by Pasveer (Middlebrooks et al, 1980).
The oxidation ditch is an earthen tank of special shape
similar to that of a large drainage ditch. Faw wastewater
is btrought into the tark and aerated for an extended period
of time. The organic matter is removed and converted into
cell protoplasm by the activated sludge inside the oxidation
ditch. These protoplasm would be degraded with sufficient
aeration period such as 30 - 60 days mean cell residence time
(MCRT}.

This method of treastment achieves a high degree of purifi-
cation. A cage rotor aerator (Kessener brush) is installed
Jdnside the ditch to aerate the mixed liquor and circulate
the centents. The rotor may operate continuously or inter-
mittently, 1In case of continuous operation, final settling
tanks should be provided, Tn intermittent cperation the

diteh functions as both aeration tank and settling tank.



(a) Aerated lagoons: The term aerated lagoons has been applied

to a variety of processes which can be defined further as:
(i) completely mixed aersted lagoon
(ii) facultative aerated lagoon, and

(iii) aerated oxidation pond.

(i) Completely mixed Aerated Lagoon is an activated sludge
seration basin without sludge return where all solids
ere maintained in suspension., All organic stabili-
zation is dependent upon the suspended bacterial
solids. Oxygen is machine derived and algse are not
apparent. The types of mixing equipment available
develop different process mixing levels for the same
power, The large slow moving impellers are more
efficient mixing devices than either the fast moving,

gmall impellers or gas diffusion (Kalinske, 1960).

(ii) The facultative aerated lagoon has a degree of mixing
which permits heavier solids to settle in the lsgoon
while biologically treating suspended and soluble
organics in the liquid portion. The oxygen transfer
is primarily associated with the machine. Algae may be
present in small numbers but play only a small or
insignificant role in the oxygen supply. 'Le_s pOwEr
is required than for a completely mixed aerated legoon
and higher t.eatment efficiencies are attainable for
wastes having a large portion of organic settleable

solids. (Bernies, 1963),
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) Aerated Oxidation Pond is essentially a high rate

e
|

oxidation pond. The oxygen supply is primarily from
algae during the warm months, Loadings over

1000 kg/ba per day could be trested. (Benjes, 1970).

Septic tanks are an on-site wastewater disposal means. In
their simplest form, they are single storied settling besins
in which settling solids are held sufficiertly long to
undergo or possibly complete digestion. Separation of the
deconposing sludge from the flowing sewage in a two-storied
structure was conceived by Travis and perfected by Tuhoff
(Okun et a1, 1971). Fowever, the great depth and cost of
these two storied structures have discouraged many people,
Another set back of this new concept is the impossibility
of heating the digestion compartments effectively to keep

down their size.

At present septic tank is still very popular in developing
countries (Oluwande, 1978). TIts construction, operation
and maintenance is carried out solely within the confines
of the private property apart from the ocassional desludging
of the tank. Although septic tank sppears simple and
apparently cheap on the finsl analyses it is equally
expensive like other treatment processes if not even rore.
It costs more on a per household basis. Its use is

confined to wealthier suburbs., It requires suitable soil
structures. The soil must be permeable otherwise the

effluent still laden with pathogens may pollute the area,
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In the slum areas or in densely populated areas, the open
spaces may be difficult to acquire. If not properly vented,
there is a danger of being a breeding place for insects.
There is also possibility of ground water pollution if not

well designed,

(r) The Pit Tatrine is relatively the simplest and cheapest
method of sewage disposal, Once constructed, it requires
neither additional input of water or any energy. Despite
the fact that neither sewer nor any other equipzent is
required for its operation, it can be made to satisfy
most of the criteria except the sub-soil ecosystem

(0luwande, 1978).

In order to meet certain demands, the common pit latrine

has been modified and gome of such modifications are:

(i) Pour flush latrine also known as water ses] OF
Chiengmai latrine;

(ii) the borehole latrine constructed by boring a narrow
hole into the ground with a hand auger, and

{iii) the trench latrine which is meant for temporary

sites like military and holiday camps. The trench
is usually about €0cm deep with the excavated soil

forrming a ridge along the sides of the trench,

(iv) Ventilated improved pit latrine (VIP) and

(v) Feed Odourless Earth System
Although the system is simple and very cheap, it ieg still
unpopular because of the odour, sanitary hzbit of defacating

on otlier people's exceretz, cunerstiticus relief, flies znd
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cockroaches breeding, danger of aceident, lack of space
for the pit constructicon and danger to urderground water

in some situaetions.

(g) In some rursl areas bucket latrines are used. This system
is very unpopular. The disposal is often offensive and
never  meets the standard. 3t is & muisance to the publie,
especially during the daily round of the workers usually
late in thé evening. The open bucket gives rise te odour,
and servé as a breeding place for vermin and vector
diseases. The bucket is often washed in the immediste
vieinity of the residence with the result that excreta is
splashed over the payment and road. The psychological
and social stigme suffered by the workers is highly

humiliating.

{n) Waste Stabilization Pond can be defined as a shallow man-made
basin utilizing natural processes under partially controlled
conditions for the reduction of organic matter and destruction
of pathogenic organisms in wastewaters. It is widely
recognized as one of the wost economic and efTective methods
of bioclogical wastewater treatments., It is particularly
suitable for developing tropical countries where land is
normally availaeble st relatively low cost and where the

rrevailing climatic conditions are favourable to its operation,

Dats on waste stabilization ponds are generally limited in
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developing countries. Their design is usually based on
the data obtained from elsevhere, especially in the
temperate region of the United Stetes. It is apparent
that the behaviour of ponds in tropical and sub-tropical
elimatic regions differs significantly from that in the
temperate climate, It is therefore, desirable to
accumilate data thoroughly for design purposes in the

tropical regions,

3.3.0 QObjective of the Study

A number of environmental factors are known to influence

the performance of stabilization ponds. Some of the factors
are visible solar energy, temperature, organic load and
toxieity of the influent materials. Factors that reguire
more information for proper design are the relationship of
shapes of the pond and mixing in the pond to its
performance. Specifically, few investigations have been
esrried cut on the efferts of baffles on the performance

of ponds. Hitherto, limited investigations were carried

out on baffled anaerobic and Facultative ponds (Hove 1764
Nemerow, 136¢, Fenolds, 1976 and Kilandi  and Ogunrombi, 1984)

Baffles are physical barriers that direct the flow of
wastewater through a pond and therefore alter its hydraulie
characteristics and mixing properties. It is the objective

of this study to investigate the performance of baffled
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facdtative pond in the treatment of a syothetie milk
waste and to compare it with that of a coptrol plain pond
of the same size. Also the hydraulic characteristics of
the ponds that msy affect the performance are estimated
by the use of a tracer technique. Specifically, the study
investigates the hydraulic properties of ponds as a
function of number of baffles and alse the performance of

the ponds under varying organic loadings,
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. CHAPTER 2

2.0 TYPES, ADVANTAGES AND DICADVANTAGES OF WASTE STABILIZATTON PORDS

2.1.0 EYEE’S

Waste stabilization pond is a complex biological waste—
water treatment system which calls for the metebolic
activities of bacteria and algae. The two groups of
micro-organisms are previously known not to compete with
each other for foed within their environment. BRather,

they depend on each othér for their sctivities and survival

{symbiosis).

- The major types of waste stabilization ponds include:
{1) the anaerobic pond
(ii) the facultative pond,
(iii) +the msturation pond, and

{iv) the mechanically aerated pornd.

2.1,1 The Anaercbic Fond

The anaerobic pond is a deep earthen pond designed Tor the
* treatment of high-strength wastewater in the absence of

dissolved cxygen. It is most advantageously employed as

& pretreatment unit of a very strong wastewater with high

solids content.

Anaerobic ponds have been found to tolerate fairly high
loadings and give high BOD removals (McGarry & Pescod,

1970). FRemoval of ROD is brought about both by sedimen-
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tation and anaercbic digestion., Heavily loaded ponds
tend to have low pH which may result in the release of

H25 if the ponds coptain sulfide and hence odour occurs.

Meny methods have been adopted to handle odour problem
such as the use of chemicals {e.g Sodium nitrate in

canning industry) and recirculation {Abott, 1962 arnd Canham,

19687,

The level of BOD losding is very impeortant in the trans-
formetion occuring in anaercbic ponds. Neither nutrient
deficieney unor the presence of toxic sudbstances limit the
development of satisfactory mierobial population. In the
tropics,.the Geterntion time and pH are the most impoftant

{ Parker 19503 Amaleorpavam, 1963 and Gloyna, 1965).
These are further substantiated by using synthetic sewage

in Bangkok (Aldvie, 1968} and with anaerobic pond in treating
of tapioca starch waste (Uddin, 1970). The higher temperature
in the tropics allcows anaerobic Fermentstion to proceed at

& rapid rate at pH levels down to 6.0 which is lower than

the minimum practical limit suggested by Oswald (Oswald, 1968).

2,1.2 Fatultative Ponds

Facultative ponds are the most widely ursed type. The ponds
behaviour is determined by a complex interaction of physical
and biochemical processes. Fig. 2-1-1 shows the main

biochemical process features of a facultative stabilization
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pond system,

When some waste is discharged into facultztive pond

a portion of the organic load enters into the liquid

body of the pond and the settleable part settles on the
bottom of the pond to form sludge layer. In the sludge
layer the degradation action is anaerobicj in the pond

liquid it is mostly aerobic and or facultative.

Six main biological transformations occuring in the
stabilization ponds are (Oswald, 1968):

6 (CHQU)I + 502 -+ (CHEO) + 5002 + 5302 + Energy -1

5 (caao)x + (cu0) + 2CH, COOH 2 Energy 21w
21/2 CH,CO0H =+ (cuao)x + 2CH, + 200, + Energy 2-1-3
(cH0) + CO, + 2(CH,0) + 0, + HO, 2-1-4
{cﬁeo)x + CO, + 2H,S + efc}leo)x + H0 + 25 2-1-5
3/2 CHBCOOH + 50, + (cneojx + 200, + H,S + 20H + Evergy 2-1-6

(CH20)I is used to indicate carbohydrate or microbial cells.

. .Eeaction 2-1-1 oceurs in the presence of oxygen and reaction
2-1-4 produces oxygen by algel photosynthesis. Reactions
2-1-2 gnd 2-1-3 occur under snaerobic corditions st various
depths of the lagoon. Purple sulfur organisms are able to

utilize a variety of amino and fatty acids for growth and

energy (May and Stahh, 1971; Folme & Vennes, 1970).
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In addition the organisms utilize hydrogen sulfide and
CO, in the photosynthetic process - reaction (2-1-5).
Sulphate reducing bacteria are capable of utilizing
fatty acids and sul phate with the production of co, and

hydrogen sulfide - reaction (2-1-6) (Postgate, 1965).

2.,1.3 ﬂiieratioq Pond

The maturation pond is a low rate organic loading stabilization
pond designed to provide for secondary effluent polishing and
seasonal nitrification. Operationally, the residual

biological solids are endogenecusly respired, and ammonia

is converted to nitrate using the oxygen supplied from

surface reseration and from algae. A detention time of

18 to 20 days has been suggested as the minimum period

prequired to provide for complete endogenecus respiration

of the residual solids.

Its other function is to reduce the number of pathogens
through extended detention time in an environment hostile
to the microorgenisms. It also achieves nitrification

of the treated effluent especially as it is wholly aerobic.
However, BOD removal in & maturation pond is small

(Onuoha, 1980). A maturation pond usually has the same
depth as the preceeding facultative pond. Due to its
shallow depth, the destruction of faecal bacteris and

viruses is quicker. The manner in vhich pathogens are
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destroyed in a maturetion pond include the following:

(i) the cysts and ova of intestinal parasites, due to
the long detention time, settle to the botitom
of the maturation pond where they eventually die
(relative density = 1.1);

(ii) solar radietion probable germicidal effect on
both bacteria and viruses;

(iii) virsl adsorption to static surfaces and thus
removed from the effluent, and

(iv) if the detention period in a maturation pond
exceeds the normal survival time of an infectious
virus, the virus dies in the maturation pond

(Mara, 1975; Gloyna, 1976).

2.1, fereted Fonds
The term aerated pond conventionally describes ponds
which use mechanical or diffused serator to avoid the
problems associated with the use of algae. The introduction
of aeration to a wzste stabilization pond make the
stabilization pond a more reliable waste treatment facility.
The seration is introduced to the pond either through a
mechanical aerator installed at the surface of the pond or

by an air comprassor that injects air into the pond through

tubing installed at the bottom of the pond.



Aerated ponds are typically about cne-fifth the size
of a conventional stebilization pond btut ofyep
require very ‘high power input . Acrated pond

are always followed by a quiescent, second-stage pond
to remove the suspended solids (SS) from the serated-

pond effluent.

The flow characteristics, amount of turbulence and mixing
and efficiency of the oxygen transfer equipment determine
the length of the retention time., The percentage of the
total orgenic loeading stabilized amerobically is determined
by the amount of turbulence available to maintain the

solids in suspension., An aerated pond can thus be designed
to handle high organic loading such that the size of pond
can be decreased considerably. This reduction in size or
land requirement permits more flexibility in site selection.
The aerated pond maintains serobic conditions at all times
and thus eliminates the probable odour problem experienced
in conventional stabilization pond. (Gloyna,and Espino; 1969;
Pokl, 1970). The degree of oxygen saturation in a well
aerated pord will vary from 90 to 98 percent. (Gloyna,

1976).

The amount of oxygen supplied by mechanical aeration is

given by equation 2-1-T7 (Gloyna, 1976).

= -c 0 2-1-7
N no Coy q_E {a) B Fy T
cs
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where:
N = oxygen supplied by mechanical aeration
(oxygen per hour)

N = characteristics of aeration, I to 51b oxygen per
borse power per hour. {This value decreases with
pond size).

= oxygen saturation level in the pond at some

temperature, T (°C).

€ = 1level of Dissolved Oxygen in pond {mg/L).
Cg = saturation of distilled water at 20°C {mg/L)
a = oxygen traneTer characteristics of the wastewater
to water
¢ = tenmperature reaction ecoefficient
T = Pond operating tempersture (°c)
EA = altitude correction factor for altitude above
1.2 x 103m.

The number of seration units selected will depend on
the size of the unit, and this in turn depends on the
basin geometry. The maximum spacing of aerators is in

the neighbourhood of 60 to 75m.

2.2,0 Advsntapges of Stabilization Ponds

There are several advantages of sizbilization ponds; the
most striking sdvantages are:

(i) They afford an opportunity for small communities to
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share in the comfort and satisfaction of a
sewerage system whieh provides an excellent
treatment. Froperly designed and operated ponds
have provided a certain degree of purification

to many communities at a cost comparasble to ipdi-
vidual household units with greater benefit to the
home cwners.

The goals of waste treatment are concerned with
two processes, (a).removal or greatly reduction
of pathogens and (b) transformation of utilizable
inorganic and organic substrates into stable end
products. This transformation to acceptable end
products {in stabilization ponds) requires the
combined metabolic activities of many microbial
egents and these are provided by stabilization ponds,
Properly 1aid out for size and embodying a few
simple details, stabilization ponds absord and
destroy the odours of sewage leaving nothing worse
than the smell of & swamp. The effluents are per;
wanently stable with BOD values as good or better
than those of Trickling Filter effluents. As a
destroyer of sewage bacteria, they possess almosi
unbelievable efficiency. Final overflow from ponds
designed for 15 days detention time showed 5-50

E. Coli per ml compared to something like 100,000

per mL in the original sewage (Caldwell, 19L6E).
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(iii) Among the areas where stabilization ponds can

(iv)

find wseful application is in domestic wastes

treatments. Canadian ponds receiving organie

loadings from 11 - 50kg BOD/ha per day gave

removal efficiencies of from 65 to 90 percent

in the surmer and from O to 55 percent in the

winter (Fisher, et al, 1968).

Coliform reductions of over 99 percent were observed

Other data on BOD reduction in domestic wastes

stabilization ponds have been reported (Giesickle

and Zeller, 1936; Cgldwell, 1946; Gotaas and Oswald,

195L; Allen, 1555; Malchow-Mceller,  1955;

Neel and Hopkins, 1956; Mertz, 1957; Oswald,

et al., 1957; Lackie, 1958; FKabler, 135%;

Parker 1959; |Marais, 1961; wat<on, 1962;

Geldreich, et al, 1964; Hodgson, 1964; Middlebrooks,
1965; Thirumurthi, 1967, 12€9; ~Kothandaraman,

1968). More recent useful application or ponds

for domestic westewater are also reported (Cloyna,

1971; Parhad, 1976; Bradly, 1982; Songonuga, 1982;

Mara, 1979 ).

Another major asdvantage of stabilization ponds is in
the treatment of industrial and agricultural wastes
or most often combined wastes. In the US back to

1962 about 827 stabilization ponds were being used by
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industries (Forges, 1963). Canning industry utilized
the greatest number of about 29 percent with meat and
poultry industry ranking second with about 20 percent,
Porges concluded that experimental data were not
sufficiently definitive to indicate pond efficiency

but operational data suggest many successful operations,

Tn the Canning industry the use of stabilization pond
has been confined to mainly holding the processing
seasons waste with the ultimate eddition of sodium
nitrate as an elzctron acceptor (Canham, 1968). Most
of these ponds are not lcaded at rates acceptable to
facultetive ponds. Ponds are used in meat processing
industry (Steffen, 1968). TIn pulp and paper irndustry
they are often used as seccrdary treatment device

Gellman and Berger, 1268),

Organic industrial waste treatment by lagoon in
California had been investigsted (Cooper, et al, 1265).
Rendering plant wastes were discharged into anserobic
lagoon with an average loal of 255kg BOD/ha/day and
detention times of sbout 160 days. About 88 percent
reduction was observed. Ancther pond (facultative)

was loaded at about 17kg BOC’ha/day with reductions in
the BOD in the range of 78 percent. Overall BOD
reduction in the two ponds in series was about 98

8

percent. The anaerobie pond had between 107 and 10

purple sulfur (Thiopedia - roses) organisms per mL.
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Algal counts renged from 105 to near 107 of Chlorella

A variety of other helerotrophic bacteria were
identified and were in the range of 105 total viable

organisms per mL.

Over 50 percent BOD remeval had been reported in poultry

- processing wastes with loadings of 75kg BOD/ha/day

(Gilde, 1967}, A 92 percent efficiency was reported in

~a 2-stege pond {(Wemerow, 1967). The first pornd loanded

at 1000kg BOD/ha/day with 7.4 days detention time gave
72.5 percent while the second {about 0.62m deep) showed

a 70 percent reduction,

Simplicity of operation and economy havelbeen some of
outstanding virtues of stabilizetion ponds

{Giesickle, 1936; Gillespi, 19Lb; Caldwell, 1046,
Malcho-Noeller, 1958;  Lackie, 1957 and

Mertz, 1957). Compered with conventionsal treatment
methods ponds are much cheaper to build and since they
do not reguire the stteption of highly skilled staff,
they are also cheaper and simple to opefate. Tables
2-2-1, 2-2-2, 2-2-3and Figures p-p.y and 2-2-2 compare
the cost of different conventional waste treatment works.
In all these, sfabilization ponds have been established

to be the less expensive sewage treatment plants.
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Table 2-2-2 shows a comparison of the actual contract costs
including construction, 1and and outfall sewer costs, while Table

2-2-3 shows the land costs for treatment works (Gloyna, 1971).
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TABLE 2-2-1: COMPAKISOR OF CONSTRUCTION COST FOR DIFFERENT

e T

TYFES OF WASTE TREATMENT IR US (DOLLARS)
(CcLOYRA, 1971)

POPULATION CAPITA COST ARNUAL RUNKING COSTS
us ($) us (¥)
CONVENTION STABILIZATION CORVENTIONAL STABILIZATION
PURIFICA- PONDS (NO WORKS PONDS
TION WORKS BOTTOM SEALTNG
2Lo 86.80 5.60 - 0.8k
900 !‘l‘.ao 5-60 . - 0056
1,000 50.40 5.60 - 0.L2
3,000 36,40 5.60 4,20 0.2
5,000 33.60 5.60 - 0.42
10,000 21.00 5.60 - 0.42
30,000 22,40 5.60 2.80 0.42
50,000 16.80 5.60 - 0.42
200,000 22.Lo 5.60 - 0.%2

1000,000 9.80 5.60 0.84 0.k2
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TABLE 2-2-2: COMPARISON OF CONSTRUCTION COSTS OF 262 WASTE

TREATHMERT ELQNTS TN THE MIDWESTERN STATES OF THE Qg&
¥Cost for Design Population Eguivalent {US Dollars)

Population' FErimary Secondary Secondary Rew Sewage
(103) Settling & DBiological VWaste Sta- FPonds
ot Digestion Trestment bilization

Plants Plants Fonds
0.10
0.10 77.91 127,30 103.20 29.36
1.00 40.05 | 64.83 53,34 18.52
10.00 20,58 333.02 27.04 11.69
100.00 10.58 16.82 13.71 7.37

¥Cost per capita

TABLE 2-2-3: LAND COSTS FOR WASTE TREATMENT PLANTS IN THE
MIDWESTERN STATES OF THE USA {1957-1959)

TYPE OF PLANT COST IN U8 DOLLARS FOR
' POPULATTON EQUIVALENT
Primary Treatment 1.25
Seqondary Treatment 1.20

Raw Sewage Waste
Stabilization Fonds 3.10

Secondary Waste
Stabilization Ponds 2.30
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There appears to be no upper limit to the size of
community that can be served by ponds, except as econo-
mically limited by land costs. The size of any one pond
has finite limits presumable} but with split flows and
parallel operation the largest of cities could use ponds.
However, at present land cost showld not be a4 problem in
rmany places in developing comntries. The flexibility in
design and operation of stabilization ponds allows for
reclamation of the land area for some other purposes in

future.

{(vi)} For many centuries sgo in Asia, thg use of stabilization
' pond had been known pot for waste treatment but rather

for fish culture 1ittle realising their importance as
sewage treatment facility {Falek, 1936; Mortimer, 15543
Gloyna and Hermann, 1957 and NcKinney, 1082 }. The most
promising specie of such fish to be cultivated on both
aesthetic and hygienie point of view would be those
that can be used for purposes other than direct consump-
tion (Fitz-gerald, 1958 and Steele, 195%). Fish like
several species of top minuow have bBeen cultivated in
ponds in the U3 for mosquiloes and other agustic inseets

control {Gielsickle, 1936 and Caldwell, 1946},

{vii) Other possible economic crops of stabilization ponds
are the algae. They are considered a valuable source
of protein, However, unlike crops of Tish, harvesting

of algae is very curbersome and expensive (Oscwald, 1555;
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Steele and Gloyna, 1655; Gloyna, 1957 and O'Brien, 1973).

(viii) The use of stahilization pond effluents for irrigaticn
especially in arid regions bas been of great advantage
in agriculture. Tn Israel, properly managed effluent .
has been used execlusively by farmers for irrigating
industrial erops, Sewage water containing chlorides
in excess of 300ppm is wsually considered unsuitshle
for irrigating some crops (Watson, 19gg ). A satis-
factory sodium absorption ratio (SAR)} of not more than
3.5 is an important factcor in determining the suitability

of an effluent for irrigation.

(ix) It haes been found that a system comprising several cells
of ponds in series is very efficient for the removal of
pathogenic organisms (Gloyna and Davis, 1972;

Dissanayake, 1981 and Arthur, 13551),

{x) Algae harvested from the waste stabilization ponds ean
be a source of proteln especially for poultry and animal
feeds. However, the development of an economic method
of hervesting slgae is £till a problem {Berry, 1961;
Pipes, 1961; Golucke and bswald, 1965; 1967; Van Vuuren
and Van Duuren, 1965; Foess and Borchardt, 1969;

MeGerry, 1970; Bare et. al., 1975 and Reid, 1976).

2.3.0 Disadvantages of StabiliZation Ponds

As numerous as the advantages of pornds are, they have their

own disadvantages. These include:



(i)

(ii)
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Like any treatment uanit when overlosded, the effectiveness
of stabilization ponds can be expected to suffer. Also
there tends to be a gradual deterioration in the effluent
quality as ponds age.

The reguired land areas and siting for ponds preclude

the economic use of such facilities in many localities,

{iii) Odour problem is difficult to control especially

(iv}

(v}

(vi)

spring odour and odour due to industrial discharge.

Inproper construction and operation of ponds may re.ult

in groundwater pellution.
Algae in stabilization ponds may be & problem. Fxcessive
slgae may upset the ccosystem in the receiving stream and
this msy result in euwtrophication apart from impairing
the biological and recreationsgl uses. PFish may die in
large numbers especially at night because the excess of
algae cells introduced from the pond re-absorb too much
oxygen at night. Dissolved Oxygen {D0) of about 5ppm is
desirable at all times in fish nonds while at least‘3ppm
is said to be essential to maintein fish life {Watson,
1961). Other problems of algae are associated with odour
end teste resulting from the oil they produce upon éeath,
In addition algae may contribute considerable BOD to the

receiving stream.

The mosguitces, insects, flies and a few other aquatie
organisms are potential danger to man. In the tropies

or for improperly designed ponds, these are favourable
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environment for breeding these creatures. Mosquitoes

are always prevalent especially in summer months.
Mosquito production is related to overhanging vegetation,
the type of wastes, DO content, available food and
presence of parasites and predators. Any lagoon change
that causes floating mats of algae allows for oviposition
sites for mosquitoes {Smith apd Enns, 1967). Culex
mosquitoes were found in large nuzber in lagoons in

Washington State (Mykeebush and Harmston, 1962}._

Control of mosquitoes was achieved by keeping the 1agooﬁs
free of emergent aquatic or flood terrestial .vegetation.
Control of Culex pipiens were obtained by applying
simazine for weed contrel and malathion for mosquito
control { Mack, .1562). Organophosphates were

found to be more effective than chlorinated hydrocarbons
for larvas control., The malathion was not found to have
any effect on lagoon bacteria or BOD reduction. Several
insecticides such as_dﬁsban, naled, abate and fentum at
concentration of about Img/L were effective in controlling
Culex mosquitces and were neither bacterioeidal nor

phycocidal (Steelman, 1967).



CHAPTER 3

3.0 LITERATURE KEVIEW

3.1.0 Historical Background of Stzbilization Ponds

Quite a number of articles have described the history of

the application of stabilization ponds in sewage treatment.
However, in the past people were not intercsted in stabilization
ponds because of low incentive from such engineering

scheme., Actually, the use of stzbilization ponds a few decades
ago seemed to be more by accident than design (Giesickle

and Zeller, 1936 and Pearse 1948). Little engineering
research went into the construction of early ponds resulting

in the failure of some of them. The geometry and loading of
the ponds varied. Neither legislation nor effluent standards

were set up.

By early 1960s there were sbout 2000 stabilization ponds in the
United States for treating domestic wastes and possibly an
equal number for the treatment of industrial or agricultural
wastes (Porges, 1963), A few design recommendations have

been made especially by various health departments in the
United States. These have bsen in terms of parametric
stéhdards; as a result pond design formulations are now
available (Hermann and Gloyna, 1957; Oswald, 1963 and Marais,

196€6) .
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In 1901 the city of San Antonio, Texas, constructed an
impoundment (Mitchell Lake) of sbout 275 hectares with an
average depth of about 1.40m. As a result of the successful
operation of this impoundment other ecities in Texas, California,
North Dakota and a few other places in the USA started to apply
ponds as a means of sewage treatment (Caldwell, 1946 and

Gloyna, 1971).

In 1924, in an attenpt by Santa Rosa in California to find a
cheaper means of handling their sewage, uncovered gravel beds
to act as filter prior to discharging waste water into the then
highly polluted Santa Fosa Creek (Gillespie, 19%4), Unfortu-
nately the bed became clogged and an impoundment of sewage to
about 0,90m resulted. Forturitely on the other hand, the
aoverflow effluent was found to resemble thet from Trickling

Filter (Gloyna, 1971).

Later that same year the town of Vacaville, California, applied
to the State Bureau of Sanitary Engineering for permission to
impound septic tank effluent (Caldwell, 1946). Frobably with
the wotivation from that of Santa Rosa, the application was
granted and ponds were also built at Vacaville, Five years later
stabilization ponds were designed and built for the town of
Sonoma, California to treast septic tank effluent. However,

these were eventually abandoned because of over-loading from

individual wastes.
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The first pond in North Dakota came into operation in 1928 and
operated for over thirty years (Svore, 1960). The first
engineered stabilization pond started operation in North
Dakota in 1948 and by 1960 there were over 100 ponds in North

Dakota and roughly 300 in Texas.

Although stabilizstion ponds have been known in Asia for
centuries, data on their performances are available only for the

last 50 years (Caldwell, 1946).

