





Dear Mr. Delegate, 9.9.1975

We welcome you to participate in the Fourth AlL
ITndia Training Course on Waste Stebilisation Pond Practices
conducted by the Tamil Nadu Water Supply and Drainage Board on
behalf of the Centzal Public Hea lth and Environmental BEngirneering
Organisation of the Government of India,

45 you Bmow this esurse 1s being sponsored by
the Government of Indis with 2 view to refresh and familiarise
the Senior Practising Public Hezlth Engineers with the recent
developments and currezt trends in the area of treatment of waste
waters using the stabilisation ponds process, While we on our
part arve toking every step to make aveilable theibest Skl
and knowiedge evailable in this area duiing the  course, for your
bernefit, wewould very much apprecicte if you can actively
paiticipate in the proceedings of the course and share with
us and fellow delegates your varied eXperiences in this field.
Such, 2 participation you would agree would go a long wey in \ |

malking your trip as well as this course a sSuccess.

Znclosed at the end of the volume, please find
two forms one for the joining and rclief cerxrtif icate and the
other it e your as se Ssment of the various abpeots of thatwlcolrse.,
The assessment form may please be filled Gp mith = v ?‘uo offer
suggestions about improving the course for next year. ©The
completed forms may be returned to us on the afternoon o5

118-9=1975.

e VU

On the lighter side however, We arc glad %o
invite your to the eity of Madras which has always made a desr i
friend of every visitor. You will find useful information about
the city as well as this:part of the courbtry in the brocheuro :
which come to you with the compliments, of the Indian Touxism .

Development Corporation.. We &re Sure you will find these
brocheurs illustrat ive, inviting, and rewarding. It may well
lure you to plan ‘2 suvsequert holiday and Yot with-ms for 2 lEsstle
more tGime to enjoy our hospitality and in the process giye us

tho ichante wo make a dear.iriend of every one of you.

Wishing you @1l the best during your stay with us,

for TAMIL NADU
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MICROBIOLOBY OF WASTE WATER TREATMENT

T, DAMODARL RAO.
INT RODUCLE TON

Micro-organisms are very minute living things which can
be readily distinguished under appropriate magnification.
They are ubiquitious and leave their imprint in all places and
activities. Their sction has vital significance in waste

~

water btreatment. Some aspects of this is discussed below.
CLASSIFICATION OF MICROORGANISMS

The 1iving things in the world cen usually be divided .
into two general broad groups, the plants and the amnmals.
The plants are distinguished by their ability to manufacture
their own food, presence of chlorophyll and capaciby . for
photosynthesis. The animals are parasiptic, have (o chiore-
phyll, have no capacity for photosynthesis. There is enother
group which can ne ither be placed in fhe catezory oi animé 1s
nor plars. This group is referred to as protista and = majer
part of micro-orgenisms ceme under this class. 4 number of
microorganisms such as crustacea, rotifers, protozoa etc.
come under the category of enimals. Bacteria, molds, yeasts
' etc. come under the group of protista. Algae come under the
category of plamnts. Lhe basic unih sof dliife ds theieell, A1
living things are made up of these. Microorganisms are either

nniecellular or mulvice Hlnltaw.

-

THE STRUCLURE OF CELL

The cell consists of protoplasm &nd other bodies like
nucleus, vacoules, protopl ests etc. vhich are contained
within by a cell well. <The nucleus consists of Deoxyribo-.
nucleic acid (DNA) that conteins genetic information for
reproduction of identical cells. The cell may conbtzin on



the exterior flagella, cilia and pod. The cell mey also
28 in bacteria, the nucleus is not distinguisheble separa.ely.

i 38 2 SR . = 7 ) vy ' o - o SR
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are parasitic on the cells.

The cells absorbs the nourishmen®t from the surrounding
material by converting the surrounding material by enzymaiic
action. They give out some specific enzymes which convert
the material o substances that can easily be absorbec By
the cell. One-example of enzymatic action is the action of
human saliva on rice grains which are chewecd. 4 sweet taste
can be noticed after a while which is due to the enzyme in
saliva converting the carbohydrate in the rice to sWgar., The
enzymes are 2 group of complex organic substances whi chiigice (ifﬁ
colloidal nature. Ihey have action on specific substances
only. The reaction can be represented below.

E+S —> ES — B, + S
substa nce Enzyme Substance Product sHEnzyme
Enx yme
Complex

It can be seen that after the reaction, the enzyme is

swvea i able for farther use.

Most of The sctivities concarned with living are enzymatic
in action, The substances that ere involved in nutrition are
converted by means of the enzymes to products that are

iy
directly used up for living, i.e. metabovlism. This again oaésy

a

be subdivided into the production nf energy called catabolism

and builéding up of new cells which is 2lled anabolism,
For both purposes, the nutrients aveilable in the
surrounding environment is extracted 2nd used by the

microorganisms,
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| Some of the important rzections arse.given below.
1 Po%y saccharides + water Polyssccheridas Disecharides
2(C_ H X iIO > % or
2.'Di?30%ﬁaride Water Dissccharidase  Monasaccharides
el .
Pz )17 + H,0 — > 2z (g Hy50g
o S?arch : Weter Amylax laltoge
(i il
el ) x T, - Y1592 11
4, Maltose + Water
z € 0 =g TH0 faltes e -
1252911 s %}}jfﬁs s
26
In case of cellulose
5 2((;ellulose + Water Cellg}a;§>' Cellobiose
e : water  Gollobimses Glucose _
e + x H,0 2 % L Hy O
el chiel i C fermentation
4 C6F12O6 7 602 Hi 250 HSOH = 26 Calories
8. Iactic acid fermentation
lucos= Faetic aeid " + enctay
- Enzyme 2 i 8 cal
g, Bawtial oxideuiion o 2 llephot
L%o%hok_ f 2zygen Enzzgg>~ Sootic meid Hlen vy
2o B0l 20T, C 00K + PH,0  + 232 calories
10.Complete idation of acitic acid e :
Lcetic acid + Oxvgen  BRzyme. Corbon dioxide + Water +ineray
LHAJ 225
. o X H 41 a. LeS.
s0n, 00 00 1 B0 L B0 oo un e
11, Complete oxidatiocn pif =eiGiciaciel
Tactic acid + oxygen _f£nzyme Carbondixide + "f}t%ﬁv"’
5 ( SRS SEe = — LD e
2 H605 .6 02 6 CC2 + 6 HZO + 656 ualo*_r_'_es



12, Complete oxidation of glucose
Glucose
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butyric acid

C4H 0

14, Acetic acid  EBnzyme. Methane + Carbon dioxide
CHHCOOH CH £ v0
4 2
15, 2 NH+ 3 0, Engymey 2 HNG, + 2H,0

P,

HNO
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N
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. Phe micro-organisms exhibit a welldefined ere = -
when the conditions in the enviremnent such as fobd, Tomder
oxygen availability. reacti-r etc. are mos% e
S e in ol ghd. thecs Huctors will le changine ULl Da e
organisms moSS suited:uo the existirg se’s of envirgane tal
conditions ori v can increase in nuaters at the menment. A
swaehs, Fhere 1e & mreporceren e 0f pgﬁtl31lar!bact<v;c_ o
depending on Gifﬁdefaﬁ?eS, This s likely to eherngs 88 Sgy(“;}
5o Ghe environment o ltars.

e deﬁlCUiei group 59 considezed PEherctoiinn
initiallag. - Tais was S due to thie micro-organisms e
particular grous gehiing adjusied o the cuvirommental
condditions.  lhers i8S yery rapid growkh onm @ Tozarithmic
rate of increase, Thic quickly exhausts the food watiter.

The rete of increase sbtarts reducing and PeComes nsrc, Thi o

S
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After this there is rneither

phese is referred Tto & declining growth rete

Z
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Bven at this rate the food aveilablae ic insufiicicnt. dn
this states, the micro-—organisms have to destruy themselves
to exist, There is 2 recuction in numbers, This is referred
to as the endcogenous phase. ‘The bzoctesial numbers hecome
so small that they can exist in email nombers sich “ood thet
may be available in small amounts.
ENVIRONMENTAL PACTORS AFFECTING iZCROORSANISM g

Some of the factors in the environment affecting
micro-orgenisms an discussed below:--

i, Oxygen The reaction that take place for release of energy
is Oxidation of organic natter. Vhen atmospheric oxygen is used
for the purpose, large quanTltles of encrgy are released and

the productsa sre 002 and HZO' Phis is referred to as aerobic
action. The microorganisms which are responsible fox this
are called aerobic organisms. In the oXysgen required for

the reaction is abstracted from oerteln compounds like
nitrates and sulphates, the reaction does not occur in full,
There is a part utilisation of the energy. The end products
are Uo,Nﬂg and QH4 and HQS, this reaction is referred to as
anerobic, The organisms responsible are called enasrobic
micro-organisms. Therc are another gzoup of orgenisms that
resrrangs the m. lecular gtructure of Tae substace itself

in such & way 22 to derive cnergy for i%5s use. This process
is called fermentation. Ozrganic acids are produced in this
reaction. Certain micro-organisms can act aesrobically if
atmospheric oxyeen is present and enaserobicelly in its
absence. These are saidto be faculitetive. In nature many
dficro-organisms belong to this group. In the metabolic
activity of all the microorganisms carbondioxide comes out

due to the respiration of the microorganisms.



o'

ii. Temperature PThe microorganisms can also be divided into

psychrophilic g roup i,e, thriving in cold temperatures i.e.
4°C-20°C. Tt.is usual for these to microorgarisme to be
present in cold lake water. The mesophilic microorganisms
ere predeminant between 20fC to 508¢, They are normally
present in dmestic waste waters as well as other wastes,

The theromovhilic microorganisms thrive at high temperatures
of 50°C - 65°C, These are above to act fost =nd bring about

substantial reduction in orgame content.. Aernbic composting

is one of the examples when they are very useful.,

All microorganisms which are capable of manufacture
their own food are called autotropnic orgsnisms. Algae which
come under this class may be single colled
They wuse the carobondioxide available in dissolved from in
water and with sunlight synthesise fresh cell master.

CO2. -+ H20 + Sunlight —~=- [CHO e ()
In the process oxygen isceleased.

SOome microorgs rnicms autotrophic while using

inorganic substances zuch

When microorganisms use. carvon availaole in orgenic
matter they are referred to as heterotrophic, @ Souu cof them

use orgsnic mabtter derived fxom dead organisms ond sre calle diy

saphro Phy'tl c..Many oy

re
treatment belong to this grouo,

_L

111 Reaction [The concentrabion uf hydrogen don in cny
aCLoxry i ey lal

)
solution decides its pH value., For salis
activity, suitable pH must exist. Usu ally microbial activity
thrives when the pH is near the neubrsl value of-7.0 A low
pH value is actually fteken as indication cf poer microbisl
aebivity, The aetivity of micro-organisms bring about:
flocculation and sedimentation 2nd result in meking the

—



effluent more acceptable. in alteration®™n pH is actually
an indication that there is discripbion in th

microbial activity.
 MICHOORGANISMS 4ASSOCIATED “ILH MUNICIPAL WASLES

The wastes derived from domestic sources usually have
e fairly high amount of organic matter., Together with this,
microorganisms associcted with humen intenstines soil,
atmosphers etc, also are present., Some of these micro-

organisms are aerobic, some ore &nasrobic end some focultauives,
S ?

Tf the sewage is allewed to stamnl, It will be noticed
thet initially aerobic orgenisms dominate for some time until
the dissolved oxXygen in sewage is upedup, After that the

juce the ni trates,

acrobic orgenisms become dominars.s Lhese xe
the sulphates which resulis in'prcdacticn of BHS e Hgﬁa
Becides these, there is ais o production of certain orgahnic

substences such as mewrcaptens etc which may give rise o

719 e

odours which are objectionsble, IThe rabe

o 20
e TS
DBl ST

(@

=+

Uc
orgenic matter is repid in gerobic conditions anmd slow dux

anaerobic action
" Tg support microo T ganisms crgenic matter, uitrogen and
phosphorus. arc necessaxry. For aerobic organisms it will be

in the ratio of 100: 5¢ 2 ond for 2nnczobic microCToani S

=

100 :2.5:1. Thus 16 can be seen Tthat enasrobic action can
take place mores easily in wastes that are poor in nitrogen
and phosphoruS. During eerobic conditions, the crgenic
component of the sewage'is used up both for building up of
the microorganisms andé their respiration. The nitrogen
component of the proteins gets converted to pitrates. This
conversion vo nitrate referred to as nitrificetion is a
important index for aerobic activity. In anaerobic activity
there are two Aistint phases, In thé first phase, vhe solids

»



in suspension are hydrolysed and go inio solution., Thisg is
referred to as to liquefaction., In the sec nd phase, the
liquifiecd matter is converted inio gases. This is referred
to as gasification.

Treatment of waste water can be achicved by aerobic
processes such as activated sludge process, trickling filter
treatment, serobic pond etc. Usually the space required for
aerobic units is small and to z2chieve 2 high quality effluent
aerobic processes only will be useful. 4naerobic processes xi:
such as treatment in septic tank, anaerobic pond etc can be
adopted when conditions for aerobic treatment are not found.
Lnaerobic treatment is very useful in reducing the initial
high load of industrizl effluent to levels where aerobic
processes can be adopted.

Waste stabilisation ponds commonly adopted for tLresiment
of domestic wastes combine anaerobic action in the lowerxr
portion where by the @arbondioxide released is used by :lgee
in the toplayer for photosynthesis. The release of Nﬂs 1
lower portion will activate bacteria in the aerobic layer.
This in turn will encourage formation of algal cells. The
oxXyZen released in photosynthesis in the aerobic zone will x
-increase bacterial population thereby increasing formation:
of carbon-dioxide s#nd pitrogen comsounds. This cyclic
interdependence resulting in mutuel benefit for aerabic
bacteria and alsgcae is calied symbiosis and results in
Stabilisation of was

CONC IS I0N

The microozrgenisms which a2re found everywhere can be
used for treatment of wastewaters. The environment zest

suited for the different groups of microorgarnisms cen be
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GEIERAL PEAMTURES OF WASTE STABILISATION PONDS
' RAMAY,

V.

INTRODUCT ION

Stabilisation ponés are engineered impoundments in which
organic was.e material is detained for a sufficient time TO
effect its stabilisation. Stabilisation ponds dc not employ
any equipment anc rely purely on natural forces for effecting
purificabion, ~he detention in the ponds will be quite long
compared to detention in conventional sewage t reatment processSes
1ike activated sludge plants and trickling filters and will be

measurable in days rather than hours.

Stabilisation poads may be used to treat either domestic

sewage OT ipdustrial wastes. The present® discussion is mainly

im meserd e Ghe lise Of waste stablﬁ;pwtlon ponds for treating

d anestic sewage.

Stebilisation ponds can function cucces fald paeaall
climates where sunshine is good ¢ 51.G temperatures &xrc not 00
low. -The method will, therefore, be suibable Tox MGEE rFeglLons

o ndiea.

The methcd hasg sasveral adventages over other metheods of
ewa.ge treatnont, Stoplllcal o poNGS de mot‘require any
equipment and can be construcsed witl local labour znd local
materials. “hey vequire little skill for operation &rd

maintenance. They ary also cheap T0 consStruct.

Sewage stabilisation pcnas may, therefore, be more

advantagéoug than conventional plants like trickliag filters
spnd activated sludge plants for our country. ' However, the
method will reduire more 12 1@ then other methods of sewage
treatment end may be suitable only in cases where: surfficient
1and is aveilable and the land is not 0o costly and a2lso
when the quantity of sewage ToO be treated is nct too largs.



HISTORY AND STATUS

The use of ponds for the disposal of humen wastes dates
back to gntiquity. It has been reported that in Persia, as
carly as 800 B.C., storage ponds for irrigation were used as
receptacles for human westes. The moats surrounding old

fortresses must heve functioned =lso as ponds for receiving
and trealing the wastes from the community inside. The
village tanks in Indic receiving pollution from various

Sources may also be taken 2s uninterded stabilisation ponds.

the first instance of ponding as a scientific method of
waste treatment occured a2t Santa Rosa, California, USA. There,

in 1924, sewage was discharged into = gravel seepage plot,

The gravel bed soon clogged and began to function as s sewage

pond giving a stabilised effluent low in ﬁOD; Shortly

thereafter ponding of sewage was carried out intentionally

in Vecaville, Sonoma and Calistoga in California. The method

soon found acceptance in the other stetes of the U.5.A. and

was widely used for army camps in the war years, At nresent,

stabilisation ponds have been widely used in Australiu; South

Africa, Kenya and New Zealand, Use of the method has slsc

been reported in a few cases fromvguoh eold countries as o

Ceanada, Sweden ard the Netherlands. s
The tirsh stabilisetion pona o be constructed 1w Eadiz

was probably in 1956 at the Engineering College Campus, Guindy,

Madras, to treat the campus sewsge. The_simplicity of the

system and the high degres of purification effected by it

attrected much notice at that time, .Subsequently in 1959,

an oxidetion pond was constructed at Tambarsm near Madras

in preference to a trickling filter for secondary t reatme nt

of theeffluent‘from the septic tark of a T.B.Sanstorium,



In 1970, it was reported that there were 50 stsbilisation
ponds in the country. The number must be much higher by now, '
In Tamil Nadu itself, there are now over 12 small-sized
installaetions sering educational ihstitutions, industrial
townships, houging colonies ~nd hospitals and there are also
tour mmmicipal installations, '
PROCESSES OF PURTFICATION

The processes effecting purification in stabilisation
ponds are essentially the same as the processes involved in
conventional cswage treatment. These processes may Dbe grouped

under &naercbic digestion and aerobic oxidation.

In anacrobic digestion, under favourable conditions
such as temperatures above 20°C, near-neutral pH, and
absence of dissolved oxygén, anaerobic methane bacteria
will remove organic matter according to equation 1 which
is in a simplified form with the intermediate steps omitted.

(GH;0). =—— Z-= CH, + -3 (0, e

The end products of the reaction a2re carbam-di-oxide and
methane. (Ammonia is also evolved during the process due

to the break-down nf preoteinaceous matter; but, it is nct
included in the equation as it does not exett any oxygen

demand ss in the stabilisation pond due to absence of any
significant aitrification). YThe mcthare escaping during

the process represemts removel of organic matter from the
system. Sixteen (16) grams of methane evolved in the process

means the removel of 64 grams of ultimete BOD as can be
seen from equation 2 below: |
CHy + 20, ~——7" 00, & 20 ey
(h6)  (64) '
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In aerobic oxidation, the organic matter is destroyed
i.e., BOD sawisfied, according to equation 3. (In this
simplified eguation also, the role of ammonie has been

neglected).

J

(00 )4 X ———— XCO

X ? '{‘ XHZO 2 0 0 00 (3)

Th wal)l o6 meen thet ihe serebic w aetiop reallires ithic supply

=0

of £¥ee '‘oXygen. 1in ponds, the oxjyren is. supplied By

photosynthetic oXyesenation and surfacevacration,

- Photosynthetic oxygenation is brousght about by algae
du?{ng sunlight. The-GO2 produced by becterie in equation 3
is uvtilised by the algae @u-ing sunlight for cell synthesis,
evolving oxygen in the process as in the simplified eaquation
4 velow, o

'X(COZ) ¥ X(HZO) —==enoo (CHZO)X + X0, e (4)

The oxygen is utilised by the bacteria for their aerobic
metabolism as in equation 3. It may be seen thet there is
a mutual dependance betveen bacteriz and algae in equations
3 and 4. This is usually referred to as the algae-bacteria
symbiosis in oxidation ponds, . It will be obvious that the

~quantum of photos&nthetic oxygen produced in stabilisatiocon
ponds will be dependent on the light incident on the surface
-and thercfore on the surface area of the pond.

Surface aeration implies the diffusion of oxXygen into &
body of Wéter-at The air—liquidringerface; Without the 2id
of mechanical stirring,isurface aefation is & slow process,
and may contribute only about 20 kg of oxygen/hect/dzy. The
faebor is, therefore; usually neglected and photosynthetic
oxygenation is considered to be the maia source of ozygen
in an stabilisation pond,

TYPES OF PONDS

It has been explainec¢ that acrobic oxidation and
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anaerobic digestion are the procetues of purification in
Stabilisation ponds, The pords may be designed for widely

varying degrees of asrobic ay 1 anaerobic activities aud

they may be clasgsified depending on the degrecs GI ZiLil
activities.,
\ i :
Ponds which are designed o function only anaerobically

are termed a8 ancerobic lagosns, Ponds which are decesigned to

vities are classified

!._J

permit both secrcbic and anaerobic acti
as facultative ponds or mowrs usually oxidation ponds.
Stabilisation ponds which are intended ©O funchion oniy

.aeroblﬂallj are called aerobic ponds.

b

The above classificatbions are based on function

variations. These apart, stabilisation ponds have also been
frequently classified depending on wheﬁher they treat raw
sewage, settled sewage or the effluent from full scale
conventional treatment plants., The respective classifications

have been raw uewage pondu,.settlea seWage ponds and pOllbhlng_
agoons o maturatlon ponds e

-ANAEROBI PON’DS |

Anabroblc pdnds treat screenea and degrltted raw sewage.
In apaer001 ponds. anaprdbl:;fondltlons are malntalned by .
restrlcthg thb.surfaue area which mey be as low as 1 hect,
for 400 = 1000 kg of influent BODE/day. . The depths used
ravige from T m to b, : e

 Anaerobic ponds are cbﬂwaétariSed oy blassy grey'coiour
Aand Dy < ome*amount"df gcum. The oond appearance may not be
pl casent and the ponds may glve il some odours. The pond.
may cffeot BOD and suspended solids reductions of 50 — 75%.
The effluent will be devoid of dissolved oxygen and will carry
some sulfides., The bacterlal reductlon in the QOHQ may '
not be vexy high, :
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FACULL““IVE.POPD”

Fercult atlv vonds gene“P 1y treat only rav Hewegze
(2fter screning s nd grit removal ). The sugpended ofgsanic
matter and the chL:LQaw orgenic metter (which getg
biofilocoulated) in the ‘influent setbtle Fo Lhe bottom of <he
poné and undergo anaerovit digestions fhe dissolved 1orcanic
metter-remains ip the liguid layers -ne guts shsbilised

E)he I‘Qbical lyo ‘_L\he genel‘?’.{l ‘-"'-"r) Ce (ﬂm; fLS Cq %,]O.‘m,l‘ _]_1’] _t"_']_)\ _,' ; I;]_O
doubt, there may also be sang diffusion of the ploouot or T

rartial digestion of the slgdmec] ato ths MGTOOLC layers

1_1

Similarly, there may ~ also be Some. txmnsier of the ~oluble
organib matter to the 'naeroklc sludge leyers in the form of
biomass settling down,

(FOr sﬁocesstl functioning, facultatiﬁe pOHd$’require
2dequate surface grea so that aerobic conditions eare main-
tained in the top layers by photosynthesis.  The enilife.ce area
S usuallycab(ut 1 heot, for 100 = 300 ke, ofiinfluent BOR

50
The depth ranges from O, 9 firio o Om |
Facultatiw ponds have 8 green Cplbur>due to'ﬁhe
preéean Sat elga Ihe spond will generally be aerobic in T

the tou loyors. Dissolved oxygen tests on the'pond show a
divrnal variation with e minimum value =t day breck, maximum
va.lue 2% midday and agoin = decline towards sunset."ﬂhe
mesx mum midfay 0,0, Voltcs may: b as hish as 30 oxr 40 ppm,
2 i Coy about 400 - BiC%: superscturation depending on sy
clearance. The minimum value iray touch zero Quring nights
or at Gay-break, '

The pH_vnlue»iﬁ the pond will exhibit & diurnal variation
similar to dissnlved oxygen. The peak value may bé'well
above 8.5 amd may occassionally rise sgbow 9.0 during midday.



ihe minimum velue may be well above the p~ value of the
influent sewage and near cbout 38.0.

ss0lved oxygen enc pﬂ in

The diurnsl varistions in d 0
es1lt of varistions in photosynthevic

DHE

JL
¥

the ponds are The direci
depending on light intensity. <Lhe overall incresse of pH

1
|

in the pond cen be ettributed £ o the removal of the CO2 in

solution by elgae auring photosynthesis.

Due Gto sersbic conditions created Oy algal'photosynthesis,
facultative ponds may not exhibit any great odour prcblem.
Even at night or during cloudy weather when dissolved oXygen
disappeers in the pond, the odaur problem may nct be

significant,

The BOD and the suspended solids in the facultative pond
effluent may be high compared o effluents from trickling
filters and activated sludge plamts. For exsmple, the S0D
end S.S. in the effluents from conventional treatment 2lanus.
The zlgal cells instead of causing bxygen deplecticn may
sctuglly cause D.0. to rise in the weceiving waters.

To estimate the actuai putrescile orgenic natter left
over in ponds, it will ‘be necessary 10 fil T omil- the Bicae
from the sffluent and perform the BOD test on the filtered
gample. The stendard DR chiies T O BOD tests on oxidation
pond semples 18 TO filter the sampies through Wo.42 Whgotman's

Pilter Poper. The percent muE i ceh oS successful
facultative pond besed on £iliered effluent BOD may exceed
80% most pf the time. Therc mey be considerable bacterial
reduction in facultative ponds and the effluent may generally

be free of pathogenic bacterie,
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ABTROBT( PONDS

ich has been

-z
R
=

dorobic ponds genewally wreal sevage

gettled or obhersise pretreaved so Lthot sludge q“uuua ation

(18]

may be reduced. The surface ares of the pond may have to be
comparitively large to provide erough olygen to satisfy the
entire inf nert BOD and mulnualn aerobic conditions for the
full depth of the pend.  The surfsce azea 15 usually aboub
60 kg/hect/dsy. The depth is usualily kept small at 0.9 m
1o enable full penetratior of sunlisht, :

Polishing lagoons treating secondary effluents from
conventional sewage treatment plants may also be considered

88 aerobic ponds., Aerchic ponds present no chance of odours
as they will carry dissclved oxygen 211 the time. The
purification in the ponds may well exceed 90%.

APPLICATIONS OF DIFFERENT TYPES OF PONDS

Anaerobi ¢ ponds, facultative ponds, and aerobic ponds

from the types of ponds under consideration here.

dnzerobic ponds are not suited when the pond effluert
has to be discharged into 2 wagter course or lake. The
methot mey rnov &lso be zuited when the instal lation has 1o
be close to commurities. But, the methed may be suitable
as & cheap and simple pre+?eatmert device for sewage farming
when the farm is located well away fiom communities

,,,,, ond emell
and appsrance sxe not, 1ie?ci9:;} O HACH CONCEEn,

Facultative ponds arc well suited for treatment of

sewage when the effluent has to be discharged into water-

1

comrses or-lekea,  They mayv 2190 be tiseful as

dretrestment
devices for sewage farming when the pend cnd the farmn have

to be locat:cd close to communitics. Stbil isztion nonds

may be idesl treatment devices for smell communiti:s like

hospitals, collegs campusces and towhships., The method i«
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CONSTRUCT ION OF WASIE STABILIZATION PONDS o 21
S. SRINIVASAN,

PREFATORY

In this arbicle e ﬁrdposed 50 de%aii”the steps
to be taken for the ponst?ucﬁioh of the sEabili%éﬁ;éniponéd
after the deSign'is;pompleueﬁ}} ?lthough‘waey ars éimple, i
necessaxy t; éi#eicare t¢ eyery detail pf the constfuction a]

. order to ensure economy and durability as well as good performance

2. SITE SELECTION

Site selection 1is rarticularly important when waste
stabilization ponds &are contemplated, The terrain must be such
that the pond or ponds will meet the shape and sige Tequirements
of the process design. A torpographic map of the site, Showing
contours.at not more thén 20 cm intervesls, , 18 desirable ezCep:
when the terrain 1is steep; learby utilities, irdustries, nouses,
special structures, and Gonographical featlires should be showa .

on the map..

Consideration must be given to nearby residential
arcas. The requirements concerning distarce from residences
are naturally dependent ox lecai customs, climate, and the'type
of treatment process planned. The permissiblie distance from
the pond to a residence is determined largely by the loading

applied to the pond, the ade quancy of des ign ind the standard



A of maintsmnce provided, In some cases residences have been

22 :located within 100 m of well-designed and‘Well—opefated
facultative ponds. Greater distances are needed for anserobic
systems. In our Countrj; it is considered good practice O
locate facultative ponds at least 150 m from smll residential
colonies and 450 m from large residential areas. In the USA

& minimum distance of 0.5 — 1km between & pond =nd & housing

development is customary.
2.2, SURFACE DRAINAGE

Special attention must be paid to drainage requilemqgiﬁv
The pond system must profect inlet and outlet devices and otﬁef“
feabures which can be damzged or destroyec by flood wate:d and
accolmpanying debris, Flood waters containing large amounts of
sediments may, through deposition and erosion, completely
destroy an inadequately protected waste stabilization pond.
0f equal importance is the drainage of normal stormwater runoff.
If rainwater cannot be drained, dikes may dsteriorate, insects
may breed in the puddles, eXcessive and unwanted vegetation
mey grow, and maintenance requirements will increase sharply. C:>

Suitable catch water channels are necessary.
2.3. FULURE EXPANSIONS

The site must be large enough for any anticipated
expansion. Since the size of waste stabilization ponds is

fixed on the basis of present flow and 1oad,’it is very important



that space be readily available for the addition of similaz & 23
or different units as the need arises. Fig.1 furnishes 2 5
model laydut'of a typicel stabilization pond for a_drainage

Sohome wherein the proposed Lagoon is t0 be constructed in such

a way that an additional lagoon could te taken up in the save

or lower contour as and when necessary.
2.,4. NATURE OF SOIL

A relatively impervious soil formation would help o
avoid percolation. Rates of percolation from ponds 1is in?luenced
by meny factors like permeability of soil, ground water
clevation etc. observed percolation rates from field studies
are naturally the resultant of these interacting variables.
However, solids deposited alowly seal the pond bottom and
once the pond has sealed itself, the percolation will at ®@in

a low steady rate.
2.5. GROUND WALER TABLE

Knowledge of fhe ground water teble at the proposed
site of pond helps to decide the elevaticn of: The pond since
it is desirable to keep the pond elevation well above the ground
water table so as to (i) avoid ground water pollution §ii)
reduce difficulty in exXcavation and (iii) avoid possible
reduction in efficiency of ponds due to the reduction in

detention time brought about by the entry of ground water (2).

Ponds should be so located that drinking water wells
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are not within 20 meters of = pond. Contemination over longer

distances from ponds located in fissured rocks, lime for-mations,

 limestores, or porous gravel deposits are however .reported.

Chemicel pollutants'généraliy travel longer'distances unlike
.bactéria in normal sdiisvand this factor shduld be taken into
cohsideration in.the loéafion of ponds fofﬂiﬁduStrial wa.ste

d isposal.

5. SHAPE OF THE POND

i ]

The ponds can be oral, square rectangular or polygogjl
depending upon site contours. In case of rectangular poRGS, i{\w
is common to have a length approximately thfee times the width,
The ponds should be rounded off at the corhers in order to
minimise the accumulation of floating materials and creation of

idle corners, There should be no islands or peninsulas or deac

pockets in the pond.
4, NUMBER OF UNITS

In the case of large installations, it ia advisable )
to have two or more small ponds in parallel than one big pond .
in order to have more facilities fdr-repairs, maintenance, and
flexibility in operation. For Sﬁéll ponds,ofiless than half 2
hectare single uﬁiﬁé would suffice. Multipig:units may %nclude
stand bye also, Ponds can be arranged'either in series OF i
parallel. Parallel pohds givé équéi load distribution, whe re

as series ponds have the reported advantage of producing superior‘

effluents from the point of view of bacterial efficiency.



Series ponds imply high B.0.D. loading in the primary pond and
‘reiatively low B.0.D. 1oading in the secondary pond., Anaerobic
conditions may tend to occur accompanied by some odour in the
primary pond while aerobic conditions will prevail in the
subsequent pond., The smaller the primary pond in relgtion

to the secondary pond, the greater will be the tendency to héve
‘anaerobic conditions in the former. In the interest of aveiding
anaerobic conditions in the primary pond, it is recommended

that the primary pond be kept at about 65 to 70% of the total

area,
5., FLOW. MEASURING DEVICES

It is desireble to provide a low measurement device
wherever possible. Without inflluent flow measurements it is
impossible to determinc the loading of a pond system, and
without effluent flow measurements it is impossible to determins
the percolation and eveporation losses. If only one flow-

- measuring device can be prdvided, it is preferable to determine

b lae tyo lune cof @ the (dnf luent.

A simple Vee Notch or a parshall flume or a welr
is quite common, inlets carrying pretreated waste-waters thougn
the Vee Notch is prefered due to simplicity. Although a welr
i8 used, it 1is reported that grit and settleable organic solids

do not present a major problem.

6. POND BOL'TOM

The pond area should be cleared of =il vegetation :

and debris, The pond bottom should be made as level as possil ..
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A tolerance of + 10 cm could be permitted in the finished ground

level. Where exXcessive percolation is aiticipated as in the

case of limestone -and sandy gravel formation, sealing of pond

bottom with a blanket of clayey soil oxr other local material
should be considered., No special treatment is required for

other soils{
7. EBEMBANEKEMENTS

The dikes (embankments) for large ponds should be

constructed very carefully. There must te close supervision

5

of the selection and placecment of filling material, the measure-

ment of moisture content, and compaction. Material containing

organic matter, such as grass, must not be used in constructing

the core of the embankment.

The method used for protecting the embankments will

depend on the extent of protection desired and the type of

material used., The outside of the embankment should be protected

turf grasses will provide adeguate protection; if not, some

form of rock or gravel protection must be incorporated into the
plahs. It should be noted that the outside slope is free. from
weeds and trecs, Appropriately graded rock, flat stone; precan

concrete slabs, or some other suitable liner must be placed on

the inside edge as a protection against wave action, Gravel

cah be used as. a suvstitute for crushed rock, but small gravel
has a tendency to move down a slope through wave action., Gravel

has been uscd in conjunction with crushed rock or concrete mats

from erosion caused by surfoce run-off and wind action. Usuily™
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to prevent erosion. In this state we hove been uding precast
concrete slabs of 3 cm thick laid over gravel packing for paving

inside slope.

The minimum embankment top width should be about 1.5
meters but sho“uld be increased to 3.0 meters' if vehicular
traffic is to be permitted for ins pection Bﬁfpdses, Embankment
s lopes to be given aré influencedlby the nature of the soil, 1ts
stability during monsoon seasons, provision of pitching, turfing
or otherwise. The outer sloﬁesvmaivféhge frd@ 2 to 2.5 horizon-
- tal to 1 vertical while %he .ibher ‘may be 1 4o 1.5 herizental
to 1 vertical, with lining., In soils of special nature inner
embankment may élso be of 2 to 2.5 horizoxtal to 1 vertical so
that lining may be}aVoided, éxcept fof abﬂut'BO‘cm below and

abové the water line to resist the effect of wave action.
8, INLET AR=A NGEMENT

The incoming sewér line may either bring the sewagé
by gravity, if cbntours permit, or by pressure line from a
pumping station. From the inlet chamber the flow is generally
carried well into the pond by means of a gravity inlet pipe
laid at a constant slope oOn supports_at intervals and terminating
in a bend facing down;wards. A small concrete pad is wually
required below the discharge point % act 29 @ sSplash tpady
Such a pad is made of aboutv1;2 m x 1.2m square or twice the
diameter of the inlet pipe whichevOr‘isblarger, The inlets
may be simple or multiplé depending upon the size of the pond

and in any case should be submerged.
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The inlet to a rectangular pord should be locatea as
& point about one-=third the length of the pond. There are
hoWeVér observations to show that complete mixing of the incoming
SeWage with the pond contents occures witain a radius of abous
15 meters from the inlet discharge, point, The important
precaution to be observed in providing the inle®t arrangements
is8 to ensure that the incoming sewage is not dischargéd ir the
direction of the outlet thus encouraging short circuitiug.

The main inlet chamber may be located as near the r=

outer of the embankment zs feasible and cemtrally with respect

to the width of the pond. This will alsc permit designed
distributions of flow between 211 the inlets when multiple inlets
are necessary. Inlet chambers)ﬁay accommodate the V Notech and
the coarse screen may also be provided in the chamber of sewer
lines directly discharge by gravity. Such coarse Screens are

not necessary for discharge by pumping mains sSince only screenced
sewage is pumped. The flcoor level of the inlet chamber should

ve kept higher by atleast BO cm than the water lwvel in the . &Y
pond to ensure free fall and grevity flow conditions without ’
any backingup into the inlet chamber. Inlet chambers may be
designed, to remain open but in case it is feared that owing to
stace br septic condition of raw sewage odours may be given off,

the chambers may be closecd suitably.

With the above concepts in view, design of inlet

arrangements may be done taking into accouat the site conditions

Soir e

as Weil, which is of equal importance. Two typical drawings
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for the inlet arrangements are furnished for reference. ‘Fig.(2)

is the arrangement when the incoming sewer is by gravity. *-

Pig.(3) is for incoming sewers by pumping.
9., POND INTERCONNECTIONS

Pond inter connectioné are to_be_pfo%ided in case
multiple units are ?rovided in series. Due importance is to be
given to the rele tive position of the inter connections to avoid
short circuiting., 4 simple type would be to provide a piDpe
line of suitable diameter through embankment and lay it abcut
20 cm below the water level., The lower end of the inter conne-
cting pipe may be provided with a bend facing downward‘to avoid
short circuiting by thermel stratification. In cases where the
multiple units are operated at different levels owing to topo-
graphical or other reasons, the interconnections betWeen each
pond may be made through e chamber similar tn Pig,(4). Provision
" of valves in between is necessary in case flow r=gulation

between ponds is intendec.
10, OUTLET ARUAGEMENTS

< The. outlet may be in the form ¢f 2 pipe or & suitable
iength of the weir. To prevent floating scur as well as algae
from passing out with ths effluent, baffles‘extending Lo 15 en
below and 15 cm above the pond water level may be provided.

The sill of the outlet weir shculd be placed at the desired

operational level of the pond., Provision of an outlet weir

instead of a pipe would enable operation of pond at éiZferent
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' ', leVelS by 81mp1y pIOV1d1ng tlmber pkanks ‘This helps_ih

0peratlon'ﬂ fleXiblllty.

A typical arrarngement for outlet is furnished in

Fig. (5 )
1, DPATNING OF THE poyp 0 0 Bibed ok

Arrangement for complete draining of the pond by

prbﬁisioﬁ of suitable drew off pipe at the required level is
.- desirable in larger pond., This pPipe must either be tight secu—

rely plugged or valved for coﬁolete elosing, « ln ﬂWtexnatlve

1S 5o -instal the Outlet Pipe in sections and drain the pond

by removing various sections of the outlet‘pipe.
~12. MISCELLANEOUS PROVISIONS

Wen01ng the pond area, warning SanS indicating tle
nature of the facility prov1ded access roads and proper llghtlng

are necessary adjuncts.
L G RSTTMATRES L6 5 e S e {

An estimate, for the construction of a waste stabili-
zation pona of six million litres capacity is ‘appended, The
estimaté provides for rates applicable to an average tbwn in
TamilANadu. The proposals are estimated to cost Bs. | lakhs

to instal and BRs. to maintain annually,



general lichting.

Total. Cpo.