The earliest svailable data being from various ponds in Germany.
After a period of field studies, the development of rationsl
design criteria was initisted. From 1950 there Lave been
significant research and field data (Cotsas, et al, 1954;

Hermann and Gloyna, 1958 and Parker, 1959).

There were successful experiences in Australia (Parker, 1962);
New Zealand (Collom, 1965); TIsrael { yachs, 1961 and
Watson, 1962); Brazil (Azevedo-Netto, 1567); in South Africa,
(Maraig, 1961; Shaw, 1962 arnd Stander et a2 1968}

Tndia (Jayangouda et al., 1970) and in Canada (Fisher et al.,

<1968).

Factors Affecting The Ferformance of Stabilization Fonds

Factors affecting stabilization ponds fall into four broad
classes, namely:
(i} climatic or natural factors which are almost beyond the

designers control and include radiation, tenmperature,
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rainfall, humidity and wind; (ii) design or physical factors
which unlike the natural factors are controllsble and the

degree of control is what makes the design quality or standard,
these include hydraulic properties of the reactor (mixing),
configuration {shape and size) and depth; (iii) chemical factors
such as pH, Dissolved Oxygen (DO) and strength of the waste;

and (iv) microbiological factors - the algae-bacteria symbiosis.

By the nsture of stabilization ponds, most of these factors are
strongly inter-related. For example the chemical and
microbiological factors are features of the natural and physical
factors. Also when one considers the influence of wind on the
pond, then mixing comes into play just as radiaticon and tempera-
ture can not be separated from pH and Dissolved Oxygen (Do).

Some of these factors are discussed below.

3.2.1 Aerial Organic Loading

Proper loading of the pond is very essentiel for satisfactory
performance., The effect of overloading can be illustrated by
Table 3-2-1 (Gloyna, 1971), As the organic loading increases,
the percentage BOD removal reduces even under the same climatie

cordition; in India similar trend was observed by Jayangouder

(Jayangouder et al., 1970).

A study of loading on performance of stabilization ponds was made
in Australia. Loading up to T5kg BOD/ha/day gave 90 to 100
percent reduction, loading higher than this from 118 to 13kkg

BOD/ha/day, gave only 30 to 50 percent removal. An average of



TABLE 3-2-1: ORGANIC LOADING APPLIED AND REMOVED
~ (JAYARGOUDAR, ET AL,, 1970)

Organic Load Percentage of BOD Removal
TR Monsson  Post-Momsoon  Cold Monsoon Kot Weather
112 87.0 - 78.0 87.8
168 81.0 §5.0 73.5 82.0
224 77.0 82.5 £9.5 78.0
280 74.0 74.0 €6.5 T4.0
336 73.0 71.0 62.5 70.0
392 72.0 68.0 59.0 66.0
LL8 70.5 €5.0 56.0 64.0
450 70.0 €k.0 53.5 £1.0
560 €9.0 63.0 51.0 60.0
617 €8.0 €2.0 50.0 58.5
673 67.0 1.0 L8.5 57.0
730 €6.5 60.5 47.0 56.0
785 65.5 60.0 L6.0 55.0
897 €L.0 59.0 45.0 54.0

Average

480 71.8 68.1 57.6 €5.3
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78kg BOD/ha-day, wes then chosen for design. Whereas in

Ocean side, California a load of 50kg ROD/ha—-day was found to

be a safe 1imit for a pond (Samson, 1955). Somwetimes it is
difficult to reconcile theory with experimental finding as
illustruted by Table 3.2.1 where the average organic losding

is 480kg BOD/ha-day with annual average rewoval efficiency of

€6 percent while rational design ¢riteria results by Jayangoudar
show B value of 190kg BOD/ha-day from actunl data and 280kg
BOD/ha~day from thecretical value. The latter is nearly half
and the former alwost one third of the experimental value

(Jayangoudar et al., 1970).

Another index of waximum loading limit is the surface tension.
As the pond loasding spproaches the limit, the surface tension
apparently decreases the effect of wind waves on the pond
surfaces, Hence waves on windy days is indicative of load limit

and this is termed "Wave Tndex" (W.T.) {McKinney, 1982),.

Other places where pond loadings were investigated are South
Dakota with 5€kg BOD/ha-day loading and Delaware poultry
processing with loading of 240kg RBODJha-day. BOD remcval was
directly related to loadingsy this relationship only allows
definitive information on loadings and it dces not appear
applicable to temperate region {MeSarry and Pescod, 1970C).

In the tropics, seasonal variations have 1ittle effect on ROD

reduction and high BOD lpadings are possible year round.
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Lagoons in Colerado functioned without odour under loading
condition of 1lkg BOD/ha-day with 1.22 to 2.19m operating depths
(Svore, 1968). Increasing the loadings to about 22kg BOD/ha-day
caused persistent odour problems, At the same time hydraulic
problems were experienced with leadings of less than 22kg
BOD/ha-day. Operational problems were associated with adequate
liquid depth not beiﬁg maintained and primary solids not evenly

distributed.

Loadings of S56kg BOD/ha-day in Southern Kraft Mills have shown
BOD removal efficiency of about 85 percent. loadings above S56kg
- BOD/ha~day have resulted in redwetion from 23 to 55 percent.
Multiple ponds covering 271 hectare reduced & total BOD load

of 22000kg/day by 95 percent (Fitzgerald et al., 1958).

3.2.2 pH and Disdolved Oxygen (DO)

As algal metabolism increases, the pH incresses because CO2 is

- removed csusing & shift in the carbenate equilibrium and then
pushing the pH upward. Nevertheless an alkaline enviromment is
necessary for successful anaerobic and facultative stabilizetion

ponds operations (Kilani, 1985),

Some chemical equations were presented by Middlebroocks et al. to
illustrate the carbonate buffering process that control the pH

in ponds (Middlebrooks, et al., 198G'.

- +
00, + H,0 3 H,C0, 3 HCOL + K 3-2-1
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H (H003)2 T B+ 2Heo, 3-2-2
HCO; 3 ' + cOg 3-2-3
Coy + H,0 2 HOD + OH 3-2-4
ou” + B 3 HO 3-2-5

Algal photosynthesis has greet impect on the equilibrium of
carbonate buffering process. The close relationship between
pH and photosynthesis results in diurnal variation in pH of
pond contents (Gloyna, 1971 and Mara, 1978). The sutotrophic
activity (A - activity) is generally always higher than the
heterotrophie activity (H-activity) hence, the bicarbonate
ions present in equations 3-2-1 and 3-2-3 dissociate into

CO, to meet the algal demand and the alkaline hydroxyl ion

2
which increases the pH value as illustrated by 3-2-6.
pH = pK, + log CO, 3-2-6
HCO3
As photosynthesis decreases, the rate of 002 extraction by
algae decreases and dissociation of bicarbonate ions is reduced

or reversed and thus falls the pH (Oswald and Gotaas, 195T;

Pipes, 1962 and Mara, 1978).

An increase in Dissolved Oxygen usually accompanies high
pH and like the pH, always follows a diurnal variation (Marais,

1970 end Mara, 1978).

3.2.3 Toxicities

Adequate concentrations of certain elements are vital and essential
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for microbial growth but these may become toxie to the organisms
if present in higher concentrations. Toxicity may interfere
greatly with the enzymatic system of ponds., Tt may reduce
metabolic rate and impend the optimum microbial growth.
Stabilization ponds failure to treat industrial waste effectively
may sometimes be due to the presence of toxie substances.
Although the waste to be treated in ponds should contsin
nutrient for microorganisms, it should also be free of any
material that is toxic to them (Gotaas, 1954 and 1955 and
Kilani, 1985,). Sulfides concentration of 6-7 mg/L had been
found to be toxic to algae (Tschorter, 1967 and Gloyra, 1968).
A variety of organic acids, alcohols and pesticides were
studied in some highly loaded lagoons to determine their
toxicities on chlorophyl production (Gloyna, 1968). Gloyna
suggested the inclusion of these toxic agents in any estimation

of algal activity in lagoons.

Several studies have concluded that in biolegical waste
treatment, bacteria have viral inactivating activity

(Kelly, 1961; Erlich, 1966; Pienta 6 1366; Christie,

1967 and  Shuval, 1970 ). Houe;er, the chemical nature

of viruses makes them difficult to control with chemical agents.
The only effective method of combating viruses has been through
the production of anti-bodies which are protein materials that
react with the viruses and prevent their reproduction (McKinney,

1962).
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3.2.4  Temperature

In the past most of the reports had focused on the biological
aspect of the ponds in terms of the reaction rate (Lamanna &
Mallette, 1959; Hok, 1963; Cody and Tischer, 1965; Wentz, 1967;
Slanetz , 1970 and Shuval 1970 ). . And recently the
influence of temperature has been studied extensively (Marais,
1974 3 Parhad, et al., 1976; Arthur, 1681 and Kilani, 1985).

It has been shown that reaction rate, K is temperature dependent

and is given as
T - 20

Kp = ¥po © 3-2-1
where K, is the value of K at temperature, T, KTo is the
value of K at a reference temperature (usually 20°C) and ©
is the temperature reaction coefficient. According to Marais
(Mareis, 197L)

K = 2.6 (119)7 7 % 3-2-8

This is for facultative pond and is valid between approximately
5°C and 21°C, Reduction of coliform Salmonella and enterie
viruses in ponds in series was studied (Slanetz, 1970). Most
of the culture of Salmonella were negative while many of the
viruses cultures were positive particularly during the colder
months in comformity with theory that viability of viruses

increases inversely with temperature.

In another investigation Salmonella and Shingella were studied
in stabilization pond (Cody and Tischer, 1965). They indicated

that Shingella were never detected in the ponds studied but
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Salmonella were present in a considerable amount. While in
ancther report 99.9999 percent ofiSalmeonella abertis equivalent
were removed in b1 days at 10°C and between 20 and 30°C an |
equivalent removal was observed in 6 days (Bok, 1963). Another
study reported that sslmonella survive within 3 to 5 days

in summer and 2 to 4 weeks in winter {Hsu and Kruse, 1967).

In a study of O;idation of & variety of substrates by Tagoon
population as a function of change in temperature it was
discovered that oxidative capability of microorganisms was
greatest during the summer (Halverson et al., 1968). According
to the Vant Bofff-Arrehenius relationship, there is an appro-
¥imate doubling of biological aectivity for every 10°C increment

(Lamanna and Mallette, 1959),

Probably due to temperature shock stabilization ponds have
proven to be effective means of baecterisl and viral insctivation
or removal. At a relatively low tewperature, a 99.99 percent
of coliforﬁ reduction had been found in five experimental ponds
(Okun, 1962). Msturation ponds gave 99.6 percent Fascal Coli
reduction in summer and 96.8 percent in winter {(Drew, 1§66},
09.98 percent reduction of E. Coli in stabilization pond was
also reported in summer by Coetzee and Fourie {Coetzee and
Fourie, 1965)}. As a result of ease with which this Faecal
Coliform is eliminated, due to the temperature gradient, espe-
cially between the warm human intestingl tract and cool liquid

envirorment, they considered this organism to be an infallible
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indicator of pathogenic organism in such pond effluents just
as a few others who considered streptococcus faecalis and
clostridium welchii more reliable indicator of pathogens than

Faecal coliform (Malchow-Moller 1355).

At a state prison dairy farm in the USA, a reduction of 85.9
percent in coliform bacteria in winter and 94.% percent in
autumn were observed (Géldrech et al., 1964). Faecal Coliform
reductions was found to be greater than 87.9 percent while
Faecal Streptococcus reductions were over 97.4% percent. The
effect of temperature on feasible aerial organic loading rates
has not been thoroughly investigated and applied to design
standards on a world wide scale, The most recent reports are
those given by Arthur and Kilani (Arthur, 1981 and Kilani, 1985).
Both are of the opinion that tenperature as well as detention
time have influence on the pond removal rate, For maxirum
efficiency and avoidance of ansercbism primary facultative pond
should be designed using the relationship (Arthur, 1981).

Ai = 22T + 65 ) 3-2=9

li is the aerial organic loading (kg/ha-day) and
T is the ambient temperature (°cY. The velue of T in equation
3-2-9 corresponds to an average temperature of 2L.6 °C,
Considerable higher loading rates are possible than are currently
being used in the tropical region as a result of favoursble
climatic conditions especially temperature. From equation 3-2-10

Xpe = Kp o{T 1) (1 3 ) 3-2-10

Arthur presented the following relationships for KTt and effluent
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BODS’Le as a function of temperature using 20°C as a reference
temperature (Arthur, 1981).

Kpy = 0.92(1.077) 7 %° b
' 1+ o.23t‘/3

Le = ILo/(1 + tht*} 3,2.12

where: Lo = the influent BOD (mg/L)
Le = the effluent BOD (mg/L)
be and K, = the first order removal rates at
temperature T and time zero and at
temperature T and time t respectively,
# = retardation coefficient.
t* = the detention time (day)

temperature (°c)

=
[}

Both McGarry and Pescod, and Mara presented nathematical models
to illustraete the influence of temperature on facultstive ponds.
McGarry and Pescod showed that

Rr = 0.725 Ai + 10.34 3=-2=13

This equation describes the relestionship between possible areal
BOD loading and ambient monthly mean temperature in the range
of sbout O to 3000 and ki is given as (McGarry & Pescod, 1970):

Ay = 1.2 (1.054)T 3-2-14
where: Xr = areal %0D removal (kg/ha-day)
Xi = areal BOD loading (kg/ha-day)

T = gambient mean monthly temperature (OF)

Mara suggested the use of a safety factor in equation (3-2-1k4)
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for design as

A; = 20T -120 (Mara, 1978) 3-2-15

The MeGarry and Pescod method and Mara's design equation are
most favoured for warm climates except for the set-back of

involving just only two parameters.

The most recent study on the influence of temperature is that
of Xilani (Kilani, 1985). The following linear regression

equations were presented:

zi = Lo.65 + 1.hlr - 1.59T 3-2-16
and li = 31.01 + 1.061r - 1.,05T 3-2=-117

for the unfiltered and filtered effluent COD respectively.

Both indicate a gradual increase in organic removal rate with
increasing organic loading at a given operating teumperature.

They both also show that the organic loading rate resulting in

a given removal rate essentially remained the same for the
temperature range of 25°C to 35°C. Kilani's conclusions that

a combination of high temperature and high detention time results
in high efficiency and that temperature influences organie
removal more significantly than detention time probably need
further investigation especially in terms of pH and suspended

solids (SS) removal.

3.2.5 Radiation

Strictly, this is one of the factors that is beyond the control
of man. Unfortunately most of the available data are from the

leboratory where the factor (1light) is simulated and thus con-
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trollable (Hermann and Gloyna, 1958 and Thirumurthi, 1969

and 1974 ) .

With sufficient nutrient such as nitrogen, phosphorus, 002 and
a few other compounds and in the presence of light there would
be algal growth with a net result of photosynthesis. All these
requirements are no problem in most environment; even algae
grovw to some extent under ice cover but the most conducive envi-
ronment is warm climate with sufficient light (Caldwell, 19L6;
Hermann and Gloyna, 1958). The light available at geographie
locations in which there is no significant winter ice is more
than adequate to support the required photosynthetic activity.
The impact of radiation on ponds is on the production of the
microorganisms especially algae that help in setting up the

reaction necessary in thé ponds.

A few designers have relied on radiation and tried to make

maximum use of the concept by basing their design model on optimum
algal production. This ie always by maximizing the surface area
or through the use of high rate stabilization pond (Marais, 1263

.and Cloyna, 1976).

In North Dakota where ponds freeze over in winter, 4 ha per 1000
population is suggested or the pond capacity should be about 200
times the daily flow (Van Heuvele, ard Syore, 1954). The EOD

load per unit area theory which postulates that the BOD loading
rate is governed by the average daily radistion originates from

observation of the marked influence of =olar radiastion in
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aggociation with algae on re—oxygenation of the pond ligunid.
However, the BOD load per unit area method may be mislesding

as a criterion for the preservation of aerchic condition_
(Marais, 1966}. In a homogenecus culture that is deep and dense
enough to sbsorb practicelly all the light, the cells may cause
refraction wiich may result in gradation of light below the
surface. Farthermore, the light intensity, I in a homogeneous

chlorella suspension obeys Beer-Laabert Law.

T o= I o ked 3-2-18
where Io is the light intensity subsequent to passage through
a medium with ebsorption coefficient k, concentration ¢ and
depth d, I is the intensity after the passage (Mermann & Gloyna,
1958) . | |
There is a critical point (eonpensation point) at which the
light iptensity Jjust equals the saturation intensity, Is. Also
a1l the light that penetrates fo greater depth is utilized with
maximum efficiency. At lesser depth only = fraction of the
original light intensity is utilized. The fraction, f of the
light energy utilized in photosynthesis by a homogeneous
suspension is given by equation {3-2-1%).

£ = (In 1 +1) 3-2-19

I

s O
I

However, light-energy utilization in waste stabiliration is

cozmplicated by several additional factors. For instance the

algal and bacterisl cultures in stabilization ponds are not

homogeneons since numerous light scattering and abdsorbing
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substances other than elgae are present in the pond. Maoreover,
ocelusion of light in varying degrees is caused by scum

Tormation.

With the use of optical density (0D) crude estimates of the
effective depth to which 1ight of various intensities will pene-
trate & waste stabilization pond can be obtained, using Bcer-
~ Lambert Taw as shown in equation 3-2-18.
Since

Optical demsity (0D} = 1log I 3-2-20

T
then
/

0D = ked,

With a photometer and light having a wave length of b10 mu,

average values for OD were found to be about 0.10 (Hermann and

Gloyna, 1958), Frem this, = value for ke €3N be cbiained,

Using ¢’ = 1.8m from the sample tube of Hermznn and Gloyna
ke = 0D = 0.10 = 0.056cm_1 3-2-71
a’ 1.8

The depth of light in homogenecus culture media can now be

obtained by

d = log Io]I 3-2-22
T ke '

When T is zero, the expression has no physieal meaning. However,
I, is the light intensity of the compensation point at which
photesynthesis is balanced by respiration. Unless one assumes
that the system is homogeneous, then expression given by 3-2-22

needs to be modified for stabilization ponds.
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3.2.6 Rioclogical Factors

There are some controversies over the microorganisms that
predominate in ponds. However, the predominant bacteria as
assessed by morphological and biochemical study in stabilization

ponds always consist of Cram positive, rod-shaped bacteria
ll.
|

belonging to the general Achromobacter, Pseudomonas and

Flavobacterum. (Caldwell, 19L&; Oswald, 1953; McKinney, 1962

and Uhlmann, 1979). Tt had been pointed out by Fitzgerald
that there is little correlation between microbial species
which dominate in a pond and the geographical location of the
pond, the degree of BOD loading, and the strength and type of
.seuage pretreatment (Fitzgerald, et al. 1958), However, Neel
found that phyloplanktons in ponds in Missouri were usually
green algae and euglenophytes. Fuglena exhibited the greatest
adaptability to loading variations. Chlamydomonas and various

Chlorococcales were the other sbandant iypes noted (Neele et. al,

1961). Here algae production incressed with loading up to

67kg BOD/ha-day and then levelled off with greater loadings.

Changes in organic loading may influence the physical and
microbial content of the stabilization pond. Tor example, a
petroleum waste pond alternated from a pink colour (chromatium
ﬁresent) to a green colour {Carteria present) when the loading

of the pond changed from 67 kg BOD/ha-day to sbout Sikg BOD/ha-day

(Cooper et al, 1§65).
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Loadings of about Ellkg BOD/ha-day were responsible for the
observed purple sulfur: organism in a poultry manure waste
(Cooper et al., 1965). Ponds in series were studied in
California (Oswald, et al 1957). The primary cells 0.T4ha -
and 2.4bm deep were loaded at TCOkg BOD/ha-day; the seconda?y
cells of 0.63ha and 2.hbm deep were loaded at 38kg BOD/ha-day
and the third or tertiary cells 0.76ha and 1.22m deep were
loaded at 2lkg BOD/ha-dsy. The detention times were 48, S5k
and 90 days respectively. Effluent from the tertiary pond had

a BOD from 3 to llmg/l, Ammonia Nitrogen of less than 1 mg/L

and 0.2 to 2.3 x 103 coli organisms/100ml. Euglena werée the

predominant algal specices in primary and secondary c¢ells in
concentrations of from 3 X 105]100mL in the secondary cell

to 1.3 x 106]100m1f in the tertiary cell. Micractinium was

the predominant plankion in the primary cell with concentra-

tion of about 3 x 106/100mL.

With similer studies in Iﬁdia, blooms of blue green algae mainly
Microeystis were found to dominate the pond flora (Jayangouder,
et al, 1965). Buglena had been detected first in heavily

loaded ponds during summer operation (Parker, 1962). ZETuglena
Crustaces and Colosterium were the dominant population in the

more lightly loaded lagoons. ;

16 species of algae were identified in the primary cell cf a

two cell pond in Nebraska (Domoyelles, 1967). In the secondary

cell 28 gpecies were identified. Ankistrodesmus falcatuus versus
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scecularis vwas the most prevalent species of algae. The 5
rotifier, Brachiorious was the prime grazer of algae. In
arother development it was found thet filtrates of Chlorellas

inhibited coliform organisms while filtrates of Chlamydomonas

were stimletory (Y¥cawad, 1968). TIn North Dakota Clostridium
Botwlinum type F was identified in a pond (I Mentz, 1967).
In another finding stabilization pond ﬁad been shown to com-
pletely reduce Mycolacterium tuberculosis populations in a

waste from & sanitarium (Viraraghavan, and Raman 1967).

Where pond loadings exceed design limits, purple sulfur
bacterial have been found; the occurence of which may be due

to the presence of hydrogen sulfide, 002 and sometimes volatile
acids {Holm and Veunes, 1970). Cooper et al identified
Thiopedia rosea in a Califurnien pond treating renderiné plant
wastes and Chromstium sp in another treating petroleum wastes.

In both casesg lowering the BOD to a significent degree, was

associated with these organisms (Cooper et al., 1965).

Some concentrations of nutrients were studied for algal

growth in citrus wastes (Kott, 1968). 5Cmg/L nitrate and
20mg/L POu vere found to be optimum concentration for zlgal
growth. Higher concentraticns of these two inorganic Iinhibited

algel growth. Chlamydomonas mundant were found in the heavily

loaded merobic lagoon and utilized acetate produced by anzerobie
bacteria =0 the algae function only as a heterotrorh since

little oxygen was produced, In latter reports, ponds receiving

1iguid bovine manure show a change in flora from the predominantly
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fermentative populations, Coliforms and Enterococci die-off
was very rapid in these ponds (McCoy, 1967). Information on
the survival or fate of enteric bacteria and viruses in stabi-
lization pond as well as their concentration is limited. Most
reports are on coliform reduction and die-off (Little, 1970,
and Parhad & Rao, 1976). Many have concluded that enteric
viruses removal in the ponds was by adsorption just as in

activated sludge (Mack , 1962; Sanderson & Kelly, 1964;

Bloom, 1969; Lund, 1970 and Sobsey et al., 1973).

Coliform reduction was found to be associated with BOD removal
probably due to the coliform inability to compete for mutrients.
Their activity is restricted mainly to the vicinity of the influent
where 88 to 92 percent were found (Gann et al., 1968). Leman

and Daphnia which could be successfully grown in lagoons were
found to be capable of removing Chlorella or total coliform and
Faecal Coli (Enrlich, 1966). Unfortunately high pH is not

always attributed to bacteria reductions (Caldwell, 1546).
Actually it has been found that in the production of acid from
carbohydrates by strains of Pseudomonas any acid produced was
completely masked by alkali production from the protein (Levine
and Bender, 1942). About 85 percent of stabilization pords is
coften made of Pseudomonas-Achromobacter-Flavobacterium group, so
the masking is probably due to the alkaline reactions. Organisms
of this class are highly resistant to alkaline but very susceptidle
to acidic conditions. Their optimum pH for growth lies between
7.2 and 7.5 and below pH values of 5.5, they are killed. So

this pigh pH effect due to algae may be an additional problem
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as far as removal of this group of microorganisms is concerned,

Major variations in algae concentration also depend on period
of the year (Gotaas, 1951 and Neel et al., 1956). Neel et al
found that there seems to be a seasonal variations in algal
dominance plus an unfailing appearance of Chlamydomonss after
each anaerobic period, When most of the organic matter has been

removed and high pH tends to precipitate mineral nutrients a

the organic compounds excreted by Chlamydomonas make the minerals

available for algal growth.

Sometimes several factors influence each other during daylight
hours for instance mixing equalizes temperature and concentration
of oxygen and nutrients throughout the pond., These factors have
great influence on the microorganisms inside the pond. The non-
motile planktonic algae are transported cyclically into the photic
zone which in heavily loaded pond rarely extends further than
about 0.6m below the pond surface. The nonmotile ones below the
themocline have no means of entering the photic zone and hence die
off as a result of lack of photosynthesis. The diurnal rise in
temperature causes a drop in the density and viscosity of the
vater (water viscosity at 30°C is about 30 percent less than at
15°C). This may promote nommotile organism eventually to sink
through the thermocline and die (Parhad and Rao, 1976). Both

motile and nonmotile algae above the top layers of the strati-
fication may be affected by excessive high radiation of light

(Oswald, 1953). As light intensity becomes excessive, the rate
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of chlorophill metatolism approaches its rate of synthesis,
resulting not only in bleaching and yellowing but in reduced
hydrogen supply and hence reduced photosynthesis such that
ageing of the cells ensues. Carbohydrate and fat tend to
increase with increased light intensity and nitrogen, protein
and esh tend to decresse, Fuglena grown with optimum light
intensities and short retention period may have up to 50

percent crude protein (Cswald, 1953 and Meron 19€3).

Variation in algae specie may also affect the amount of
energy associated with cxygen liberated by the algae (Oswald,
1953 and Jayangoudar et al., 1970). The efficiency of light
energy conversion by algae grown in waste water seldom exceed
10 or 12 percent (Goteas et al., 1955 and Oswald, 1957).
Goteas et al. and Oswald were able to generate a relation for
the quantity of oxygen that will be produced for a given
efficiency. The oxygen donating capacity of algae may vary
from genus to gernus and from species to species because their
chemical composition and their unit heat of combustion may
differ. Culture containing more than one species are difficult
“to maintain in the laboratory. However, it must be realised
thet an heterogeneous system will be more efficient (Gloyna,
1971). While two or more algal species seer to coexist in
equilibrium in natural water, the same cultures, when brought
- to the laboratory will invariably develop into a single

culture system (Fogg, 1965 and Ju-Chang and Gloyna, 1968).
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Among sore species of green algae the overall photosynthetie
or light energy conversion «fficiencies may vary (0Oswald, 1963).

Oswald found that Chlamydomonas agloiformis possessed the

highest overall photosynthetic efficiency, while Chlorella
pyrenoidoss, Shenedesmus obliquus and Fuglena gracilis
exhibited lesser efficiencies. This photosynthetic efficiency
of algae affects the loading considerably. Cne may be tempted

to use other types of algae such as Oscillatoria due to their

relationship to light conversion and growth efficiencies

because it has been thought that sza1l unicellular algae that

are free flcating relatively are more effective for photeosynthetic
oxygenation. However, Oscillatoria a fillanentous algae grows

as well as produces approximately as high yields in organic

wastes as do Chlorella or Seeredesmue.

Adequate population of some microcrganisms especially algae

is necessary. An oxygcration factor of 1.2 to 1.8 is considered
essential for continuous maintenznce of aercbie corditions
because oxygen is lost to the atmosphere during periods of good
1lizt and saturation of ozygen. A factor above 1.8 as in
shallow ponds due to algal bloom leszds to high pH in the pond
that will inhitit the oxidation of influent sewage by bacteria

(0swald, 1957).

The weight of algae theoretically estirated is normally less
than that of algae actually grown because some 002 from the
atmosphere dissolved in the liquid providing &n additional

source of carbon (Oswald, 1955 and Jayangoudar et al., 1970).
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It has been estimated that an average of
634g/person/day of protein can be produced (Renn,
1954}, Chlorells yields of 55g/L in the leboratory
have been obtained using a small annulus as growth
chamber and full sunlight {May and Stahh 1971).
Yields of 16gfm2]day and 1L to 21.2gfm2/day have

been reported {Fitzgerald, and Roblich 1958).

Analysis of sewage and algae shows that carbon is
the most apt 1imiting nuirient (Gotaas, 1954 and
Allen, 1955). Tt was shown that Chlorells in sterile
sewage required 24mg of carbon per liter per day te
meintain constant growth rate, but the sewage has
only 13.Pmg of carbon. The deficit of 10.80mg of
carbon/L/day was supplied from butbling air. Other
studies are on the yield of Euglena in sevage giving
0.18¢/L/38y of mlgse when air was the source of
carbon and with added Co, the yield increased to
0.26g/L/day. Several concentrations of carbon were
made for Puglena gracilis and it was found that the
growth follows probability distribution curve when

the data in Table 3.2.3 is plotted (Gotamas, 195L).



-59-

TABLE 3-2-2: ALGAL COMPARATIVE WEIGHTS (mg/L)

{cLeyna, 1971)
Theoretical Actual
Weight, weight,
rj.li_ mg/L
Monsoon Season 195.5 -
Post-Monsoon 9.1 169.3
Cold Weather 107.1 240.%
Summer Season 135.% 282.5
TABLE 3-2-3: (€O, CONCENTRATION FOR ALGAL CRCWTH
Concentration % CO, Srewth
0.03 Fair Growth
0.5 Good Crowth
2.0 Gooi CGrowth
) Fair Growth

3.0 Foor Growth
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Nevertheless, environmental conditions are
important factors in the efficiencies. As for
Nitrogen and Fhosphorus, the latier has not been
found to be a limiting factor to algal growth

but the maximum algal concentration of say, 100 to
300mgfL .is 10 times Witrogen concentration

{Gotaas, and Oswald 1955).

3.2.7T Depth

Some problems may be of design origin which are
agsociated with depth of ponds. In Israel, deep
ponds up to Sm in series with conventional ponds gave
BOD remcval of up to 80 percent with applied loadings
of 100kg BOD/ha/day (Watson, 1961). There was
stabilization during summer with algse present to

a depth of lm and temperature drops from BOOC at

the surface to 20°C at bm. DO at the surface layer
disappeared and pH dropped from 8.8 to lesser values;
nevertheless BOD removal effliciencies d4id not’change
appreciably. Frobably st the greater depth on
diurnal basis, the light penetrates only weakly to
the lower layers of the pord and the algase cells grow
more slowly during the day there while at night thermal

currents mix the various strata in the pond and a more



- Rl -

constant production of oxygen is thereby maintained.

A shallow lagoon of about 0.5Tm deep was studied at Hancock
Air Force Buse pear Syracuse, N.Y. {Nemerow and Bryson, 1963).
The primary cell of O.Tha loaded at 1h6kg BOD/ha/day showed
£9.3 percent BOD removal and the secondary cell of 3 hectare
loaded at 12kg BOD/ha/day showed 88.3 percent BOD removal.

In that study the diffieulty of opersting lagoons of shallow
depths was highlighted. This was probably due to lack of
compaction or sealing in cells resulting in the loss of
liquid By percolation and evaporation to the extent that for
seven of the twelve operating months there was no discharge.
As 8 result of the operating conditions, menthane fermentation
"did not occur as expected inspite of the sludge build up.
Growth of excess vegetation in and around the lagoon resulted

with cattails, mesh grass, shrubs and weeds inside the cells.

As & result of the unrestricted pgeographical location of
arce of application of stabilization ponds, there have teen
data from depths of ponds in Arctic and Sub-Arctic regions
(Dawson and Grainge, 1969). The depth in summer were 1.22
to 2.19m while in winter they were 1.83 - 2.hkm giving
allowance for ice cover of up to 2.19mw. This gave acceptable
effluents. Tt is generally considered that 1.0 to 1.5m is

an appropriate facultative pond depth range for tropical
conditions (Fitzgeral et al., 1958; Watson, 19562 and McGarry

and Pescod 1970).
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3.2.8 Detention Time

Several sttempts had been made to make use of detention time
directly or indirectly in ponds design. Seme investigators

introduced the concept of ponds in series as agceinst one single
cell while some made use of baffles {(Hermann and Gloyna, 1997,

, aend . . .
Maraléaﬂ Shaw, 1961; Thirumpurthi, 1967, 1969; Marais, 1970,

Parhad et al., 1976; Kilani & Ogunrombi,1984 ). As a result
of the varying conditions under which they were operated it is
difficult to make any correlation between detention time and
areal organic load removal. However, in an ideal situation
as the detention time increases, the efficiency of the reactor

should increase (Thirumurthi, 1967, 1969 end Kilani, 1982},

Mexd mam éfficiency in & series of pond system is achieved by
making the detention times equal for all the ponds.{Maras, 1978),
A study had reported that detention time in anaerobic pond
should not be more than five days and that there is no effect
on BOD removal filtered effluent with a& variation in detention
time of from 11 to 71 days {Parker 1954}, Malina

and Yousef reported a reduction of up to 99.% percent of
coliform number in 11.4 days dSctention time fQsuald and Gotaas
1963)' Total coliform reductions were grester than total
bacterial reduction. Comparisons of the total bacteria numbers
with coliforms gave a correlation coefficient of 0.78. This

is not all that strong., Reduction in coliform count proceeds
in & regular manner with increasing detention time. With an
sppropriate design with regards to layout and detention period

any desired level of coliform reduction can be achieved by
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lagoons (Parker, 1962).

Coliform bacterial reduction rate constant, K in ponds had
been found to follow Chick's Law which is a function of time
according to (Meron 1963). In the study Meron obtzined

a rate constant K in the range of 0.070 to 0.127 giving an
average of about 0.1/day. They concluded that longer
detention time yield lower SS, coliform a&nd algal numbers in
the effluent. FEvaporation and increased salinity results with

increased detention.

In the study of two stabilization pords in series with
detention time of 20 days a 99.5 percent reduction of coliforms
vas recorded (Coetzee and Fourie, 1965). The reduction of

E. Coli was 99.98 pcércent during the same period and with very
high organic loading S. typhi was found to be more resistant

to die off than E. Coli. From equations (3-2-10) and (3-2-12)
by induction one can conclude that both first order removal rate
constant, X and the effluent BOD removal, Leg are retarded

with increase in deteption time, t. Arthur introduced a

retardation coefficient, @ (Arthur, 1981).

3.2-9 shﬁEES
Several shapes of stabilization ponds had been sugzsested by

different reports. These shapes range from rectangular to
circular ones. However, proper selection of the size and shape
-of a pond and the location of inlets would enhance natural
mixing and load distribution (Pipes, 1961; Shindala and Murphy,

1969; Gloyna, 1971). Pipes is of the opinion that pornds should



- Gl —

be as pearly round or square as possible to aid in uniform
mixing and load distribuation. In another lster report, it
was suggested that ponds should be of regnlar shape with

no coves or peninsulas to have thorough load distribution ard

prevent local septic areas (Porges, 1963).

Shape influences the accumulation of sludge in lagoon bottoms
which also is & measure of the load distribution and mixing
(Shindale & Murphy, 196§), They recomsend that the shape of
sewage ponds should be such that there are no narrew or
elongated portions. They slso recommended shapes like round,
square or rectangular with s length to width ratio not exceeding
3:1. This almost agree with the ratio suggested by Mara

(Mara, 1978). From the study with tracer test by Thirumsrthi,
it was observed that long and rectangular tank will be more
efficient than square pornds, especially when sudden slugs of
toxic industrial wastes are not released Into the ponds
(Thirumurthi, 1969). In addition to using rectangular
fecultative pords, Kilani et. al introduced the idea of baffles

(Kilani, 1984 ) They concluded that increase in the number of

baffies wonld increase the efficiency of the pond,

Algae at the effluent has always been a problem. Mara then
suggests that a deepening at the outlet end of a long narrow
pond is advantegecus in providing an anacsrobic zone that would
redace this algae problem. This configuration scems more
practical than that suggested by Middlebrook et al. {Misdlebrook

et al., 1978). Middlebrook et al. observed that because the



rotifiers and the microscopic crustaceans fced on algse, it
ig often thought that, if they are cultivated in the last
cells of a series of waste gtabilization ponds, they may

help to reduce the algal content of the effluent.

3.2.10 Mixing
Of all the factors influéncing pondlbehaviour, mixing is
probably the most importsnt. Mixing is induced prineipally
by wind action although thermal mixing ocecurs at night to
a degree, Lack of wind coupled with solar radiation normally
leads to a state of stratification or non mixing in the pond.
The intensity of mixing affects the kinetic rate of microbial
degradation in the pond liguid , the growth of the algae,
their species and concentration of algae, Distribution of the
oxygen generated in the top layers to the boltom layers of
the pond is prineipally through mixing. Good mixing always
increases the capacity of the pond to take incressed pollution
load. Poor mixing or stratified condition always leads to the

development of anaerobism in beavily loaded ponds,

Three flow models have been suggested to describe the

hydraulic flow characteristics of the pord system. At one
extreme the hydraulic flow pattern for the pond is assumed

to be plug flow pattern. At the other extpeme the pond is
assumed to be a conpletely mixed reactor. In practice the
hydranlic regime in ponds is peither a plug flow nor completely
mixed flow but represents a dispersed flow pattern existing

between the two extreme flow patterns. These various hydraulie
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flow patterns are discuss=d in what follows.

3.2.1 (i) Plug Flow Reactor

This is an i@~al reactor which can be either a sinple tube

or one packed with a catalyst or some other sort of packing.
Sometimes it is referred to as a tubular, ideal tubular or
piston flow reactor. A feed containing the reactants is

fed continuously to the reactor inlet while the effluent
containing the products and unreacted reactants is removed
from the outlet. For an ideel plug flow it is assumed that
there are no velocity or concentration gradients along the
length of the reactor snd no longitudinal (axiel) diffusional

rixing of either reactants or products along the reactor.,

The concentrations of reactants and products (sccording to
the assumption) vary with the axial distance, x only (Figure
3.2.1 (a)) Figure 3.2.1 (a) is Plug Flow Feactor (FFR).

In the control volume (an infinitesimal volume), BV, the
concentration is uniform. The mass balance of the reactant

around the control volume from Figure 3.2.1 is:

njx - nlx+ 5 ¥ rAc Ax = E% (Ac Axe) 3-2-23
or, -(nlx + ﬁx - n)x] i rAc = Ac Sc 3-2-24
___,._..._.E..x_ SRS . Gt

where C is the molar concentration, x the distance from the
reactor entrance, x the length of infinitesimal reactor
volume, nlx and nix + Ax the molar flow rates of the reactant

at the distances x and x * Ax respectively and r rate of
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degeneration of the reactant, In the limit as x tends to
zero, the first term in 3 - 2 - 2L becomes the partial
derivative of n end the equation reduces to

Sn+rA = A & 3225
Sx - ¢ %t

At steady state there is no cencentration gradient with time
within the reactor and taking the molar flow rate, n as the
product of the flow rate F and molar concentration C, n = FC,
Assuming this flow rate, F to be constant, then the last

equation reduces to

~F dc+rA = 0 3-2-26
- c
ax
Since Ac dx = dV, then equation 3-2-26 when rearranged,
gives
v ci 55
fIv =, de 3-e-21
e =5
or
T = cide 3-2-28
-

where C; and C_ are the influent and effluent reactant
concentrations respectively. A plot of the concentration
versus the inverse of the negative of degeneration rate will

give T as the area under the curve.

T is the space time and this is the time required to process
one reactor volume of feed measured at specified conditions.
For a constant vol. —e the space time is interchangeable with

reaction time (Grady & Lim, 1980).

Since each packet receives no additicnal material such as BOD
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and loses none to a neighbouring packet, the removal of BOD

for instance within cach packet is essentially a batch process

so that the BOD removel in a plug flow reactor may be put as
~Kt -kt

Ce = Ci e = Ci e 3-2-29

vhere k 1s first order reaction rate fday-l) and t the

reaction (detention) time (aay).

3.2.1 (ii) Completely Mixed Reactor

Completely mized reactor is elso known as Continuous Stirred
Tank Reactors (CSTR), Contimuous Flow Stirred Tark Reactor
(CPSTR) or Backmix Reactor. Tt is usually equipped with
baffles and a powerful mizer which is operated at sufficiently
high speed so that the mixing is assumed t§ be perfect {that

is homogeneous apd instantaneous), Thus throughout the

reactor there is no concentration gradient such that the entire

fluid volume can be taken as the control volume. (Figure

2-2-1(bl).

The general mass balance equation on the system given in
Figure 3~2-2 is

- = _2..
ni n, + rV 0 3 30

where n; and n, are the molar flow rates for the input and

output, respectively and V the reaction volume.

The CSTR equation 1s an alpebraic equation and can be solved
when the rate of consumption, r of reactant is known at only
one concentration, that is, the effluent concentrastion.

Hence the rate expression need not be known in anelytical form.
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For constant volume reactions, 3-2-30 can be put in the form
of 3-2-26.

Fi Ci -FC+rV = 0 3=2-31

where F; is the molar flow rate of the influent with influeat
molar concentration, Ci and F and C are the molar flow rate

and molar concentration respectively in the reactor and both
are eguivalent to the effluent values at steady state, With

this stealy state assumption where Fo =F= Fe and C=C_,

e

3-2-31 reduces to

_; - (ci -CJ)-r=t1 3-2-32

This time space, T is the same as that dzfined under plug
flow reactor and a plot of -1 versus the concentration C
would give T as the area unde: the curve.

Introducing the reaction rate, k and the reaction time, t as
in 3-2-29, then 3-2-32 becomes, when F = Q, the mean flow
rate

C. @ = €C_Q + Kl Ce v 2=33

i

Since V/F =y = 1T =t, rearrangirg 3-2-33 and substituting
Q

t, then 3-2-33 will be of the form

ce = 1 3-2-34

—— —_—e

Ci I & klt

3.2.1 (iii) Dispersed Flow Reactor

In this molel some degree of backmixing is superimposed upon
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plug flow of fluid with a magnitude assumed to be

independent of the position in the reactor and expressed by
the longitudinal or axial dispersion coefficient, D.

This coefficient is analogous to the coefficient of molecular

dj ffusion in Fick's law of diffusion. (Figure 2-2-1(c)).

6 (uC-DA_ &c = A 8¢/ i
Ex © & e &t 3-2-35
or
D&C_ube _8c = 0 3-2-36
s 2 &x t
x
where:

Ac = Cross-sectional area available for flow.

ITn dimensionless form, putting:

Z = x and® = t = t
L L/(F/A) T
p &c _éc _ & =0 3-2-37
ul, 632 8Z ée
where

D/ulL, = dispersion rurber, 4 and u = F/A,
When d = O there is no axial dispersion and therefore plug
flow exists, And when it is infinitely large complete back-
mixing exists and thereaCtor betaves as a C2IR. Furthermore
with the boundary conditions:

¢ (z.0) = 0 3-2-38

¢ (0.8) = C_ /u + (2/uL) C/a 2 3-2-39
and

ac/az (1.8) = 0 3-2-4o
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3-2-37 is difficult to solve anslytically, so the solution
mast be sought numerically. For small deviation from plug
flow (i.e when d is small) an approximate analytical solution
is possidle, And at the effluent, the tracer concentration
is given by:

clc, = F(e) = 11l-ersf A S B ) 3-2-h1

2022 (pfur)®->
where erf is the error function which is defined as

erf {x) = 2 ;x exp (_¥2} dy 3-2-h2
10.5 o

Solution of which can be obtazined in most standard mathe-

matical table,

From 3-2-41 the F(@) function for small values of the
dispersion number is characterized by the mean residence time
{ T =LJF/A)) and the dispersion number.,

For any kinetiecs, the steady state rass balance can also be

put as:
2
p_a%c _ 4 , r =0 3-2-43
ulL 2 4z

dz
with the toundary conditions:

c = 0, at Z=1
az .

.and

¢ = DbJulL (4c/az) = co at 2 =0

Normally a numerical technique has to be used to solve
3-2-%3 and its boundary conditions. Eowever, for first order
reactions r = -kC, it can be solved snalytically to provide

the solution at the exit as done by Wehmer end Wilhelm
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(Wermer and Wilhelm, 1959) (fppendix A).

1

24
E = —— hae - 8 00 3-2—!‘h
Cy (1+a)2 ¢2/23 _(1-4)2 ¢"2/20
where :

a = (1+ hktd);

D/uL = dispersion number

fet
Ll

D = Coefficient of dispersion, (Lszl)
u = mean fluid velocity, (L Tul)

L = mean path length, tank length, (L)

These equations allow calculations of the effluent
concentration from a reactor with axial dispersion

within whieh a.first order reaction is ocecuring.

The Diepersion Index varies from zero for plug flow to
infinity for completely mixed flow. Thue, the hydraulic
properties of ponds can be compared by using the Dispersion
Index of various ponds which is usually estimated by using
tracer technique. The use of eguation 3-2-Lk for the design
*of pond is cumbersome and tlerefore the Thiruwnurithi chart
(Figure 3-2-2) which was developed from it is found convenient

to use (Thirumurthi, 1969).
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For first order chemical reactions, the volume of a
non ideal reactor is bigger than that of an ideal plug
flow reactor having the same efficiency and can be related

as in 3-2-LY, (levenspiel, 1362)

I=

?p = [1 + ktgd) sae “te 3_2—L5

ktsd ) Q ram ere 3"2'-!46

where: V = volume of the non-ideal (dispersed flow) reactor
?p = volume of ideal plug flow reactior
k = First order reacticn constant

d = dispersion number index,

3.3.0 TRACER TEST TECHNICUE

The hydraulic characteristics of a stabilization

pond mzy be examined by injecting a trzcer materizl into
the inlet and observing its zp;earance in the effluents,
The flow through curve defining the tracer concentration
in the effluent as a function of time can be plottled

as shown in Figure 3.3.1.

Methods for estimzting the hydraulic paraneters from

the tracer test data are given in Appendix E,
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CHAPTER 4

L.0 STABILIZATION POND DESIGN

At present, the design formulae are based on either empirical
or semi empirical (rational)} methods. Unfortunately most of
the few =vailable data for stabilization pond apply orly to
temperate regions; modifiration 1s needed to make them
applicable to the hot climete (Hermann and Gloyna, 1958;
Marais and Staw, 1961; Arceivalas, 1973; Oswald, 1963; Porgess,

1963 and Thirumurthi, 1969).

Anong the design considerations for stabilization pond are
such factors as the pond geometry’size, numbers, base embark-
ment and both inlet and outlet structures (Gloyna, 1971 and .
Mera, 1678). Length to breadth ratics of 3 to lor 2 to 1
have been recormended {Gloyna, 1976). For easy maintenance

it is desirable to have at least two ponds in parallel. In
order to gulde against possible ground water pollution, the
bottom of the pond should be Impermeable or sealed with
materials such as polythene sheeting, linings of ecley, bitumen
or asphalt especially when seepage exceeds 10 percent

{Marais, 1gg13 Gloyna, 1974 and Mara, 1978).

An embankment of 3 to 1 is usually sultable in most soil
conditions and both erosion due to surface wave action and
vegetation growth can be prevented by placing slabs on the
embankment (Gloyna, 1976}. Operational performance needs to
be monitored occasionally hence the inflow snd outflow sre

measured with venturi flume and V-notech respectively,
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4.1.0 Facultative Fonds

V;rious design methods based on empirical formulae, statistical

analysis and rule of thumb are available for facultative ponds.

The empirical rethod includes:

(a) Clobal Envirommental Design Basis or the Surface Loading
Procedure

(v} OCloyna's Fmpirical Formuls

fc) Tndia Approximate Procedure

{d) Solar Rediation Method

(e) YeGarry and Pescod Formalae

{f) Marais and Shaw Frocedure.

{a) The Global Environmentel Design Basis

Table of acceptable organic loadings in facultative ponds

{Table 4.1.1) successfully ased in various envirormerts is glven
by Gloyra {Gloyna, 1971). The use of this table assumes that
(i) the total evaporative and seepsge loss is not greater than
the influent volume {ii)} the per capita BOD coutribution is

50g BOD. per day and (iii) the wastewater genération per capita

>
day 1s 100 litres. According to Gloyna, ceution is needed
when using this procedure for design puwrpose snd recommends that

the values should be used only where limited information

precludes the use of more refined nmethods.

(b) Gloyna's Exrirical Forrula

This is an enpirical formmla based on the operational resulis

from many small laboratory experiments, larger pilot scale

studies and several full scele ponds in which the pond volume

ig related to tlemperature, influent BOD and wastewater flow
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TABLE 4.7-.1: GENERALIZED BOD LOADING FER UNIT AREA PER DAY

UNDER VARIOUS CLIMATIC CONDITIONS (GLOYNA, 1971}.

SURFACE POFULATION DETENTION
LOADING (PER 1 TIME

kg BOD/ha ﬂ___uﬁil

R DAYZQ“) {vAYs)
Less than 10 TI.esg than More than

200 200

10 - 50 : 200 - 1000 200 - 100
50 - 150 1000 - 3000 100 - 33
50 - 350 2000 - 7000 33 - 17

ENVIRONMENTAL COKDYITIONS

Frigid zones, with seasonal
ice cover, uniformly low
water temperstures and
variable ¢loud cover.

Celd seasonal elimate, with
seasonal ice cover and
temperature summer
temperatures for short season.

Temperate to semi-tropical,
occasional ice cover, no
prolanged ¢loud cover.

Tropical uniformly distri-
buted sunshine and
temperature, and nc seascnal
cloud cover,
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(Gloyna, 1971). The expression is given as

v (3.5 x 10°°) NI, g(35-Tm) Lk-1-1

where:
V = pond volume (ma)
N = contributing population
q = per capita wastewater flow (L/day)

@ = temperature coefficient = 1.085

T = average water temperature in the coldest month PC)

Ly = ultimate Riochemical Oxygen Demand (mg/L).

The formula has been updated to include factors such as
toxicity end svlphide contents (algal toxicity factor) as
in 4-1-2 (Gloyna, 1976).

vV o= (3.5x107°) af¥ L, o(35-T,) L-1-2

where a and B are coefficients representing toxicity and

sulphide contents in the ponds recpectively.

The Gloyna's FEquations %-1-1 and 4-1-2 major set back is that
they are based entirely on data collected from ponds operating
in temperate zones. The reference temperature of 35°C is
considered too conservative and an extrapolation instead of
more reliable interpolation is required for field and out of

the temperate zones aspplication.

A further modification suggested by Middlebrooks may not

equzlly be @applicable to hot climates due to the assumption

that the maximum visidle sclar radiation prevailing at pond
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locations is 250 langleys thereby restricting its application
to areas where light is limiting (Middlebrooks 1982).

Middlebrooks modificetion i3 given as

3.5 x 1072 ¢, (1.099)58/2%0 (35-1) 4-1-3

Ll

y
q

where Ci is the influent BOD or COD {mg/L) and Sp the

visible solar radistion at elevation E (Tangley}.

(¢} Indian Approximstion Procedure

This procedure relates the areal BOD loading to the Jatitude,
An increase of 7lkg BOD/ha-day for every 40 degree change in
latitude preduces a range of loading rate from 150 to 325kg

BOD/ he-day.

Ixtrapolation outside India are not recommerded. The values
are just approximate and are based on an altitude of sea
level, clear skies for 75 percent of the year and a pond depth
of 0.9 to 1.5 metres. ‘he influence of latitude on the pond

perfornence has not yet been fully assessed world wide.

(d) The Solar Radiation Method

This method was developed by Oswald and Gotasas tased on the
following factors {Dswald and Gotaas, 1957):
(i} average monthly maximum and minimum solar radiation, So'

8, = minimum visible radiation + (max - min)A L-1-3

where:

t
il

the sky clearance factor

-
It

actual hours of sunlight
total possible sunlight hours

(ii) average monthly sky cleasrance factors
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(iii) algae energy requirement and utilization efficiency,
and

(iv) oxygen production rate by algae.

As a result of the influence of altitude, the visible
radiation values need to be corrected, such that

= Q 5 -, T
Sp Sy (1 + 0.00925E) h-1-4

where, So and SE are the visible radiation at sea level

and elevation, E respectively (g Cal]cm2 day), and E the

elevation above sea level.

According to Oswald and Cotaas, the mass of algae produced is

given as
Mass of algae = 0.0€ x Sg L-1-5
€ x 10%x1078

The oxygen production by algae is estimeted between 1.26
to 1.75g/g of algae produced with an average of 1.50g/g of
algae, Therefore introducing this average value into U-1-5
the rate of oxygen pro?uction}op is given as

0p = 1.5 sE L-1-6

Tn warm climates Op as high as 500 kg/ha-3ay have been
cbtained, however, 200 kg/ha-day is the average realistic

figure especially for design,
Different decign approaches relating the oxygen produced by
the photosynthetic activity of algse to either BOD5 or

ultimate BOD removed or applied to pond are also

suggested (Siddiqi & Handa, 1971).



- 85~

Ultimate BOD lcad = Lr x Op L-1-7
where

Lf is the load factor

Oswald and Gotzas sug.2st a lower limit of O0.44 for Ly

and upper limit of 8.0 to maintain facultative conditions.

Arceivala et al, proposed that the ultimate BOD lcoad to the
pond shonld not exceed the oxygen produc=4 by algae, and
although this igrores the reduction of BID by sedimentation
and anaerobic decomposition, it provides a safe design basis
{Arceivala, et al 1970). Mara sugzests a safely factor not
greater than 1.07 of the oxygen produced to give the design
load for ultinate BOD (Mara, 1975). This factor is
inclvied to compensate for under utilization of the cxygen
produced for crganic stabilization. However, no account is
taken of BOD reluction by sedimentation. Any theoretical
relationship between load and slgae cxygen should include
natural surfzce reseration as an oxygsn source in sddition

to the sedimentation phencmens.

(e) MeGarcy and Pescod Forrulas
+ MeGarry and F-cod carried out a survey of ponds operating in
+tropicel and tempsrate zones and indicated that the areal 30D
removal, Xr in primary facultative pords may be estimated

.
as given by

™

trrough the knowledge of zreal 80D localing, li
equation 3-2-113,

The maximum feasible loading of the ponds is again related to

the rean monthly arbient tempersture, as in equation 4-1-8.



-
W

11.2 (1.05%) L-1-8

where:

T = the mean monthly ambient temperature (°F)

A. = mpaximum areal BOD loading.

L

For safety purposes a safety factor of 1.5 is proposed by

¥ara (Mara, 1933). The resalts of the modified version of
the method were compared with otler results from other methods
and it was noticed that the conparison is .nly valid for

equal temperature.

An alterrative design formula for li’ from regression
anglysis is given in the form of equation 3-2-15

li = 20 T~ 120 4-1-9

and from Mara's suggestion, » non linear equation relating
-~

arral loading, li and maximum areal loading, li
A = 15X 4-1-10
1 1

And the areal BOD loading is related to the surface aresa as

A _ - -1 [
k 10C, QA K-1-11
where C; is the BOD loading {mg/L), Q the flow rate (L/day)

end A surface area (hL-ctare).

The design surfz-e area is obtalned by substituting equation k-1

into equation k-1-11,
Then,
A = ¢, @/(0.75(1.054) ) k-1-12

or frem 4-1-9

A =G /2y ~12) L-1-13
m

a

~
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As far as temperature effect is concerned both MeGarry

and Pescod, and Mara's design ~equations are still acceptable
for hot climate. However, any other factors that influence
pond performance except temperature and the areal loading

are beyond the scope of their approaches.

(f) Marais and Shaw Procedure

Marais and Shaw derive the fupndamental 4ifferential eguation
governing the concentration of BOD and faecal bacteria in
ponds, give various solutions to the equation and establish

the relationship between the kKinetic activity of a river and

ponds In series (Marais and Shaw, 1961).

Experimental evidence is presented to verify and indicate
the limitations of the theory within which framevork a
criterion is developed to determine the maximum loading for

aercbism and anacsrobism.

The formulated theory is applied to the development of a design
procedure for a series of ponds with a little consideration
given to the kinetics of recirculation. And among the
assurptions made are that the reduction in concentration takes
place according to monolmelecular law and that the mixing

of the influent with the pond content is instantaneous and

complete.

Design procedure of Marais and Shaw consist of
(i} Estimation of the flow, the BOD and faecal bacterial

concentrations in the influent to the primary pond

¢ = 1.2b 100 h-1-1k
q



where:
b = the BOD contribution per person per day (mg)
q = effluent flow per person per day (L) and
C = the total BOD concentration in the pond (mg/L).

(ii) Select the pond depth, 4 snd from the depth determine

the maximum total BOD in the pond

C = §_0_9_ h—l"15
2d+8

(iii) Determine the detention time, t of the first pond

from

L-1-16

‘or

t =( C_i- o 1 __1_'___ h"l"l?
G
t

) 0.7
where C, is the influent BOD (mg/L).

1
(iv) Determine the surface area of the pond from the

relationship.

A = E%%Eh L-1-18

where A is the area in m2 and Q daily flow rate in litres.
(v) The second and third pond depths are selected with

suitable surface areas to give T days detention time each.