6,87

1,560,000

o Rk
i
APPENDIX
ABSTRACT _ ESTIMNATE.
CONSTRUCTICN OF WASTE STABILISATION POND. . TO TREAT 6 MILLION
- LITRES PER DAY. :
GGG CmC —C —C =C =G =C e G =C G = CmeGmC =G -G =C G GG e =C—C =C = CaC=C=C ~C =C=-C ~C=C ~C =C—
I Lo ; Lo
Ngen Description of worki. Quantity. Rate/per Amount
GGG Gt CmGomG =G = C— = C= C == G C=C = C e GG =C = G C=C =G C= =G = =C =C = C =C ~C=C=C=C=C=C=C=C ~
1. 2. 8 4, 5e
GG =G =C =Gi=CmC=CmCom G —~ComC == C—C =C =C =G =C =C = C—=C = C=C ~C =C—C =G C= C=C =C=C—=C~C=C=C—C=C ~C~
1 Site Ciearance. LS. 2,000
2. Farth work excavation in all solids :
upto a depth of 0.25 m including 16,000 cum 2/cum 32,000
depositing on banks with extra lead
and lift etc. ;
3 Preparation of good water retaining 15,000 cum 4.25/ 6,375
bund inciuding compacting and rolling 10 cum
in layers etce;, °
3. Filling up hollow pockets ia pond L.S 1,000
bottom with impcrvious materials.
5. Gravel packing on the inner face of 3 Aol
bund 15 cm tnicke =0 18.20/M" 4,368
6. Providing lining with C.G. slabs 2.5cms  1,600sqm. 12.25/M% 19,600
thickness. é
T Turfing the ear faces of the bund. 2,000sqm. O.78/M2 1,400
8.  Providing laying and jointing 250mn .
RCC pipes to proper gradient/lQO m L 51/Meter 6,120
upto the pond centre.
9 Providing suppcrte for the pipelines
and concrete pad bhelow inlet. L.S 1,000
0 Providing inlet chamber with neces- wLiS 15,000
: saTy pipe commections & Vee Notch.
11. Providing effluent control chamber L.5 4.,00C
including piping,control shutters etc.
112 Scone arrangements. L.S 1,00C
13. Providing 1.5 m high barbed wire fenc- 1,200 m 50/Meter 60,000
ing with concrete posts at 2m intervals,
etc. complete. :
l4. Providing necessary approach way and

31
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3 2  =C=C=C=Ce=Cm=C=CmC=CoC =C=C=C~C =CoC =C =C =ComComC ol mC=C~C=C=C=C=C~C~C=C=C=C~C =C=C

l' 2 3. 4‘ 5
~C=CmC=C =C = G =C =C =G =C =ComC —C = =C=C =Cm=ComC—=C =G =C =C =C =C =Cm=C =C=ComCmC =C~C =C ~C=C=C

o/f. i ~ Re.1,60,000
P.S. and contingencies at about 5% .. 8,000
Unforgeen works at about 5%. . 8,000
RS- 1,765000

ADD for land value for 9 Hectares
at the rate of Rs.50,000/per hectare. 4,50,000
TOI-,[;I_.. RS:65269000

or 6.26 lakhs.

1 Sms s T B W

ANNUAL MAINTENANCE CHARGES

Rs.
Is Salary of two lascars at the rateg e
of Rs.250 p.m. fer €acq lascar. s frge
2 Repairs and renewais to shutters
pipelines supports, masonry pors. s 3,000
tions, lining, feneing etc. 7
Sie : General lichting. ~oo 1.000
10,000
CAPITALISED COST = Rs.6,256,000 + 10,000
0.08 =
4

e e

=C =C=C=C=C~C—C~C=CmC~CmCmGmC L ~C—C~C+-C~CmCmC L =C —C =C—C—CmC =C =C =C —C --C—C ~C —C ~C
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AERATED. IAGOGNS 7 v f

S. SRINIVASAN,

INTRODUCT ION:

Waste stabilisation pondé are ideal treatment devices
o
for small commnities like hq&els, hospitals, townships etc. and
also rural arcas. Provision of these ponds in areas vhere the land
cost is high will however result in an uneconomical pinject. As
stabilisation is primarily due to photosynthetic oxygunations, these
ponds will not ensure operational efficiency in areas >f poor sunghine.
‘ﬁigfurther the simplicity of a pond perhaps results in its maintenance
being ignored with the consequent probl:ms of odour, ©osquito and
larvae breeding etc. M@n aerated lagoon method of wast2 water process=
ing satisfies a great nead for cconomical high degrée treatment where.
adequate.lanc zrces are sot available oi a reasonable cost and offers
itself as a s:iig::ctory‘choice'Whéfe:stabiliéétion pcrds are not

suggestibliz.

An aerateo lagoon is essuntlally dlfferent from the
stabilisation poncs in that the natural algal oxygenatlon is substltuted
Oby mechanlral z,ormlon. The laooon is cenerally an earthern basln

hav1ng a depth oF ﬂbout 25 t0:-3ed mﬂters of sGNage Wthh is aeratnd

c1thcr by dlffhseQ °1r or by mechanlcal surface aerators 1nstall=d one

floats or raftz or on a permanent base. Raw sowage can bo fed 1nto
the 1agoons after screenlng and grlt renoval but Nlthout Qny prlmary =

settllng. Detbnt¢on tlme rang1ng from 3 to 5 days Oor more 1s prov1oed

dependlng upon *he type of waste.
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2 3 The blOlOgngl prOpess in a pond w1th a llqu1d

depth of abcut ¢.5 to 3.5 meters w1ll be a mlnlmabjgenp9103qotlémﬁ eloYe[S; nnl‘paqp;
confined to a thln layer at the top Whlle the llqu1d below will be -
subject to anaerobic actions (Flg. 1A) } Prov1slons of art1f1c1al
aeration for such a pond may be done wlth two alternate e (1) to. .fhr 'b(¢:§,
ensure ‘aerobic action in the entlre depth (Flg. lB)or(ll)to ensure
aerobic actions in the maJor pOIthn of - the depth of the lagoon,
leaving thé bo“tom-most layers-ln an-anaerobic stage (Fig. 1G) .
In fully aerobic systems mixiﬁg must be adequate to prevent sedimenta-
tlon of suspended solids except in very limited areas and no dependence
is placed on anaerobic phenomena. (8) The time required for
stabilisation is however the least but the.quantity of sludge to be

treated is mofe and hénce the sludge.pfoblen is ihtensified, In the
aerobic-anaerobic propes? ho&éver, aé;ators'ﬁay be to such an extent v »Qiil
that aerobic<coﬁditions are maintained in upper layers of sufficient
depth to 1ntercept and ¢ ablllze the relcase of obroxious anaerobic Y @fi?ﬂiwC*

decomp051tlon products such as H2S from the bottom laverse.

In such a system the heavier suspended solids,
inc luding biological flocs are allowed to settle on the bottom of the
lagoon where these matters subject to anerobic decomposition are free
to do so. The liquid and gaseous products bf decomposition released
at thé sludge water interface are cérried by the circulating mixture
into the aercbic 2one abo¥é& :nd utilised by the aerobic organisms, thus

preventing the release of obnoxious gases to the atmosphere.
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The aercbic anaerobic lagoons have an adlitional advantage in that
they approach the total oxid.tion cnhcept and also minimise the

sludge disposal problem. The latter enables the effluent to be
directly discharged to the recéiving waters because of its 1ow settle-.
able solids content. Thus the péwer consumption for the aeratdr L5
kept at suchia level so th-t the turbulence is just sufficient to
ensure effective distribution of (4" througha t: the basin, but

insufficient to maintain the solids in suspensione.

The D.O., level to be maintained in the lagoon is
about 1 to 1.5 mg/l throughout. Due to this restricted-sCOPe of aera=-
tion, there is a saving in power consumptibn also when compared to a
full aerobic process. HWhile waste stabilisation ponds‘are generally
about 1 meter deep to ensure algal photosynthesis, the aerated lagoons
are 2.5 to 3.5 meters deep Zesulting in less area reguirements.
Again, detention time required for an &érated lagoon isonly about 3 to
4 days for domestic sewage compared to about.iO to 15 days for a waste
stabilisétion pond. Hence land area required for an aerated lagoon
will only be about one tenth of the area required for waste stabilisa-
tion pond. Thus the aerated lagoon is ideally suited for small communi-
ties where land is pfohibitive and an optimum design would be on a
aerobic-anaerobic principle with minimum powér consumption such that
the effluent could be dircctly discharged into streams. The detailed
analysis of aerated lagoons in the following sections ilsabaisedsien fhe

above concepts and the scope is confired to domestic sewage only.
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3. FACTORS AFFECTTING DESIGN

The factors affecting design Qould naturally be
governe?l by the basic principles of B removal in biological treat-
ment. Kinetics deals with the rate of.reactions and in chemica;
parlance many reactions have rates-which, at a given temperatﬁre are
proportional to the concentfation of the rcactants raised tc a small
integral power. For example, if Ca is the coﬁcentration of a reactant
then

Rate of reaction = k.Ca for a £irst orxder reaction.

K.Ca2 for a second or.ler reactiona

:K.Can for an nth order reaction.

~ where k is a proportionality constant. Kc%mﬂw
-

In acrated lagoons Bod removal is generally governed

by a first order reaction and hence can be expressed mathematically as

dLe = - K Le
dt
where Le is the BM to be satisfied at the end of time t and k is

the system Rate constant. Integrating between limits o and t and
denoting BM at zero time as La, we get

-kt :
le = 1al0 wherc la is the influent B,0.D.
w—-

The system rate constant k iteelf varies with temperature of the lagoon

contents and is expressed as
: ﬁ (t-20)
Kei = Bog

where K¢ and KQO'are system rate constants at t and 20%

and 0= Constant at 1,03 for our
temperature range for aerated lagoons.
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In adlition, another factor of importance is the total
oxygen recuirements which aTe related to the B.0.D. removal and the
quantity of biolgzital solids in suspension. Since settling is allowed
and solids in suspeneion are at lower concontrations in an aerated
lagoon, the oxygen requirements are more oOr léés directly related to
the B removal (7) . Studies, have indicated that oxygen consumed
is about 1.3 to 1.5 times of B applied. Oxygen requirements can

therefore be calculated directly from the B@D.

Thus the factors which essentially goveIn the design
of an aerated lagoon are (i) influent BOD (ii) standard of effluent BX®
required (iii) Temperature of lagoon\and (iv) Time of reaction, that is

detention time required.

3.1, INFLUENT AND EFFLUENT B.0.D.

Domestic sewage, subject to.preliminéry treatment by screen-
ing and grit removal, which is fed toAthe lagoon would havé a BEDiof
about 300 mg/l. The effluent BOD is governed by the cfficiency of the
treatment and an apglication of the first order formula would incicate
that the efficiency for a reasonable detention would not exceed 90%. This
is confirmed by figure 2 whiéh gives a graphical representation of this

equation for a k value of 0.25.

3.2. TEMPERATURE:

The liquid temperature in the aerated lagoon will depend
upon the heat balance resulting from changes in ambient temperature and

lagoon temperaturc. Heat is lost through evaporation, convection and
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radiation and is gaineﬁ fron solar radiation. This is in a‘idition
to the seasonal variation in the temperature which may be pronounced
in certain locations. From the temperaturc relationships giQen
~above, it will be seen that for a town with a tempcrature range of
209C in winter to 40°C in summer, the value of k would increase about
two fold 1.035'(40-20) = 1.998. In such cases the lagoon has to be
designed for a lower value of k so that it would function effectively
during all parts of the year. In fact, an instance has been quoted
in the Sfates, where two lagoons were clesigned in parallel and a

satisfactory solution was obtained by operating the lagoons in series

during the winter months.

3.3 SYSTEM RATE CONSTANTS : : e

The procedure to be employed in -letermining the system
rate constant for a waste to be treated in an aerated lagoon is by

batch aeration of the waste seeded with én acclimatised effluent.

The studics are conducted at constant temperature through a wate; bath
maintaining a D.0. concentration of at least 1.0 mg/l in the waste.
Samples of the aerated waste are analysed for BM at close intervals
of time. The system rate is cetcrmined from a plot of the lccarithm
of the B.0.D. observed against a linear scale of time. The slope of

- this line gives the value of the system rate constant k. Studies
indicatc that the valueof k would be about 0.25. The value of P
could also be found out by the same procedure varying the temperature

in the constant water bath and comparing the results of k.

JFR IR o



3.4. DETENTION TIME:

 This is the most important parameter. The graph in
Fig. 2 wodd indicate that a reasonable efficiency could be obtained for
a detention period of about 4 to 5 days. We may analyse this by taking
a typical case of "dcmestic sewage.
In the formula Le = La

substituting k=029 and

il

—%S— = (010 fo: 90% efficiency
we get t = 4 days.
This may also be analysed from a different angle.
For a town with a rate of supply of 100 lpc. and a BD contribuéion of
50 gms/day detention of 4 days amounte toaB® loading of 0,12 to 0.15 kgm

for every M3 of lagoon volume.

4, AERATION SYSTEM AND ITS ChPACITY:

‘Two types of aeration e@uipment are aVaiiable (i)
by compressed air to be diffused by means of aApipe grid laid at the
lower depths of the lagoon and (1i) by surface aerators of the mechanical
type. The latter has fast replaced the former since surface éeratoré
have a higher mixing potential and there is economy in running electrical
lines vis=a=vis air lines over considerable distances. Surface aerators
would obviously be more suitable for lagoons under aerobic-anaerobic

process since the bottom layers would not be disturbed.

4,1. TYPES OF SURFACE AERATORS:

Surface aerators can be roughly classified in three

groupings (24)
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(1) an impellar which induces flow across the blades in a

vortux action and surface’ licuid sprays

)

o

surface impellar with a draft tube from which

liguid is sprayels and

(1ii)a submersible pump which pumps liguid against a dafl;ctor

plate from which it is sprayed over tuc water surface.
For (i) and (ii) abowe the oxygen transfor rate is rclated to impellar
diameter, speed énd degree’ of submergence of the rotating element. For
most units there is a speed and submergence which gyives optimum oxygena-
tion efficiency. This efficiency is expregsed as kg of oxygen transfefrcd
per hour per KiH at 20°C and zevo dissolved oxygen. The oxygenation
efficiency of surfacc aeration units also varies with the volume of

liquid un-er aeration.

In all the oxygenation processes a certain amount of oxygen
transfer takes place through atmospheric oxygen exchange at the air
lagoon interface but this is generally small and is neglected in
calculations and all the oxygen transfer is assumed to be due to

mechanical aeration only.

Oxygenation capacity of mechanical aerators ranges from 1.} to
1556 kg of O2 per kilowatt per'hour at QOOC and zero D.O. This takes into
account the efficicncy of the motor and aerator also and the losscs in
transmission. Thc capacity can be asscssed in laboratory experiments

and correlated to field conditions by suitable correction factors.
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4,2, TYPES OF AE2MTOR FIXINGS:

ficrators may be of the fixed type or of floating type.
In the fixed type, 'it is essential that the ligquid level in the
lagoon is maintained constant so as to ensure the required degree of
submergencc of the acrator bladcs. This necessitates water tight
conlitions in the lagocn and discharge of cffluent over a weir fixed
at the desired level. = The neec for‘a water tight condition in the
lagoon requires a higher investment to avoid percolations by suite 'e_‘:.3
lining. Control of percolation will also be neceéssary when the location
of the lagoon requires prevention of ground watcer pollution. Floating
aegrators could be fatgz ated in non—corridble material to ensure
Adurability and the floating pontocris sould be anchored to the sicle
banks by steel ropese. i

The aeiators are normally of capacity upto about 15 H.P.
only ané in case.higher ratings are required, multiple aeratons are
provided. Spacing of acrators is restricted to less than 60 mete£s

in order that sufficicent turbulence is created,

4.3, ADDITION OF NUTRIENTS:

These are not required for domestic wastes but only for

industrial wastes. Herce this is not consiclered in detail.

5« CONSTRUCTIUNAL DETnIlS:e

acraéors.are normally of symmetrical shape circular
or squ-re so that the acrator fixed centrally would ensure uniform
action. Uherc multiple aerators are required, rectangular aerators
could be proposed. In case, site conditions necessitate uneven shapes,
the number, capacity and digposition of aerators should be sﬁch as to

ensure uniform oxygenati :: .

¥
.
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The sides are ih earﬁhern bund with required slopes

and bottom width for retaining the liquid depthe. Gravel packing
covered with precast slabs is necessary for sides to make it water -
tight. The bottom may also be lined with precast slabs of suitable
thickness to ersure the same objective. The inlet pi;s ma? be
conveniently submerged to avoid olours and short-circuiting while the
outlet weir is proviried o% sufficient length to zvoid heading up at
peak flows which would change the zerator submeryence in the case
of fixcl aerators. A stilling baffle may also be provided in thec outlet

to avoid the scwage splashing over the weir owing to agitation in lagoon.

The aerator, if of fixed type may be installed over a
RCC platform of size say 2m x 2m resting over 4 corner columns in HXC,
A foot bridge for approach to the aerator may bé provided, or in the
aléernative, a cahoe would be sufficient especially when operation of

the aerator could be done from the bank itself by suitable controls.

Slulge removal is practically not rccuirel, and the
maintenance is confined to the maintenance of the civil works and the

ae:ator.

6. SALIENT DESIGN FEATURESS

Salient featurecs of the design are given below for ready

reference for a typical domestic sewagc in a town of moderatc climate.

Detention required = 4 days.
Liquid depth for lagoon. =325 te 3D m
Per capita supply.. = 1600 lpds
Influent BOD = 400 mg/l or

40 gms/capita/day.
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0.12 to 0.15 kg of BOD/
M3 of lagoon volume.

il

Organic loading
Oxygen requirements = 1,3 to 1,5 times Of
B applicde.

Oxygenation capacity 8_ = 1.1 to 1.5 kg of O, per Kill
of aerator. =

Maximum spacing of 0_ o 60 m
aerators. o

A typical design for an aerated lagoon to cater to a town of population

of 30000 is worked out in ‘ppendix-l.

7. COST COMPARISONSs

Rouch figures indicate that the cost of provision of an
aerated lagoon for domestic sewage would work out to ELEEZZ_ES—ﬁzggz:_per
capita, the higher rates being applicable for lower populations rangese.
Annual expenliture per capita on running charges including DOWeT

and maintenance,works out to about Rs.5 to 7 per capita. A cost comparison

—

between a waste stébilisatign pond and an aerated lagocon is no doubt
possible but varies to a great extent upon lanl co;t. For a land cost
of - about Ts.25,000/~ per hectare the combined cost of installation and
capitalised runnirg charges for an acrated lagoon zre about 2 to 3

times the cost for a pond. For lant costs of adout Rse1.D lakhs per hectare

the total costs for the two methods send to De more or less cqual.

8. INDUSTRIAL WASTESS

Aerated lagoons are successfdlly adopted for treatment
of wastes from various industries. Specific advantages claimed
in this regard are that acrated lagoons (i) sustain biological solids
which are relatively stable at low loading rates (i1) resistance

to upsets (iii) ability to treat high strength wastes,
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HEALTH ASPECTS OF WASTE STArILISATION PONDS
Dr, C.A.SASTRY

INTRODUCTION

In their relatively schort period of history waste
stabilisation ponds have been referred to many different
names such as Oxidation ponds, redox ponds, maturation ponds,
sewage lagodns, anaerobic lagoons, facultative lagoons etc,

The term "Waste Stabilisation Ponds" has been more
widely adopted as it is more descriptive of the real function
and includes aerobic as well as anaerobic modes of stabili-
sation. The word "Waste" includes both sewage and industrial

wastes.