The major set back ~ith this method is that the influence of
depth has great impact on it. It is suggested that the
area/depth ratio should not fazll below cone thousand (Marais
and Shaw, 1961). Some of the assumptions such as complete

and instantaneous mixing may not be totslly valij.
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(g) Other popular group of design formalae, the rational
methods is made up of (i) the first order kipetics and

(i1) the Thirumurthi method.

(i) The rirst order kinetics.
This method is based on the basic principle of completely
mixed reactors in which BODS removal follows first order
reaction and is given as equation 4-1-19 (Marais, 1966
and Gloyna, 1976).
c, = ¢ ekt SN k-1-19

v/ t=o0
where Ci and Ce are the influent snd effluent BOD respec-
tively (mg/L), K the reaction rate {1st order) and temperature

dependent in accordance with the relationship

Mgy ™ Ko ® 1.085(T'3S)

and K35 has been found to be 1.2 in South Africa

t detention time (days)

V = volume of pond (mj), ard

Q the flow rate (L/3say).

* Integrating 4-1-19 and solving in terms of a detenticn
factor, the following expression is obtsined

e ® % L-1-20

!{Tti-l
For a batch resctor, the BOD is degraded according to

4-1-21
K.t L-1-21
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Arnd for a fixed percentage reduction it can be shown
that for single ponds, the ratios of the d:gradation

constants are equal to the ratios of the detention times

thus
(35-17)
L §-1-22
I 35
K35 -
where:

@ = temperature coefficient (8 = 1,085).

This method is based on the assamption of a completely
mixed reactor, whereas most pond systems are far from this
condition, Hence the method tends to overestimate the
reactor removal efficiency although a judicious choice of the
value of KT can compensate for this especially when based on

local operative experience in other pond systems.

(ii) Thirumurthi Method

This is another rational method based on non ideally mixed
reactor. An important parameter in this system is mixing and
the degree of mixing is evaluated by the wvalue of 4, the

dispersion number which seldom exceeds 1.0,

As a result of the importance of hydraulic patterns in ponds
wbich are influenced by factors like the temperature, shape
rate constant and loadings, a tracer test is always carried
out to evaluate the mixing pattern (Thirumurthi & Mashashibi,

1967; Thirumurthi, 1969).

Thirumurthi comes up with & design chart. The product of the
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rate constant and detention time is plotted against
percentage BOD remaining for different values of dispersion

number, d {Pigure 32-2.2),

The resulting equation for this model is as given by

equation (3-2-4k4 ). The approximeted value is given by

B (1-a)/za
Gy = ka2 b-1-23
¢ (1 + a)

Traditionally the evaluation of the first order reaction
rate, XK values has always been limited to the influence of
temperature as can be obscerved in equation (k-1-22).
However, Thirumurthi pointed out that other factors should
be taken into consideration. He suggested that a standard
value of the first-order BOD removasl coeffTicient should be
evalvated for a set of assumed standard environmental
conditions and that corrections should be made to the value
whenever the Tield conditions deviate Irom the assumed
standard environment. The standard first order BOD removal
rate constant, K may be corrected Ior temperature, organic

loading and toxicity as follows (Kilani, 1985 ):

Kl = K2 CTe COCTOX L-1-24
where:
Ki = degign first order BOD removal coefficient
K2 = first order BOD removal coefficient corresponding

to the sctual pond'’s environmental conditions

cTe = correction factor for temperature

CTox = correction factor for industrial toxie chemieals
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G = correction factor for organic loading

C. can be estimated from eguation (L-1-25)

Te
. T =~ 20) &
Cre & m L-1-25)

Equation (4-1-25) is similar to equation {k-1-22) except

that Thirumurthi obtained a value of 1.036 for @ (Thirumurthi,
1974). Thirumurthi had earlier developed a design equation
correlating organic load, li with BOD removal coefficient,

K, (Thirumurthi, 1969). The developed correlation for plug
flow condition was:

10 2
A1

18 dio = 12((8) - (K]} k-1-26
2 1
where subscripts 1 and 2 denote any two corresponding values.
For a standard environment, 18 and K, can be substituted for
ﬁie and (Kl) respectively. Hence equation (L-1-26) tecomes
2

log,, EE ~ 12{xs - (Kl)l} 4-1-27

A
If all other environmental conditions are kept constant,

the corresponding factors for organic load Co may be related

to K1 values as

CO = h-l-EB

o

substituting equation (L4-1-28) into (4-1-27) and simplifying

gives:
C. = 1-0.083 _log 3 g
o X i o ig } L-1-29
- i1

A value of Xs = 67.2 kg/ha/day had been suggested by

Thirumarthi.
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The error in equation 4-1-23 is negligible for small values

of 4 and only becomes significant when 4 exceeds 2.0.

Among the limitations of this model are:

(1} the design criteria will suffer from the usual limitations
related to all model based research and some inevitable
approximations;

(ii) the effects of percolation, rainfall and wind agitation
are difficult to simulate and judge; a correlation
factor needs to be introduced at times to have a
conservative criteria;

(iii) the data and the resulting criteria are more meaningful
only at stecdy state condition; and

(iv) accurate evaluations of some parameters such as the
reaction rate K and the dispersion number, d are not

easy to obtain,

4.1.1 Anserobic Pond

Formulation of anaerobic pond design is mainly empirical although
with e reasonable theoretical basis., A design formulation is
given as

cc = Ci L 130

x:;ce}nt-»li

5

i
where Ci and Ce are the influent and effluent BOD respectively,
t detention time for completely mixed system (days), K1 BOD

removal constant, base e {per day) and n an exponent,



The values of K, and n had been given as 6 and 4.8 at pond
liquid tempersture of about 2500 respectively for Zambian
conditions (Gloyna, 1971). According to Gloyna the following
design considerations are necessary for successful anaerobic
pond operation at 2 to 5 day detention time, 3 to 5m depth,
surface and volumetric loadings of BOD in the range of 1000 -

6000 kg BOD/ha-day and 0.19 - 0.24 kg BOD/mB-day respectively,

In a later development it was pointed out by Gloyna that
(i) the iporgenic load must be based on ultiamte BOD values

as such 4-1-30 becomes

e = & 4-1-31
k. ()"t +1
1%

=

where C{ 1s influent vltimate BOD;

{(ii) & fraction of the influent BOD remeins in the ligquid
substrate of the pond while the rest settles to the bottom as
sludge;{iii) mixing occurs and effluent BOD is equal to the

pond BOD (completely mixed); {iv)] there are no losses of liquid in
the system; (v] reaction constants for the liquid substrate

and the sludge layer are temperature dependent; and (vi) the
fraction of the BOD lost in the sludge by fermentation either
returns to the pond substrate or leaves the pond as gas

(Gloyna, 1976).

Temperature of the pond contents is very critical. Tt has been
found that ponds which continue to operate satisfactorily during

vinter months usnally have a temperature sbove 30°C with an
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excellent cover of grease and inert solids. If the temperature
drops below 10 or 1500 gas production usually drops to minimum.
At this peint, the pond simply behaves Just as & settling basin.
The pond functions better when deep, 3 to Sm than when shallow.
However, considerastion should be given to the aguifer to avoid
groundwater pollution. Alszo the temperature of such groundwater
may lower the temperature of the sludge at the boltom. Since
this is where a major porticn of the gasification occurs, if
the temperature drope below 10 to 15°C, the efficiency of salids
and BOD reduction in the pond would alss be reduced. Wind
action has mueh less effect on the pond contents and the scum

layer. (McKinney, 1982).

The effluent, from snserchiec pond usually concists of significant
nutrients as a result of high organic loading. The effluent
therefore needs additional treatment before discharge (White,

1970; Gloyna, 1976, and Metcalf and Eady, 1979).

4.1.2 Maturation Pond

Maturation pornds are designed to provide for secondary effluent
polishing and seasonal nitrification (Metcalf and Eddy, 1979).
Operationally the residwal biclogical solid asre endogeneocasly
respired and ammonia is converted to nitrate using the oxygen
from surface reaeration and from algae. A detention time of

18 to 20 days is suggested as the minimw period to provide
complete endogeneous respiration. This detention time seems to

be the prineipal factor in maturation pond design.
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The ponds are always arranged in series depending upon the
degree of efficiency required in the reduction of faecal bacteria.

The governing equation for maturation pond design is for bacterial

removal
N, = _ i, - a 4-1-32
(thl + 1)(rc,r1-,2 + 1)...(KTtn+1)
or
Yo = Y —— k-1-33
Ni n (KTtn 1)

where Ni and Ne = influent and effluent faecal coliform

count per 100ml respectively.
KT = fgecal coliform removal rate constant, st a
reference temperature, T C (day_l).

(T-20)

K& = 2.6 x 1.19 , Tor temperature, T between 5

and 2100,

t = detention time (days) (Metcalf and Eddy, 19792).

n = number of ponds in series,
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CHAPTER 5

5.0  EXPRERTIMENTAL INVESTIGATIONS

5.1.0 Material

Five rectangular galvanized steel tanks were used as lasboratory
model ponds, each having a working capacity of 125 liters. The
layouts of the pornds are as shown in Figures 5-4-1 to 5-4-5.
The ponds differed only in the number of baffles. Pond A had
no baffle and served 23 the control model pondlB had 6 baffles,
pond C had % baffles, pond D had 12 baffles while pond E had 15
baffles. These are round-the-end beffle configurations which
force the waste water to follow a snake-like path in the
horizontal plane through the ponds. Three 4O watts flourescent
laxps located approximately 100cm over the ponds simulated the
solar energy source. These gave a light intensity of about
1,700 lumen/mz. A 12 hour-on and 12 hour-off light cycle was
maintained throughout the pericd of the investigations. The
synthetic milk waste used for treatment performance study was
Fussels condensed milk.. The chemical composition of Fussel
condensed milk is as given in Table 5-1-1. The amount of milk,
-Wﬁ required to give the desired BOD of each feed is chbtzined

from Figure §-2-2 which was initially prepared.

5.2 Method
Two types of tests were conducted. The first test was the
tracer test, the purpose of which was to evaluate the hydraulic
properties of the ponds. The second test was conducted to

evaeluate the organic removal effielency of treating a synthetic

milk waste -
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TABLE 5-1-1: CHEMICAL COMPOSITION OF FUSSELS CONDENUED MILK
(ALUKO, 1975)

CONSTITUENTS PERCENTAGE
: BY
WEIGHT
Protein 10.20
Sucrose uy . Qo
Lactose 14,80
Minerals 2.30
Fat 0.20

Moisture 28.50
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5.2.1 Tracer Test

The ponds were filled with tap water and the desired flow
rate was maintained by pumping tap -ater from a recservoir
using peristatic pumps. After the pumps had maintained steady
state flow, 25 mL of Indigo Carmine solution of known concen—
tration was added to the inlet of each pond. Camples were
collected from the outlet of the ponds daily and analysed for
the concentration of the dye. This was accomplished by
measuring the transmittance of the samples using a Spectronic

20 model and obtaining the corresponding concentrations from

the calibration curve which was initially prepared (Figure

5-2-1). The tracer recovery curves were prepared by plotting
concentrations against time. From these curves and using methods
sugcested in previous studies the hydraunlic characteristics of

the ponds were estimated (Kilani and Ogunrorti,1954}- These includ
the dispersion index (d), index of short circuiting (us),

index of dead volume (8) and actual (mean) detention time (tg)

for each run, Appendix B shows expression for calculating

these paran-ters. The experiments were carried out at four
different flow rates of 17.86, 11.36, 8.33 and 6.25 L/day for each
pond. From the result obtained the best operational conditions in

terms of the number of baffles, minimum dispersion index and

the detention time was established.
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" 5.,2.2 Treatment Performance Tests

The best cperational conditions establishked in the tracer
tests were usad for the treatment performance tests. These
were carried cut by using pond E with 15 baffles and 15 days

detention time and the plain pond as control.

In order to aveid unstable pH condition and alsec to conserve
the synthetic milk waste it was decided to prepare a standard
curve for the weight of the synthetic milk waste needed to give
any predetermined organic loading (Figure 5-2-2). With this
curve only the amount of milk needed was taken and prepared as
feed, the rem2ining part was refrigerated at about 4 + 1%¢.
Refrigeration scmetimes had been found to enhance further
stability (Thirumurthi, 1967}, ©S0L feed in an aspirator was
pumped at about 17L/day flow rzte into the two ponds operating
in parallel. Thus the feed would 1last just about 3 days.

So in addition to the above advantages of minimum pH

depression and conservation of feed, the problem of evaporation

became negiigible,

The average liquid content welght of each tin of milk used

was 434g., 1 1itre of water was put in 9 one liter bottles.

In each beottle different emounts of milk were put as indicated
below (Table £-2-1). The corresponding BOD5 values are also

indicated in the table.

To ensure that the pH would be around 8.0, small amount of NaOH

was always added (Aluko, 1976).
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TABLE 5-2-1: WEIGHTS OF CONDENSED FUSSEL MTLK WITH CORRESPONDING BOD5

Bottle No. 1 2 3 4 5 6 T 8 9
BOD L
5(me/L) 217 43k 651 868 1085 1302 1519 1736 2170
Weight of
23 40 61 79 100 110 154 172 217
milk (mg) I . )

From these sample soluticons with DO meler and standard BOD bottle
test, the corresponding BOD values were determined, Concurrently

with the same solution, the COD values of organic loading co?res-
pending to those of each BOD values were also determined in accordance
with g tandard Method (Table C-2-1). Due to the alvsotage that under
this study, one is able to control the organic loading, a correlation
coefficient was sought for COD‘and BOD such that because of the
rapidity with which COD test can be performed, a guick COD test is

all one néelds initially as a guide when new feeds are prepared before

the conventional long S~-day BOD result is available,

With this preliminary test two things were achieved. First one was
able to get the standard curve for the amount of milk to give a desired
BOD (Figure 5-2-3., Three ruws were done and the mean gave & BOD -

milk concentration linear regression eguation of

Wﬁ = 0.08 BOD * 5,27 5-2-1
r = 1.0
Wm = Milk weight added in 50L aspirator {mg).

r = Correlation coefficient
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Secondly correlation coefficients, r of BOD = COD of each of the runs
were obtained with the mean of the regression equations given as
(Figure £-2-3).

BOD = 0.66 COD + 4.60

5-2-2
r = 1.0

Initially, each pond was filled with tzp water and seeded with the synthetic
main
milk waste and raw sewage from the / campus of Ahmadu Bello University,

Zaria, Nigeria.” The contents of the ponds were thoroughly mixed and

left for some days for algaze suspension to develop. The experiments were
carried out under a continuous flow condition using peristatic pumps. The
synthetic milk waste wazs pumped from the storage tank at a constant flow
rate of 8.33 L/day giving detention time of 15 days for each experiment
(Figure 5-2-4). The experiments were carried out at five different zerial

organic loadings of 332, 50, 100, 150 and 200 kg BOD/ha-day.

Sampling of the effluent for physical and chemical analyses began

after the ponds were operated for a period equal to the thecoretical
detention time when the initial contents of the ponds appeared to

have been completely flushed out. The performance of the ponds was
evaluated by the analyses of both the influent ard effluent samples for
BOD, COD and solids. The 8095 and COD measurements for both filtered and
unfiltered effluent samples were made ir: accordance with the "Standard
Methods™. The filtration of the effluent samples to remove zlgae was

accomplished by using Whatman Numbter GF/C filter pzper. The BOD was

(o] L
determined at 24 C, an azverazge temperature of the ponds liquid contents

and an average temperature considered zppropriate for BOD determination

under the Tropical Humid Climate with seasonal rainfall (Cnuoha, 196013
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The analyses of Dissolved Oxygen'{DD), suspended solids (SS}, pH and

alkaliuity of the samples were also made in accordance with the
Standard Methods. The divrnal changes in DO, elkalinity and pH

of the ponds during treatment were also measured at a depth of

about Sem at the center of the pords. The DO was measured using

DO meter model YS1 5700 and the pH was measured by using a Pye
Unican model 292 MK-2 pH meter. The diurnal variations in toth

DD and pH were observed by measuring these parameters bi-hourly

over a pericd of 24 hours. The steady state condition was maintained

for szbout 22 dmys during which sufficient data were collected.

The average values of the measured parameters at steady state
condition were used to evaluste the treatment performance. The
experiments were performed at the room temperatures belween 21°¢
and 23°C. Also, nicroscopic examination of the ponds were carried
out in order to identify the dominant algel flora and to determine

the algal and bactericlogicsl counts in the ponds. (C.2-7).

ﬁlgae vere counted after proper dilution had been made using
counting chamber, In order to inhibit the slgal movements CHCl3
(ehloroform) was used (Anyam, 198L). The bactericlogical counts for
Total" Coliform (TC), Faecal Coliferm (FC) =nd Faecal Streptococed
{FS) were enumerated using filtration method {¥cKinney, 1962, 1582;
Mara, 19Th and Itving et al, 1983 }. Filtration methods is always
more convenient and faster than either the Nost Probable Number

(MPX) or the Four Plate technigues (¥ara, 197L ,(a)).
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CHAPTER 6

6.0  RESULTS
This chapter consists of the results of the experimental
investigations and zre presented under three separete zections.
These include the mixing cbaracteristies of the ponds, the
performance tests for evaluating the efficiencies of the ponds
in terms of organic removaels, changes in the ponds treastment
parameters such as Alkalinity, Dissolved Oxygen (D0}, and pH
vhile the third section is on the cstimation of the bacterial
die-off and algal concentrations in the ponds Quring the

treatment.

6.1.0 Mixing Characteristics

Figures 6-1-1 through £-1-4 show the tracer recovery curves
at different theoretical cdetention times of T, 11, 15 and 20
days respectively. Also Table 6-1-1 rhows the hydraulie
characteristies of the ponds which were calculated from the
information chtained from the tracer test curves. These
include the following:

Nominal (Theoretical) Detention Time {days)

tn =

ti = Time of initial appearance of tracer at the

. effluent {days) |

tp = time to resch peak or maximum concentration (dsys)

t =  Standard Detention Time {3eys)

tS = Time to reach centroid of the curve or Mean
(Actual) Detention Time {days)

t = Standard Detention Time Efficlency
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% = Index of dead space
8 = Percentage Dead space {volume)
o = TIndex of short-cirecuiting
P = Percentage Difference of actual and nomiral

Detentlion times

a = Dispersion Number {Tndex)

Details of the sample calculations of some of the parameters

are given in Appendix B.

Figures 6-1-5 through €-1-1k show some of the relationships

between the derived mixing characteristies of the ponds.

r

6,2.0 Performahce Test

The analysis of the results of the tracer tests showed that
Pond E with 15 baffles had the best operating conditions in
terms of the mixing characteristics of the ponds. Conse-
quently, this pond together with Fond A without baffle
{control pond) were used for the treatment performance test.
Alsc for the same resson the theoretical detention time of
15 3days was maintained throughout the performance test by
keeping both the ponds' volume and the hydrauwlic load

constant.

Figures 6-2-1 (a) through £-2-5 (f) show the results of
analysis of the effluent parameters for BODS, COD, Suspended
Solids {8S), Alkalinity, Dissolved Oxygen {(DO) and pH. Tables
6-2-1 (a) to 6-2-1 {e) give the analyses of the milk waste fTeed

and the effluents from the ponds together with their performances.
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Table €-2-2 gave the average values of performance

parameters.,

Figures 6-2-6 (a) to 6-2-6 (e) shew the diurnal varietions
of both pH and DO. The relationship between some of the
effluent parameters are shown in Figures 6-2-T through

6-2-18.

6.3.0 Biological Features
Table 6-3-1 shows the summary of the variations in algal
concentration and the bacterial die-off percentage for both

plain and the baffled ponds.



(day)

ig

ACTUAL DETENTION TIME

22-0

20-0f—

18:0 |———

16:0| ——

14.0 —

12:0

10-0

——

IS

S
BAFFLES

FIG €-1-5 ACTUAL DETENTION TI4E

BAFFLES

Vs NO

OF

T 1 . n
j 7day|
-~ —0-~-11day
1 ~--8-~15%Y (— y
~—%--—20day P
day .
.
|
A N




140-C = S

120-0

100-0

00-00

-10-0

_20.0

0 6 9
BAFFLES

FIG 6-1-6 PERCENTAGE DIFFERENCE ACTUAL AND

NOMINAL DETENTION TIME Vs NO
OF BAFFLES




20-0C

| T, S

16.00—

14-00

12.00

(day)

10-00¢

ig

8-00¢}

6-00

=

4.00

200 o] SRR S SR S— | L

Ty T4y Tis 1
TIME (day)

FIG 6-1-7: ACTUAL DETENTION TIME Vs NOMINAL
DETENTION TIME



= 12k =

1:20

1-00}

f— — -

= “'ﬁ'
e — 73% |
~--0-—| 11day
I ;rd ‘
——g=]| 1590y | 5
L2
\/
S D S 4 I
4 7
A/
7 / 1@'
S N T
| 4
Cl/
T 1 1 |

010 f——"— - o — SRS -
. dgarFLES 12 'S
FIG 6-1-8: STANDARD DETENTION TIME EFFICIENCY

NO OF BAFFLES



1401

(«d}
a
<

OF DEAD SPACE

INDEX

0-2C

0 6 g 12
NUMBER OF BAFFLES
FIG61-9 . INDEX OF DEAD SPACE VS NO

BAFFLES

2C day



S

DEAD VOLUME

PERCENTAGE

- 126 -

- T 11T T

90.0 - TS _[. BRI ___A__,ﬂqy _I___ ~

w-o;—*\"* et 4 -——- i ﬂ.--TSdzy .

70-0 ,_____\ . ] i | .'T'?““‘M_ N —

60-0F—

TToTy) g S 1'\\_ _.
\\\
200} H—F——F+— \

L e

000 — 44—

10.0 - —_— -

&

Q

o
]

400 ——t———--t——i-

i
|
e
—

|
|
|
|
\
.
|
|

eSS — e B

0 6 S 12
BAFFLES

FIG- 6-1-10 PERCENTAGE DEAD VOLUME Vs NO
OF BAFFLES



400
BOC]\
o™
o
— 200
17, ]
Pa
\o
10C
_g, \\ \” day
-
§ S B\‘\
< | - W e
-
(V)
S 00k 7 day
=
(¥
(|
< NUMBER OF BAFFLCES
FIG 6-1-11 INDEX OF SHORT CIRCUITING Ke VS

NUMBER OF BAFFLES



0-20

— ——

L

[ ———

duy
e
0-:04 +—— x—\*.
0-02} 1 — * B 1 -
0 € 12 15
BAFFLES
FIG 6-1-12 DISPERSION NUMBER, d Y NO OF

BAFFLES



0-24 )

—X— | TANK | A
-.-@--{ TANK | B
; 1SR, W yS— J-Sn IANS LB L 5 S
e ~-A-—|TANK | € o
~— O— TANK D
) [ S— - J—0-—/TANK | E o

010 }— —
008 | S
0-06}— + -
0-04}— -
oob—-d 4 1 1 1 | [
|
Ty Ty Tis 20

TIME (days)
FIG €-1-13 DISPERSION NUMBER, d Vs DETENTION TIME



(TEST 1 ).

!s -+
o
&)
E 104
8 POND E
5 4
MEAN INF FLUENT BODS: 200 mg/lL
o
E
D‘.‘-
Q
) (B8] IO E
& y
/)‘\ P ’a\\ / > o F
s{ o No- N/ W
POND E
——— A ' - e a A A A — A "
1 3 _5 7 9 1 13 15 17 19 21
SAMPLING TIME ( DAYS )
FIG 6-2-1(a): VARIATIONS IN EFFLUENT B O DS WITH TIME



= 13 =

30 -
= J POND E
8 .
20 o > |
S « -t < >
O
o

POND A

101

MEAN INFLUENT COD, = 300 mg/L

30 A
=
o
£
L — 20-

E_:"-
o
(&)
104
" N——| I N N 1 A L | A A
3 5 7 9 1 13 18 17 19 21
SAMPLING TIME ( DAYS )
FIG 6-2-1(b). VARIATIONS IN EFFLUENT COD WITH TIME

( TEST 1 )



30
-
geo 1
"
¥ .
10 _x //\ POND E/‘
- b4 j‘\\/
1 3 5 7 9 1M 13 15 17 19 21
SAMPLING TIME  (DAYS )
FIG 6-2-1(c ): VARIATIONS IN SUSPENCED SOLIDS (SS)
WITH TIME
837 POND E
-
/ No— —0
\c/o\ﬂ
& q POND A
7-5-
L i 1 = o — .-t i L = B L L
1 3 5 7 9 11 13 15 17 19 21
SAMPLING TIME ( DAYS )
FIG 6-2-1(d ): VARIATIONS IN EFFLUENT pH WITH TIME
( TEST 1 )



160}

. 150 ¢
) T«’o‘Cl

1301 POND A

( mg/

1201
1ot

ALKALINITY
g

— — —— ———— — e ————— — b — —-

i1 3 5§ 7 9 11 13 18 17 19 21
SAMPLING TIME ( DAYS )

FIG 6-2-1(e ): VARIATIONS EFFLUENT ALKALINITY WITH
TIME ( TEST 1 )

35 F
=
E‘ 3.0F
oy AN

\\

o e gl
fa) /{,/ POND A

25 r

L—u——& ----- - s — -

1 3 § 7 9 11 13 15 17 19 21
SAMPLING TIME  (DAYS)

FIG 6-2-1(f ): VARIATIONS IN FEFFLUENT DO WITH TIME

( TEST 1)



60 4
POND A
ﬁ.{.o- \//\
=
o))
E
20 Lads ot T i >
8 POND E
MEAN INFLUENT BO Ds = 300 mg /L
S . . = =
40
:é, POND A
o 307
(@]
m
201 POND E
"\ ,A ,.\\""0
N — —ow i \\o//
e ———————— 2

1 3 5 7 9 1 13 15 17 19 21

SAMPLING TIME (DAYS)

FIG 6-2-2{a): VARIATIONS IN EFFLUENT BODg WITH
(TEST 2

TIME



|
| MEAN  INFLUENT CODy = 454 mglL
140t
3120t
(@]
=S
10}
S
v
3 e >
—— -t o —— - +
00+t
1 POND A
- W
-_n [ —
=
60 4
g o
“‘\. .,.-"" ’o__..-—l.'
(&) 1 "“-‘_-* N o — \'“"-o.--'
S e POND E
20 ¢
_— e - % — — — - — .

FIG 6-2-2(b): VARIATIONS IN EFFLUENT COD WITH TIME

1 3 5 7 9 11 13 15 17 19 21

SAMPLING TIME  ( DAYS )

(TEST 2)



301 POND A
—
;‘.
£ 201
w
7y
10 x\\ /""’A“\wf-"'* ==
+ - .
I e N g POND E
| A - S VS VST W SO B m— (- +

1 3 5 7 9 11 13 18 17 19 2
SAMPLING TIME ~ ( DAYS )
FIG 622(C):  VARIATONS IN EFELUENT SUSPENDED

SOLIDS SS WITH TIME (TEST 2 )

Ll

8.5 {

pH

- 4t

1 3 5 7 9 1" 13 15 17 19 21
SAMPLING TIME (DAYS )

FIG 6-2-2 (d ): VARIATIONS IN EFFLUENT pH WITH TIME

(TEST 2)



ALKALINITY

(mg/L )
~
S

14 (A [V = -At_.__n_\-‘-_ /#,/"‘\,‘_ N

% POND A

L - n —— T R e L ey TIPS SIS S S —

5 7 S n 13 15 17 189 21
SAMPLING TIME ( DAYS )

-
w

FIG 6-2-2 (e ): VARIATIONS IN EFFLUENT ALKALINITY
WITH TIME ( TEST 2 )

9

- _o— N\

o 4 0t

E

e POND E
3.0 = =

ot / e _g”
20t —*—"POND A

1h——-—---~r—-——-—+————-—0——-——-+—-—-———w—-——&~—-—~——-——-4—~——--—-¥-——-—-h~-—--~-b-—--—~— o
1 3 5 7 9 1M 13 15 17 19 21
SAMPLING TIME  (DAYS)
FIG 6-2-2(f): VARIATIONS IN EFFLUENT DO WITH TIME

(TEST 2)



170 1

(mg/L)

BOD¢

801

MEAN INFLUENT BODs = 600 mg/L

POND A
'L"""-»
e W i o o
\"/ ~5- %"“"—G--ﬂ””&— e .
POND E

' 3 5 7 9 11 13 15 17 19 21

- — —r— - — 4 - -— +

SAMPLING TIME ( DAYS )

FIG 6-2-3(a): VARIATIONS IN EFFLUENT 8005 WITH TIME.