Waste stabilisation ponds are classified according
to the biological process taking place, namely aerobic,

sngerobic and facultative.

i, AMAerobic Ponds are shallow ponds of 1' dépth or less
designed to maximise the grommh of algae. Aeroblc condltlons
are maintained throughout the depth of the pond 21l the +ime

and the waste materisl is #tabilised entirely through aergbic

microorganisms,

ii, Anaerobic Ponds are those designed for higher organic

loading so that phchosynthetic zlgal action is precluded and
, angerobic condiﬁions prevail th-ough-out the pond,volumé,‘f:

Such'ponds are butlt deeper. The effluent from an anaerobic .
pond w1ll usually have high BOD and requlre furtner treatment

Facultatlve Ponds are relatively challow about 3 to oL depth

and predominantly aeroL ¢ during the sunshine hours as Well as
- for some hours of + he night, In the few remaining hours of
the nlght the upper layers of the pond may or may not be

e pahs o Bt bis 0 6 0m layers are generally anaeroolc
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Algﬁe o-‘lmpo'tamce in 0X1daTlon ponds 1nclude (2]
Green a.gae: ﬂhlorella. QCE Q@SPU». Chi amﬁdamonus etc. ' (;
5(5)'BI%£Tgfd%ﬁjé1ga' chnAtviatice . Anabone, Osclllatorla
fc) FTlagen**e lﬁnglenal 1*auiplom0ﬁag{ Phaﬂhs etc.. and

(d) YellO" ’@enn Ksterionella, Wa 1@@7 Cycl uella

nl 1u1g‘ _waste stabilisation po hdo have been in use

for a - considerable fiﬂe“t;atfha%e be=n \eSl rned on an engine-

fVerlng babls oan erQ agll *ﬂ*‘“Fffv“pncyfoféf

aste-wever treab-
“hent Hethod in r~m071“b p *kogenw oroanwsms ig’ often given

AfSGcondaﬂy"conoLdchtﬂun. 7IH~¢nd13““an~ﬂ>roW an& treated

"gawage 1s ased for 1rr1g8 JDT ard Nhe"@ the reue¢V1nU stream
quth low sunmer flows ofteh forms tn@.wdTer bupply of
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numerous villages, removal of pathogens from waste water is
of primary concern. The studies made by di fferent workers on
the removal of pathogens from sewage dyning treatment in
oxidation ponds is summarised in this lecture. The problem
of mosouito, fly and water flea breeding is also discussed.
As long as the ponds are maintained properly there is no.
health problem associated with them, h

MOSQUIT CES

It is necessary to adopt good house keeping measures
for ensuring freedom from mosquitoes and flies. Properly
maintained ponds will not afford environs for the breeding
andiskelter of mosquitoes. However, shallow edges with
emergent vegetation and anaerobic conditions may afford a @
chance for’mosquitoes %o breed and prolifexrate, At times
mosquito breeding attributed to a stebilisation pond may
actually occur in puddles, borrow pits and depressions in
the sorrounding land and therefore the general sanitation

of the whole area i3 ebsentlal

The ucual Ttypes of mosquitoes to be guarded agalnst

in India are of the Culex varieties (culex fatigans; C.,Tar-

satus) responsible for spreading diseases like Filaria,
A N

Mosquito nuisance can be effectively controlled
by keeping (&) the weed growth to 2 minimum and (b) the
water line free from marginal vegetation, Mosquito breeding
can also be controlled by the adaption of larvicidal measures
in the form of 1 or 2. per cent oil golution oFf DIE, BHC dust
or 2% Malathion emulsion,

Seeding the pond with sufficient numbers of water
minnows (fish) such as Gambusia, and Lebistes reticulatus

is found to be useful for the control of mosquitoes as these
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-fish:feed at the upper surfece of ponds, where: incidentally
- mosquito efgs and larvae are to be found,

FLIES

Flies in which the operatqr of a pond.may‘be
interested are mainly two commonly occuring generat (=) the
house fly (Musca domestlca) and (b) blooa wo rms (Chlronomus .
tentans) and(c) Tendipedi formis. : ; C

House flies will generally not be prevalent in ponds
which are functioning satisfactorily. But where anaeroblo
conditions prevail or where raw sewage solids are held as

- in inlet chambers or grit channels, such flies may be found
in plemty. Good house keeping and proper operation avoids

flies,

Chironomous larvae or '"blood worms" as they are
commonly called because of their reddish worm like appearance
are often found in stabilisation ponds seasonally. .The adult
fly has no special public hedl th significance but causes
nuisance and umaes thetic appearance in a pond. Number of €
Speclal control measures are_generally adopted by way of
removing floating mgtter albng with its egg masses from the
corners and sides of ponds. Removal of weeds and overhanglng
grass also helps to remove entrapped egg masses,

WATER FLEAS

The water fleas (Cladocera) which have been reported
as occuring in stabilisation ponds are (1) Moing dubia

- (2) Dephnia Magna (3) Simocephlus exopinosus. They have

no established public health significance nor create any
special nuisance @ ndition, They are known to feed on green
algae like Chlorella and can sharply reduce their population
under certain conditions. The addition of lime at the rate
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i about 2 to 10 Kg over a 1ocallsed area reduce their number.

“Pheir role is not knvwi. They help in reducing bacterlal
mumbers and stabilisation of o1xganic matier, :

Stabilisation ponds can withstand certain amount of
fluctuations in the waste load. But as far as possible
sudden or extreme variation in the characteristics of the

waste entering the pond should be avoided. Operation amnd
~ maintenance of stabilisation ponds is mainly 2 matter of
good house keeping. This is the key note of successful
wo rking. In most respects the operatlon and maintenance
of a pond is soO simple thax it tend to be neglected

REMOVAL OF SALMONELLA

It has been observed that the sewage from any
community invariably conteins pathogenic micro-organisms
that cause a variety of intestinal disease. Water bcrne
diseases include based on the causative organism (a) Typhoid
- Paratyphoid, Chalera, Gastroenteritie and dysentry caused
by bacteria (b) Amebiasis caused by Amebic cysts (Pmtozoa)
(c) Hepatltls or polio caused by virus (d) Histoplasmosis
- caused by fungl(e) infections caused by worm etc, Eggs of
some intestinal worms and larvae of others find their way
into water, Crustacean cyclops contain larvae of guinez
worm, round worm, etc. '

e The genus Salmonella, which contains the typhowd
bacillus, has more than 800 species of bacteria. These
cause Salmonellosis, comprising of diseases like dishrrea,
typhoid and paratyphoid fevers are common in'humahs and
other animals. The usual habitat of this group of organisms
is the intestinal tract of the infected individual and 1% 1s
spread to susceptible 1nd1v1duals through fecal oral route,

salmonella are excfeted through feces by the patlents
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even after illness, Temporery cariiers excreting the
organisms for 2 to 3 weeks after illness are common, Chronic
carriers eXcrete Salmonella upto a year. Three per cent

of the typhoid fever patients excrete organisms indefinitely.

If such a carrier is present in the community a continual

influx of S. Typhosa into raw sewage can be expected and

its elimination during sewage treatment will be of paramount
importance,

:  'A An epidemic of gastroenteritis involving 2500 persons (“.
out of the total population of 15,000 occurred in Madera,
califernia in August 1965 and it was correlated with the

high coliform counts of the city's water distribution System,
The probable source of the epidemic was the undisinfected
sewege from an. adjacent sewage>irrigation field that could
enter the Well. : |

Though Salmonella are transmitted by other modes,
water route for its spread plays = major role in the occurance
of Salmonella out bresks, It is well established that
Salmenellosis could be eiiminated by proper water treatment.
This has been achieved in western countries even though none

T

of the conventional sewage treatment processes could produce &
Salmonella free effluent,

The results so far in literature show that the “otal
bacterial counts of raw sewage when it was treated in an
activated sludge treatment plamt, were reduced by 92-98%
anmd the coliforms, S.Typhose, paratyphoid bacilli and
V.bholera and shigella were reduced by 91-99%,

In a study on the oxidstion ponds, consisting of
three cells in series and treating 5 MGD of raw scwage,
Joshi ( : ) observed that Salmonella were completely
eliminated while they were always present in the raw sewage
in the ramee of 4 Lo 540 per 100 ml.
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The survival of Salmonella on soil in grass farms
1rr1gated with sewage was 3 to 6 weeks, However, their
surv ival opn vegetables like tomatoes, lettuce and cariots
is less than seven days,

Thung showed thet the effluent of a pond with deten-
tion period ranging from 30 to 60 days will be free from
Salmonella provided no short circuiting take place,

Sidio inocculated Salmonella cultures into the pond
influent and repo rted their complete destructlon in 12 days.

 Intestinal pathogens belonging to Salmonella and
shigella are found by CPHERI to be completely ellmlnated
from sewage during treoatment in oxidation ponds. '

Enteric bectema1 diseases are guite common in dela
As a result, raw sewage conhains 1erge numbers of these
infectious organisms and none of the conventional sewage',
t peatment methods can eliminate them completely. TIn order %o
break the link in the chain of transmission of these diseases
by the water route, it is essential that sewage effluents
should be properly chlorinated, Unfortunately, this is
never practised, though recommended. Al ternately, we will
be able to achieve this end by utilising properly designed
stabilisation ponds for treatment of sewage. This is practi-
cable in several regions in India, not only because of the
low cost involved but also because of abundant sunshine aﬁd
favourable temperates to effectively operate the ponds for
the elimination of enteric bacterial pathogens.

REMOVAL, OF BACTERIA

Average coliform and enterococci rzductions of the
order of 80 to 99,9 per cenb are achieved in ponds with
> Gays detention in summer and 4 days detention in winter.



The die away of coliforms end bacterisl pathogens in stabi-
lisation ponds aresbelieved. to be mainiy due to the prevalence
of pH values in excess of 8,0 and even as high as 9,5 to 10,5
at certain hours generally in afternoons. This may be due

to other causes alse such as the rclease of antibacterial
substances by some algae.

Experiments carriec¢ out at Nagpur showsd that in the
presence of algee, E.coli was completely eliminated within
4 to 8 days depending on temperature, However, whan sewage
was buffered and kept at 7.5 E.coli was not campletely
eliminated even after 13 days inspite of the presence of algaggf

:REMOVAL OF PARASITES

Considerable knowledge exis®ts in regard to the fate
of Helmdinths in various conventional sewage treatment systems.
In general all these systems remove 40-90% depsnding on the
treatment process, Studies have shown that ascaris, trich-~
uris and hook woir: ova recductions in activated 31udge
process were 93 to 98% and 98 to 100 in Trickling Filter
process, The Trickling Filter process effected 88 to 99%
removal of Incamoeba histolytica,

The en7iroamert ia cxidation ponds was found to be
not conducive for the propogation of the snail vectors of (&

Bilharziasis, In over a ycar of observations.oa & pond
series at Imsaka o helminths. cysto or ova were found in
the effluents from tie pond thfcugh they were isolated from
raw sewag:. Suudies in Israel have shewn that cysts bf
Entamoebahistolylica were present in the influent, but never
in the effluent. '

Field studies were carried out on protozoén cysts
and helminthic eggs by CPHERT on stabilisation pond at
Bhandewadi which consists of a set of 3 cells operated
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in series at 4' depth with total detentlon period of 7 days
and treatlng 0.5 MGD, The data revealed that though the raw
sewage had a concentration of 635 to 1705 protozoan cysts
per litre and helminthic eggs in the range of 135 to 447 per
litre the final effluent was completely free from any of
these parasites., Only 50% was removed in settling and 90%
in chemical treatment in India. TFor treated effluents which
are proposed to be used for irrigation it is desirable that
as high a removal of helminths as posgsgsible is achieved to
safeguard the health of farm workers. TFrom this point of
view the utilisation of stabilisation pond effluents for
irrigation would be more desirable than the direct use of
raw sewage or primary treatment plant effluents,

O0f all the sewage treatment processes stabilisation
pond is the only one that removes helminthic eggs and protoz-
oan cysts'completely, Since the usual chlorination doesnot
kill helminthic eggs, it is des irable to see that the effluente
from. the other treatment systems should be heavily chlprinated.

REMOVAL OF VIRUSES - .

7 Long storage appears to be uhe 81mplest method for
redu01ng Vlral levele BT o sewage Teble glves the tlme L
requlred o dlfferent temperatures to reduce by 99 9m v1ruses
and becterlae added to sewage Berg found that *ncrea31ng
the temperature of sewage by 10°C almost doubles the f
average rate at which the v1ruses are destroyed '

Number of days 235

; Organlsm < | ‘ : ”
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Th@ actlv*iud bludgw‘UrOb&SSs 2pIRa LS. t he th 105

';effeCulvb mehhﬁd LOT TbmovaL"of vi*as;;igq% Offuhe vigme

'§H9O% of POlIV]IUS‘j and 987 Ol coxsacv1e viru rus (was rumJVed
ifln 45 mlts., by wct;v&ted slﬂdgc) ; %

Deta conuwrnlng the” suTv1V“l of v1rus 1n SeW?gb

'tsta01llsctlon ponis in llmltpd In the Studlb at hwgour,

NS scmples out of 21 Were Bos151Jﬁ ro enterlc v1rus .in the

llnfluent of one StablllSEth“ pond cnd non posltlve to v1ruu
“in ‘the’ uffluent : Thb studles 1n South Afrlca on large
stablllsétlon ponds ind icate that the VWTHS content i reducea‘,

Kv

but not elimineted entlrely in the pornds,

‘The number and types of virus found 1n uewage are

subj sct’ to lather Wlde vprl?tlon._ The average denS1ty of
enteric v1rus 2Lt sewege in USA 1s of - the order cf 500 virus
Turlts pef 100 ml of ‘sewage and virus collform rwtlo is e

13100,000, “ The ‘sewage in Nagpur h'ss = 's'imilay densi 7 uf

_genterlc v1rusbs 1nd.values upto 300 Yirus wnits DeL 1O
of raw Senge huve becn recordcd

(1) prlmurj sewrge tvePtmcnt has no efFect on enterv

‘yVLruaes (z) JF. . gives about 40% (5D gives 90 98%

(4) uhlorlpathH pedac;s thtrnumber and virds may still be Q;
detected, ,57  'J': el S f i e B

vOxidation pords in Nagpur removed 907 of enteric

_,7irus. In.thsse.studies enteric i rusesiare ¢stimated

quantltqtlvblv uging a p‘aque technic after ooncentratlon

-0f the b&W&gu:Saﬂpl@ by membrane:filtration,

~The 1avvnt1gatwonb on -a stebilisation pond at .

i Bhanddwadl (Nagpur) treating 0.5 MGD of. Nagpur city sewage
indicated substantial reduction in entorovirus.,  Even when

Sabmonella could be completely eliminated in the pond
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entorovius were still present most often. Though '1h we1y
D

leow concanbrations 1n the ] effluent semples, the removel

e
(©)
)
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(

1_I 1

being in the wange of 87 ©O 100%.

Owing to exposure 5o sun rays &and longer detention
times 0X1dat“0p ponds are likely to remove Vicus WOLE tha

OHVLHthDSl mcthod

e outbreak o pblio in Edmontan, Cenada clearly
indicated the importance of chlorination of settled sewage
before disclarging into 2 river. The work of Neege ( -
wag significant in that it showed that 1 ppm of fres residua.
chlorine with 30 min. contact time was sufficient to inacti-
vate the virus. Other evidence indicate that residuals '
of less than 1 ppm require asmuch as 4 hr. contact to ve
effective. Kelly and Sanderson observed that deperding ol
pH end tem.,, at least 9 ppyp of combined residual is required

with 2 15 min contact period to inactive enterovirus.
TUBERCULOSIS BACILII

In tleir preliminary studies on the survival @ E
M. Tuberculosis in the Oxidation ponds fed by the effluent
of a septlc +tank receiving part of the sewage from T.B. '
Sanatorium at Tem baram, near Madras, Viraraghavan and Reman
concluded that this crganism gets completely eliminated.

Bhaskercan ( ) have concluded =fter an experimental
study that sedimentation, septic tank treatment 2nd biological
filtration are not effective in Pemoval of M.Tuberculosis
present in sewage. Tuberclu51s bacilli were reducsd by
88% in A.S. process.

_ Bhaskeran( = ) hes observed that a dose sufficient
to leave 1 mg/l residual chlorine at the end of 30 mts may

 be- adeguaie for proper disinfection of\effluents obtained
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from treatment of sanatoria scwage containing tubercule
bacilli, Greenberg found that M.Tuberculosis survives the
activated sludge\treatment. He reported survival of these
bacteria after ancerobic digestion.
SUMMARY |

Pathogenic bacteria, viruses and parasites in treasted
effluents constitute potentiel heelth hazards when Gthe
recgiving waters are used for drinking water supply, irrige-
tion or recreation. It may be seen that though T.F,, A.S.,
anaerobic digestion end oxidetion pond reduce the numbers
of pathogenic bacteria, viruses and parasites from sewage, S
the effluent still contains a portion of them making it =
potentially hazardous from P.H. point of view. Stabilisation
pond treatment would eppear better suited as regards removals
of parasitic ova and viruses in view of the long storage
available,

Rhe sludge from primary S5, T B A050. -and
digesters contain lerge number of pathogenic ova, pethegenic
bacteria and virus. The sludge should be heat treated (135°F

for 1 hour) or dried for 2 long fime to destroy tkem,
EPFLUEND UTILISATION

In India stebilisation pond effluents have been used (;
at different places with swuccess for.growing differsnt ercps.
In Bhilai, for example, vegetables like Bhindi, Brinjal and
Gowarpal 1i are being grown fram the pqét years regularly in
2 10 gcre farm using stabilisation pornd effluent for irriga-
tion. In Bhopal also the effluent from I,T, Nagar ponds is
being used for growing vegetables, flowers, etc. In the
Institute's farm at Nagpur, crops like tomato, cauliflower,
cabbage, chillies, wheat, cotton and fooder plants were
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crown with success. The Institute's experiments with cssen—
tial oil bearing plants such PSMentqa nd citronella using

stabilisation pond effluents have also been successful,
Siive of cthe farm Ffor MGD flow;

Interval ' ) At the rate of

between two successive
' irrigation 10,000 gal/acre/day
5 days : 200
10 days — ‘ 100
20 dgys | 50

The nutrients contained in the raw sewage, namely,
nitrogen, phosphorus and potash are taken up by the algeal
cells which fluorish in the sewage stabilisation ponds in
the presence of nutrients. ;

- PISCICULTURE

Indian mgj or crops liie Catla catla, L.Rohita,

L.Calbaru ard C.,Mrigala can filourish in pxlmary as well as

in secondary ponds. For example in Bhilai an initial,
stocking of 2000 fingerlings of L,rohita, C.catla of the
overage weight of 18,7 gm and 5.5 gms respectively was putb
in the stabilisebtion ponds in December, 1963, At the end

of one year the average weights C,Catla and L.rohita were
found to be 900 gms and 140 gms fespectively. Similar
successful experiments were carricd out at Nagpur and Bhopal
also. It is not recommended to stock the main pond with the
usual type of fish, However, Ophiocephelus which is known
for its &bility to utilise both dissol ved oXygen as well as
atmospheric oxygen (surface-breather)dmay be stocked in

the main stabilisetion pond, Ophiocephalus has been reported
to be having 2 good market véLué at Calcutta particulaenrly
owing to its rich iron content., Other fish cean be better
grown in a subsidiary pond. . ‘
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MONITORING EFFLUENT DISPOS.L FROM WASTE SLLETLIZATION PONDS
4 CONCEPLUZL OUTLINE L |

e \pr.R.PIDCHAL
INTRODUCIION "

~ The effluents from waste stablllzatlon ponds may
be either disposed of by discharging. into water Courses or
reused, wherever applicable, for productive purposes. In _
all such.disposal situations, water quality deta needs arise,
for a variety of purposes. TWater ‘quality monitoring should
.~ be carried out through a cerefully" planned and designed
system if the data returned by the system is to be useful .
and cost-effective, The mission of the system should be '
clearly specified, the parameters and their characteristics
carefully identified, background data should be systematically
employed and a monitoring system designed which will use
- perhaps both instrumentation and prediction techniques. The
conceptual outline of such 2 water qual ity monitoring system
i& described in this peaper.

OBJECTIVE

The objective of this presentation is to introduce the
concept of water quality monitoring systems and indicate :
the ir possible application in systémﬁdesign for monitoring
effluent disposal from was%he stabilization ponds.