( TEST 3 )



~S
=
ol ]
-

B
o

SAMPLING TIME

FIG 6-2-3(b): 'VARIATIONS
( TEST 3)

MEAN INFLUENT COD, = 900 (mg/L )

POND A

( DAYS )

IN  EFFLUENT COD WITH

TIME



60
e
e ND E
N /xh__‘_‘*//'x\ f‘ix&
e \ 7._/ \y /,&—-——-\t’ e
=
E? 40 ’“-ﬁvff><:
n F’f..)ND A
v
20
T 3 5 7 9 11 13 15 17 19 2n
SAMPLING TIME (DAYS)
FIG 6-2-3(c): VARIATIONS IN EFFLUENT SUSPENDED SOLID
(ss) WITH TIME (TEST 3)
8.0
7-5
&
7-0

[ I I K R T R e T

SAMPLING TIME (DAYS )

FIG 6-2~3(d): VARIATIONS N EFFLUENT PH WITH TIME

( TEST 3)



POND A

g 11 13 15 17 13 21
SAMPLING TIME  ( DAYS )

w
wn
-~

FIG 6-2-3 (e): VARIATONS IN  EFFLUENT ALKALINITY
WITH TIME ( TEST 3 )

2.5+

i 3 5 7 8§ 1N 13 15 17 19 24
SAMPLING TIME  (DAYS)

FIG 6-2-3(f) VARIATIONS IN EFFLUENT DO WITH TIME
( TEST 3)




MEAN  INFLUENT BODz = 900mgi/L
340 5
7\
bt . :
— - \ OND
) N\ / \ // E
5 3 \ v
:r;:n - S \;(/ .PC,\"
g \P\\ A
-
9960 =
m
200 W e POND
\/ \_-_h - A
" |
Q 1604
//’\
= .
" /# ™ gl \‘_..APUE:‘.D
Ve
R B N S 5 1 13 15 17 1§ N o
SAMPLING TIME ( DAYS )
FIG 6-2-4(a):  VARATIONS IN EFFLUENT BODg WITH TIME

( TEST 4 )




700]  MEAN INFLUENT COD, = 1344 mgil _
\

— /) POND
3 /\ A
o

£ 600+ / %

s = / '

Cj = VPCEND
& 5501

Q

500 4

4 40

— P

400 Ay A TOND E
o - WNDA
O o . o
8 “*M

320

L - T T L Ll — v 'r—-—'T""-"—‘
1 3 5 7 9 11 13 15 17 19 21

SAMPLING TIME ( DAYS )

FIG 6-2-4(b): VARIATONS IN EFFLUENT COD WITH TIME

( TEST 4 )



(mgfL )

S5

- 1k -

I T~ 3 5 1 15 15 17 13 o
SAMPLING TIME  (DAYS )

FIG 6-2-4 (c): VARIATIONS IN EFFLUENT SUSPENDED SOLIDS

7. 54

704

SS WITH TIME . (TEST 4 )

Vol

7

o=

T T Y - | g Y
3 11 13 15 17 19 27

el g

SAMPLING TIME { DAYS )

FiG: 6-2-4(d) VARIATIONS IN EFFLUENT pH WITH TIME

(TEST 4 )



~ 4501
=
)]
=
s e
o= K\
e 350 x POND E
=
4
N
POND A
&J ) JJ N - */‘“
25
¥ 3 5 % 9§ 1 13 15 17 {9 21
SAMPLING TIME (DAYS )
FIG 6-2-4 (e): VARIATIONS IN EFFLUENT ALKALINITY WITH TIME
(TEST 4 )
5.0
2
S, 4-C
E
3.04
O
o
204
N v ¥ ¥ N ¥ ¥ T ¥ R —
1 3 5 7 9 1B 13 i 17 19 21
SAMPLING TIME DAYS

FIG 6-2-4(f): VARIATIOCNS IN EFFLUENT DO WITH TIME

( TEST 4)




M
550- ‘

)
]
E
45C+
- - 3 /\ {
o PP g 8 /7 '\
-~ ~
8 St / \ POND E//
e 4 \‘\ /“"-.._4
350+ 7
POND A
450 MN/—"'—““-—-——A
=
g
355
o
8113“ O ——O— — g - POND E
-—————— “*-—--c\__v__..r-—o-'"
250

SAMFUNG TIME ( DAYS )

FIG 6-2-5 (a): VARIATIONS IN EFFLUENT BODg WITH TIME
(TEST S5).



————

ME AN INFLUENT CC‘DU: 1792 mg/L

~ 150k POND A
EIE&O' " - /W
2 . A

41 e
8 e

\/ POND E
ICeCHk
754 POND A

COD4 (mgiL )
2

650} B o

o T e e

v 3 s 7 9 1 13 15 17 13 21
SAMPLING TIME (DAY )

FIG 6-2-5(b): VARIATIONS IN EFFLUENT COD WITH TIME

{ TEST § ).



400+

POND A

SS (mgi/L )

2001

A A —h I E— ¥ S—— L » — e

1 3 5 7 9 11 13 15 17 19 21

SAMPLING TIME  (DAYS)
FIG 6-2-5(c): VARIATIONS IN EFFLUENT SUSPENDED SOLIDS (S5)

WITH TIME (TEST § )

8.5 9

w0 /x o A POND A

/ﬂ/
~o~ POND E
7-54

7.0+

 S— il - A . L ' L

1 3 5 7 9 1113 15 17 19 21
SAMPLING TIME ( DAYS )

FIG 6-2-5(d ): VARIATIONS IN EFFLUENT pH WITH TIME

(TEST 5 )



)

> POND E
__’480 o - 0 __o—

L 440F

=

4

- 40CH

;:1 - POND A

E' 360k x— K\KV-—-—*‘-——X———*-“—%————*—-#

i L L - | .

L 1 =t e B

1 3 5 7 9 11 13 15 17 19 21
SAMPLING TIME ( DAYS )

FIG 6-2-5 (e): VARIATIONS IN EFFLUENTS ALKALINITY
WITH TIME (TEST 5)

50F
40~ J— =
= N o -~ :\ POND E _»o
£ N o— —
g
o 30F
a ‘/W
]-—.__...__! 'l [] 'l
_L-.._._.—.l-_._._._l___.__.l.______.,__l._ 1 3
1 3 o 7 9 11 13 15 17 19 21
SAMPLING TIME (DAYS )

FIG 6-2-5(f): VARIATIONS IN EFFLUENT DO WITH TIME
(TEST 5).



T -
oo s -1 - - | - | noe| ezl - - [eeT v wofee-lal (/%)
i . . | | ! | o
_ i | R _ 3
_ ‘ _ | _ (" oown
= = a . o ) - | = - - porzor olt-2st - | - Dot 2nT-16 00°O0TLOT-n"R sy /)
ﬂ _ : : . 1 . KL1N1IYTY
= ey - 2 ! i - . g=-g°ll - - i . | Z2*qg-g'L .1 . nm.h__ m—
» - | -H = “ . | _ _m.ﬁi._mm__ | 0'g e-0'L] 00°g 9°8-E°L d
R c | o1 - - |oovos | - | o0toL - ﬁ - A S.L €| - _ - POEC| pe-6t | 00'E§ | B9-tL (a/%a)
} L | | | | ! ! | e
| _ i _ | ! . I ! L | cos p-v4/74
1 . ] - - - o | . - "o | - - - - - - - o * H
| ] __ m 2'2 _h 2] €€ 2°ng'd &2 _ 0*t=-0 pa G € { 20 m_ 0°05 |- C.UJ_ aos
ﬁ | T 1 | i _ e P e 17 )
- - = | - (00°96 | 0O'EE| CO'SE, O00°C6| O0O0'ET HT - TT|00°GA 62 - LT/ DO'GT| BT = 2L 0O 12| §2 = T | OOF |ETE=SL2 )
? ] | | ] bt |
1 [ 1 1 ! - T ' . : : l...
| T T T ol o o e e T o
| _ _ O TET-g0]|L°T {€2-E'T| 02 (€ 2a=L"T|On'2| 0'E-0"2} O'€C !0 ,:-m_ R
—_— . - _. ! 1 - . | | { \ o4
687°0 mmﬂ.c;sg.o__mmf.o". 00°L6| 0utse| 00 .3_ 00| 09]g~5 oc.odd m-g | 8.:...ﬁ "t - 9“ 00°4Y  gT-TT _ 002 | Sm-é__ & i
| J __ | | | | | 177 ] 2 | e
. | o | ! S | | _ i 1 i i
114 | cann | ¢ *aNQ > I , s
i e & h.% g & | ey hue_s_ *3AY _ﬁ%é IAY  lZoNVE gy 30NV . =
& 5 § S L | i i | |
{ f T =
auod amod | & %. &g .%x “ ! 1 b4t aouva | v
TradvE §1 NIVld _ QEIILTIE | CIEITLANG CHMIT | G, _ *
0%0d - T T : ™
FLddvd T aNod NIVid _ aNod  3744VE ST _k aNod  NIVId _ ‘ ._...
TYAOKIE o
" @B
(o @swg) sanTva X SOV TNV _ S L NZINTd4dd4da3s ._EEE.:_ *

Pl 3 : -
(Aep~euy “qog 3% €¢€) UL TV MO SOTISTIEIOVAVID TNATLALY @iV LULNT 40 AaVWiiS  T(V) T-2-9 F19VL

’



= e . - =T -1 -1 - = &g e d - | - 98°2] €'9-0'2[ 60°C |9 L-L"0] (3/%a)
_ _ ! . _ _ | ! o
| _ _ _ _ ! 4_ | 1 ! [ __ Amou.a
= - e - = 1 = | = “ - = | 0'w@T ooZ-08T - - potlET ?To.w: T 09106 | sv 7/9w)
_ | _ | | .“ | | ._ | _ | ALINITVXIV
T 2 1 1 T T T A — T
-t-t-1 -0 -7 -T-T-71T - [ - eeu] verd - | - | et 0a-0n] 599 |11 ud
! . . : y ' ¥ o s B 1 = T m
- - - -1 - loow] - |oorsL | = | = o000 21 -9 - - pun2 | ge-1Z | 00°gOT| SET-4t (3/ ,M"
! _ ﬁ _ | | _ _ _ ! _ s
_ _ t ﬁ . [ | 0°L [0°6-0"d 09T L'61-06 1] 081 | 91-0'tT oot [ hz-9t joror | wrok: (AWR=S4/AN)
| ! | ! | i ! . | _ | -0k aoo
_ ~ : ! + T ” ] T ! | _ (7/%u)
= _ = - = 00%06| CO"6L| 001§ 00°nL En | ec-98) 96| str-ogl g ne=-ull 611 _ THI-g6 P n-6"n Oun-EEy! ° ' il
1 | . i | | ! ! i \ _| \
M | | T _ T T T ! 1 T j | I oo | (Fopewy/oy)
_ | | _ | O {0n-0'¢ O'w| 0°9-0'€| 0°S 0°9-0"n| O°L | L'§-L°6/00%0C ' _ .., 5
_. | | A | | | =& €08
r L ﬁ _ _ ! |1 m ._ “ M A (/%)
21q 61 26e°q sor” } 0016 | 00°26 | 8.&_ oo'9g| g1 | Te-51 10062 9z~ 6T of | ge-s2l tn| 2¢-e | oof |ovf-oec! Saos
| Mol 21 21 2 & ] 1 —
‘114 | tdan Bt R & & | & & | caavy | aonve rdav _muz«x |vaav aonvd | egay | 30NV “ ..
rmar-a U AT AT S a— | | 2 |
{ | _ =
TLidWE ST §1v1d | i _ [icitichig 0 |GIMEAIILNN | QREESITId | GEMELTLANN m _ “
¢ _asod | [ 144vE ST . auod  KIVId _ -
Tiava gy | W04 aIVId | o _ i -
T I w
TYACHGH _
(@ #swa) sanTva X IOVUGOY FOVEAY | S L NI NT4I 41 SINATLINT | bt

G 3 . ==
(Aep-eyy 02 ¥ 0G) SGRGE FiL TV 604 SOTISTHALIVAVAS. WENIA4S (WY LGNl 30 AVGrS  (9) 1-2-5 3Vl



| P . N
e - ~ - 4 - - - _ - .__ - _ - _ - 30-&_— 9'g-g"1 - _ - _ 351 ] 2'z2-6*1 <9 ‘ 2'g-n 1 o
1 T | T I loo* 2¢. :
= - - _ﬂ - = - A - | = | - | - |00° 00 ore-062 - w = 10024 00E-061 *cc .,2_37&2_ o..n__wmnw
_ | _ | _ | | i H _ | M - ALIHLIVHTY
=T =<1 =1 -1 - - = [ - | Wi : = - 0oL} .Z..o.ﬁ S8 1 g9-L9 o
= ] ! I | | |
_ | s - T T T Vi
- | -1 = leost| =] ocood - T - US.RHI ag-on, - - _8.:L_ Sn-2t o8 "got | 2ec-sly )
_ | | | ! | | _ ! | | -
i _* ! _ __ i | 2% v oLl T et ool “GET gean! T OM| Voetatng | CIR=S/#%)
_ | | i — _ ¢ot = J r..ﬁ 9° _n:.'_ = 0'9¢ 0 rmﬂ ~ H.LL_ 0 .._._“ . —ﬂ 0T 0sT . gST h-——._ a0
r 1 ’ . — T 3 I_I _ T |
i = | = _._| ~ | 000 | 00" L | 0ol S.N._._ “ - ”ﬂ lo're2 u_ n$2-912 o.ni__._ﬁ...-d: ,7,. 1$2 | gle-gét w.,x.. 006 | a&.omJ Sﬂ..w
| \ | _
o~ : —_— — - — 1 T T T AL
- _ _ g lee-vel s M -2z | RY oorca 287 lorgor | SN0 $
" 12 - * i ! e
4_ 7 | | _ “ _ L _» -5 n * 1 0__.— -0l __ﬁ ___ - 0°02 1 | -4 mcr aoca
. @& . T __ T | __ _ ] ! | | , (/54 .
. GET o_mmo q wéed soe* _u__oo 26 8.2_ 00'ng oo...J— oo:?“ Q5= ,w *L2t| oﬂ-:ﬂ_ 8.?. ott-LL m "T61 69T-6TT; 009 _ ST9=tes) Saca
] 1 L]
—— ] & -
. 1 E 1 .ﬁ | T I 1 i | | | 1 o
. . " " ! T | ) |
114 ”— 440 _ 114 M dNA | ,...._Q ?..hu “ ..% m.mw " qIAY m 390V ”wﬂ__ﬂd_ "wwuwé _ ANV _muné | “aav ubuﬁc | _ - >
- M%W g | % & T T . | aova| -
anod | anod & | | fen | -3AY|  30NVM |
T4ave T | NIV & _ ey A e P R QIEALIId | CIEITIAND | 4 ‘ “
||
ﬂ_E%E_ | _ ¢t aNod  NIVId ! 5
# <t ﬁ anod NIVd 4_ aNod  F1ddvE _ | .
TYAOWEE & -
(@ 9%vg) SIANTYA ¥ FOVLTNEd FOVGAY _ S 1L N3 N1 444 SLNAMLAN |,. P

T
(Aep-ey/ qoa M 00L)

SANOd ARL TIV Wod Sollclcilovaved INEMddd

QY ININTANT 40 RdVWHNS

T(9) 1-¢-9 1AVl



uny

-l

T T !
. H » __ - - |- ﬁ = | | = 6ol onaid - [ = Tawz[ et nirm [vecoo] (/%)
| T T ] [t 1 ] S S E—
= § =) =] = - . = | ; | | e _ 00w,
| . _ _ | “ __ | = potnlf oon-cey - _ = . 802 | O9E-092 ot _cﬂ-wﬂ__ n-ﬁ.:,lw
1 T T T - T _ ! +_ ! = _ I { | ALINITVATY
= = =~ | =| - b_ - =] | = - 3L, 0'g-t ._h - _ . _,um.r 6'l-1L} 15! ﬂ..m-ﬂ h. ud
- L=l -t -] -jeou| - | |- - POETy WIg| = | - | 2 | Ge-sL| S6E |ong-onc B
ﬁq = 1 i * .ﬂ ¥ | o= Rl ) TELT _ Im. 1 -
_ _ ! | o€y | c.7c|0'96 | -5 R IS I e oogas | 122 | (FOB-WU/IR)
m _ __ _ m i _. 85 _ | gl 0°29 11769-0 m*_._o 00T S01-0 mr_ ors2e _. 0rzez | aco
] | | | .” 1 T | | 1 | 1 Ny
T — - “8.2“_85@ l00*2L | 0065 | 0079lf wms.?m {00 2Ly 099-92¢| SIE | ege-gne | 009 mka.,.,.__._.wm;_#.m & w”_ A.:MM.
T | I . _ _ . ; : -
| i | | EeEy | \ \ \ 1 ] 1 | x T
” _ _ __ _ ore| L&) | g ! 0¢€ | ool 9°E| | ozgr| VRN
| _ | _ _ - 061} 0%6n) | gogq | O°FF | L gegg | 99 < orom| %Y - ovent| Saoa
T , 1 el =t T T - — :
_ . . | I ] ] | r7Fay
90T"q 130°¢ L12°q 9L1°q 00°9¢ | 00°[9 _ 00"6L ' 00*OL | L7 [ZNT-ETT} %62 | TEC-0[Z| TET _..,3-9: fu.mhu“. T62-0n2, 006 |O16-£6@ | maon
_ | ! >l i I ] H 1 | 1 _ _
2 camn | | e & _ * _ | _ ~
_ | _ | & b@«‘ q & | cav | sonw faav |ONVH | CIAY  GONVM gy 3o | >
% % — 4 L ] ! Za¥ i
mod | asod | & %W & __% _ “ _ b | -
i ST | e | QIMALTIZ | CIYALTINN “ QaILTIA @I | <aAvi JoNWd | -
T o - - t
_ e gy | Q0d KIV1d aNod  FLidvE ST “| aNOd NIV . ‘ "
i y { (o]
TYAQKEY .
(® @s%g) s3anTvA N FOVLCNAL 30VEEAY S 144301443 . SINENTINI _ H

[
(Kep-2U/"q0q 91 0GL) TiNod 93 TIV 04 GOTISIEALOVIVID LNAVLAZE GV JLIVINT 40 VWIS 1) 129 AL



..1-54..

= _ - | = _ - - w = - - ﬂ =~ = n___ mlh-ﬂ,"_ G.__....q.ﬂ_ > - «.__.@... Tt-9-2 AON.r ";..?am ol 7T
: . . : i § | ad
H H 1 L T T 3 -r T T
_ | [ | — _ _ | __ _ _ | _ (Coaw
& =~ | - - _ - _ - H - . _ - H - co.._.h.‘ ban=San - - _.é. e ogt -.._om__ Gt .,._ og2-012| nu /)
o1 T T a - - _ : : - _ “ JLINITVAIY
e I ﬁ =§ = § - B 5 e e Rl = |9l 0°§-9"Yf 9r'g [wg-L'L| i
T T | 1 — ™ - -
- _ Bl _8.3 - | orEm| = | - bo'myd ore-ord - e :EM
{ | _ . ! !
| | ! _ rentl Tl cicad 02| arard - BT | avarml 5 TCC | aczielver coe| AAOP-RGNR)
m" " W m ._ _ L -—0.-1 5.61‘ t @0_ - Gzt _ -] R.n.m_ = 0°CTT _ 091 - L602 | 0%6ad HD.rlﬁ.A;u” aod
5 W = | = | = (009 |00 1€ | 0009 00'ez| Iz'leslosyegsnd | w%h l00°01. £ai-06d <& | _ PoET 1 aepy _...._” S\mmno.v
! ] W nﬂ.. - - N H a1k _»,Mu = et 1 - s | .l
_ | _ ﬁ S P T e N " | 1o1ez| (OR-RON)
4 . “ ﬂ _ - 9y | .—.WM - gy 1€ 9 __ b T nr_ 396 "_rlﬁ.nur -n.“ §1002 | _ 4 m_‘_;._ mns
4 Li L
sl trarrs ] SN — . | 2 | 1 1 I i i 179
160 o_moo 0 62170 901" L4007 9L __8 69 | 05°E9] 00'es 006z _ M_._.m _wo...n.n__ LEn-6ni, 0%y _ Sor-omm| mIS | OfS-gss| ooel | _ oY "__ $a0a
A 1 | | ! | | b
H | | ..m.ﬂ s i | T T ! H
. . . | | k4 i | | 0
.E_ | B D & | & & & | caav | zowwe raav (sonve | caav — | egay |300VH , >
t Q@ ! .% & ! | | L | | i
& g | £ ! ! T 30V
anod awod |8 | & g | _ -aav| Fomvy | >
L4 6T NIVid \ i _ QEEELTIE | CIHALTLNA Q3HALTIL _IEE._E.S _ _ =
Lo ]
ariod | axod w1vid aNod  FILIVE ST axod  NIVId _ _ # -
A m
e | [ o
(o @s%q) sanmvA ¥ D piore 09 # S 1301441 |  suamae | s

TAMUINC\mDOmm Uv_ 002) SRS GHL 5V iod SOl

JHALD

VIVHD IRAMIAdd OV JMIMLINL 0 A4VIGHS (@) 1-o-9 aTivl




- 155 -

£9°gEe

m».mam

£€9°96 n9*gee  Lz°oge €L°L09  L2'l29 00°662T  rgrE9e
00° 612 [2*§L2 n9°LOT  00°L2T  00°%62 L2°16T  00°9LE  L2°l9S  9E°ETT
00° O£ T 00" OTT eT'9L  00°T¢  Qrilet 8T" 96 00°TgT  QI'LE2  Gn*6h  d  QNOd
€Lz L2 €l 9n*h [2°gT  €l'ee 00°€6 00°EYy  00'96 gT* 0T
TR £0°6 GE*h 00°9 9€* 0T kel Ghez 6102 05° g
60° 092 00* 61/, €L°€2T  L2'0Sn  00°nLS 19265 O£'0TL 00°E62T  L2°9g2
29 €QT 00° L2€ oT' T8 OT"T6T  00°Cl2 00" 22 00°GIE  00°009  00°26
GG €6 an* 66 60"€S 60°96 8T TST 00 a4 n9° 16T n9°042 660N Y aNod
06* 06 69°LL 19°0T  OT°0E  T6°O% 00° 4€ 09°ng  09°QTT  of'42
22 06°¢ 26°2 QT 2T OT*¢T 00°9 00°6T  00°1Zz  2gze
Ja0a-Yaop  "aoa-"aoo “eog - "cor  “aos “aoa $a00 - "aoo $eon “a0a a8
SEALANVEVA ONVWIOALT 1 40 GIIVA JOVEAV 7= TV



104

g T ——— e ——

8

PLAIN  POND

15 — BAFFLE POND

st D0

———————————————— e ——— B e e

4.0

- 3.0

-2.0

-’0

4.0

2.0

1.0

12 16 20 2%

b

HOCUR OF THE DAY

FIG 6-26(a ) pH AND DO DIURNAL VARIATIONS

TEST1 (33kg BOD./ha - day)

30

DO (mgiL )

(mg/L )

DO



PLAIN POND

6.0

=
Q

4.0+

BAFFLE POND

5.0+ X
(»———(’(‘ *T\M\“X—\_*M*ﬂ oH

8.0 m
-t ff

rS-O

4.0

3.0

.2'0

1.0

+4. 0

3.0

+2-0

1.0

6.0
£ 40
Cu
2:04 0O
']“'"""‘!"_""""' v . i v e— ™
8 12 16 20 24 : 4
HOUR OF THE DAY
FIG 62-6(b): pH AND DO DIURNAL VARIATIONS

TEST 2 (SOkg BOD,/ha-

day!

(mg /L)

DO

DO (mg/L)



PLAIN PCND

o
304
L=

Ry

15~ BAFFLE POND

8-01

He——H—P—X¢ pH

6.0 e— pH

* &0

201

DO

r 5-0

H
o

+3-0

15-0

r3-0

2.0

L1.0

— e ¥ - = —-

8 12 16 2 24
HOUR OF THE DAY

-

FIG 6-2-6 (c ): pH AND DO DIURNAL VARIATIONS

( TEST 3)(I00kg BOO,/ha-day)

(mg/L )

DO

(mg/L )

DO



PLAIN POND
8 01 | (4.0
6.] —x—x P (3.0
I
a 4.0 20
S R - - —— L ——d e ———— s e il

15 = BAFFLE POND

8.0;

G‘Oa "30

PH

4.0 L 2.0

2-04

e e IR

o — g — — . —————— ——

8 12 16 20 % 3 5

HOUR OF THE DAY
FIG6-26(e ). pH AND DO DIURNAL VAR!ATIONS

DO (mg/L)

DO (mg/L )



161

082

a7z

00Z

SS SA ™00 (-Z-9 b4
(1/6wiss
09 oz 8 0Y

" {00z
L_ooq
o
\ = 41008 nﬂv
=
3 | 3
;Aoom -
-
50-€€+ S s&v="ao) =
- 0001
62-LL+ 5SS $9-92007 400z

g_-




SS SA #Q0J 8-z-9 ‘bi4

(7/6w) sS
®BZ 0% 002 0,/ 04 Sy

T

0Z "LE +9€ ‘2 =%102

70-15+SS 17°Z =*Q02

S

004



163

SS SA 00 Q02 6-Z-9 ‘bi4
(1/6w)ssS

Omr L 08 0%

0081~ sS¥ T = (}002-"003) ‘_oo.w

*

- 00s
%.07- sS 622 = ( 002 -"00d)

1008

(1/6w) (Y002 -"002)



SS sA"0o08 01-z-9 614
(7/6w)ss

874 0% o0z 09! 0ZL 08

- _

66-62+5586'1="hog

68-9€+SS £7-1="a08

A

1

009

00L






- 166 -

o8l

SS sa (3aoa-"qog)-z1-2-9 64

072

00C

(1/Bw)ss
09t

674

08

T

g 38 =
Qo8 -"a089)

o
w
—

00¢

{7/6w) (4



SS SA ("nog-"a02) :£1-z-9 Big

(/6w) s
®BZ 0% 0w 09, 0z 08 oY

.ﬂ T Y o ———— ,ﬁ GQL-

* 0

| |

_

| 05t

_ |

| -

;_ -
3

__ ¢_ 05y

| 4
008 —
_

: I
_ “
L X _

o
&



S5 SA (008 - 4q09)
(1/6w)ss
®2 0%z ooz 094

¥ T T

71-2-9 ‘b 4

974 08 0%




169

"oo8 sa "000 5129 b1
(1/6w) "Qo8

00s 007 € 002 00!




}008 SA Q00 :91-Z-9 614
(1/6w) Q08
00L 009 00S 007 OQOE 00Z OOL

_ﬁ
_
|
|

S 8 2
(1/6w)?q0o

Q
3




- 171 =

002

(*go08 - oog) sA (*a00-"Q02) :£1-Z-9 Big
(1/6w) (}o08 - 008 )

—————— e — e e ey

oSt

o0t 0S

S
N
"Q09)

=
(1/6w) (40090 -




o ' 'ONIOYO

SA T\ VAOW3Y 3JvdnS Qo8 :81-Z-9 6ty
(P-ow/bx)

ovz_ 00z O3 ozl 08 QY

r—

L L] L L] ‘—

0%

)4

L

109 ©

08

00l

(P- py/bBy)

0741

0%l

ove 002 09l 0Zl 08 0%



\LONIQVOT SA 24 TIVAOW 3ovdnS Q08 6 \-2-9 614
(p-DY/B) "V
oz 00z 09y oz 08 07

- d

L]

(]
~3

-
(&)
o

(p-ou/ ) 3y

o
e

o7l

SN <




- 17

—l 1 1

= 3

RS

0 00 0 20 20
A Tkg/ha-d)
Fig. 56-2-20 COD SURFACE LOADING

300

/
>_. Vs REMOVAL



J
. J N WAOW3H SA
'\ ONIOVOT 39v48NS Q0D 12-2-9 bid
‘ (p-0y/B) 'V
E 05z 0% 0SL 00 0S

L T

L] T T —

( p-py/ B4)$4




(@3431714) *\ “IVAOW3Y  30VHHNS  JINVONO
(p- dy/bx) “W

oSl 0%l 074! 0L 08
T T

SA

09

W ZZ-7-9 914

0y 0Z

T T

L

T T

01

02

0¢€

0%

i



- 177 -

TABLE 6-~3-1: SUMMARY OF MICROBIOLOGICAL INVESTIGATIONS

BOD PERCENTAGE BACTERTAL ALGAL CONCENTRA-
2 DIE - OFF &
TTON {107 /100 mL}
(mg/L) POND A POND E POND POND
e FC PS ¢ ¥C FS A E
200 99.00 | 99.10 | 91.10 | 9h.60 | 99.80 99,90 | 20.00 | 23.00
300 B9.80 1 98.70 | 98.30 | 91.70 | 99.80 |9%.90 | 21.00 | 26.00
600 80,80 1 98.60 1 98.50 | 52,10 | 99.70 |99.90 | 23.00 | 32.00
900 89.20 | 98.30 | 98.30 | 89.40 | 99.20 |99.50 | »26.00 | M1.00
1200 84,001 98.u0{ 98.20 | 86.30 | 80.80 {e1.00 | 3L.00 { sk.00

¥Cells
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CHAPTER T

7.0 DISCUSSION OF RESULTS

7.1.0 Mixing Characteristics

As it was pointed out in Chapter 3, the hydraulic characteristics
and the performance of stabilization ponds can be predicted from
the tracer reccvery (flow through) curves. Frevious works have
shown that stabilization ponds behave as dispersed flow reactor
which is characterized by the combination of influence of

detention time, dead spaces, lateral dispersion, short circuiting
and standard detention time efficiency. (Thirumurthi, 1567, 1969 and

Kilani and Ogunrombi, 1984). The more the deviation from an

ideal plug flow, the lower the efficiency of the systems,

7.1.1 Effects of Esffles on Hydrauli~ Charscieristics

The tracer recovery curves for the experimental ponds operated
at various thecoretical detention times are shown in Figures
€-1-1 through €-1-L 2nd the summary of the mixing characteristics

of all the ponds is shown in Table 6-1-1,

For 7, 11 and 15 day detention times 100 percent tracer concentration

revoveries were obtained in all the tanks, But with 20 day

detention time, tank A (plain tank) and tank B with 6 baffles
geve tracer recoveries as low as 63.0 percent and a maximum of
94.0 percent in tank E with 15 baffles. Tanks C and D gave
€9.C percent and 75.0 percent recoveries respectively. The
observed recoveries at 20 days may probably be due to the
influence of settling velocity on the tracer material,

Although both the settling and longitudinal velocities were not

measured, it would appear that the effect of settling velocity
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was significant when detention time was 20 days. The zbove
statement may be justified by the observed film of tracer

material at the bottom of the ponds at this detention time,

A curve which is high and narrow and attains its pezk close

to the theoretical detention time  indicates a high mixing
efficiency. In this study tanks D and E appear to reet

these criteria at 7, 11 and 15 day detention times respectively

while at 20 days none of the tanks met the criteria.

In the present study it has been cbserved that the actual
detention time, tg is generally smaller than the nominal
(theoretical) detention time, tn and ts increases as the number
of baffles increases (Figure €-1-5). Thus the percentage
deviation of tg from tn’ was observed to decrease with
increasing nunber df baffles (Figure €-1-7). This is in agreement
with the views of the previous investigators (Kilani znd Ogunrombi,
1984). The lower the value of‘1+f, the better the performance

of the ponds in terms of mixing characteristics. In this study
the lowest value of‘Lwas obtained when 15 baffled pond was used.
In Figure 6-1-8 a steady increase in tg to a maximum value

was observed when tn increased to 15 deys and thereafter

a decreasing trend in the value cof t.g was observed when tn was
increa;ed to 20 days. Since the vclume of the pond; were kept

constant while changing the flow rates,; the observed results

tend to suggest the existence of a critical range of ng-inal
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detention time at which stabilization ponds are most efficient.
Operation of ponds outside these critical values may not
necessarily improve efficiency or may even worsen the
performance. In the present laboratory study, the flow rate and

detention time were observed to be criticadl at 8.33 L/d and

15 days respectively.

Tn an attempt to describe the effectiveness of a reactor in
terms of detention time the use of standard detention time
efficiency tn had been suggested (Fiedler &nd Fiteh, 1959).
This is a ratio of the effective detention time, ts to the
nomiral detention time, t High values of tp had been
associated with good pond performance. In the present study,
the lowest value of tn was given by txzof 20 days while the
highest value was obtained at t =15 days. It is also
shown that tn increases with inereasing number of baffles

(Figure 6-19). The highest value was obtained for 15 baffle

pond when operating at tn of 15 days.

Other parameters have been used to explain the mixing
characteristics in ponds such as the index of dead space, o4,
¢the index of short circuiting-:s and the dispersion index
number, d. When short circuiting is apparent

the actual detention tire, tg may be greater or less than tn.
It has elso been suggested that when tg is greater than tn
or when L is greater than unity, there exist dead spaces

into which the tracer diffuses at an early stage of flow and

diffuses out later thus causing the flow curve to be unduly
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elongated with a resultant shift in tg {Rebhum and Arganian,

1965, Kilani and Ogunrenmbi, 1984}

was observed to increase with increasing

With this study, 4
number of baffles (Figure 6—1—10)_ This implies that the percentage
dead volume § decreases with increasing number of baffles (Figure

6-1-11} from Table 6-1-1, g {5 greater then unity when

15 baffles pond was operating at 15 day nominal detention
time., The index of short circuiting, o was observed to
decrease with increase in the nurber of baffles {Figure 6~1-12).

This is in agreement with previous investigators (Kilani and

Ogunrombi, "1984).,

As suggested by Thirumirtni, a_ are not very good indieator
of degree of mixing in the ponds {Thirumurthi, 1969). The
dispersion index, d has been suggested to be the most quan-
titative and qualitative (Thirumrthi, 1967, 1969; Mangelson
and Watﬁers, 1972 and Kilani and Qgunrombi, 1984 ). It has
alse been suggested that 4 has the strongest and statistical
probability of describing the hydraulie performance of
ponds. Its derivaetion involves Iimportant parameters such as
the tipe and concentration in the tracer study {Appendix B).
The larger the number of points on the C-curve (flow-through
curve) which are included in the calculations of an index,
the smaller is the relative error in the measurement
(Thirumurthi, 1969}, As 4 tends to zero, the reactor tends

to plug flow system and hence more efficient,
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In this study the values of d were observed to decrease

with increesing number of btaffles at «ny detention time
(Figures 6-1-13 and 6-1-14). At any hydrsulic loading,

there is no much difference in mixing as measured in terms

of & in an unbaffled tank. The difference in mixing efficlency
becomes progressively proncunced with increase number of
baffles. Since 4 = Dful,, the longer the path length, the
smaller the value of 4., The objective of introducing baffles
is to increase the length of travel, L, (Figure D-1-1). For
any detention time, tank E with 15 baffles gave the lowest
value of 4 of 0.030. This lewest value occuring during the
15 day detention time instead of in the expected 20 day

detention time (Figure 6-1-14}.

Iong detention time improves pond efficiency. However, in
selecting the detention time one has to consider z very
suitable flow rate. So the volume bas to be adjusted 1f one
is hocked up to a particular flow rate that may affect pond
efficiency. 20 dmy detention time was observed to be poor for

this particular study hence it was eliminated.

.15 day detention time was then chosen in view of the longer
detention time compared with other detention times of 7

days and 11 days.

As the number of baffles increases cost of materials and

méintenance may incresses. The relationship between the improved

efficiency obtained for baffled ponds and increased cost of materials

and maintenance has to be further investigated. For tank D to have
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the same efficiency with tank E, the volume has to be
incressed, Tt was previously steted that for the same amcunt
of efficiency, plug flow has smaller volume than other flow
regimes, equation3-2-45;, and tank E is closer to plug flow

than tank D,

T.2.0 Treéatment Performance

From the tracer tests aralysis, it became obvious that Pond

E with 15 baffles performed best in terms of mixing charac-—
teristics. Consequently the pond was used for the treatment
performance study with pond A without baffle as control.

Also from the previous analysis, 15 day nominal detention time
was considered ideal and was used throughout the treatment
performance study. The 15 day detention period was achieved
by keeping both the volume of the ponds about 125 Litres and
the flow rates about 8.33 LJ/day constant. While the deterntion
time was maintained constant, the organic loadings were
varied with changes in the BOD of the synthetic milk waste.
The purpose of changing the organic loceding rates was to

study the effects of increased loadings of ponds' performsnce.

7.2.1 Organic Loading and Femoval Rates

In order to minimize the fluctuation in the organic charac-
teristics of the influent feeds, sufficient amount of
synthethic milk waste was prepared at each feed to last 2
days. Trere were five experimental runs of which the average

areal BC'D5 loadings of the synthetic waste fed into the ponds



at each run were: 33, 50, 100, 150 and 200 kg BODSIha-day.
The corresponding COD of the feeds were: 50, T6, 150,
225 and 300 kg/ha-day with suspended solids of 14, 18, 33,

67 and 82 kg/ha-dsy respectively.

The BOD and COD of the ponds' effluents were determined for
both unfiltered and filtered samples., The former valucs would
represent the tctel BOD and COD while the latter represent
the soluble BOD and COD of the effluents. For the conirol
pond, the percentage total B0D remcvals were 92, 86, 75, 70
and 52 percent corresponding to increase in organic loadings,
The total COD removal were 93, Th, 72, 55 z2nd 28 percent
while the SS removel were 7€, 77, 80, 77 and 42 percent
respectively. For the baffled pond the total BOD removal
<ere 95, 92, 79, 67 end 68 percent; the total COD removal
were 93, T9, T4, 58 and 31 percent in this baffled pond while
the SS removal were 90, 91, 75, 71 and 46 respectively., The
observed dstericoration in the effluent gquality as the orgzanic
loads are progressively increased 1s attributed to the
significant increases in algal population reaching the
effluents as the orgznic leadings were increased, Also high
organie loads might result in more benthal deposite with
intense anaerobic activities which might influence the
resuyspension of rore solids to the effluerts, However, there
was some inprovement in the quality of the efflu=nt after

filtration process which removed some of the algal cells from

the effluent,
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in series whose overall performance would approach that

of a plug flow reactor and hence tends to Le more effective
than a single plain pond of the same size, In the present
study it was found that the actual detention time of the
baffled pond is about 2,32 times that of the plain pond.

This implies that the effective volume of the baffled pond

is also about 2.32 times tha® of the plain pond. Tt would
therefore appear that in order to achieve the same efficiency
as the baffled pond one would need a plain pond which is at
least twice the size of the baffled pond. Hence where land

is a constraint, the use of baffles would be an advantage.
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Currelation of Organic Tosding apd Removal “ates

It had been pointed out that the major problem of
stebilization ponds is SS removal. So rather than look at
8S removal efficiency, the impact of SS on the other two
chemical features namely 30D and COD were looked into.
There is no direct correlation between the influent SS and
the effluent SS due to the nature of the waste fSynthetic

milk waste), algae and other microbial cells inside the ponds.

Fi guress_ 2-14 and 6-2-15

present the variations of organic
loading rates li with removal rates lr for both the plain
and baffled ponds based on unfiltered (total) and filtered
6-2-16 6=2-1T 51e presented

(soluble) BOD; while in figures and

similar variations in terms of COD.

With the sssuzption that these parameters follow a
bivariate normal distribution, the reletionships between
these parameters were analysed by means of regression
analysig., With a programmable desk calculsator the
correlation coefficients, r and the coefficient of determi-
nation, r2 were found. Under the hypothesis that n = 0, the
correlation coefficient is related to the t-distribution

for small sanple size (less than 500) by the expression:-

t = r{fn-e)ltl-rz)}’ . .. o 7211

vhich follows the t-distritution with (n-2) degrees of

freedom. The null hypothesis is tested by computing the
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value of t [tobs) as given by equation (7-2-1) and
comparing that value with the value available in standard
tables of the t-distribution with (n-2) degrees of

freedom at any stated level of significance, For the
degree of freedom under 95 percent level of certainty in
this study, t is given as 3.182. If the calculated t

(tobs) is greater or equal to t (t = 3.182) from the table,
then the null hypothesis can be accepted., However, if the
value is less than t then the relationship suggested by
the regression equation is weak and probably not real

hence the null hypothesis should be rejected.

The analysis of the effluent BOD showed the following

relationships betwen Ai and Ar

For the unfiltered (total) 30D the relationships are:

krﬁl‘d & O'Sh 11 + 1O’w R R ?—2-2(3)
r2 = 0.92

!n xrﬁ‘d = 7'26 1i * 3‘ 39 AR 7_2_2(b)
r° = 0.8

tobs = L.ot

in ¥oh = 0.678n ki ¥ 1B awases « T-2-2(c)
r = 0.96

t = 6.90

obs
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lrEu = o.671i + 14,2 cvesse  T-2-3(a)
r2 = 0.99

b * 12,16

fn Xp, = (8.0?3x10‘3)1i + 3.38 shees . T7-2-3(v)
r2 = 0.9%

o * 6£.9

fn X o, = 0.77 fmd, + o0.82 wasees  Too=3e)
r2 = 1.0
tobs = "

And for the filtered (soluble) BOD the relationships are:

Aopg = Q.0TA; 4 602 0 assees 1-2-4{a)
r2 = 0.95%
tops = 953
tn AL, = (8.L21x10'3)1i L T | T 7~2-L(b)

r2 = 0.88

In }r = 0.8218n Xi + 0.58 esenes  T=2-L(c)

r = 0.98

t = 12,16

\ = 0.8k, + 512 ... 7-2-5(a)

0.99

.-‘
Ll

12.16

Laa
W
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gn A = (8.906x10°°) A+ 3.

r2 =  0.91

tobs - 5.27

in err = 0.86 in ki + 0.534

r2 = 0.99, t = 12,16
FETR obs »

vensee T-2-5(1)

coeen T-2-5(c)

The effluent showed the following relationships for the

iwo ponds total and scluble COD

For total COD,

N ons * o.hhA‘i + 25.00

e = 0.4

tobs = 1.,hk; 1.kk is less than 3
tn A7, = (2.86 x 10'3n‘i + 3.88
e = 0.47

LT = 1,65

in l‘xéu = 0,47 fn l'i ¥ 2.6
2 = 0.66

vereses T-2-6 (a)

.182

vewissnan T=e=6 {b)

R 7_2-6 (c)



- 191 -

- P -~ 3 -
in X . (3.145x10 “)A ; 0t 3.90

r = 0.53

t = 1.85

n A +Eu = 0.51 fn) ;Y 1.94

0.72

-
]

tohs = 2.80

And {or soluble COD

A'rnf = 0.53 A + 22

r2 = 0,97

e * 12.16

A’ L. = (541070 A+ 375
2

r2 = 0.98
,tobs = 12.16

2 rEf = 0.63 X i + 20

r2 = 0.99

tobs = 12:10

- "3 -
= el ?

gn A Ef (5.546 x 10 7) X Pt 3.79
r2 = 0,91

t = 5.27

vowan  T=2=T {b)

. T1-2-7 (2)
...... 7-2-8 (a)
....... 7-2-8 (1)
........ 7-2-8 (c)

....... 7-2-9 (a)
....... 7-2-9 (b)



in A7 £ 0.798 fn A'i + 0.804 ceees T-2-9(e)
r2 = 0.99

tobs = 12.16

where:

X and A~ refer to the areal BOD and COD loadings respectively
(kxg/ha-day); the subscripts, i and r are for the influent and
removal rates respectively for either BOD or COD;

u and f refer to the unfiltered (Lotal) and filtered (soluble)
respectively for the organic matters; while A and E are
referring to the pond A {plezin pond) and pond E (15 Baffle

Pond) respectively.

The regression equations which are tased on organic loading
rates varying from 33kg BOD/ha-day to 200kg BOD/ha-dsy are
comparable with those developed by previous investigstors

(Mara, 1974 Arthur, 1681 and Kilani, 1985).

A, = 0.73 xi + 25 {Arthur)
xr = 0.79 Ai > 2 {Mara)
1‘r s 0.917 x‘i - 12.56 (¥ilani)

for the unfiltered (total) COD, and
A , = 0.571 A g = 11,36

for filtered (scluble) COD.

Usually facultative pords would give higher BOD removal than
COD removal, This was the trend as illustrated by equations

7-2-2(a) with 7-2-6(a), 7-2-2(a) with 7-2-T(a), and 7-2-5(a)
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with 7-2-9{a). Although the percentage total BOD removal,
equations 7-2-2(a) and 7-2-3(a) are lower than those predicted
by previous investigators (McGarry and Pescod, 1970; Mara,

1,74 and Arthur, 1981)

kr = 0.725 Xi + 10.75 (HcGarry and Pescod) ciee T-2-13(a)
Ar = 0.79 li + 2.00 (Mara) vese  1=2-13(0)
A, = 0.73 A, + 25.00 (Arthur) veese T-2-13(c)

However, those of the soluble BOD, equation 7-2-h{a) &nd
7-2-5(a) are quite above 75% (about 80% in Pond A and cver

€5% in Pond E). If the influence of the slgae is minimized

2s in the soluble portion of the waste, the efficiency obtained
are quite above those reported by Arthur, Mara and MeGarry and

Fescod.

Fauations 7-2-2(a) through 7-2-2{c) gave very stroug correlation
between the reroval rates and the loading rates except with

thcse of the total COD, With COD losding and removal cerrelation
the coefficient of deternination r2 wae as low as 0.%1 «ith a
corresponding to‘hs. ruch less than 3.182. The higheat r2 was

given by log - Ioge regression of Pond E effluent total COD,
@ .

Theze values of r2 and tc gre 0.72 and 2.530 respectively.

bs
Tt therefore seers that the relatiornship given by eguations

7-2-6(a) through 7-2-T(ec) csn not ve relicd upon., Even theugh
the symmetry btetween the rates, l‘r and the lozding rates, 1’i

given by the correlation coefficient, r may Y2 accepted, there

is very little prediction one can make with the relationships.
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Only the linear and log, - log_relationships secm to‘be the most

representative of the trend of the events in the ponds

(equations T-2-6(c) and 7-2-T(c).

The trend of increasing removal rate with increasing organic
loading rate probably suggests that the contributory effect
of algal content of the ponds and the resuspension of the
pond septage greatly outweighed that due to pure synthetic
milk waste alone, Tt can be ccncluded therefore that the
total COD is not entirely from the synthetic milk wastes but

probably from the solids especially the algae inside the ponds.

7.2.4  Relationship Betwesan Fffluent BOD, COD and SS
Effluent BOD and SS are cormon criteria for judging the
performance of facultative ponds, One of the criticisms of
the performance of facultative ponds is the high contritbution
of suspended solids in their effluents. As it was observed
in this study, slgae corcentration increased with increased
organic loads and hence contribute the bulk of the SS in the
ponds' effluents. Tt scems therefore desirable to quantify
the contribution of SS to both the BOD and COD in the effluents.
It is also desirable to correlate the effluent BOD with COD.
All these factors will obviously influernce the degrce of
upgrading effluents from facultative ponds where rnecessary,

The regressions of the organic loads in the efflusnt agzinst SS

and both BOD and COD (Fjgures 6-2-7 through.£-2-17) give the

following equationsi-
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For unfiltered (Total) COD, conu

Pond A: conu = 4.55 88 + 33.05

r2 = 0.96

tobs * 8.53

Fond E: conu = L,6588 + 17.29

r2 = 1.0

For Filtered (Soluble) COD, coD,,

Pond A: conr = 2.4 88 + 51.04
r2 0.92

s = 5.94

Fond E: CODf = 2,36 88 + 37.2
r2 = 0.96

Ya ¥ 8.53

For Non-filtrable COD

2.1% ss5 - 18.0

n

Fond A: (cs;u-conf)

r2 = 0.98

B, ¥ 12.16

Pcnd E: (conu—conf] = 2.29 SS - 20.43
re . = 0.98 .

tps = 12:16

For Unfilter=d (Total) 30D, BOD_

Fond A: .‘.’-DDu = 1,98 88 + 25,99

r2 = 0,94

= [#]
tons 6.91

ceees T-2-14(b)

cvies 7-2-15(a)

ceews  T-2-15(b)

csess T-2-16(D)

cessse T-2-17(a)
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Pond E: BOD, = 1.47 sS + 36.89 voes T-2-17(v)
r2 = 0.88
Vs *® L.17T

For Filtered (Soluble) BOD, BOD,,

Pond A: BODr = 1,58 88 + 9.07 cevees T-2-18{a)
r2 = 0.98

baw = 12.16

Pond E: me = 1-09 ss o 009h “r e e T_g—la(b)
2 = 0.88

tobs = Wt

For the Non-Filtrable BOD

Pond A: (BODu-BODf) = 0.40 88 + 1€6.79 cesses T-2-19(a)
r2 = 0.81

tobs = 3.58

Fond E: (BODu—?ODf) = 0.38 88 + 36.04 sevews T=2=19(b)
r2 = 0.3%

tobs s  1.21

For Total KNon-biodegradable cxygen demand

Pond A: (COD -BOD ) = 2.56 SS + 7.06 s vows: T2-20{a)
2 = 0.9

the 8.49

Pond E: (coau—aonu) = 3,18 88 - 19.80 vasane T=2-20({b)
r2 = 0,98

t = 12.16
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For Soludle non-biodegradable oxygen demand

Pond A: (conf—aonf} = 0.83s5 + k1.91 ceess T-2-21(a)
r2 = 0.8

tobs - 3.58

Pond E: (COD

r° = 0.88

f-Bon) = 1.27 85 + 36.82 weees  T-2=21(1)

tobs = b7

For Unfiltered (Total) EOD, BODu and COD, CODu regression:

Pond A: COD'LI. = 2-26 BOD“ - ?0.83 e e e 7-2-?2(3)
r2 = 1.0

tobs & *

Pond E: cor)u = 2.83 BODu + Lz.o voress T-2-22(b)
r2 = 0.96

t'cr‘tas; = 8.9

For Filtered (Soluble) BOD, BOD, and COD, C‘DDf regression:

Pond A: COD, = 1.55 50D, + 33.13 vasses T-2-23(a)
rg = 0,08

tobs = 12.16

Fond E: COD, = 4. k3 BOD,,. - 59,24 cornnans T-2-23(1)
rg =  0.96

t = B8.ko

obs
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For Non-Soluble Organics

Pond A: (con“-conf) = L4,43 (Bonu-aonf) - 59.24 .... T-2-24(a)
r2 = 0.87

bvsg = 4,38

Pond E: (conu-conf) = 1.66 (Bonu-aonr) + 67.19  ...0.. T-2-2L(DB)

Effluent SS could also be influenced by two factors, namely

dead algal cells reaching the effluent and the anaerobic
corndition at the bottom of the ponds resulting in resuspension
of more solids some of which may find their way to the effluent.
It is obvious from the results obtained from this study that
both effluent SS and COD especially total COD varied erratically

and were the most difficult parameters to predict.

From equations T-2-14 through 7-2-16, the differences in COD
in the two ponds as a function of SS are not appreciable.
However, in terms of EOD, as much as 68% of the total ROD is
due to SS in pond E whereas cnly 51% of the total BOD is due to
SS in Pond A (equation 7-2-17), These clservations are in
order since most of the algae would register as SS and one has
more of these algae in Pond E than in Pond A, This 51% for

Pond A is within the range of 50 -"62% reported by Bradley

on a full scale pilot plant in Malaysia (Zracley, 1983).

In Pond E, the 68% Is Soumehiow also satisfactory.
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Some of the algae are filtrable. 1In the filtrable portion

92% of the soluble BOD is due to SS in Pond E as against 63%
in Pond A (Equation 7-2-18). The reason for this difference
is perhaps due to the algal contents of the two ponds.

The same trend was observed in the unfilirable portion of
the waste. There are more BOD in this component in pond E

than in Pond A (egquation 7-2-19).

Care must be tzken when interpreting experimental data. In this
study for instance, the intercepts either positive or negztive
indicating that a difference cculd be observed in the parzameters
of the two axis are not applicable at very low concentrations.
For instance the negative values of neon-filtrable COD when SS

is zero in Equation 7-2-16 are not reasonzble., For the
equations to be valid at low concentrations their graphs

would be expected to pass through the origin (Figures £-2-7

through €-2-13).

Algae secems to contribute more to non-biodegrezdable matters

than to biodegradable ones (Equations 7-2-20 and 7-2-21).
It scems therefore that next to the problem of SS
is 'COD and then BOD due to algae in stzbilization ponds.

This is in line with previous studies (Kilani, 19£5).
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More materials especially non-biodegradable ones are as SS

in Pond g than Pond E. This trend of higher non-biodegradable
content contributed by the algae may be responsible for the
relative stronger effluent in Pond A (Equations 7-2-20 through
7-2-23), Cenerally, equations 7-2-19 and 7-2-2h are

estimates of the amount of BOD and COD contributed by SS in
the effluents respectively and only valid for the filtration

technique adopted in this study.

7.2,5 BOD Peroval Fute Constant, K

—— e

The BOD removal rate coefficient, K depends on the biolegical
envirormental factors while the values of XKt (product of BOD
removal rate and detention time)are influenced by the ponds
configuration, biological and hydraulic properties in the
pond., In the present study, the values of both ¥ and Xt were
estimeted at various organic loadings betwcen 33 and 200kg
BOD/ha-3ay and using the dispersed flow model (Fgquation 4-1-23)
while keeping the detention time constant at 15 days and at an

averasge temperature of 2h°c (Room Temperature).

Tables -2-1 shows the calculated values of K for both baffled
and plain ponds. Also Figure 6*2-13‘ Equations 7-2-25 and
T-2-26 show the relationships between Kt and BOD removal rate,
lr. From these results, it is cbserved that Kt incresses with
decrease in organic removal, This is quite obvious since
removal increases with areal leading. Theoretically when the

organic loading incresses the reaction rate is always retarded.
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This follows the same trend as those found by rrevious

investigators {Thirumurthi, 1969 end Arthur, 1981).

Taking the filtered BOD for Ponds A and E for instance, based
on least squares method the relationship between Kt and areal
organic removal, lr can be approximated as:
For Pond A (Plain Pond)

Kt = h.bk2 - 0.02% vesve J2-25

r2 = 0,92
For Pornd E (Baffled Pond)

Kt = u.06 - 0.02 2, sewees Teamab

r° = 0.93

7.3.0 Changes in Digsolved Oxygen, Alkalinity and pH
Table 6-2-1 shows the changes in DO, Alkalinity and the pH
of the ponds' influents and effluents, Also, the average
diurnal variations in these parameters except alkalinity are
shown in Figures 6-2-€fg) through €6-2-6(e). From the results
it is observed that there were some slight variations in these
parameters of the influent feeds. As it was explained before,

preparing the feed every other day probably helped to minimize

the wide fluctuations in these parameters.

As expected, there was a considerable variation in the values
of the parameters for the effluent samples., The cbserved
fluctuation are provably influenced by the variation in the

orgaznie loadings and microbisl activities,



The most significant changes in these psrancters are the
diurnal variation , It is evident that

diurnal chsnges dJdepend on algal photosynthetic activity which
also is a light dependent process. During the day time,
photosynthetic algae utilize for growth CO, and the inorganie
raterials generated by bacterial action and in the process
oxygen is liberated as an end product (Fguation 2-1-k). This
oxygen plus that obtained from surface seration make up the
total oxygen available for the bacterial bren: icwn of organic
matter. Thus the DO and pH increase after sunrise =nd stay
high during the middle of the day. At sunset photosynthesis
ceases, alkalinity and 002 accumulate and the residual DO is
utilized by both bacteria and algae (eni.gzeneous respiration).
Consequently the DO and pH decrezse during the sunsel and
rerain low in the early bour of the morning before sunrise

while the alkalinity increases,

For the effluents the p¥ ard DO in Pord E were srlways found
to be higher than those in Pord A; (Figures 6-2-1(d) turough
6-2-5(d)). An increase in DO usually accompanied high pH
rrobably because algae extract dissolved carbon dioxide from
water causing a shift in the carbonate - bicarbornate equili-
brium and increesing the pH. The lowest mean pH - DO occared
in both Fonds A and F at an organie loading of 100kg
BOD/ha-day (Figures 6-2-3(3)). Beczuse of the rature of the
waste the decomposition of the waste increases with the
concentration of the milk. This follows the trend of previous

studies (Aluko, 1976 &nd ¥ilani, 1985).
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Influence of mixing played an impertant rele over the DO

and Alkelinity. In Fond A, the DO appeared to be decreasing

with increasing organic loading. Due to good mixing in Fond

E both DO and alkalinity increaced with the organic leading.

The DO range in Pond E was between 2.08 and 3.78mg/l. whereas

a low range of as low as 1.95 to 2.9 was recorded in Fond A,

Under aerobic conditions metsabolism of organic matter resulis
in an increase in both pH and alkalinity as the amino groups

in the proteins are released as ammonia.

The observation in Pond A may be due to poor mixing end when
one recalls that there is more dead volume in Pond A than in
Pecnd E, the dead volume would behave like anaerobic system
especially with incremsed orgenic loading., The percentage
dead volume in Pond A ranged from 43 to as high as 79 percent

compared to that in Pornd E which never exceeded about 41

percent (Table €-1-1) and (Figure E~1=11). Under ansercbic

 metabolism the production of organic acid would depress the pH.