PL!PNING AND DESIGN ASPECLS

The planning ard design of a Water quality monltorlng
system impliies logically

- © specifici ion of the mission of the system desired,

- S ey Dyublic Heclkh L o xlug W 2 it u, uolluggku’
h%la?&)*:.&-.l.ll 3 U‘ull]L‘_ 3 L:u C? (371N D :.)(1“ ; 2 'J“‘ > .‘:T__"

2
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®derivation of the criteria, characteristics, or in
this casgy the description of the requirements of water
qua lity parameters from the specified mission of the
systemn. '

enumeration of 2lternative methods or devices which
will meet the requirements specified,

evaluation of the alternaﬁives with reference to their
capabilities and costs,

‘ranking the alternatiwe methods or devices in terms of -
the degree to which they fulfil the requirements, and

selecting the best alternative (s) and impleme mting
the same.
THE NEED FOR MONITORING

In defining the mission of a water quality monitorirg
oystem, considerable care must be exerdsed since the ultima te
ut ilization of the system wiil depend upon the velldlty of

this initial mission statement. We recognize that data on the °
gquality of the stebilisation pond efflusnt or the receiving
water body into which it is discharged, may be needec for one

or more of several purposes such &8 =

O mere description of existing quality,

? determinihg normal hourly, daily, seasoncl or long-term

varigtions and trends in quality,

evaluating the impact of existing or planned wastewater
discharges on the water quel ity,

determining the suitability of the effluent or receiving
water for some specific uses suchas irrigation or  \\

fishing, 1 ‘ | >



i

© correlating obéerﬁed effects in the receiving water

with possible causes,

5 assessing whether prescribed effluent or receiving
weter quality standards, have been met, or

O . yecord of surveillance for enforcement purposes.

THE MISSION REQUIREME NS

Once the mission of the water quality monitoring system
is clear, a list of the water quality parameters whose SpaCe
and time description will be required to support the mission
can be drawn up by the designer and data user, working together.
The state of the &quatic environment 1is established by
.describing a2 set of state vectors throughout the four dimen-
sional space, with a prescribed accuracy. The state vector is
a]fiﬁite numbég of measures of parameters (e.g., temperature,
D.0., productivity, etc.). In the monitoring system for
effluent.disposal from waste stebilization ponds, an
illustrative listiof the parameters of interest c auld be as
shown in %i. "E I. ' : :

In any given body of water, it is not expected that Ghe -
same state variables or parameters will be required in all
regions (for example, differcnt variables are important near
the water surface than at the bottom). The prescribed
‘accuracy should be recognized as notw necessarily equal in
211l four dimensions. The data user can 2lso establish the

priorities and relative weighus of the variables.

THE ELEMENLS OF SYSTEM DESIGH

The next step in the system design is the evaluation of

7

alternative methods by which the requirements could be met.
The evaluation of altern ative methods now implies consideration
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i . MABLE I

iLLUSTRLTIVE LIST OF P/+RAMETERS OF INTER=ST IN MONITORING
WASTE ST/BILIZATION POND EFFLUEND DISPOS4L.

— oo - - e aw . -y — - s LN - e - e -— s == - e e e e - -— - - e

Descript io Possible Possible : e
G Priority Units Range of, O
vBriable. category interest
Water o ‘
Temperature 1 C 2050 30 40,0 w05
D0 1 mg/1 0,0 to 4010 0
TB 0 ey 2 Ml G By O .
pH : 5 . Units 6.0 to 9.0 o]
Suspen ded =5 5
solids 2 i g/ 0 to. 500, | 4 wibh
Total solids 3 mg/1 Lo 0E0 T HE
PhOSpggt%%’ 3 mg/1 0.0 %o: 500+ 5. 0.1
4 ' '
Nitrogen- -
Potal 3 mg/1 Oy 106 1
TH, 3 mg/1 0.0 to 25.0 0.1
N0, A 3 mg /L * | 0,000 1,007 005
NOs 3 mg/1 0@ ke 25,0 0.1

* To be specified by user. The values in the Table are
illustrati ve. ;



of Lhe tfade offs p08°lble between a syotem which accampllshes
its mission by mak¢ng s, very large number of obuervatlons and
another system which accmplishes the same by'mgklng a small
number,of-observ ations but with a great deal of sophisticated
data analysis to Prpdle the actusl environmental conditions
AbeTween‘Sfefions, Sp. ide.i combinstion of hardware (i.e.,
1nstruments fo;vmb 1*orlng) ¢nd software (compulier programs
which predict the variables at intermediate points between
stations) usually ylelas the m*nJmum “ebst sysceﬂ to accomplish
 the mission.  The designiof such a system requlwed prior
knowlbdge of the envirorment to.- be monluored° the greater the
level of prior knowledge cf the; st é ejJectorN. une fewer the
englnebrlng ‘estimates required. in Lhe sdstem deswgn._ Thcrefore,
an initi el deta bgse has +to0 be esta bllehed cochc+1ng already
available relevant d°ta from all autqenulc souroeb and

'hlstorlcal recoxrds.,.

SYSTEM DEDIGN LCHNIQUDS

L hierarchy of technigues erists for the design of
monitoring systems, The higher the order of the. analysis
scheme, the greater the reliance on cul nderstandlng of the
environmental mechanisms active in the water bedy to be
monitored. ‘‘he zero-order approach relies completely on the
data provided by the instrmentation to describe the body.

In the first-order method, it is noted that values may be

interpolated between spatially separateu observation points

‘,’to prov1éh the required picture of the water body, thereby -

_redu01ng the number of sampling points. Wlth,seoond-and
hlgher order technlques, more and more: recognltlon is given
o the known ‘interactions of the: variables in order-to

progect vplues throughouu the volue» based on fewer cnd fewer
observatlon poLnts “The: 11rst-“nc hlgher order. methods requlre



the development of Inter-sensor Prediction (ISP) techniques -
e digital computer software effort. We briefly describe the
zero—order and higher order teclniques here.

i, Zero-Order Design Method Consider the design criteria

for 2 moritoring network with the stipulation thet the state
vectors be determined entirely by the instrument system
observations. Such design criteria for the spacing of the
sampling stetions are based on the required mission accuracies,
the instrument errors, and 2n extensivwe study of the historical
date to establish the anticipated maximum change in a vaxriable

" of interest over a specified spatial increment. Since values

are usually known only for a limited number of locations in
the region of interest, the spatiel gradients determine the
degree to which a point value is an estimate of the value
of the variable at some distence away from the point, The

objective of the design method is to determine a2 spatial

sampling interval which will assure that these estimates fall
within required mission accuracy to ahigh degree of probability.
Thus, establishment of the spatial sampling intervd must be
founded on the maximum gradients which may be antici@ated in
the region of interest, The following paragraphs discuss a
practical design prooa&ure”besed on this'premiée.‘

In developing the design critexia, a. gradlent G is used (fi
to compute the maximum possible error between vhe measured e
variable at the sampling station (point) and its value at
some distence r from the stetion in the ©-direction; G (€)
is the maximum magnitude of the gradient known to have
occurred in the ©-direction at or near the station, as
determined from the existing data base. The mex imum unce rtainty
(r 8 ) in estimating a variable V at some distance
T in: the B-direction from = p01nt where the value is known, 1is

| A Véd ( V,'@) ) lCz C@)) ‘
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In addition to the uncerta“ nty due to gradwents,
.1mperfect sensors will result. 1n en  inGependent contrlbutlon
to the overall uncertainty or,error. Since measurement errors
~due to sensors ( A Vs Jare independent of errors due O spatial
gradients (A;Vg),'the maximum total error £ is the sgygare root
of the sum of the two s-uared errors., 4n expression for total

error is

Elri@) i="[TAyS +/\vd(r e) J /2

Meximum error contours can be developed for each variable of
interest based on the above expressi on. These contours can
then be used to establish the necessary station spacing which
satisfies the mission requirsments. |

The concent of 'srea of influence' must be introduced at
this point in the discussion, The area cf influence is that
region surrounding a sampling station which incl udes all the
points for which we are confident that the difference between
the true value 2t the point 2nd ‘the obsarved velue at the
station is withir the required mission accuracy. Lhe degree
of confidence is dentically the “agrece to which we are
confident that the assumed grad.ent rosatte based on historical
data has not been exceeced. The ooundery of the arca of
influence is the error contour having ¢ velue equal to the
required mission accuracy. Settling E(z, &) = V,» the
mission accuracy, yields,

4 : gk
AN LQ\F'FAV (re)l =

_substituting for ﬁ;V’(x* © ) and solving for r, we obtain

[ov:-nv = 6 Vay
G (&>

e R
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r, can be estimated with 2 good confidence from the ratio

A:Vhl/b (&), which is the radius if there is no instrument
S Eilg 2 b l--‘
error at 2ll, This is because ‘the other factor ZV-— g¥%1)~{ %
K
is “"vse to unity for instrument errors less than or equel

to as much gs 2 haolf of the mission accuracy desired.

ii, First-amd Higher Order Design Methods <The previous

discussion de=lt with obtaining g complete description of the =
environmental variables solely with observations at instrument -
stations. It did not include or consider the possibility of
estimating the state of a variable at g point between

instrument stations from the observations at two or more of

these stations. In real-world situations the state of the
variables at any time is -not a2 completely random statistic,

There is a cause-effect rélationship between one set of

varigbles influenced by forcing functions such as winds, tides,
freshwater 2nd waste water discharges, mgn's activities, etc.,
and another set of variables which are man's indicators of

the physical, chemical, and biologicel environment of the

water body and descriptiw of the energy transformetions =3
taking place in the water, For instance, the tidel exchonges |
and wind-induced circubtion patterns, along with radiation

genergy and man's waste aischerge largely affect the temperature
patterns within a water body at any time. Photosynthesis,
respiration, reaeration, mixing, 2nd changes caused by man-

made waste loads and fresh water influence the dissolved

oxygen (DO) profiles. Similarly, principal influencing

processes can be identified for describing the state of

most sets of variables.



A mathematical description of the above procesSsSes based
on their mechanisms is a tool that can be effectively employed
0 predict the state of the variables and thereby add to the
information that an instrument network can furnish by itself.

With such a mathematical ISP technique, the number of
instrument stations required to mopitor the water body and
determine the state of the variables to the mission accuracy
desired cen be reduced considerably. Thus a tradeoff between
the number of stations and the fineness of the mathematical
description of the processes leading to interstetion prediction
techniques is enviseged %o determine the optimum combination
of the two. .Designs of monitoring systems based on these'
principles have been carried out elsewhere and it should be
possible for us to employ the tecmique for monitoring

stabilization'pond effluent disposal systems.
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NALURAL PACTORS CONTROLLING: WASTE STABILE?ATIQNPOND
' PERFORMANCE '

6 79

S. SUNDARAMOORTHY |

A, RAMAN'
S. PERUMAL

INTRODUCTICN

Thig paper discuses such natural factors that control
the performance of facultative type oxidation ponds, The
factors ere sunlight, photosynthetic oXygen production,
temperature, characteristics of'sewage, wind action and
toxicity. These are detailed below,

SUNLIGHT

Aerobic stebilisation of organics in an oxidation
pond depends on photosynthetic oxygenation of the waste wate

r.

Photosynthesis is controlled by Sunlight. The quantum

'of 1light that falls on a horizontal surface such as the

surfsce of a pond, i.e. visible light insolation or visible

solar radiation depends on the latitude of the location, It
depends also on the period of the year, the elevation of the
location an® the extent to which the sky is clouded.

The visible solar radiation is expressed in terms
of Langleys i.e., gram celories per cm2 per day., The
probable average values for different Iatitudes at sea level
are shown in Table 1 (15 ) for Northem Letitudes which
cover India,

The visible radiation may be coriscted for elevations
higher than sea level by multipljingAWith a factor
(1 + 0,0033 H.) where E1 is the elevation above MSL in
hundreds of metres ( 2). . 3
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VISI-LE

North

Caugfi-

Sude

34°
5100
26"
20"
160
100
go

SOTAR RADIAT ION AT SEA LEVL

sanuary
liex, Min.
114 55
136 76
1156 99
185 154
200 154
223 ¢ 119
o305, 16T

TABLL 1

NJ‘: ay ¢
Mex,  hin.
290 176
290 134
238 189
bBA 194
279 194
210 192
266 191

o 10 1
Auﬁﬁbt
Max T.,[.l.l"( .
oo o
271 166
205 =2
272 el
270 177
266 HoS
263 i

Rovenmbe:
it LEn
128 ‘70
148 oJ
=56 1C9
190 156
206 5 il
223 176
254 182

The visible radiation has also to be.corrected for

cloudy weather (2 ).

The correction for cloudiness has

been givén as (approximately).

where

cL

_ Min, visible radiation + (Max-min) CIL.

= fraction of time weather is clear,

The sky clearance factor for a few places in India is

given below ( 2 )

Name of
Place

Triven drum

- lMadras

Hyderabad

Bombay

- Nagpur

Bhopal

Ahme dabad

Delhi

Calcutta

Srinagar

Latitude

8,29
13,04
Ee26
18,54
21.09
23.46
23402
28.35
22,32
34,05

TABLE 2
SKY CIEARANCE AT .DIFFERENT PLACES IN INDIA

Sky clearance factor

danuary
T

0,52
9
i85
6. 67
0,72
0L 15
0. 66
- 0.80
Ga2?

May
0.28

0.44
0,57
0,65
0.59
0. 77
0.79
0,86
0,36
0,61

fugust
a2

0,23
0. 20
0,16
0.14
0.18
@1
0. 40
0,15
0.54

Ndvember
O
0.24
0555
068
0. 64
0,76
0.76
0,80
-0, 68
@l



PHOTOSYNTHETIC OXYGEN FRODUCT ION

The gquantum of sunlight available for pholosynthesis
has been considersd above, The weisht of oxygen which can
thue be produced from a given quantum of sunlight mey now

be discussed,

Mathematicel formulations have besn proposed by Oswald,
efiiah. (15 ), Rieh (22 ) and Arceivala, (2 ) for Gxyocn
production during photosynthesis. The formulations have the

~following steps.

It is agsumed that the limiting eriteria fortaleal
growth is the availability of Sunlight, S, expressed as
calories fer omz/day and not nutrients., The assumption is
val id for sewage lagoons where algal nutrients are in

abundan ce.,

The light energy is trapped during photosynthesis and
storedas heat of combustion in thesal gal cell materiai. The
heat of combustion thus stored per nnit area of pond may be
equated to '

S eibie
Vhere E is the efficiercy of conversion of light energy

to heal ensrgy.

The ‘efficicney 0f epnversion is guite Smalill Bascd
on pilot plant studies Oswald (15 ) have estimated the
efficiency to be 4%, Rich assumes the same val ue Arceivala,
( p> ) estimete from existing ponds an apparent efficiency
of 6% or even higher, '

A knowledge of the heat of canbustion, He expressed |
as kilocoloxries per gm, wt ., of algae should give the weight
of algse produced per unit area of pond as

' SE
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The heat of combdstlon per unit weight of algae can be
determined from a knowledge of the compcsition of the algee

C”

OF experimentally, from' a sample of the 2lgae, Cewald ( 15 )
g5 alco Rich (2.2 ) sud lrcedwela { 2°) sugzest 6 Lils Jal)rlcc/

gnm weight of glgae,

The weight of oxygen (C) produced per unit area of pond
per day may be computed from 2 knowledge of the Weight of
oxygen (P) produced per unit weight of algal cell material.
Rich ( 22 ) has assumed oxygen production.by typical algae (;}
to be 1.25-1,75 gms of O2 per om of algae. dreceivala (2 0
and Oswald (15 ) assume a vaiue of 1,63 oms, per gm,

The final equation for photosynthetic oxygen production
may be written as
: Bl sl

g =" ”HC Where

0 is in Kg/hefi/der.

PR ngamsnail by o5 e e
E is usually 4 - 6,

HC is usuwally 6,

NOTE: The numerical values for the symbols as furaished oy
should be used d rectly as cor:ections for units

have already been incoxporated,

Thé applicati gni o f the formuls requireé g judicious
selection of %he values for P and E. If the higher val ues
(1.75 and 6) are edopted the oxygen production indicated will
be double the value given by the lower and more conservative

values (1,25 ana 4 ).

A question that arises is whether the entire oxygen
produced according to the formula is available for hiblogioal
oxidation of the wstes. The doubt arises in the conbext of
the supersaturation of dissolved oxygen noticed in the uppar



layers of waste stabilisziion ponds during noons, At such
periods, it is guite likely thst some of the oxygen oroduced
escapes into the atovmosplere., sweld

(
zccasional mixing may be necessary o ensure use of

sentire oxygen produced by alg

TEMPERATURE EFFECLS
The temperature which influences pond performances 1S

the actual pond tempersture, temperature of the influent

sewage, flow into the pond and the area of the pond. No

rational methods have been developed for detemining pond

temperatures though empirical methods have besh suggested.

Pond temperatures are however known to generally follow
the ambient temperstures but fluctuate less, 1In view of the
uncertainty about how various factors affect pond temperature,
we may assume as an approximatioh that the ayerage pond
temperature equals the average ambient Temperature.

The influence of temperature on algal metabolism in the
pond kRas been considered by Gloyna (9 ) and Arceivala (2 ).
Gloyna ( 9 ) has reported 20°C as the optimum tempersture
for oxygen production by algae and 4°C and 35°C as the lower
and upper limiting values, If the pond temperature approaches
35°C particularly when the ponds ars shalliow, the bencficial
green algel peopulation will decrease and the blue greén algae
will dominete giving vise to odour nuisances. Arceivela (a2
consideis 20°C to 40°C &g the favourasble range for photosyn—
thesis. He has also reported that &t'temperatureé higher

than 35°C, green clgse will disappear. !

The maximum summer temperatures in the pond may well
exceed 35°C in tyopical areas., At Madras midday pond
temperatures of even as high as 43°C have been recorded during
summer periods. However it was observed thet the Lempazxc turea
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tapered off depthwise very fapidly.

Regarding bactérial metabolism in the pond, Ghe
effect of temparature is twofold, One in regard to the

ultimate BOD, and the other in regard to the rate uof baclerial

activity,

: L
The ultimate BOD expresses the complete oxygen demand

of a waste @s against the demand deasured in the laborgtory
at 20°C over 5 days. The ultimate BOD 2t the conventionsl
20°C has been generally found to be about.one end 2 half
times the 5 day value for domestic sewage,

As the temperature increases, the ultimate BOD will
increase, For domestic sewage the ultimate BOD at any
temparature can be computed as

R e o e

ULt imete BOD(t) % Ultimate BOD(ZO)

- e O O O -
Dy - sy —

The siignif icance of temperature effect on ultimate BUD is
that higher the pond temparature (as in summer) the greater
will be the oxygen to be supplied.

In respect of the rate of bvacteri=1l activity, -“he ate
will increase with =n increase in tempesrature., TIu tie case
of BOD progression in BOD bottle, the effect of tcmparature
on the biodegradation rste constant is given by the Iormula

3 _L._r-,O
K, = AZO.(1.047>“ =

The fomula has been applied by Arceivala ( 2 ) to estimate
the pond performance at differsnt temperatures. Gloyna (9 )
has estimated the effect of temparature on biotegradation

in the pond based on laboratory and pilot plent studies. He
has adopted 35°C as the optimum temparature for biological
activity in the pond and estimated the reaction rste at cther
temparatures as

(;;

o
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K, K'se ofe
Thus the significance of Eempareture effect on bacterial
act1v1t is thet higher temperatures will nececsiate lesser

detentwon periods,

It can be seen from the above that the effect of tempa-
rature on ba oterlel activity can be readily incorporated in
pond design in regard to detention perlod and oxygen require-
ments, However no such es asy eppllcatlon is possible in
regard to the effect of temperature on algal ectivity.

CHARACLERISPICD OF SEWAGE

The spe01a1 characteristics of sewege which will
influence pond performance are the ratio- of settleable
organics to non-settleable organics in the waste, the
septicity and the toxic contents,

The ratio of settleable to non-settleable orga nics
is important in facultative oxidation ponds because the
settleable mabler is stabilised by anaerobic degestion and
only the non-settleable portion is stabilised in the asrobic
gowe requiring dissolved oxygen. Merefore the hizher the
non-settledble metter in a wasgte the greater will be the

oxygen demand and consequently surface area recuirement,

Some of the factors which ftend to increase the ratio
of non-settleable orgenics to sstileeble oreamiesy amwe , il ole
passage through sewers and turbulence as during pumping.

Septicity mey also increase the retio.

-Bepticity may influence pond performance in another
way. also., Due to septicity the sulphates in the sewage
will be reduced TO Hydrogen Sulphide and when the '‘concentra-
tion of Hydrogen Sulphide in the pond goes up beyond a
crit ical value photosynthetic organisms which can utilise



Hydrogen Sulphide may take over the pond without producing

enough oxygen and thereby causing anaercvic odourous conditions.
: LA

WIND ACTI ON

The effect of wind action on pond nerformance is both
positive and nevative.

Wind actlon noxmclly contrlbuueg o mixing up of the
pond contentsand tends to make the pond a completely mixed

system for which the biodegradation rate is more than a true

the bottom oxygen deficient layers with the top oxygen rich
ones, Excessive wind action may however be objectionable as
it may upset the facultative functioning of the pond

TOXI CITY
Toxicity may not be a matter of concern for domestic

sewage., However wheré industrial wastes are also involved,
toxicity may have to be considered. The toxic substances .

_may afirect alea2l or becterial dctivity In the pond or boeth,

Remedial measures may be increase in surface area, or

detentlon perind or pretreatment to remove the HOXIE elements(-
CONCLUSION

The efifect of netural phenomena and environmental

factors on pond perfornance have been @ nsidered above., It

‘may be seen that a2 rational application to pond design is

possidle only in the case of temparature, bactérial activity
and photosynthetic cxygen production. Such an application
is>not possible in respect of temperature influence on algal
activity, cheracteristics of sewage, wind movement and
toxicity., In these cases, all that can be done is to make
judicious ellowances in design,

o i

N
A

plLug system., The mixing also helps in a fuller utilisation Eiy’
.0f the oxygen produced in the pondby Yrringing into contact



DESIGN OF WASTE STALILISATION PBNDS

S, SUND /RAMOORTHY
A, RAMAN
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INTRODUCT ION =

This paper considers those design features of
facult;tive ponds which ¢ mtrol the biodegradation of orgemic
matter, The featuwes which are importamt in this context are
the surface area of the p ond, the deténtion time provided .
in the pond en¢ the depth of the pond., Other features like
inlet and outlet arrangeménts, embankment details, treatment
of pond floor and sides, the type of pretreatment to be
pfovided etc,  8re éonsidered separately.

SURT'ACE AREA

Sulféue area is important because it controls the
quantity of oxygen which can be put into a pond by photosyn-
thetic oxygenation (and to a smell extent'by surface reaera;
tion which is usuzlly neglected)

Surface area shouid be sufficient-t o maintain
aerobic conditions in the upper layers of the pond, When surface
area is inadequate, anacrobic conditions may pleﬁail at'the
surface of the pond all the time or occassicneglly during
cloudy days depending onnwhether the surface 18 grossly ok
only slightly inadequate.

Surface area criterion is gencrally exXpressed us
its inverse function i.e, as kilogrammes of .5 day BOD a%t 5070

which can be applied or removed per day per hectare of pond

surface (Kg BOD/hect/day). The criterion is generally
termed the "areal BOD (or orgemic) loading rate'.



There bas been considersble veriance in the areal
organic loading retes rccommended by different authorities,
Many of the recommended rates are based on studies of field
ponds and heawe been influenced by loxsl conditions such es
sunlight intensity, cloudiness, liability to winber freezing
and local considcrasions such a2s the exfent to which odours

have to be avoided.

- Some of the regommended areal loading rates are listed
below (29 ).

"

< ‘\.
A e

Authority Recommended Areal Remarks
BOD " 1oading
(kg/hect/day)
Smallhorst 33 4o 55 - Bvolved at Texas with

ice free onditions and
temperate climate. Appa-
rently designed for aero-
bic conditions for most
of the depth.
Oswald Al 55 Evolved af California
with ice-free, squita-
ble climate, Apparen-
tly desigrec for saine
-conditions @s above

Towne Atleast 110 Ice-free climate, For
; operation without seri —C;
ous odours,
Hunt 220 to 264 FEvolved in Kerye for
4 = favourable ﬂﬂmgfe
Aerobic conditions were
maintained at suface
upto 330 ke/hecth /day,
Ten State | Subject to ice cover
Standards 25 during pert of the year.

Some authors have developed rational approaches to
permissible areal loadings. ERich ( 22) and ieychok ( 6
consider the BOD loed which can be removed per it area of
a_pond. They have assumed that BOD removal in tlie pond is



entirely Ly =erobic mechenism end maxe no allowance . for BOD

removal by enserobic digestion in the bottom layers. The

latter'mechanism does rot reouire oxygen and its neglect in

the formula seryes as & factor of safety, The authors have

postulated

L llee/dey) = Ultimete BOD loed to be
removed in pond (kg/day )

= Ultimate RBOD load in
infient

o2 1
.

Oxygen  regulre

Ob-load; in

minus ©  Hibdmgts B
' ~t
e.\.J.._ /L-.u

Phe ultim:té BOD lozds are to be cel culabed for the particu-
lar pond temperetuze on the basis discussed in. the earlier
paper,  The oxygen iecauirecient has to be net by photosyn-
thetic oxygen production for which also. the folﬁula has becn

al ready discusscd.

The authors ~ssure wha at the entire guantity of oxygen
produced byalgac ig aveilable for ulOlOé1C“l oxidetdion,
However, this may not %s the case 25 some cf the oxygen may
escape during midday hours when the pond is supersaturated,

with dissoclved oXygen,

The assumption of Rich ( 22 ) in rsged to the full
utilisation of oxyger implies a certain Gesrce of undergdesi
But this may well be compensated by the overdesign implie
by neglect of the removal of tie peraentigc of BOD oy
evizerpbic digestion, Rich's foxm - formula 1is applicabiec for
BOD rcmovals near z2bout 90%, |
brceivala (2 ) heve furpizksd s & ogepical erpresd

similar vo Rich for dotezminine wh: surface area for ponds,
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They have also publ.shecd : .
dad 5 6y BOD loadings for ponds at different latitudes
ap ot e

(se¢ Appsndix)., The besis for the la



loadings are stated to be approximate and 2pplicable to towns
ot sea level and where the skies are clear for atleast 75% of
the days ih 2 year, For meterological and elevation conditions
other than*desoribed, judicious corrections to the recommended
loadings are necessarye. .

The recommended valués cre based on the assumption that
the pond is 0.9 to 1,5 m deep and theat che volume of pond g
gives sufficient retention time (See under DETENTION PERIOD). <Q
The laadihgs are reported to be suitable for 86—85% BOD
‘reductions during all seasons. Vhere such high BOD removals
are not necessary, eg., when effluent farming is proposed
or when eccssional odors can be tolerated, e.g.., when the
site is far from habitations, higher loading rates are

suggested to reduce area requirements,

Siddiqui (26 ) hes o ntended that the settleable faction
of BOD in the incoming waste proposed as 50% for dmestic
sewage, need not be teken into account for determining 1o ad ng
rates, becemse this faction will be digested anaerobically
at the bottom without demanding dissolved oXygen., - He has
suggested the use of the Map of Arcsivala, ( 2 ) taeking into
accourt only the non-settlemble BOD. '

The -total neglect of the getileable area a2s influent
BOD in the determination of surface 2rea as proposed by
8iddigqui ( 26 ) may lead to underdesigﬁ because come fection
of the settled organics will diffuse upwards into the .erobic
zone exerting exira oxygen demand and aléo becesuge whe propo-—
sal does not leave any compensating factor to take care of the
partial escape of oxygen from the pond.

VRet)enel approsches apart, some tield date ere avainlebic

regarding satisfactory areal loadings observed in certein
parts of India,



In sone csses srtisfactory performancs has Leed oo o
1= ~ o =~ NTYAnY o 1 1n = i -~ 3 o
ed in stobilis-tion ponds even at such high loadings &&

s
380 %o 490 kg/BOD/hect/dsy wherses 1

ct

conditions have been reported to fai 0

220 kg/hect/cay ( 2 V., At Medras, where Lhe sew ge 18 1

septic eXperimental‘stuﬁieShave indicete
performance ounly at or below 230 ke/kect/dey ( 18). dven
with this losding, ecrobic condiwions di igappeared in the

pond during prolonged veriods of cloudy weathexr,

One son for the wide veriaticn in periommance of

Ponde in Indie may be the difference in the cumyoJLGACHHOf

H

sewage (relating to sepbicity endé the percentzge of suspeadec

and solubie orgenic matter) from location vo locotiox,

Tn view of the wide varistiong ip pornd psrfomence the

—_

(H

areal loading for oxidation ponds mey hays Lo be sclected
based on locnl exparience &rnd loc2l candl tions SHsh =8

climatic varietions, neture of sSews *g6 and the cxtent tc which

occasionel odovrs &in e toleraten nesr the pond location.

i £ 1 s - LS 5 3 =
tions like bospitsis, college cam-uses, ete, Dais loeding

e e R R e SR b O ) bt s g S : ol
mey nereass re s res olv LU il srnspre absencs of cdéours

Tl
st 211 times, -As ponds for instibutions are likely fe be

even choncs odours may not be

For muricipal sewage treatment where the
likely to be located a2tlesst some distence from regidences,
a BOD loacing o abomt 250 kg/hect/day may be s: sisfactory.
Tl s locdlng will give an effluent fit for discherze into
water cources and will alsc ensure odouxr free conditions
C

except during nrolonged cloudy weethel,



BOD loadings hlgher than 230 kg/hect/day may glve‘

\satlsfpotory perfomance in some locations and fail 2% other

'_Loputlons_dependlng on sewage septlolty, cloudiness, tempe-
,rature,‘eﬁc. Losdings above 230 kg/hect/day andvupté 33O
kg/hect/day mey be suiteble for ponds designed for pretreat-

. ing,sewage'before Sewage farming, Sewags. fﬂrms‘ure not likely
to be located ﬁe“T:r" idences and occasional upsets and
odours in the ponds in fthe farms may not cause public
complaints., Occasional deterioration in effluent qual ity
mey also noc matter,

It should be noted that the load ngs recommended above
are in terms of the total 20°C, 5 day BOD of the influent
sewage and not the soluble or non-setileable fuCthﬂ of the
BOD. Also, it should be remembered that the recommendatlons
~have only a broad application and their adoption for each
spec1flc cese should follow a detailed con81deratlon ofe: lpead
factars.

DETENTION PERIOD

Whereas sufficiént surface erea 1S necessary in a pond
for providing the fequiréd oxygen, sufficient detehtion. Qg
capacity is necessary to enable the pond organisms to utilise
the oxygen and stabilise the influent sewage.  Verious authors
have proposed differing mathematical approaches for estimating
the detention period for ponds. Their approaches are

discussed below,

Arceivala ( 2 ) estimate detention peiod on the
assumption that BOD removel in a pond follows the same first
order pattern a2s BOD progression in a2 BOD test,

The BOD progréssion in BOD test is written as
v = L(1-1/105%) |
Where y = BOD satisfied upto time t©:

9



1. .= ultimate BOD -

k = Reaction rase constant (per Qxy) at the
: operating tempﬂrature;
£ = time (d"Yu> of reaction; dzys (On toking
logarithms 215 Tes XL ang ring
. 1 L

Applying this equaticn to the stcrilisatiom pond, the

detention period t, recuired for the pord will Dbe

Ultimete+«BOD in influent

g o ‘I & lue i
¢ = -p- L0Z  —G1fTms%e BOD per@issible in effluent

The e@uation can be re rltten es

e
e e aE

Where Si = BOD. of influent at 2050

Se = BODy of cffluent 2t 20°C

The reaction rete K shoulc be for the temperature
which will obtain in the pond during the coldest month of

the year so a= to provide for tiic worst conditionm,

As discussec 1n 2n earlier poper the reaction rete
constant at differcnt temperatures may te calculated by
the formmule

e Topg
KT = 1{20 (1.047)

Valuwe 'of tXisit o0

: = 2 = BRI i
KQO = legu of 'Koat 202¢

Laboratory studies give a K?O value of approximately 0,10

whe re

&
I

for domestic sewage.

The above formulation assumes that (i) the detention
period provided isfully ~vailable for aerobic activities
of bacteria which will be the case only if dissolved oxXygen
is apailable in fhe pond all the time i.e. night and day,

93
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-and for all the depth.and'(ii)'fhe sewage flows -through
the pond as in a plug system without any mixing.

In préctice, both sssumptions may not be reaslised
in full. Thus, unless the pond is very much underloaded,
D,0., may disappesr in the pond during nights end even during
daytime it mey be sbsent in the lower zones of the pond‘ndt
satisfying assumptior (i), Similerly, there may be conside-~
rable mixing in 2 pond due to wind movements and temperature
gradients, which is contragy to essumptkon (ii),
' Agsumption ji) leads to an underdesign; but, assumption
(141 ihtroduces 2 féctqr of safety since the reaction rate N

K will be higher for a mixed system than for a plug. system.

An additionel factor of safety is that the formule
ignores the removal of pagt of the BOD ot fthe bottom of the
pond By anserobic digestion which is e common festure of
facultative type oxidation ponds.

Rich ( 22 ) has proposed an equation for detention
period based on the seme assumptions as Arceivala (2 ) ( 6 ).

Marais and Sheaw ( 13 ) formulated an equetion for
detention period on the assumption, that instead of plug
flow there is complete and instantaneous mixing in the pond,
dece, vl BOD conoentration ig the seme ‘ot all poinws du tThe
pond whether near the inlet or nerr the outlet and equals the
BOD corcentration in the effluent. Another assumption is
that the BOD removal follows & first order,équation. The

formulation is | -
Si : ‘
Se = *KF#E-Tf - ohe
S| Sl iise
= = o e

where K' = reaction rate., The reaction xate is dependent on
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temperature. Suwannakaran and Gloyna ( 28 ) postulated,
paged on laboratory studies, that

: T-235

( = o

Rip L 95(9)

where e -~ Temperature coefficient renging from
‘ ' e e

K! _ reaction rate at pord temperature Teg

v 2

Klse = reaction rate at standard temperature of
2550

For municipal'Wastes K'35 has s value of 1.2 according teo
thelaboratory and pilot plaht studies of Gloyna and his
co-workers ( 9 ){ 10) ( 28 3

Marais (14 ) has suggested acorrection to his earlier
cquation to allow for the BOD removed in the sludge layers
by anaerobic digestion by suostituting

BL(E,+ O F, ) for Si in the Marais-8haw formula

where f = fraction of influent BOD which will remain
; el in pond water,

1l

f
S

©
P

fraction of influent BOD which will seltle out.

fraction of fermentation preducts from settled
sludge which will reenter pond Lignid,

I}

Tt is to e remembered that the complete mixing
assuned Dy Marais and Shsw may nov exist in natural o ndi=-
tions just as true plug flow conditions also may not exist.
Also, thlre may be difficulty in evsluating the vari ous
constants involved in the equation,

Hermann ard Gloyra ( 190) and Suwannakarsan and
Gloynu‘( 23) studied detention requirements by observing
field installations and laboratory—scale medels, Their

research resulted in the following design formula ( 9 )

L e
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where € = conversion factor with a value of
' : gb X 10T and

other symuoc.s are a3 before.

‘The formula is generslly applicable for BOD removals
of 80 percent to 90 percent. Solar energy for pﬁ,Jo synthesis

—

is assue d to be av 11able

The formuls is derived empirically and Gloyné'( 9 )
st ates it has considerable merit particularly in the tempe-
rate and warmer areas. 3

Siddiqui (:26) considers that detention period should‘fg*
beequal to or more than 655 day fer 90% BOD removal, This

recommendation is made for conditions where pend temperatures

are not likely to fall below 15°C,

~ Amongst the various® fomulations, the equétions of
Arceivala, Marais and Shaw modified by Gloyna, and Hermann
and Gloyna -rec temperature dependent. The original equations
of'Marais and Shaw and the recommendation of Siddiqui @o
' not provide for temperﬂture effects though Siddiqui has SpeCL-

fied a limiting minimum temperature.

The Arceivaia equation implies that the detention |
period 1is défendent on the percent BOD remaining in the (g?
-effluent while the Marais-sShaw formula‘implies that it is
proybrtional té the percent BOD removal in the pond, The
Hermann Glbyna ecusdt ion mplies that the defention time is
deéendent only on the iulluewnt BOD,

5%
Lae nuances of the different equations is brought

out in the -follcwing example, Let it be required to Hreat

one million litres of sewage per day from 300 mg/l influent

BOD to 30 mg/1 cfiluent BOD in one case and one million .

litres of sewoge per day from 200 mg/l influent BOD to 20 mg/l



T

effluent BOD in anothef oaoe. Aooording to the Arceivale

( 2 ) formula and the Marais and: Shaw i > formula the
detention periods will bethe same Lox both the cases. Butb

as per the Gloyna ( 9 ) equation the detention periods will
yaryein the ratic - of 3:2, Lhe Gloyna equation appears to be
analogous to those used in the design of conventional design
of secondary treatment whexe volum@trlc requiirements are
dependent on influent BOD load expressed 23 kg influent
BOD/day/unit volume of trickling filter or seration tank.

DEPTH

Having fixed the surface area‘and volume (flow per A
‘day x @etention time) reguired for a pond it may seem unnece-
ssary %o consider depth independently since it will equal
‘volume by surface area, However, independent consideration
of depth is necessary because depths below certain lower or

‘upper limits may affect pond performance.

Shallow depths less than 0,9 m are objectionable
because they will allow bottom vegetation to develop, obstru-
cting light penetration and promoting mosquito breeding.

Shallow~depths are objectionable also because they
affect the facultative functioning of oxidation ponds. In
facultative poﬁdé, the bottom lsyers have to be truly
anaerobic since methane bacteria are,senéitive to .0Xygen
and when depth is sma 11, the dissolved oxygen may diffuse
into the sludge leyers inhibiting the anaerobic dlgestlon
of the sectleu organwos

ﬁhallow de pths will. also result in greater. diffusion
of the products of partial fermentetion of sludge into the
upper lgyers, increasiﬁg the fzction ofAfnfluent_BoD whi ch
has to be stabilised aerobically. \

Shallow depths also offer less buffqr against high

N
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summer temperatures in hot climates, the.effects of which

have been considered in an earlier paper,

Much study has not been done on the depth for oxidation
ponds, The earliest work was by Parker (16 ) who reported
that performance did not suffer when depth was reduced from
0.90 m to,Q;45 m, Parker's study, however; was on.a pond with
a very low BOD ioading (about 50 kg/hect/dey) eand with an
influent sewage pretreated in an anaerobic lagoon.

Arceivala, (2 ) reported that 1.5 m depth gave a more
consistant performance over varying pond tempecratures that
1,2 m depth though the over-all efficiency of the latter
was slightly better, The studies were on ponds dosed with
raw sewage at fairly high loddings.

The Public Health Engineering Department, Tamil Nadu
( 18) reported comparative studies at Kodungaiyur, Madras,
on 1,2 m deep pond and another 2.4 m deep pond, both dosecd
at 230 kg/hect/day. The deep pond did not funotion better
than the shallow pond. The BOD removals were slightly lesser
in the deep pond. The pord had a slight unpleasent odour
and it did not behave like a typical facultative pond.
Floating sludge was present at the surface very often., The
sides of the pond were anzerobic and black, The colour of
the pond was pink rather than green, Sulfides were present
in the effluent during early morning hours almost always Q;]
and dissolved oxygen was absent in the pond meny times, even
during midday hours. In contrast, the shallow pond behaved
like a typical facultative pond with green colour and super=
gaturation of dissolved dxygen during midday,

In another comparztive study at Kodungaiyur a 4.0 m
deep pond and 2.1,2 m deep pond were both dosed at about
400 kg/hect/day. 1In this study, while the shallow pond
functioned atleast partially like a facultative pond, the
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deep pond never exhabited dissolved oxygen, and produced
sulfidesg and unpleassnt odours to 2 much greater degree than
fhe shallow pond., The reason for the upset of deep ponds

as observed in the studies is nobt  well urderstood. However,
one explanation mey be that in the deep ponds, where the
oxygen deficient = ne is larger, the sulfates are reduced toO
sulfides and the sulfides in their turn affect slgae growth
and make the entire pond go anaerobic, ‘ :

In the Kodungaiyur studies the sewage was highly septic

due'to'long travel from the city to the pond site and the
initial septicity must hage aided further sulfate reduction
in the deep ponds; Whéh sewage is fresh, ponﬁs may probably
VSurvivé increased depths unlike in the case at Kodungaiyur
Gloyna (.9 ) has recommedded a minimum depth ol 2,0 rms for
ponds in témperate regions, Arceivala ( 2 ) ( 4 ) recommend
a depth exceeding 0.9 m to avoid emergent vegetation.
However, they caution egainst depths greater than 1.5 m %o
avoid anaerobic conditions in the pond. Siddiqui (26 )
considers the optimum depth to be 1.5 m - 1.8 m and states
that deeper pondsmay not increase the éfficiency.