The diurnal cycle and oxygenation of the ponds we?e noticed
te be influenced much more probably by variation in algal
perulation than species except when the algél population was
heterogencous as in the lower organic leaadings. As some
species gave way to more shtock resistant species like Fuglena
the system would become more homogenous and hence population

would be the deciding factors.
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Diurnal fluctuations were less pronounced in Pond A in all

the loadirgs. At lower organic loading the influence of

algae is less. Tn Pond A the algal concentration is relatively
lower than that in Pond E; this influence of algae may be
responsible for this observation in diurnal variation. Also
the decrease may depend probably upon alkalinity or buffer

capacity of the waste.

7.4.0 Riological Features

7.4.1 Bacterial Fopulstion

The synthetic milk waste was presumed free of any bacteria.

If there are any at 8ll, they should be from the tap water

used for diluting the milk and the water inside the Ponds, In
view of this the bacterial populstion initially was considered
very low. However, during the start up of each run, the ponds
were seeded with sewage containing a viable population of
bacteria; it is desirable to investigate their die-off rates

in the ponds. The reductions were measured in terms of Total
Coliform (TC); Faecal Coliform (FC) and Faecal Streptococei
(FS). Table 6-3-1 shows the percentage die-off corresponding

to the variations in organic loadings.,

- .

From these results it is observed that for all the ponds at

a fixed detention tire of 15 days, the die-off rates decreased
with increase in organic losdings. T£i5 is in agreement with
the findings of a previcus study (Arthur, 1981). However, it

is cbserved that the baffled pond (Pond E) performed better than

the plain pond (Ford A).
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Also it is observed that the percentage bacterial removal
follows the same trend as Kt. Regressions analysis of Kt
with the efficiency of bacterial removal, n gave the following

equations:

For Pond A
TC : Xt = 0.11n - 6.49 veving  TU-E
r2 = 1.00
FC : Kt = 0.251 - 17.98 ceness T-k=2
r2 = 0.98
FS : Kt = 0.2Ln - 16.61 cavess T-8-3
P = 0.96
For Fond E
TC : ¥t = 0.11n - 6,96 Tl
r2 = 0.96
FC : Kt = 0.25n - 18.66 cesesns T-k=5
r° = 0.9
FS ¢ Kt = 0.3Tn - 28.L0 cenvee  T8=6
r2 = 0.T4

The negative intercepts in the above regression equations have
no, physical interpreteticn, The rate of bacterial removal, K

increases with the efficiency, n.

7.k.2  Algal Fopulation
Table 6-3-1  shows the estimated algal population in the ponds
in terms of microscopic counts using equation 7-L-T7.

N = 100 n Aa’ wewrawes T-B<T
a
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where:
N = nurter of cells (algae) per 100 mL
n = number of cells
a = the  number of squares occupied by n number
of cells,
A = totsl nurber of squares = 103. and

d = dilution factor

Tt is observed that slgal production is influenced by the organic
loadings. Tncreasing the organic loasdings from about 33 kg
BOD/ha-day to about 200kg BOtha—day resulted in an inereased
algal production. Also it is observed that under the same
loading and envircimental conditions the bYaffled pond produced
higher concentrstion of algae than the plain pond. But inspite
of higher concentretion of algae the baffled pond still performed
better than the plain pond in terms of crganic and SS removal,

Tt is believed that baffles acted as barriers preventing these

waste to reaching the effluents,

The identification of the algae showed that the following species

were found in the ponds: the blue green algas, - Anacystics,

Oscillatoria and Arthrostira; flagellate algae ~ Fuglena and
Chlarydemona; the? filamentons green algae - Spirogyra; colloid
green algae - Glcecystis and Chlorella ani then diatoms ~

Distom Vulgare. The Fuglena were predominant follcwed by

Anacystics. The Chlorella were found at the initial stage of the

ponds' operation and usually at the influent of the ponds.
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Recent analyses of stabilization pond effluents have Indicated
that effluent algae carry-over can impose a significant oxygen
demand on receiving waters (King et al., 1970}. Theoretical
caleulations of the oxygen demend created by algae destruction
suggests that 1,58 mg of oxygen are required to oxidize 1 mg

of algae {dry weight) to €0, and H,0. Bare, et 2l. found that

1.11 mg of oxvgen, 0_ was iequired per mg of algae obtained from
i 2
lzboratory studies and 0.81 mg 02 per mg of algae obtained -

from field studies (Bare, et al., 1Y75}.

Varma and Digiano reported that 0.67 ng 02 vas required for each
ng of algae destroyed {Varma and Digiasno, 1968). And a value
“of 1.19 mg 02 per mg of algae was reported by Friedman et =l

(Friedman, et al., 1975).

Despite thé cited differences in 02 derand per unit welght of
algae one can conclude thet a significant 02 demand is imposed
on receiving water by algse discharged from stabilization ponds'
effluents. Only the rewoval or destruction of algae prior to
discharge can sufficiently improve effluent guality to an
acceptable level. Come of the current control methods of algae
are chemicel cozgulation and flocculation followed by sedimen-

tation or floatation (Ives, 1956 and Tenney et sl,, 1569),

The small size of algae 3-15 micron and low specific gravity
further complicated physicai removal processes. In this study
destabilization of algze was acconplished by the use of
Chloroform. Lime, allum, feric sulphate, magnessium jons and

many synthetic organic polyelectreolyies had been used to
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destabilize algae in suspension as well (McGarry snd . Fescod

1970; Caldwell et al., 1973; Folkman 1973; and Bare et. al.,

1975 and Anyam, 1984).

As might be expected, the effect of each coagulant is dependent
on pH, algal population ard a few other parameters. For
instance it was detected in this study that chloroform always
react with plastic hence the use of chloroform especially in

laboratory pond made of plastic may not be encouraged.



- 209 -
CHAPTER 8

8.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS

8.1.0 Sllmm.ﬁ.}l

The study was in two parts. In the first purt the hydraulic
behaviour of five different rectangular ponds were studied
under four different hydrauvlic loadings of 6.2, 8.3, 11.2
and 17.8 L/day using tracer. Tt was found that the pond with
the greatest number of baffles under 8.3 L/day gave the optimum
efficiency. The second part of the study was based upon the
conelusion of the first part in selecting the ponds for the
model pond treatment performance. The pond with the lowest
efficiency (that is the plain pond, Pond A) and that with the
bighest efficiency (that is the pond with 15 baffles, Fond E)
under the same hydraulic loadings were examined under five
different areal organic lcadings of 33.3, 50, 100, 150 and

200 kg BOD/ha-day.

Fond E with 15 baffles performances under various areal organic
loadings were much superior to that of Fond A without baffles.
In order for Pond A to have the same efficiency Iwith Pond E,
there must be sbout 2.32 of such plain pend working in series.
The results from both testis compare favourably with previous

studies.
8.2.0 Conclusien

Tracer test is useful in evaluating the hydraulic property of
8 reactor. The more the deviation of a real pond from the ideal,
the lower the elfficiency. As the dispersion number, d tends

to zero, the system tends to;ards plug flow regime,
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The system is more realistic under a steady state condition
with cperation period (nominal detention time) at least equal

to the mean (actual) detention time.

Better mixing is enhanced by baffles. The degree of mixing

increases with rurber of baffles.

In addition to 0, supplement afforded by the algae and bacteria,

they can also be used as polluticral indicator.

While animal such as Daphnia are important in clarification
step, both algae and bacteria are important in purification

step.

The regression analyses show that algae and SS have great effect

on etabilization pond efficiency.

Both biocdegradable and non-biodegredadle 02 demand due to
filtreble and/cr ron-filtrable solids (8S) are positively end

strongly related.

Paffled ;.35 provide higher efficiency than untaffled ones of

the same size &rd shape for BOD, COD and bacteria die-off.

Effigiency is a function of length of travel or actual detention

time, t .
g

Length of travel or the detention time (actusl)is strongly
related to the dispersion nuvber, d. The higher the length or
time the lower the dispersion number, 4 and then the higher

the efficiency.
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Reaction rate decreases with efficiency. A more accurate
prediction of a stabilization pond performance can be made with
this model than all the methods so far being used in stabili-

zation pond design.

Application of chemical and microbiological principles should

enhance the improvement of stabilization pond performance.

B.3.0 Recommendations

Very often during the course of an attempt to investigate a

problem, several other problems slways emerge. Since no single

study can find answers to all such problems the following areas

closely related to this present study should be investigated

further:

- the influence of hydraulic loading on dispersion and
tracer recovery;

- optimum number of beffles in a rectangular pond;

- optimum spacing to lergth of the tank ratio;

- recirculation effect on the pond performances;

- identification of bacterial and algal species as a

function of organic surface locading;

- quentitative oxygen contribution to stabilization ponds
by =lgae ;

- algal populationr control in stabilization ponds;

- verification of germicidal or phacocidal effects of light
on both bacterial and algae;

- the use of effluent and algal harvesting for protein

substitute, and
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application of real domestic sewage and field jnvestigation

of the model.
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APPENDIX A

COMPUTER PROGRAM FOR SOLVING WEHRWR AND WITHEM FQUATION

TANK A:
14 LETD = ¢.151
15 L PRINT "D = ¢.151"
16 L PRINT

¢ IXTA = 1.¢

3¢ LET AA = (A+2)-1
Lg LET BB = 6¢ *#D
5¢ LET K = AA/BB

6¢ LET FE = EXP (1-A)/(2 * D)
¢ LET Al = 1+

86 LeT cc1 = (L*a*ze)/(A1+2)
8s LET cC = (1 - cCl) * 1¢4g

o@ L PRINT A, K, CC

11¢ 1F (A = 4,3) THEK GO TO 2¢¢
12¢ GO TO 3¢
2f#  STOP.

Ite

1¢ 12T D = @.¢3
15 L PRIKT "D = ¢,.¢@3"
16 L PRINT

of LET A =1.¢



LET AA = (A+2)-1

LET BB = 6@ *# D

LFT K = AA/BB

LET EE = EXP (1-A)/(2 * D)
LET A1 = 1A

LET CC1 = (4 * A * EE)/(A1+2)
LET CC = (1-CC1) * 19g

L PRINT A, K, CC

L PRINT

LET A = A#f.1

1F (A = L.3) THEN GO TO 2¢¢
GO 70 3@

STOP
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APPENDIX B

TRACER TEST AND ESTIMATION OF RFLATED PARAMFTERS

The two most convenient types of tracer input that can be used are the
step and impulse signals. Unit impulse function is a derivative of unit
step function ( Grady and Lim 19€0).

8§ (¢-7) = a_ ¢ (¢-T7) R - |
dat

This impulse function or the Dirac delta is defined by:

& (¢-T) =0, t#T . tereee. B2
[l (t-T)at = 1 crees. B-3

This represents a msthematical idealizetion of a sudden "jolt" of

input to the reactor, and the jolt occurs instantaneously in zero time,

There are nany ways of estimating the degree of deviation of a flow

from an ideal one, but most rely on experimental messurement of the
residence time distribution (KTD). This is the time taken by a molecule
to pass through a reactor. Fluid element taking different routes

requires different lengths of tine.

Suppose tﬁe residence time of fluid elerments in a reactor is t, then the
function, F(t) is the fraction of the elenents in the effluent stream

having residence times less than t. This implies that, F(0) = F=) =,
indicating that none of the fluid can pass through the vessel in zero

time and all will eventuelly come out. This is the cummiletive distri-
bution curve function or F-curve, Ancther function is the point distributicn
function or E-curve, This is the rID function of the fluid, It is °
related to the F-curve by:

E(t) = F(t)/at i % s5%.5 s Bl



Hence E(t) is the function of the efflu-nt that has residence times
between t and t + dt. The area under the E-curve between O and ® is
unity.

E(t)at = E(») = 1 ees B-5
while the fraction of the fluid element that has residence times

less than t is given by:

Flt) = f:1 E(t)dt .«.B-6
The space time of a reactor may be determined experimentally.
Assuming & constant density of the moving fluid in the vessel with

isothermal conditions, the mean residence time, t, can be expresses as:

g=s1 ta (F(t)};l aF(t) = [ tE(t)at//®E(t)at = [ te(T)at ..B-T
< o o o ©

Although equation B-T gives the mean residence time, the space

time and space velocity concept seems more descriptive,

The space time, V/F = 1 = t .. B-7(a)
where:

v = reactor volume, L

F = the feed rate L/hour

This is the time required to process one reactor volure of fuzd, Tt
is equivalent to reaction time for a batch reactor, CSometimes the
term mean residence time is also used. This is the average time

the fluid spenis in the reactor before it leaves the reactor. When
the resction fluid density is constant, then the rean recidence

time is equal to the space time, Only constant density situations

are considered in this study.



Space velocity, F/V is the reciprocal of space time. This
is the number of reactor volumes treated by the reactor in a
urit time. Tn Biochemical Engineering it is commonly called

the dillution rate,

Since,

E (t) = 4&F (t)/at .ee B-Y
and the impulse input is equal to the derivative of the step
irnput response, both responses can be related thus:

E (t) =ar(t)/at = ale(t)/e,) step = (C(t)/C,) impulse ..B-8

Or,

E(t) = C (t) impulse/Ss C{t)at ve..B-8

This indicates that the F(t) function can be obtained from

the impulse input response by irntegration just as E(t) funetion

can be obtained from step input by differentiation. As such

either step input or impulse input may be used to cbtain both
£{t) and F(t). Nowever, it is safer to evoid differentiation

of experimental data whenever possible, hence the use of an

inpulse in this study as in most other stndies, Although having

obtaimed the E(t) function from an impulse input, one can integrate
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to obtain F(t) depending upon the requirement,

The total reaction time of the tracer introduced can be estimated by

operating the integral wi*h Simpson's rule ( Crady and Lim 1950).

£
% fcf _d_C_ & . ( Ai ("1 + L + ! } i aseeB=10
[5) - _.g -y iC ) - (c ) —rtc }
1 2 n
where:
£, =_31
2 -r (51)

And the totel amount of tracer introduced into the tark is (Figure B-1):

2 c (e, = c(t). /E (t) cveis BRI

& impulse impulse
Using Simpson's rule,

~ cfe): +cn)

dt = A (C + LC, +2C, +k4c, +2C, + .. kC
- impulse 3 ° 1 L

2 3 n-1

..-..-B"la

where:

G = _1_
-r(Ci)
An interval for Simpson's rule is twice the length of the subinterval
used. Whatever may be the case, the RTD functions are not unigque and
a number of flow patterns can give the same one. This is a major set-back
in the application of RTC in predicting the performance of actusl reactors
except in the 1lst order resction where the conversion is indepent of the

flow pattern.
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If there sre dead spasces in the tank, the effective tank volume is less
than the true volume (Figures B-2 end B-3).

Ce/Ci = @ v}q2/T°ba e t/ e %/ 8/ (=0} .....B-1

Without short circuiting the relation is:

ce/ci = V/Va e V/VO/y e

ci = Tnitial theoretical tracer concentration assuming total
volume utilization,

Ce = +t{racer concentration at time, t

v = nominal tank volume

Va = Tank Actual mixed volume

Q = total flow rate

Ql = fraction of Q entering active mixed zone

Q2 = fraction cf Q short-circuiting

Topg - Tean hydraulic retention time observed in sctively

mixed zone.
8" = Dirac delta function (equation (2-2)).

= The dead space. This is the region of the tank trat

0l
-

V-V
will retain tracer sludge for periods of an order of

magnitude greater than the mean retention time of the

total system.

The flow through curve (C-curve) for a group of real tanks is shown in

Figure B-L4 with dinmensionless coordinastes Ce/C‘ anite, .
- T

s

Where;

Ce = is tracer concentration at the effluent after time, t.

Ci = total weight of tracer added at the influent divided by the volume
of the tank, i.e the concentration if the decse is dispersed instan-

tanecusly throughout the tark volume,
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t = theoretical retention time.

This plot is independent of the amount of tracer used and the retention
t‘me. For a stable flow and without dead spaces the value of tftn to
the center of gravity will be unity. Unstable condition would give
urreproducible curve shapes whereas a steble flow paltern is indicated
when the same curve can be reproduced with fair precision. Moreover,
unstable condition will yield undependable short circuiting study results

and erratic suspended solid removal perormance.

ti = time interval for the initial indication of the tracer in the
effluent

tp = time for effluent tracer to reach peak concentration

tio, t50. t90 = Time for 10%, 50% and 90% of the tracer to be cbserved
at the effluent

ta = tSO 8 pedian time or time at which 50% of the tracer is observed

at the effluent.
t = Ict = Time to reach the centroid of the curve or mesan
Ze

detention tire (Actual),

€, = V/Q = Theoretical (Nominal) detention time

t = ¢ - .

- ) = Index of short circuiting.

t
g -

The effective retention period will be less than the true retention
period and the relative time to the center of gravity, of the dispersion
curve, tgftn.will be less thz=n unity if there is any interchange between
desd spaces and the main btody of the liguid, there will be flow through
the desd spaces, but the resulting "t8il" of the dispersion curves may be
so long and the ordinates may be o0 small that the end of the tail will

be lost and as apparent, value. of tg/tn less than unity will resuilt.
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If there are dead spaces the recorded values of Ce/Ci will be greater
than the effective values and all ordinates to the dispersion curve
will be increased in proporticn to the decrease in ts/tn such that the

aree will remain unity,

Since the relsiive time to the center of gravity is unity except for
tanks with dead spaces, tsftn is an indicator of amount of the dead
space, but it is not a suitable index of short-circuiting with tanks

vithout dead spaces. The relative time to the center of ares, tg/tn

is usually less than unity and the smaller the worse the short circuiting.
Since nalf the particle of fluid pass in less time, t_ is the "probable
flowing through time" of the fluid, The dispersion of the fluid is
measured approximately bty the time of irnitial appearance, ts of the
charge in the effluent. The smsller the relstive tire ti/tn the more

repid the dispersion. €mall values of ti!tn and taftn indicate serious

short circuiting.

Yet another good parameter for evaluating nixing pattern in the tank is
the Morril Index (MI). As the MI spproaches 1.0 the flow through the

tank szpproaches ideal plug flow.

For this particular study as develcped in this Appendix, the most
appropriste model is the axial dispersion model. Surpose the following
date in Table B-1 were compiled from & tracer test, the sampling time

t would be given in Column 1 with the corresponding tracer concentration
" in the third column. In the second cclumn the sarpling time
increment, At would be listed with corresponding tracer concentration
increrent Ac in column b, Ac would change sign from positive to

negative whenever the corcentration falls.
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In the fifth column would be the values of the Y-function (C-3AC) At,
while in the sixth and seventh columns the Z-function, Y/(t-3At) and

W-function, 32/2 calculated velues would be listed respectively.

Under ¢olumn eight and column thirteen would be calculated values of A
(i.e.wt) and B (i.e Ewt(EY} respectively., While in columns nine, ten,
eleven and twelve would be the summations of ¥, Z, W and ) respectively.
The results of such operations were used for table 6-1-1.

Tn ¢hig te&ble the parameters were evaluated,

ts' that is the standard detention time is IY/IZ,

Effective detention time te'is the time during which both bateh and
continuous feed operation concentrations are equal,

This is given by:

t = g (C-iAC) 4t o
_o‘-' - - LI B
g lc-iac) At
o t -3 At
Or, upon simplifying,
t. = Iy/IZ p— - o s |

@
Due to simplifying mssumptions in E-16 especially its validity for
only second order reaction floceulation theéreby imposing some further
limitations on its validity, it is called standard detention time

rather than effective detention time,
Tf one divides ts by the nominel detention time, t one obtains the
standard detention efficiency which is a good measure of the detention

effectiveness of the reactor, i.e

tn = ts!tn

The actual (zean) detention time, t is aspproximately:
[



TABLE B-1:

__;vr_
(day) (day)

At

C
Tracer
Concen-
tration

(mg/L)

B-12

AC

_ (mg/L)

2. B
e e e ——— ]
Co Ca=Cy
R ey
O A

FESRESISS 12

Y

(c-iaC)At

4
3

Y
n

—_—— e e

__ESTIVMATIOR OF TRACER TEST PARAMETERS

e —————
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t-2At
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Z
n
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T (c-3Ac) (t-3At)ae

L

_o__ DR B"ls
m

I (c-3AC) At

o

tg = TtC/IC = IW/I Y vesss B~10

tg is also a useful rweasure of 4 and the active volume thereby

pernitting determination of unused stagnant volurme in the tank,

§, the fraction of deal space is given by:

§ = (tn - tg)/tn erees B=20

where

tn = V/Q = DNominal detention time.

For the index of short circuiting, og:

a, = ti/tn (=) tg~tp)/tg veseesB=21

t_ = time of peak concertretion, and (=) implies not neceesarily

nunerically equal to,

Alternative relations for B-20 and D-21 are Vd/V and QE/Q respectively
as given by B-14, But a more qualitative expression for & is the
percentage difference, 4 4

P tage differen = (¢t - : + veseaB=2
ercentage difference (tn tg)}:(tn tg) B-22

Out of all the paraneters, the dispersion index 4, seems to be
the most quantitative and qualitative parameter. It has the strongest

statistical probability of correctly descriding the hydraulic performance.
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¢ = P o) vevs D23

02 = Gtgjti LR IB-Eh

o2 = t%-1C o aie HHES
¢ ¢

2 2 .

Ut = B-tg .-...B-:.s

2 . - . "y s ] .
where Ut is the variance of C-curve in time squared units;

0~ variance of C-curve, dimensionless; t}time, C the tracer

concentration (mg/L) and g = Ii}xy.
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APPERDIX C EXPERIMENTAL DATA.

B e

CONCENTRATION E
(mg/L) Transmittance
00.0 100.00
00.50 99.00
01.50 G8.00
05.00 95.00
10.00 91.00
15.00 86.00
20.00 §3.00
25.00 768.00
30.00 73.00
35.00 70.00
%0.00 €5.00

Ls.00 £1.00
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TABLE C-1-2: TRACER TEST DATA (TANK A (7 DAYS))
t At Tracer AC Y A W W, £Wt
(&) (&) Ccone. {ng/L)} Function TFunction Function %Y
(mg/L) (0-14c) 8t 2 A
Y Y B
t-2At Z
0 0,0
1 1.0 15.00 15.00 T.50 15.00 3.75 3.75
1.0 24,00 9.00 19.50 13.00 29.25 58.50
3 1.0 20.00 -4.,00 22.00 8.80 55,00 165,00
L 1.0 17.00 -3.00 18,50 5,29 €h.70 258,80
16.44
5 1.0 12.50 -4.50 14,75 3.28 £6.33 - 331.65
& 1.0 8.00 -4.50 10,25 1,86 56.49 338.94
T 1.0 4,00 -k .00 £.00 0.92 39.13 273.91
8 1.0 2.00 -2.00 3,00 0.k0 22.50 180.00
9 1.0 0.00 -2.,00 1.00 0.12 8.33 T74.97




TABLE C-1-3: TRACER TEST DATA (TANK A (11 DAYS))

t
(a)

0

£ w N

LA TR ]

—_—

10
11
12
13
1k

15

&t
(a)

0.0
1.0
1.0
1.0
1.0
1.0

1.0

s S S

Tracer AC ¥ Z W Wt Wt

f(‘::: 231.,) (rg/L) Fr.:-.n:'t.i on Function F‘amctg.‘i on 2 LY
(o-iac)at ¥ Y B

t-2A% Z

2.75 2575 1.38 0.69 2.76 2.76

6.00 3.25 L. 38 2.92 6.57 13.14

8.00 2.00 7.00 2.80 17.50 52.50

6.50 -1.50 T.25% 2.07 25.39 101.57

5.00 -1.50 5.75 1.28 25.88 129.38

4,50 -0.50 4.75 0.86 26.2k 157.41

L.00 -0.50 4,25 0.65 27.79 194,52 47.9

3.75 ~0.25 3.88 0.52 28.95 231.61

3.20 -0.50  3.ks 0.k1 29.03 261.27

2.50 -0.70 2.65 0.30 27.08 270.75

2.00 -0.50 2.25 0.21 24,11 265.18

1.40 -0.60 1.70 0.12 2L .08 285.00

0.90 -0.50 1.15 0.09 1k .63 101.03

0.80 -0.10 0.85 0.06 12.04 168.58

0.50 -0.30 0.65 0.04 9.43 141,38




TABLE C-1-N: TRACER T!

e

c-h

»sT DATA (TANK A (15 DAYS))

———— —— —_— ——

t
(a)

+£

v @ = W

10
12
14
16
18

22

At  Tracer AC Y A W Wt Wt
{a) %:;;i) (mg/L) Function Function Funct;on \ Ty
(0-2AC)At Y __ o Sl 8
C t-15t 2
0.0 ' | B
1.0 1.00 1.00 0.50 1.00 0.25 0.25
1.0 1.8 0.8 1.4 0.67 2.93 5.85
1,0 4.5 2.1 315 1.25 T.94 23.61
1.0 6.5 2.00 5.9 1.57 19.27 71.07
1.0 T.b 0.9 €.95 1.54% 31.37 156.83
1.0 8.0 0.6 1.7 1.%0 42.35 2sk.1
1.0 T.5 -0.5 T.75 1.19 50,47 353.31
1.0 6.3 =Y.2 6.9 0.92 51.75 h1k.0
1.0 5.2 -1.1 5.75 0.68 L8 .62 L37.59 99.7
1.0 L.k -0.8 4.8 0.5 u5.18 451.76
2.0 3.0 -1,b4 T 0.67 81.73 980.78
2.0 2.1 -0.9 5:% 0.39 €6.69 933.63
2.0 1.7 -0.4 3.8 F.25 57.76 224,16
2.0 1.1 -0.6 2.8 0.16 49.00 32.0
2.0 0.8 -0.2 1.8 0.09 36.0 720.0
2.0 0.5 -0.3 1.3 0.06 28.17 619.67
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TABLE C-1-5: TRACER TEST DATA (TANK A (20 DAYS))

£ At Tracey AC ¥ Z v wt Wt
(@) (a) Cone. (mg/L} Fanction Function Function TY
(mg/L) K 2
{o-3ac) ¢+ Y Y- A B
C t- 24t Z
0 0.0
1 1.0  1.50 1.50 .75 1.50 0.38 0.38
7 1.0 4.00 2.%0 2.75 1.83 L.13 8.26
3 1.0 5.00 ~1,00 .50 2,20 13.75 41,29
N 1.0 L.30 -0.70 | 4.65 1.33 16.26 €5,0h 25.03
) 1.0  3.00 ~1.30 7.30 1.46 36.50 219.0
8 1,0 1.00 ~,200 4,00 0.57 28,07 224 .56

10 1.0 0.00 -1.00 1.00 0.11 9.09 0.91




: _TRACER TEST DATA (TANK B (7 DAYS))

TABLE C-1-6

t At Tracer AC Y yA W

(a) (4a) Ccone. {mg/L) Function Function Tunction Wt vt
(mg/L} (o-1AC)At Y ¥2 5 LY

t~ 34t 2z B

0 0.0

1 1.0 12.00 12.00 £.00 12.00 3.00

2 1.0 18.50 6.50 15.25 10.17 22.67

3 1.0 23.5 5.00 21.00 8.k0 52.50

N 1.0 20.00 -3,50 21.75 6.721 76.18 23.10

5 1.0 17.00 -3.,00 18,50 h.,11 83.27

6 1.0 12.5%0 -4.50 14,75 2,68 81.18

T 1.0 8.50 -k .00 10.50 1.62 68,06

8 1.0 5.50 -3.00 7.00 0.93 52,69

9 1.0 3.00 -2.50 4,25 0.50 36.13

10 1.0 0.00 ~2.00 1.50 0.16 1k.06
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TABLE C-1-7: TRACER TEST DATA (TANK B (11 DAYS)}):

t At Tracer AC Y A W Wt
{d) Conc, (mg/L} Function Funetion  Tunction

(mg/L) (c-3aC) + X 2 A
ToATRE XE

0 0.