The M=drasstudies ( 18) indicete the diszdvantages of
increasing the depth excessively. A suitable depth may be
between 1.2 m — 1.8 m. *+he challow depth may be 2dopted
when the sewage is expected to be septic and the grezter
depth when the sewage is fresh,

When the depth of 2 pond, caliculated by dividing pond
volume by surface arca is found to be inadequate, the depth
should be increased to the optimum value, and the detention
period will then-increaes above actual requirement, When
the calculated depth is excessive, the depth should be
reduced to the optimum value and the consequent reduction
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in detention period snould be conpensated by increasing the
surface ares above rerviremaont,

CONCLUSION

It may ke seen that the approaches of the various
authors towards the design of ponds are varying. The extent
of variation is.well illustrated by the problem worked out
in the .appendix. The final results are abstracted below.

(f?»..

TABLE o b

Comparison of results according to different formulations
for population 40,000 sewage flow 100 1lpcd, BOD 300 mg/l and

90% removal,

S1.No.,  Author Surface Depth Detention
area in in pe ried
hectares meters Gays
i RICH 0 2L L
2. i ARETTTATA ‘ e :
S e le e s e ) 7.20 a2 21.6
3, AFKCEIVALA R e -
(Mep ) 4.10 T2 12.3 >
4. MA RATS-SHAW 8.15 o 24.4 >
5, GI.CYNA Caobd o o) s
6. SIDDIGT 2,705 1.8 5e
7. " PRESENT
RECOMMENDA - :
T ECNG L1575 1.5 S ey

A

Design 4 is apparentliy conservative and will ensure
touble free performance during all seasons, Design 2 also
seems to fall into the same category, Design 5 may create
problems if the sewage is septic as the depth is rather
high but the surfece area is apparently more than adequete,
Design 3 may create problems during prolonged cloudy weather






102

APPENLIX

WORKED OUL

Design an VWaste Stahilisation Pond

formulations given the

Location
Elevation
Temperaiure
Population served
Sewage flow
BOD5 for raw sewage
Desired effluent BGD
Sky Clearance factor

Efficicncy of Conver—
sion & solar energy
by algae 4% ;

Heat of
al gae

combusation of

I. SURFACE AREA
A. Solution agier Rich.
Summe r Conditlons
bQDS

ileimate ' BOD 6o be
removea at 20°C

T0o be removed

Ovygen “eqzzrc“@nj

EXANPLE

cased on the varions

following: -

14 Lotitude

600 m sbove sea lewvel.
,-~AO o -

DU Mo = min
40,000

100 litres per capita daily
500 mg/

20 mg/1

@5

\4%

6 kilocalories/gm

= 270 X '05
= 4‘05 vn.-)‘,/"'
i ZO=20
= e Ohrar Vol .
¥ DO
= 486 ﬂg/?ﬂ

; 10 8
= 1900 kg/day






104

N

C. Solution after the map of Arceivala |

The permissible loading at 149 ‘
latitude (by interpolation) = 287.5 kg/hect /day

This value is applicable at sea level and for a sky clearsnce
factor-of 0,75,
The problem however is for an elevation of 600 m
Haws teorreched: lpading = 287,51 1 & 00055 6
’ = 203,25 kg/hectare/day.

The BOD5 load in the'influent = 3500 = 40,200 x 100

10
1200 kg/day

Area required = 1200
: 293.25

A 0] hectares.'

Il

|

il

D.Solution as per Siddigi.

Non-settleabls BOD 1oad
(assumed at 50%) in the

influent = 600 kg/day
Loading rate from the map ol
Arceivale et. al. = 293,25 kg/hectare/day
: = 600
295520
=205 e enare gl
E.As per present recommendations
Influent BODBIOad = 1200 kg/day
Recommended loading : = 230 kg/hodt/day
Area required = 1200
250
= 5,25 bectares,

II.DETENTION PERIOD
A.Solution after Lrceivala
Summer conditions
pli e
39 %20 (1.047

(0,1)(1,047)1©
0.1581

O
)3 20
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D.Solution as per Siddiai.
G = 6.5 days (empirical)
FINAL o OLUL IONS
A. After Rich
Surface area requirxed =i 2 0 eeEre sy
B, After Arceivala (rationsl approach)

Surface area required = 7.20 hectares.
Detenticn period = 11 days _
Resulting Depth ey agoe A0 1
| 10° % 7.20 x 104
_ =0 61 my
Recommended depth =2,

Detention period = ot i Pa e e e e
40,000 5 100

= 12.3% days

Detention period
(theoratical) = 11 days.

D, After Marais Shaw

Detention period _ = 24,4 days
Re comme nded de pth =1,2m
Surface area = _iQ 000 A_1QQ_§_%£;4

10) o O

== 8,(5 h*b'vuc. dso
E.After Gloyhna
Detention period =Syl s eSS
2

Depth to be provided Sl .
Resulting surface area L oh.pix 40,000 100
0P o x 10
= 6.86 hecltares,
. After Siddigi.
Surface arca - =205 heetares,
Depth'po bé provided =081

Result ing detention = -2_92-5_10 180051

40,000 x 100 x 1000
= 9:3 da.ys,
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SOME SPECIAL ASPECTS OF WASTE STLLILISALION PONDS :
L JRAMEN .
I NI RODUCT TON |
Some aspects of waste stabilisation bonds design and

performance which hrve not been considered so far are
discussed in this p=per.
SLUDGE ACCUMULATION

It has been pointed out earlier that the suspended solids
in sewage will settle to the pond bottom and undergo disgestion.
The algae in the pond‘which die out will a2lso settle to the
bottom 2nd undergo di gestion. The inert solids left after
digestion will remein 2% the pond bottom and this digested
sludge will accumulafe with time. |

In most litersture from abroad it has been reported that
sludge accumulation in waste stabilisation ponds will be
negligible snd meeds no gpecial consideration. The observation
mey apply only to ponds which are dosed at a very low 30D
loading, sey 20-50 kg/hect/d-y. Ponds in our country are
dosed at much higher loadings (220-330 kg/hect/dey) and in

these Caces, the sludge accurulation will be substantial.

¢ made T

(W

Approximate calculgtiovns can b 0
sccumulasion in stabilisation 90rds Gn the- Polfowing et
neglecting the contribution of sludge by dead alzae and

bacterial cells which may be comparatively smel 15

Assume BOD of 300 ng/1, suspended golids of 400 mg/1 end
BOD loading of 230 kg/hect/day. ILet flow be 0.5 million Jitres.

Ther total BOD Load = 300 x 0.5 = 150 kg/day
Lrea of pond . =450 =" 0 6 diciel
250

Totzl suspended solids inflow per year : :
=00 X 0.5 x 365 = 13,000
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Pixed solids in raw sludge =.40%

Pixed solids in digested
Na sludge = 60%

Totel suspended solids left after digestion (dry basis)

= s s000F X A0 % 100
; 00 60

= 43,900 Ko ’

Weighu of digested sludge (wet basis)”assumimgigoﬁ moisture
= 48 TO0 = 100

-

kS

. = 4,87,000 kz.

Volume assuming sp.gr.of 1.05
» = 4,87,000

Jo Ok
= 4,800,000 1itres or 480 cuLm,
Depth of sludge accumulation= 480 o
O = o0 o ¢ /
= 00075 iz W oHaen perIY3ar,

Some a2ctual observations msde on cludge accumul ation

in stabilis=ation ponds at Madras are abstracted below:
/ ‘

Locatioy. dge Total sludge
de oth depth

{odungeiyur - 4 ye=rs

(Treating Raw Sewsge) 1.2 m 2 i
e L ' - 5 years e m O o

(Lreating raw Sedege )
Central Poly- 4 years g @ i 2 am

technic. (Preating rew sewagse)
I Bl.Senatoriunm 8 years o9 m 0.0z m
Tambarsm (Treats septic tank
efiluent)

Lhe effluent of sludge accumwlstion in stekilisation
ponds does not seem to have been wmeported in literature,
4 study has been made in Madras o'n two oxidation ponds
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‘dosed 2t the seme surface loanding, one of which was 6 years
0ld 2nd had 0.4 m depth of sludge out of 1.2 m total pond
depth ~ml the other which was new &nd ngd no sludge accumula-
tion but wes ctherwise similar to Pond 1. Generally, there
wes no difference betwaeen the ponds in regard to BOD removal,
but during prolonged cloudy weather, a2naerobic condit ions
earlier in the first pond. Presence of algel scum and black
sludze (lifted up from Ghe bottom) was clso grecabter in this
pond. There is a chence of bottom vegetation developing whe n
s ludge accumulation hes reduced the pond dépth considerably,
The critical depth of sludge when & pond will have %o be cut
out of operntion, the supernatent liouid drained out end the
sludge removed after it dries in situ. The sludge in the
lagoon will be well-stabilised and will be suitable as
fertiliser. In order to fecilitate desludging it is impoxrtant

that ponds are constructed in multiple cells,

EVAPORLT ION

The rate of evaporation from ponds will depend on an
ambient tem .erature, wind moement, relative humidity and
other factors. The rete may not differ much from the rate
of eveporation in fresh water bodies. In South India the
rate is about 8 mm/day meximum in summer and the water loss
per hectare will be 80,000 litres/dey which will represent
10% of the sewcge inflow for e 0D loading rate of 250 kg/hect/
day =1l 2 BOD concentration of 300 mg/3. VWhen the BOD loeding
is kept comservative, say albout 80 kg/hect/day, the water
loss may be 30%. The water loss mey be impprtent wihen the
effluent is intended to be used for ngricul ture especizlly
beceuse the water loss will be maximum when the water
requirement is also maximum i.e., 1 Summer. The weter loss
may also result in incresse in dissolved salts in the efiluent.
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The increase will be about 10% in the first case and 40% in
the second stege. The effect of increase in dissolved sal ts
on the‘irribafion ubility of the effluecnt will be obvious.
The water loss will also result in increase of the ¢ mcentration
orgeni ¢ matier in ‘the pond liquid. The efflusnt of such
S e foi =TT

+
i

L
increase on pond performance 1is a Ia

fhe stebilisation pond environment because of its greenG:}
colour may app.ar Gto the casua. observer as well suited for
el ol ek R sever(l environmmental factors in the pond
"are against its success. 4 prime regquirement for successful
p;scéculture Sl Dond is the presence of dissolved oXygen
21] the time. In ponds loaded even at moderate lozdings of
115 kg/hect/day the D.0. has been found To run out at night.
Another sensitive factor is the concentration of free ammonia
in the pond. Free ammonia in harmful to most fish even &t
such low concentration as T,mg/l; Except when raw sewege
is very dilute, the ammonia concentration in Lhe pond will
exceed this figure. Lt Medras ip some studies with Tilepi=z,
the fish died out within & few hours en irtroduction into:aé;?
pond with high'ammonia (& mg/l) though D.0. wes present Go
saturation level.

Genera lly, only coarse varieties of fish such as
Ophiocevhalus may be a2ble to survive in facultative ponds,

thanks to their ability to use atmospheric oxygen when
dissolved oxygen is absent. The fish generally lie submsrged
in the sludge ané harvesting them by netting may be difficult.
The netting may also stir up the sludge and affect pond
performance, The keeping quality of the fish when grovn in
Sewage ponds has been found to be poor. Hence, pisciculture
with the Ophiocephalus svecies even msv, ot hsve economic
signifieanece in facultative ponds
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~Pisciculture meay be successful in maturation ponds,
prov1oed the ammonia content is sufflclently low. But, vefore
a commercizl utilisation of this idea, due consideration
should be given Ho the healch wisksinvolyed, It has not been
estoulished conclusively that fish grown in sewage does notb
carry pathogens despite cooking and that its consumption lS
not & health risk. Znother possible health risk..is the
physicel transfer of pathogens from fish to other foodstuffs

iz e handiine iy whe kibehens

The he=alth cspects should be studied very carefully before
piscioﬁlture is adopted commercially. For the keeping quality
of the fisﬁ grown in sewage effluents. 4t Kodung=iyur, in
Madras; fish grown in_a‘pplishing lagoon have been.found to

Spoil guickly,
PINK PHENOMENON

Development of a pink colour has been reported from
certain oxidation ponds designed as focultative ponds.
In Madras City, an oxidation pond (now éefunct) serving
a housing colony was found to be permanently pink., In
certain experimental ponds at Medras (Kodungaiyur), pink
colour has been observed occessionally in some ponds armd for
prolonged periods in other ponds. Pink colouration has been
reported also in waste stabilisaiion ponds at Vijayawada, and
ihmedebad and in some ponds in the U.S.4.

_ Pink ponds are attended by odours. In soiue cases, the
odours have been found to be worse then from aﬁaerobic ponds .
The pink ponds may also suffer in regard to organic
purification. The control of the phenomenon is therefore

- of intercstto the Engineczr,



g

s

114

Purpls = sulfur bacteria such as Chiromatium vinosum,

et uhe sewage which will converst Lae sulfates in the sewaze

6

The pink colour has been ascribed to certain photosynthet. .

Thiopedia rosea, Thioplycoccus, Rhodothece, ete, AL Madee o

the responsible orgenism hes been found to be similar to
Merismopedie tcnuissime., The pink colourstion of the
organisms has been found to be due to predominence of
carotene, 2 participant pigment in photosynthesis. This
pigment supresses the green colour of chlorophyll which is
elso present in the organisms;

The metabolism of the pink organisms seems to be tied

‘with hydrogen sulfide. The organisms use hydrogen sulfide
‘as the hydrogen donour in photosynthesis instead of weter

molecule as in the ftrue plent photosynthesis and release frec
sulphur insved of free oxygen. Due to the absence of oxygen
production during photosynthesis the pink ponds will be
anaerobic even at the surface unlike facultative ponds and
hence they may give off odours. '

Pink condit ions scem Go be QDVGlPeu oy e septicity

to sulfides, moderately high BOD 1oedings and increased Gepthed
In stndies af Gadras & 1.2 m deep pond loaded at 230 ks 10D/
hect/day was found to be green while 2n identical pond

loaded at 460 kg/hect/day beceme pink., A4 pond 2.4 m deep

dosed at 230 kg/hect/day was elso pink while a pond 4 m dsep
dosed at 460 kg/hect/day presented the deepest pink colour.
Control of pink conditions require that surface loadings

should not be too high and the depth 2lso should not execeed

1.2 m very much., These stipulations mey be particularly
important in cases where the sewage is not freshk and

arrives at the pond site in & septic condition,
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FIKID ATD LABORATORY TESTS FOR WASLE STABILISATION PONDS

Certein simple tests can be cerried out in the field to
test whether an stabilisation pond is functining satisfactorily.
" One test will be two check for hydrogen sulfide in the pond.

Phe test can be carried cut by putting » drop or two of lead
scetats solution at various points in the pond. 4 black, brown,
or whitish colour Will respectively indicate high amount of
sulfides, moderate amount of suliides or sbsence of sulfides.
The critical time for presence of meximum sulfides in a pond
is at daybreak and the presence of sulfides in traces at such
times cannot be taken as an evidence of pond feilure. Presence
- of high amount of sulfides at noon or in the evening will be

an indication that the pond is not funcitioning properly =nd

that it may give rise to odour nuisa nces.

Another simple test which cen be carried out in the
field is for dissolved oxygen. The elaborate procedures for
laboratory determination of D.0., will not be nedessary apds
all required accuracy can be obteined by means of a field
kit with the reagents in dropper bottles and & test effluent
early in the morning indicates a high pond performance. At
middey, the ©.0. should be quite high &m for sbove
saturation velues. Absence of D,O,ﬁin the pond at such Times
‘indicates theat enerobic conditions have set in which may be

due to overloading or cloudy weather.

Sludge accumulation in a pond can be determined in the
 field By pushing in a glass tube of 25 mm O0.D. slowly into

 the water until it hds gone down a few inches into The
bottom soil, giving the tube a few turr~ and then slowly
withdrawing the tuoe. The bottom end of the tube will heve
to be roughened_qp inside by means of & carborundum stone o
help the bottom soil to adhere to the glass and form an
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effective plug for the siudge end the water above. The
withdrawn tube will give the =2ctual water depth and Ghe
sludge acouwnulation con be caleculeted os design depth minus
actual waiter depth. ;

It will be desirable to carry out regular laboratory fes:-
on the performance of weste staldlisatioen ponds, if for nothing
elsc at lesst to obtein data which will be aveilable for use
elSewhere in the country, The frequenCy of observation will
have to be decided dependent on the laboratory facilities,
The tests should be for both raw sewage quality and effluen(i}l
quality. The raw sewage sample should be composited over 24
hour period preserving it properly with ice. In regerd So
effluent, grab ssmpling may be sufficient except that it me;
not give a cbrrect estimate of suspended solids, The tests
on raw sewage should include total BOD.s cluble 50D on
centrifuged or filtered semple, suspended solids, sulfates
sulfides;~§ree ammonis and total nitrcgen. The tests on uhe
effluent should atleast for total BOD, BOD of filtered (Wo.4
Filter Paper) sample, suspended solids and free and total
ammonia. A finel filtered effluent BOD of about 20 ppn or
less may be considered 2s satisfactory. The purification
in the pond may be calculated as filtered effluent BOD/totel(
BOD of raw sewege,

> |

et {

COST COMSIDERATICNS

The cost of providing stebilisztion ponds includes both
land cost cnd construction cost, ILend cost mey vary signi-
ficantly from pl=ce to place and from location to location
in the ssme plzce., The construction cost will include items
like earth work, inlet,'outlet chembers, distribution lines,
éffluent collecting channels, fencing installation of necess-
approach way and general lighting including werning Sign pOE.



Estimates for. stebilisation ponds may generally Lollow
the same pﬁttefp anywhere, but may significantly ciffer 1in
oversll value in respect of certeain mejor item. These 2I¢
1end value, provision of lining for the water face oi the
pun¢ and rhe type of such lining.

Tend cosss may vary substantially from place G pleace
even in the same place from location to location. Depending
upon whether the lamnd is cultiveble or not the costs may even
be as high 2s850,000 acre even in locations eway from cities.
Llnlng of ponds may be PTLCtLCed in marny ways. Complete
lining using concrete slabs though is the mos® desirable form
may prove prohibitively costly at some locations. Alternative’
lining mey be tried with stone gltchlnp or sand asphalt

mixtures in which case the- costs may reduce.

4 model estimate has been prepared and is inc luded under
Appendix. The cstima te isbased on a design of wend e
treating doout 6 million litres of sewage per doy with &

BOD of 300/mg/l at.=n organic loeding rete of 230,/kg/hect/day
with = Gtotal depta of 2.8 1 ow of which & m o Gie free boacr
Lining with the csment concrete slers hes beern provided

- the water face) from the toe of the cmpenkment to 0.6 m on
the Lop of the bund.

e rates adopted are expected to e Hhe best ev-oEage
rates for the respective items of work, for mo st Indian
locations. However, where necusiary suitable assumptions

can be incorporated.