I 2.00 2.00 .00 2.00 0.50 0.50

2 1. 4,80 2.80 Lo 2.27 5.09 10.19

3 i. 6.00 1.20 Jbo 2.16 13.50 L0.50
L 1. 6.90 0.%0 A5 1.84 22,61 20 . Lk

S 1. 8.00 1.10 45 1.66 33.4% 167.18

é 1. 6.60 -1.ko .30 1.33 40,07 2Lh0. 41
7T 1. 5,50 -1.10 .05 0.93 39.36 275.50
8 1. h .80 -0.70 .15 0.69 38.44 307.51 69.00

9 1. L.20 ~-0.60 .50 0.53 8.2 433.93
0 1. 1.80 -0.L0o .00 0.k2 38.10 381.00
11 1, 3.20 -0.60 .50 0.33 37.10 L08.30

12 1.0 2.70 ~0.50 .95 0.26 33.50 401.70

13 1. 2.50 -0.20 .60 0.21 32.20 L18.50
1% 1. 2,10 -0.40 .30 0.17 31,10 L35.60
15 1. 1.70 =0.40 .90 0.13 27.80 L16,50
16 1. 1.00 -0.70 .35 0.09 20.30 324 .00
N SR 0.50 -0.50 .75 0.05 11.30 191.30




TABLE C-1-8:

c-8

TRACER TEST DATE (TANK B (15 DAYS)

t At
(a) (a)
0 0.0
1 1.0
2 1.0
3 1.0
L B
5 1.0
6 1.0
T 1.0
8 1.0
9 1.0
10 1.0
11 1.0
12 1.0
1% 2.0
16 2.0
18 2.0
20 2.0

Tracer
Cone.

(mg/L)

AC
(mg/L)

"1.50
0.60
1.00
1,80
1.L0
1.00

0.70

"G 01

Y Z W Wt IWt
Function Function Function - R 4
3
(c-2AC)At €¥§IE£ %E b 8
0.75 0.50 1.13 2.25
1.80 0.72 .50 13.50
2.60 0.74 9.1k 36.54
k.00 0.89 17.98 89.89
5.60 1.02 30.75 184 4T
6.80 1.05 4k ok 308.27
7.65 1.02 57.38 k59.0
7.50 0.88 €3.92 575.28
6.60 0.69 €3.13 €31.30
5.8 0.55 61.16 672.8
51 0.h44 59.11 109.36 124
8.30 0.6k 107.54 1506.97
.10 0.1 90,76  1k52.1
k.20 0.25 70.56 1270.08
2.50 0.13 L8.08 661,54
1.30 0.6 28.17 619.67



“IABLE C-1-9: TRACER TEST bATA (TANK B {20 DAYS))

t At Tracer aC b % W Wt IVt
{a) (&) Cone. (mgfL) Function Function  Function Iy
(II.'S;’LJ (0-%&C)ﬂ‘b Y 2 X 8
t -kt Y
c 7
0 0.00
1 1.0
2 1.0  1.50 1.50 1.50 1.50 1.50 2,00
L 1.0 4.00 2.50 5.50 1.83 16.53 66.12
6 1.0 5.00 1.00 9,00 - 1.80 L5, 00 270.00
8 1.0 3,00 -2.00 g.00 1.14 56.1k hhg.12
10 1.0  2.50 -0.50 €.00 0.67 53.73 537.31
12 1.0 1.50 -1.00 4,00 0.36 b L 533.33
1k 1,0 0,50 -1.00 2.00 0.15 6,67 373.33
16 1.0 0,25 -0.25 0.75 0.05 11,26 130.00
18 1.0 0.15 -0,10 0.%0 0.02 8.00 144 .00

20 1.0 0.00 -0.15 Q.15 .01 2,25 45,00
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TAELE C-1-10: TRACER TEST DATA (T&NK C (7 DAYS))

%
(a)

=

o @ S o W

10
11
12
13
1k

4t
(a)

0.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
X0
1.0
1.0
1.0
1.0
1.0

1.0

e p—————

Tracer AC
Cone. (ng/L)
{mg/L)

T7.50 T.50
12.50 5.00
18.00 5.50
24 .00 6.00
24.00 0.00
20.00 -k ,00
18.00 -2.00
16.00 -2.00
12.50 -3.50
10.00 -2.50

7.00 -2,00

L.s0 -2.50

1.50 -3.00

0.00 -1.50

Y

Function
(o-1AC)At

10,00
15.25
21,
2L,

00
l0)
22.00
00
00

Z

Funection

-
t - JAt

7.50
6€.67
6.10
£.00
5.33
L, 00
2,92
2.27
1.48
1.18
0.81
0.50
0.24
0.06

W Wt
Functien
o x
Z
1.88 1.88
1k,99 29.98
38.13 114,39
73.50 294,00
108.07 540,35
121.00 726.00
123,63 865.k1
127.31 1018.48
120.87 1087.83
107.26 1072.60
89,20 921.2
66.13 193.56
37.50 L87.5
9.35 131.32

Wt

Iy
B

L —

LE. 4o
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TRACER TEST DATA (TANK C (11 DAYS))

TABLE C-1-11:

t At Tracer
(a) (a) Cone.

(mg/L)

0 0.0

1 1.0 1.20
2 1.0 2.60
3 1.0 k.50
b 1.0 5.50
5 1.0 6.80
6 1.0 8.00
T 1.0 6.70
8 1.0 5,70
9 1.0 L.60
10. 1.0 3.80
11 1.0 3.50
12 1.0 3.10
13 1.0 2.70
14 1.0 2.30
15 1.0 2.00
16 1.0 1,70
17 1.0 1.50

18

1.0

AC
{mg/L)

1.20
1.ko0
1.90
1.00

1,30

-0.4%0
-0.,k0
-0.30
-0.30
-0.20

-0.10

Function

{o-3AC)At

o.

™ ~ -1 N W

N

Y

60

.90
$55
.00
A5
Lo
.35
.20
.15
.20
.65

2 W Wt Wt
Function Function Iy
> b

S Y 8
t-1At 2

1.20 0.30 0.30

1.27 2.84 5.69

1,42 8.88 26.63

1.43 17.k8 €9.93

1.37 27.61 138,04

1.35 Lo.56 243.38

1.13 47.81 334 .65

0.83 k6,31 370.51

0.61 43,48 361.32 89.90
0.4k 40.09 Loo.91

0.35 35.06 Ls.n

0.29 37.55 Lk50.62

0.23 36.57 L75.35

0.19 32.89 . L60.53

0.15 30.82 LE2.25

0.12 28.52 456.33

0.10 25.60 435.20

0.08 26.28 L73.06



c-12

TABLE C-1-12: TRACER TEST DATA (TARK C (15 DAYS))

— e e e E==—

t At Tracer AC Y YA W Wt TWt
(a) (a) cone. (mg/L) Fanction Function Function Iy
(eg/L) (0-1AC)At Y 2 A
t- 35t L 8

0 0.0

1 e

2 1.0 0.5 0.5 0.5 0.5 0.5 1.00

L 1.0 2.0 1.5 2.5 0.83 7.53 30.12

6 1.0 3.5 1.5 5.5 1.10 21.5 165.00

8 1.0 6.0 2.5 9.5 1.36 66.36 530.88

10 1.0 8.0 2.0 14 .00 1,56 125.6k 256.4
12 1.0 6.5 =19 14,50 1.32 159.28 1911.36 156
1k 1.0 5.5 -1.0 12.00 0.92 156.52 2191.28

16 1.0 3.8 -1.T 9.30 0.62 13%.50 2232.0

18 1.0 2.3 -1.5 6.10 0.36 103.36 1860.48

20 1.0 1.2 -1.1 3.50 0.18 €8.06 1361.2

22 1.0 0.5 -0.7 1.7 0.08 36.13 T9L.86

S ———————— - —— e 5 S A i G —— e —————



’ 1 %2 3
i 4 1
y | {
- . \ 7
» . . » I il



c-1k

t
(a)

0

1

2

P —

W e - on W

10
11
12
13
14
15
16

At
(a)

0.0
1.0
1.0
1.0
1.0

1.0

Tracer
Con*‘: .
{mg/L)

c

6.00
11,00
14.50
17.00
20.00
22.00
24.00
22.50
18.00
15.00

11.50

AC Y VA
(rg/L) Function Function
: (0-1ac)it 2
t- It
6.00 2.00 6.00
5.00 8.50 5.67
3.50 12.75 5.10
2.50  15.75 4.50
3.00 18.50 k.11
2.00 21.00 3.82
2.00 23.00 3.54
-1.50 23.25 3.10
-b,50 20.25 2.38
-2.00 16.50 1.74%
-3.50 13.25 1.26
-3.50 9.75 0.85
-2.00 T7.00 0.56
-2.50 L.15 0.35
-2.00 2.50 0.17
-1.50 0.75 0.05

Function

Y

Z

1.50
12.74
31.88
55.13
53.27
115.45
149 kL
174,38
172.30
156.47
139.34
111.84
87.50
€L .L6

36,76

11..25

1.50
25.L8
95.€k

220.52
L16.35
£92.70
1046.08
1355.0k
1550.70
156L.70
1532.74
1342.08
1137.50
@02, Lk
551.40
150.00

T —— L — | ————— e o e e et

63.30




TABLE C-1-15:

C-15

ACER _TEST DATA (TANK D (11 DAYS))

t At Tracer AC Y A W
(a) (da) Core. (mg/L) Function Function Function
(ng/L) (o-3 c)ae ¥ 2
t- 1At =
0 0.0
1 1.0 0.70 0.70 0.35 0.70 0.18
2 1.0 1.50 0.80 1.10 0.73 1.66
3 1.0 2.k 0.90 1.95 0.78 4,88
L 1.0 3.50 1.10 2.95 0.84 10,36
5 1.0 L.ko 0.90  3.95 0.88 17.73
6 1.0 6.00 1.60 5.20 0.95 28.L6
7 1.0 T7.00 1.00 6.50 1.00 L2.25
8 1.0 8.00 1.00 7.50 1.00 56.25
9 1.0 6.5 - =1.50  T7.25 0.85 61.8k
10 1.0 5.20 -1.30 5.85 0.62 55.20
11 1.0 L.20 -1.00 L.70 0.45 Lo.o9
12 1.0 3.50 -0.70  3.85 0.33 Lk .92
13 1.0 3.10 -0.50  3.30 0.26 41.88
14 1.0 2.70 -0.%0  2.90 0.21 %0.05
15 1.0 2.50 -0.20 2.60 0.18 37.56
16 1.0 2.30 -0.20 2.40 0.15 38.50
17 1.0 2.00 -0.30  2.15 0.13 35.56
18 1.0 1,80 -0,20 1.90 0.11 32.82
19 1.0 1,50 0.30 1.65 0.09 30.25
20 1.0 1.30 -0.20  1.%0 0.07 28.00
21 1.0 1.20 -0.10  1.25 0.06 26.00

Wt

) |

0.18
3.32
14,63
L1,k
88.65
199.24
295.75
450,00
556,54
551.98
535,98
239.00
544 .50
560.67
563.33
614,40

590,73
574,75
560.00

SL6.87

Wt
Iy

B

===




c-16

TABLE C-1-16: TRACER TEST DATA (TANK D (15 DaYS))

t At Tracer AC Y Z W
(d) (d) cone. (mg/L) Function Function Function
(rg/L) (0-3AcC)At Y 2
vl -
0 0.0
1 1.0
2 1.0 0.3 0.3 0.3 0.3 0.3
4 1.0 1.0 0.7 1.30 0.43 3.93
6 1.0 2.0 1.0 3.00 0.60 15.00
8 1.0 3.3 13 5.30 0.76 36.96
10 1.0 5.0 1.7 8.30 0.92 74.88
12 1.0 €.6 1.6 11.60 1.05 128.15
1k 1.0 8.0 1.4 1k .60 2.12 190.32
16 1.0 7.1 =0.9 13.30 0.89 108.75
18 1.0 6.8 -0.3 13.90 0.82 236.30
20 1.0 5.4 -1.4 12,20 0.64 222,56
22 1.0 3.8 -1.6 9.20 0.54 192.36
2l 1.0 2.9 -0.9 6.70 0.29 154 .79
26 1.0 2.0 ~0.9 L.oo = -0.20 120.05
28 1.0 1.3 -0.7 3.30 0.12 90.75
20 1.0 0.7 -0.6 2.00 0.07 57.1k
32 1.0 0.1 -0.6 1.60 0.05 51.20

0.6
15.72

295.68

171k.20

1638.40

5

230.00



e=17T

@ O F O m

10
12
2
16
18

20

2k

At Tracer AC Y Z W Wt Iwt
(d) Cone. (mg/L) Function Function Function LY
(ng/L) (o-3ac)at ¥ 2 3
t- 1At L 8
0.0
1.0
1.00
1.0 1.50 1.50 1.50 0.50 4.50 18.00
1.0 32.00 1.50 .50 0.90 22.50 135.00
1.0 k.50 1.50 7.50 1.07 52.57 L20.56
1.0 6.00 1.50  10.50 1.17 9% .23 9k2,31
1.0 3.00 -3.00 9.00 0.82 78.78 1185,37
1.0 2.50 -0.50 5.50 0.k2 72.02 1008.3
1.0 1.50 -1.00 4.00 0.27 59.26 9L8.15
1.0 1.00 -0.50 2.50 0.15 L1.67 750.00 -
1.0 €.50 -0.50 1.50 0.08 28.13 562.50 -
1.0 0.30 -0.20 0.80 0.0k 16.00 352.00
1.0 0.20 -0.10 0.50 0.02 12.50 300.00

S



c-18

TABLE C-1-18: TRACER TEST DATA (TANK E (7 DAYS))

Mt
(a)

At
(a)

Tracer
Cone.

(mg/L)

& owooNn H o

W 0 = O wn

10
11.
12
13
1k
15
16
17
18

19

0.0
1.0
1.0

1.0

10,
1k,
18,

00

3

3

8

.00

.50

.00

.00

AC
(rmg/L)

4.50
3050
2.50

2.50

-3.00
-2.00

-2.50

-3.00
1,50
-2+90
-3.00

-2.00

Y Z
Function TFunction
(c-1ac)ae ¥

t-14t

2.00 L.00

5.50 3.67
8.50 3.L0
12.25 3.50
16.25 3.61
19.25 3.50
20,75 3.19
23.00 2.07
23.50 2.76
°1.50 2.26
19.00 1.81
16.75 1.%6
1475 1.18
12.50 0.93
10.25 . 0.7
B.25 0.53
5.50 0.33
3.00 0.17
1.00 0.05

W
Function

21.25
L2.88
7315
105.88
134.97

172.21

16,
€3.

1?1 .

|22
e

o

97.90



TAELE C-1-19:

c-19

t At Tracer AC
(a) (d) Cone. (mg/L)
(rg/L)

0 0.0

1 1.0 0.30 0.30
2 1.0 0.70 0.40
3 1.0 1.20 0.50
4 1.0 2,00 0.80
5 1.0 2.90 0.90
6 1.0 %.00 1.30
7 1.0 4.9 0.90
8 1.0 6.3 1.%0
9 1.0 8.00 1.70
10 1.0 6.70 -1.30
11 1.0 5.80 -0.90
12 1.0 5.00 -0.80
13 1.0 L.,50 -0.50
1k, 1.0 3.5 -0.70
15 1.0 3.30 -0.50
16 1.0 2.70 -0.60
17 1.0, 2.30 -0.40
18 1.0 2.5 -0.30
19 1.0 1.70 -0,30
20 1.0 1.4 -0.30
21 1.0 1.3 -0.10
22 -0.20

——— s —— . — == =

1.0 1.10

TRACER TEST DATA (TANK E (11 DAYS))

W

Furiction

Y2

——

Z

Y Z
Function  Function

'
(o-1AC)At z:fz‘
0.15 0.30
0.50 0.33
0.90 0.38
1.60 0.k6
2.45 0.5k
3.45 0.63
4,45 0.68
5.60 0.75
T-15 0.84
T.35 0,77
6.25 0.60
5.40 0.47
4,75 0.3
k15 0.31
3.55 0.24
3.00 0.19
2.50 0.15
2.15 0.12
1.85 0.10
1.5 0.08
1.35 0.07
1.20 0.06

0.08

1.52

7T.13

72,28

55.58
113.36
203.86
334,51
SLT.Th
701.59
716.15
Tk .51
771.88
177:79
787.66
757.89
708.38
€23.57
650.28
600.63
546.75

528.00

w

———— e e ——

1L8.00




Cc-20

TABLE C-1-20: _TRACER TEST DATA (TANK E (15 DAYS)

e =T ——

t At Tracer AC
(a) (d) cone. (mg/L)
(mg/L)

0 0.0 0.3

1 1.0 0.0

2 1.0 0.0

4 1.0 0.2 0.2
6 2.0 0.5 0.3
8 2,0 1.2 0.7
10 2.0 3.0 1.8
12 2.0 L.8 1.8
14 2,0 6,0 1.2
16 2.0 8.0 2.0
18 2,0 7.1 -0.90
20 2.0 6.3 -0.80
22 2,0 5.00 ~1.30
24 2.0 k.10 -0.90
26 2.0 2.80 -1,30
28 2.0 2.20 -0.60
29 2.0 2.00 -0.20
30 2.0 1.9 -0.10
31 2.0 1.8 -0.10

Y z W
Function Function Function
(c-2ac)at Y 2

- i
0.20 0.07 0.57
0.70 0.1k 3.50
1.70 0.24 12,0k
L.20 0.47 37.53
7.80 0.71 85.69
10.680 0.83 140.53
14,00 0.93 210.75
15.10 0.89 256.19
13.%0 0.71 2572.90
11.30 0.5% 236.46
9.10 0.Lo 207.03
6.90 0.28 170.0b
5.00 0.19 131.58
L.,20 0.1k 126.00
2.90 0.13 117.00
3.70 0.11 12L.45

2.28
21.00
96.32

375.32
1028.28
19€7.42
3372.08 416 o0
L6114k
5058.33
5202.12
L968.60
LL20,93
365L.21
3780.00
3744 ,00
L231.45




TABLE C-1-21: TRACER TEST DATA (TANK E (20 DAYS))

t At

(a) (a)
0 0.0
1 1.0
2 1.0
3 1.0
4 1.0
6 1.0
8 1.0
10 1.0
12 1.0
1% 1.0
16 1.0
18 1.0
20 1.0
22 1.0
2L 1.0

Tracer
Conc.

(mg/L)

1.50
2.50

3.50

7.50
4,00
2.4o

1.50

AC Y
{mg/L) Punction
(0-3AcC)At
1.50  1.50
1,00 k.00
1.00 €.00
2.50  9.50
1.50 13.50
-3.50 11.50
-1.6 6.k0
-0.90  3.90
-0.50  2.50
-0.20 1.80
-0.05  1.55

A W
Function Function
1—,‘:’"{;’5{ -Yz—?
0.50 k.50
0.80 20.00
0.86 L1.86
1.06 85.1k
1.23 148.17
0.88 150.28
0.43 95.26
0.23 £6.13
0.13 L8.08
0.02 36.00
0.07 3k.32

Wt

18.00
120.00
334 .58
851.k2

1778.,05
2103,98
1524 .09
1190.36
961,54
792.00

823.71

| ed® |
| |

169

e — e e — e ——— il
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APPENDIX D

STABTLIZATION POND UNIFIED DESIGN PROCESS

From the pornd test it was found that tank A without baffle having
dispersion number, 4 of 0.151 has to be 2.3 operating in series to have
the same efficiency as that of tark E with 15 baffles and dispersion

number, d of 0.030.

Suppose tl, tz R tn refer to the inflow detention times in a series

of n equal ponds, then

Cl = __ﬁl_ - esess D=1
(ktl +1)
ce - Co TR D-2

———————

(i{tl + 1)(1(1;2 +1), =and

C = Co 'R D"3
tml +1) (Kt2+1T. " .Tl(tn+1)

= C
= ___._.Q,.____..__ R B-h
: n (Kt +1)
E n
i=1
C“ N o _fﬁlq__ﬁ__ veess D=5
(kt + 1)"

D=1 reduces to D-2 when t1 = t2 = tn.

Due to the nature of the dispersion number, 4 as it approaches zero, the
system tend; towards plug flow. This happens when L the length of travel
in ( D-13) becores very large. Then the system is analcgous to a river
with plug or piston flow. Under this condition the concentration gradient
C1 in the river is just due to reaction rate ¥, hence

dc/dt=-l(31 evsnsses D=6

where:



-2

¢ =c, %
R

Qp = Pollution flow rate

River flow rate

and Qr
C = Co o 5 e-kt R D-T
St
If the flow is mainly that of pollution, QP

then
C = C e-‘t e D—8

If the concentration in ponds in series is analogous to a single but
baffled pond, then a common expression as observed in the test can be used
to describe either of them, This €*FFe5Sion can then be related to that

for & river since as 4 tends to zero the reactor belaves like a river,

As stated in D=5,

Cn - Co ssesesy D=9

(kt +1)*
At any specific time, Lb/u (tg = Actual detention time of btaffled pond

baving L as the length of travel)

= Lb/u/Lp/u =n s D

where:

Lp/u = t Actual detention time in plain pond havirng LP as the length

of travel.
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Substituting in D-5

cC_ = c

°o__ E— O [
H+kLp/u1Lb/Lp

As n increases for any specific length of travel in a baffled pord,
L in the plain pond decreases or conversely in actual sense L in the

baffled pond increases. Hence

linit €, = limit C_(1 + ey /o veses D11
L >
S+ 0 L +0
C = ¢ @ Xt vee..D-12
n Q

As n becomes very large and Lp tends to zero or Iy tends to infinity the
same condition of plug or piston flow of a river occurs. This is all the
advantage one is attenpting to take by introducing baffles or ponds in
series. Unlike the conventionel expression where the .omiral detention

time is always used, the actual detention time as found in the tracer

test was used,

Consequent of the finding from the model tests in order to describe the
actual operation in the pond & new expression mist be sought. This is
better described by combining Wehmer and Wilhem equation with slgal~-
bacterial symbiocsis. While Wehner and Wilkem model has teen invectigated
by several authors to be the best representative of chemical reactor
operation where steady state chemical reactions take place as in
stabilization pond, the symbiosis between alzae and tacterie in such ponds
offers the maximum potential for water quality treatwent (Levenspiel

1962, and Thirururthi, 1%69). Although the last concept has always

been based on high rate serobic pond designed to have vigorous AGP
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(Alga}-growth potential) and completely mixed pond, here the following
assumptions are made: (i) the snsercbic zone is quite relatively very
small compared with the aerobie zone &8 a result of the pond depth
(25cm); (ii) due to the introduction of beffles, there is always proper
mixing and (iii) the algae are homogeneously dispersed within the pond.
Other assumptions for the entire process are first order kinetie

reaction, and C and Ce are meximum expected influent and effluent BOD

respectively,

The first step is to find the hydraulic property of the pond. From such
test the magnitudes of t and 4 can be evaluated. The only unknown value,
K can be estirated from Wehner and Wilhem equation using the computer

programme given in Apperdix A or through Thirumurthi chart (Fig. 3-2-2).

The dispersion number, 4 varies with flow rate, @; size of the reactor
and length of travel, L . (Fig. D-1).

4 = D/uL vesesss D-13
The fluid velocity, u can be estimated from the flow rate Q and the tube
cross-sectional area, a,

Q = Q, theoretically

Actually

1.oohq2 that is 3.33 L/4 as asgainst 3.30 L/a

o

u = Q/a wssse D=1k

(N + 1} {‘l“' - X] TR 5-15

g
Ll

where:
A = FPond surface area (mg)
W = Width of the pond (m)

K = Number of taffles
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X = Spesce agvailable for fluid flow betwcen the baffle and

the side of the pond (m).

Q, @, = Influent and Effluent flow rate respectively.
For any single value of d, there is only one corresponding value of Ce/C
satisfied by only one single value of Kt, So if the rcactor is to be

scaled up for the same efficiency and Kt it only irplies that 4 is fixed,

For, d, ¥t = Constant

ut = L L A }16
Kt = K(L/u) pwnsg DOET
i.e t = L/u = Constant wiaie s D18

If the length of travel, L is increased by increasing the number of
baffles and/or size of the pond, the fluid velocity has to be increased
proportiorally too. Consider a reactor with initial fluid velocity u
and length of travel, L scaled up to a velocity ul with a correspording

length of travel Ll.

d = D/ul ives D=13
dl = D/ulLl LI L] 3"19
For d = dl, d1 must be divided by a constant, C, (C < 1.0)
Recall:
ub < ulbl

For any value of d;

c = D D/ulL = - .
-1_1_- ]’ j q}'ﬁi- eoen u'do
ul u L
W = ¢t vees D-21
Generally,

¢ = (u/1h) ees D22
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For any given Ll and holding d constant to achieve the efficiency
obtained from previous control test with L, the right flcw rate can be
obtained bearing in mind (D-1%) and (D-15). From (D-21) xnowing C, Ll,

u and L from the control test,

then
2o owtel % g sanseny DIEY
1 3 . Ll
u =L u sensnne DEEH
L
whence, Q= L"Q = Q/C

L
Having established the values of ¥, d, tg‘ the nurber of baffles or

pond size and the flow rate, then the following process design standard
can be calculated in terms of algal activities,

Ultirmate BOD, Lo

Lb = _“x__:&t ceovssse D25
1-10
o, = f(5oD) vessves D26
02 = the weight of photosynthetic 02 that must be produced for
BOD satisfaction.
BOD removal = Efficiency x L, caeime D]
(et 24°C)
Total BOD removel, Ca = BOD remcval X Q sannas D=28
. (mg/a)

The weight of algae reguired, Cc

Theoretically:

Cc = (Total BOD Removal) venes e D"ED

£
P

0.125 <f < 2,27; 1.25 < P < 1,75
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Assume f = l.1andp = 1.5
c, = 0.7 (Total BOD Removal)

= O.T C& P D-30

Actual (i.e from the data)

cl = seey D=3
c c

B is based on the entire pord volume, hLence, Ca in D-30 must be
corrected to reflect the dilution.

Using Beer Lambert's law, the light penetration, ot is

1
D' = - Inl ) ng veve. D32

-é'n- c

The extinction coefficient, h = 0.0015 (Oswald, 1963).

The depth D1 in D-32 relates only to algae depth. Hence

1
.‘..ln-.
c, = l.hzcp/p 33
Substitute D1 in D-32 into D-33
4
Ca - ?c n'o cassv D=34
o
hDp

where, T, = —0.003?8T2 + 0,1467T - 0,6363

when Dl=D, D-33 reduces to D-30, or

ca = 1,43 cc veesasD=35

Total Frergy required for algal growth, H

Weight of algae (mg/d) C,x Heat of corbustion h (cal/g)

Theoretically:
H = Ch cises D36
c
Actuel
cCh esees D-37

c
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Average available daily solar radiation,
2
T calfem -d

The quantum energy, Eq that will be stored in the algal cells

7
Eq = FS RO 3—38

F/ = conversion efficiency (0.02 - 0.09)
S = wvisible solar energy

Total area of pond required {cm2)
Theoretically:

£
Hqu = ccgjrs evas D-39

Actual :
BIE, = Cih/?é ..., D-ko

BOD applied per unit surface area (mg}cme-day)

Theoretical:

’
L (Q)FS
E_h CRE ]}-hl
c
Actual:
f
Y (@) ¥ ;
Clh LA BN D- 2
[
Volume of the pond, V
v - Qt ERE] D-h3
Depth, D
D = V/A eseee D=kl
Effective Volume, ¥
V = t R :"LE'
Q £
tg = Mean (Actual) detention time {day)
€t ¥ &
g -

t = DNominal (theoretical)detention time



APPENDIX F

CULTURED COLTFORMS

TOTAL COLIFCRM:

MP-Fndo medie contains lactose, protein digest, vitamins, selective
chemicals, and Schiff’'s Reagent, As the meptrane 1incubate for 24 hours
at 35°C + 0.5, the media diffuses through the pores in the filter,
supplying nutrients to the multiplying bacteria. Marny kinds of bacteria
from the water sample can grow and form colonies under these conditions,
but only the coliform will fermeni lactose. One by-product of this
reaction is an acid aldehyde complex that will combine with the Schiff's
Reagent to form an iridesceﬁt green coating over the growing colonies

with a greenish-gold "sheen" when viewed under microscope.

FAECAL COLIFCRM.

The m;dia, M-FC used contains lactose, protein digest, vitamins,
selective chemicals and aniline blue dye. The membrane is incubaled
for 20 hours at 4L°¢C following pre-incubation of L4 hours at 30%¢C.

This higher tempersture gllows only coliform of faecal origin to grow
into visible colonies. The non-faecal coliforms due to heat shock will
not grow. As the faecal coliforms grow they ferrment léctose,
produeing atid which yeacts with the aniline dye to produce a blue
eolour, Mhen viewed with & stereomicroscope, all colonies exhiibit a

btlue colour ag faecal ceoliforms.

FAECAL STREPTCCOCCI:

The selective agent in this media (Agar) is sodium-azide, Colonies of
FS are distinguished by their ability to reduce triphenyl-tetrazolium

chloride in the medium to & red formazan. Incubation period is always 4 hrs a

0 Q
30°C followed by 44 hrs at 44 ©-