Meintenance charges for ponds mey include CoOS% ot
lighting, general rcpalre and renewals, and pey of staff,
The estimate &5 prepare¢ now provides only for a minimum of
staff a8 the provision of Lining men well do away with the

necessary for any elaborate maintenance arrangene nbs,
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ISR 2

General comperison of costs for sewage Treatment by

stebilisation pond aerated lagoon, oxidation ditch end
conventionsl trecatment using Trickling Filter ( - )

Process : Cost per Cepiball cosis Lovel gmmual
o iiA P plus capite- expendlture'
construction lised running per capita to
of lan.t = COS%S per d\}_p_rg_l P]:L :
P : capita running CosSts
including e
repaynient of (g
loan.
1, Waste stabili- BR. 8.80 to ks, 10,60 to Rsv 0099 o
sation pond. Bs.15.70 P27 .20 B 2250
2. Lerated lagoon PRs.12.00 to R 32, 20500 RBs. 2.80 ©o
Bs.19.00 Be5h 60 Rs.. 4.86
3, Oxidation Bs.14,00 to B 45505 Lo Bse .00 b0
ditch Ps.21.00 ~ B.79.60 Bs. 6.06
4, Conventional E5.25.00 to Bs. 40.88 to Bs. x5S ito
treatmernt., Bs. 75.00 Bs. 152.00 Balsi90
N@H: 3 Tn each item the il gl daba in c0S% to the—,

_le” tains
cost of plant for 2,00,000, contnlbutocy opule tlmaﬁiy
and the second data in cost pertains To %1 G

o 58,000 =opulation,

Repayments of lozn has been assuaed over 20 annual
equabed instalments at 6 per cent per snrunm,
iLiterest rate,
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OPERATION AND MaINTE.W.CE OF WASIE Sf/lbILlSATl Qi PONDS % :

i Damodara Rao

INTRODUCT IONs

waste stahilisatibn can be brought abbut in a number of
ways amongst whiCh‘WSSCe stabilisation pond method is important. The
stabilisation can be done with help of algal photosynthesis ac in aerchic
oxidation puid, by anaerobic actien aé in anaerobic pon&s, in aerated
lagoons and in aerobic.anaerobiC'pbnds referredlto as facultativive ponds.
All‘of these can be classified}as waste stabilisation pondé. A‘certain
amoﬁnt of attention is necescary to'keep these‘treatmeht units in

operation to acheive necessary treatment,

BRINGING AN ANGEROBIC STABILISWTION POND INTO OPERAT IONs

When the organic load applied on a waste stabilisation pond
exceeds the oxygenaticn due to algal photosynthesis ahd surface diffusion
of oxygen from atmosphere, the entire dissolved oxygen in theAéohtents of
the pdnd disappears and anaerobic conditions set in. In practice, it is
observed that all ananerobic actions consist of two phases. In the first
phase, organic matter gets reduced to organic acids, Malodourous organic
and H.S are found to come and in this phase. The

3 2

pH tends to be about 5 or so. The next phase is called gasification phase

compounds as alsoé NH

in which the crganic acids yct converted to methanes, This conversion

actually results in a high degree of organic removal. The destniction of
organicvacidé resﬁlts iR ache fH rising up evén abcie 7.0. "In an anaerobic

pond operating satisfactorily, the pH will be more than 7.0 and bubbles

of gas would be seen breaking the surface of the pond- %hen this is happen-

ing, malodourous emanations will be consistently absent from the waste stabilisa-

tion ponds. It is not unusual to find a setback in the operation due to
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sudden change in either the weather or the loading pattern or some
other unexplained reason. Then it will be scen thatrthe surface of
the pond takes on a glassy look with a disappearance of the bubbles.
The pH will be less than 7.0 with increase in acidity. If the abnormatity
is detected and rectified and the condition brought to normal, the
healthy anaerobic trend can once again be restored.s To bring a new

anaerobic pond into operation, it is usual to use an anaerobic sludge

\

with an admixture of cow dung. The methano bacterium in the cow=dung g
will establish itself in the pond and gradually give rise to methsne gas.

The methonobacteria are, however, very sensitive to temperature changes.

It is found when the temperature is eithe£ low or high, the methanobacteria

do not thrive. And, in this condition, methane gas may not be generated

with consecuent dsteriosation in the effluent condition.

In anaerobic waste stabilisation ponds, the depth s
usually 6 feet or more. The detention time for the waste will be hich.

Sludge accumulation will not be substantial as gasification results in

7

very small quantity of sluége. If methane formation is absent, sludge

accumulation may Loty be substantial and problematice.

AERATED LAGCONS:

Both anaercbic lagoons and aerobic lagoons for waste
stabilation require large area and volume if left to natural conditionse.
There are large variations in the effluent quality due to changes in
natural conditions. To ensure that such variations do not affect the
effluent, oxygenation can be induced by providing diffused aeration or

~

mechanical stirring. In such a set-up, the area requirement can be
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reduced to about i/8th the area of a waste stapilisation pond. The cost,

however, is higher for treatment of the vaste. By aerated lagoon,

the waste can be treated to a consistent standafd and the season,

temperature, centh etc. do not e%ert the came cffeéﬁ. Aeroi’ ¢ and

anaerobic conditions could exist at the same time in aerated ponds. In

cold climates, the constant motion of the contents of the lagoon inay

result in loss of heat and low temperature, Ihis may have an impact on

the degree of treatment as bacterial activity is influenced by temperature,

AEROBIC POND:

In aerobic pond, the depth is limited to about 1'. large
amount of.algal are produceds On days when it is sunny, patches of water
may have a high temperature of 35°C, The D.O, may also be high with a
pH of 11.00. In such a condition, magnesium salts may be precipitated
and these in turn may enmesh the algae and settle down. The water may
clear up and allow sunlight ﬁo reach the bottom of the ponde  Such coadi-
tions giwe riée to the algal mats-rising up and giving rise to foul odours
due to putrefaction. For this reason, it is.advisable to have depth
of 5' or so for the waste stabilisation pond. In such a case, the top '
or so will act as an aerobic gone and the bottom wili tend to be
anacrobic. The »dourcus substances that may be coming out will be

rendered in occur by the aerobic zone.

FLCULTATIVE PONDS:

Facultative ponds are the aerobic anaerobic ponds that
are adopted for waste stabilisation. As discussed before, aerobic condi-
tion due to algal photosynthesis occurs in the top layers of these pondse.

The bottom layers have a substantial sludge layer supporting anaerobic
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conditions. Me hane generation is noted to occur in thes lower region.

BRINGING A NEW FACULTATIVE POND INTO OPzRAT ION:

The sewage or the waste water is let into the
waste stabilisation pond through a pipe of suitable size flowing either
under gravity or by pumping. Initially, where domestic sewage is
concerned, the stagnation of the waste in the pond gives rise to build
up of algae ana further addition of domestic waste gives rise to algal
bloom thus stabilising the waste treatment. If there is an occasional
increase in the load, the waste stabilisation pond can take care of it.

If overloading is continuous, some of the following troui les commence.

(i) The green algae replaced by blue green algae
occassionally, if the overloading is continuous,
odours such as pigpen odour will be observed.

(ii)If the over loading is heavy, anaerobic conditions
may set in. Then, grey colour occurs on the surface.
Bvolution of NH, and H S may become noticeable.

(1ii )Occassionally, the surface may show pink colour
which is probably due to sulphur bacteria;
In case of over loading, a part of the waste water may
be bye-passed until the pond recovers from the effects of over loading,
Permanent arrangement must however, be made for extra loads that have

not been provided for in the design.

The floating scum mat that is found when blue green

algae predominate must be removed. A net with a long handle can be used



for this. The weed growth on the sidés must be prevented.

Otherwise

moscuito breeding can result. To control mosquito breeding use of
i, \

larviciding oil will be effective.

Care should be taken to see that

such steps do not affect the action of algae by photosynthesise

the day.

Depending on the lcad the dissolved oxygen varies throu hout
PeE ’

If the load is high, the dissolved oxygen may disapp€ar

completely in the night and during cloudy dayse At such times, dis-

agreeable odours may become noticeable.

5ince the effluent from stabilisation ponds are having

3

algae, fish can be reared in’ the effluent.

The following table details the operational defects and the remediese

ii.

1ii,

Observation.

Bright green colour
to some depth from
below the surfaces

Blue green in colour.

Green or blue colour
on surface to small

depth cakes of sludge
floating up distinct

sulphide odour,

TABIE_T.

Pond condition.

Very good.

Good «

Tending to

be overloadede

Preventive step.

Remove marginal veg
tation and floating

scum accumulatione

~Algal mats and

scum accumulation
to lhe =cmoved

regulariye.

Removal eof float-
ing matter: if
overloading s
temporary., by2
pass the flow

s0 as to reduce

load on the pond.
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Observation.

Grey, black or dark
brown. Cﬁlybappear-
ance of the surface
with dark grey

floating scilds.

Surface pink red

or dark grey coloure.

Pond condition.

Overloaded and

anaerolic.

Tending to be

anaerobic.

MA INTENANCE OF POND SURRCUNDINGSS

greatly to the attrativeness of the local.

prevent tresspass Dy stray cattle and passers—by.

Preventive step.

If tcmporarys bye-
pass the flow so

as to reduce load

on the pond. If
extra land is

likely to be perma-
nent suitable perma-
nent remeady such as
expansion necessary
for cleaning exist-
ing pond, necessary
before recommission-
inge

May be due to
presence of sulphur
bacteria. Bye=pass
part of influent
until normally is

establishede.

A well maintained pond with proper clearsnce will add :

Fencing of the area will

Moscuito breeding

can be eliminated by removing shrubs and other growth in the regior =+

of pond.
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ANAERCBIC PONDS FOR TRIALMENT
OF DOMESTIC SEWAGE .
1, SUBRAMANIAM,

INTROTUCT ION

Anaerobic lagoons can be considered as long detention
septic tanks using earthen basins without covers., They can
also be considered akin to sludge digestion tanks with the
exception thet no mixing, ges collection or'temperature

eon el is provided,

inaerobic lggoons differ from facultative ponds in
having lesser area or lesSser detention period, They procuce
effluents which are of much lower standards than waste

stabilisation pond effluents.

The use of anaerobic ponds for the treatment of domestic- -

sewage was first reported by Parker ( ) from Melbourne,

Australia, Anaefobic lagoong have been widely used in Cznada
in the Alberta Province. Sentis ( ) kas reported their use
in theSasketchawsn province, Gloyna ( ) haz reported the

systematic use of anaerobic lagoons in Israel for the pre-

treatment of domestic waste water.

Much work dpes not seem to have been done 1in Tndia 001
anaerobic lagoons for municipal wastes, though climatically

the method is very much suited for the country. 3aman ( )
has reported a pilot plant study on anaerobic lagoons at the
Engincering College, Madras., Varadarajan ( ) also have
reported on Pilot Plant studies on anaerobic lagoons at
Kodungaiyur, Madras, It has also been repbrteé that Ahamedabad
had used deep ponds for sewage treatment with the ponds

functioning anaerobically.
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Recently field applications of anagrobic lggoons have
been started in Tamil Nadu. PFor the Kimbekonan Municiﬁélity,
anaerobic lagoons heve been constiucted as pretreatment cevices
before seconcary treatment in an aersfn% lagoon, MAlso anaerobic

lagoons have been proposed fir pretrectient of sewage before

sewage farming for the Colmb“tore and Tirunelveli MuﬂlClpallulGS.
THEORY OF PURIFICATION

The stabilising action in an anaerpbic lagoons depends
on methane digestion., It has already been explained in &n
earlier paper that escape of 16 gms of methane from an "
anaerobic system means the removel of 64 egns of BOD from ;

the system.

In anaerobic 1agoons, methane digestion tekes place
mainly in the sludge layers at the bottom. . The setteable
organics in the inf luent sewage are directly transferred to
the sludge layers by settling, but, the non-settkeable organics
are only indirectly transferréd to the sludge layers, Their
indirect transfer is brought ebout by absorption by digesting
sludge when it boils up in the lagoons during the esCape of
me thane gas end comes into contact with the sewage.

TEMPERATURE EFFECLS (_\
: /
Me chane digestion 1Lh1@hly sensitive to temperature. e
The optimum temperature for the mesophilic methane bacteria
involved in lagoons in 37°C and temperatures below 20°C slow

dorn the bacterial activity con51der&bly,

It is becsuse of this temperature dependence that there
is continuous sludge boiling in armerobic lagoons in sumer
and very little sludge boiling in winter,

Becouse of reduced sludge bi:ling in winter, the removal
o f non-settlemble BOD in fAnaerobic 1lagoons mey not be higch



and the overall BOD removal in the pond may be considerably

lesger in winter than in summer.
DETENTION PERIOD

The- detention period usuvally provided for anaerobic.
lagoons treatlng domestic sewage ranges from _—5 days, In
the range mentlpnud, the actual detenticn period may not
affect the removal of settleable orgamcs but it may influexnce
‘the removel of non—settlePble organics beczuse longer the
detention period the greater will be The PUpor*Vﬂlty T or
digesﬁing sludge coming up during sludge boiling to absozxod
the non-settleable matter in the flow through ligquid.

SURFACE AREA

Surfece area does not appear to be of conseduence in
anaerobic ponds treating domestic sewage. By providing the
required detention period in deever ponds, surfece area
requirement can be madé,lesser and lesser. The surface area

usually provided is less then 1 hect. for 500 kg BOD/day
compared to 1 hect. for 230 kg :0p/Acvy provided for

waste stabilisation ponds.

DEPTH .

Just like surfoce ares, depths slso may nod affect

Anaerobijc lagoons have functionsd gatisfactorily at
1 m depth but the usual praclice has been to adopt depths
in excess of 2 m. Depths upto 4.5 m heve been tried

successfully in field installations.

PURIFICETION OBTiINED

Because of fhe.dependenoe~of the method of temperature.
the purification. in angerobicC lagoons mey Vary greatly from

winter to summer,
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The BOD removal in anaerobic lagoons may be between
50 - 65% in winter and 70 - 75% in summer,

The suspended solids in an znaerobic lagoon effluent
Will not be the original suspended solids in the sewage
(which would 21l settle out in the pond) but the digesting
sludge as lifted up by the esceping methare gas, The S.S.
removal in the pond has been found to bs 60 - 80%.

POND CHARLCTERISTICS

fnaerobic legoons will have 2 dark glassy. appearence
unlike the green colour of stabilisation ponds,

The Wave action in anserobic ponds has been noted to be P
less than in Stabilisation ponds,

Scum formation in anaerobic lagoons will be greater th
in oxidation ponds, However, it has been found that
- the scum does not be come permanent as in septic tank buc is

+  broken up by wave action,

The percent volume of sludge accumulation per annum in
anzerobi legoons will be greater than in Stabilisation ponds
because of the lesser volume provided, The loss in pond
volume duc to sludge accumulation cen be calculated rationally.
in the scme menner as discussed for oxidation ponds.

Sludge accumulation in snaerobic lagoons may not (;)
adversely affect BOD removal but may cause increase in
suspended solids in the effluent.

EFFLUENT CHARACT ERIST ICS

The effluent from an anaerobic lagoon will be devoid of
oxygen and willcarry considerable sulfides., It will have a
comperatively high immediate BOD end mey also sane odours,
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HEALTH AND ABSTHELIC ASPECTS

inaerobic lagoonsmay not effect as much reduction in
becterial organisms as waste stabilisation ponds. Hence,
there may be risk to public health in the use of anaerobic

lagoon effluents for growing vegetables,

Anaerobic lagoons elso present oppertunities for the
breeding of culex mosguitoes which ars the yectors for
Filariasis. Special consideration has To be given in the
construction am operation of anaerobic lagoons to avoid

culex breeding.

The anserobic pondmay not présent a very pleassant
appearance due to its dark colour =2nd the presence of flcoating

scun, The pond may also give off s ane odours, though the odour:
may not be as strong as expected.

APPLICATIONS

Anaerobic lggoons are pIimarily suited when the sewsgec 18
strong with s BOD of about 300 mg/1. When the sewage is weak.
anaerobic lagoons may not be adventageous.

Angerobic 1agoons have epplicetion 2s a cheap substitu’e
for primary settling., They will be cheaper because of the
comparitively lesser cost for the earthen basin as comparcad
to cost of masonry settling tanks snd elimination of slucge .

L

digestion tanks and sludge drying beds.

Anaerobic lagoonsrey be used for pretreating sewage for
growing restricted crops like fodder grass when available area
ig insufficient for stabilisation ponds.

Lnaerobic lggoons mey also be useful for pretreating
sewage for further treatment in mechanically aerated lagoons
or in stebilisation ponds.
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sewoge for discharge into rivers, but such application mey 196
possible only when the receiving stream hes considerable flow,

5.6, when the ctreem csn as well receive settled sewage.

CONSIRUCTION AND OPERATION :

In order to E‘Uid nuisences and healith dapgers speciszl
consideration is necesssxry in the Selectirg of the sites for

- anaerobic lagdons, in their construction and operation,

As anaerobic lagoons gre pronc To odours they should be
located away from habitations in the @isction of wind. The

~ponds should aiso be well away from the habitations (theest

0.75 km) and not too close to roads from wherc the pond
surface can be seen, ° :

.

Angerobic ponds will have to be desludged frequently,
onee in 4 or 5 years, The lagoons should be constructed in
3 or 4 units sd that one unit cen easily be desludged at &

time,

Where local conditions permit, it will be adventageous

- — iy x G sl
to provide pipe outlets to dewater the lagoons for desludglngiL;

There may be great dancer of culex breeding in enaercbic

lagoons marginal vegetbation 21lowed Tc develop., TLo avoid

C'?
0

growth of vegetation it is nccessary to line the inside ban ks
of the pond atleast to 0.5 m above and below the water llPC
with contrete sl

_J

=y
=

~ ~

or rough store wolnted with cement mortar,

( 2

In the operation arnd maintenance of anaerobic lagoons
special attent ion should be paid to mosquito control, ‘
Tarvicidal cp_iyimg‘mﬁd control of merginal vegetation ares
of very great importance in avoiding mosquito dangers and
should not be neglected. :
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WASTE STABILISATION PONDS FOR INDUSIRIAL WASTE TREATIMENT

- T, DAMODARA RAO

INT ROD UCT ION

Waste stabilisatidn ponds offer an economical method
of trestment for imdustrial wastes., Usually the waste water
from an industry is heving higher orgahic content when
compared to domestic sewage. It is usual for each industry
to havé its own characteristic weste which can not be treated
in municipal Bewage treatment plamt, The stabil isation ponds
come in handy in such gi tuation and cen handle the industrial
wastes satisfactorily., When the orgenic load is some what
low, fécultative ponds are found to be effective. When the
organic load is fairly high anaerobic ponds.are able o

function satisfactorily.

The following characteristics of:industrial wastes may

affect the functioning of the stabilisation ponds.

i, High alkalinity as in the case of tamming effluents
and textile processing effluents where liming and alkali both

are involved.

ii, High acidity asin pickling wastes, distillery

wastes etc,
iii.Organic compounds such as cyanidi, Phenol etec,

iv. Inorganic substences like 00ppef, chromium, lead,

arsenic, boron etc,

It is necessary that the wastes should have a proper
balance of carbon, nitrogen and phosphorus for development
of bacterial population which will help to reduce the organic
 load. The domestic sewage has a satisfactory compositior
‘but many industrial effluents do not heye such proportiowu.

135
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Hence; it is sometimes difficult to have a éatisfactory
bacterial population develop in the industrial waste. The
situation 1s corrected to an extent if domestic sewage can

be mixed with the industrial waste., Another method used is
adoption of amaerobic: ponding wherein the bacterial population
roquiired e eSS e whet will be necessary for aerobic
roSiehl plis,

o reduced the choentration of toxic substance,
addition of domestic sewage or even fresh water msay be adopte@fﬁ;
Some kind of pretreatment to convert the toxic matter to §
inocuous substance may to achieve satisfactory becterial
build-up may also be necessary. '

Many of the industrial effluents can be treated in
facultative stabilisation ponds and anaerobic stabilisat ion
ponds, Some of the examples are given below for foculbtati ve
pohds.

T ANNERY WAST S

The tanneries use 400—800'gallons of water for treaping
100 1bs of hides., The main constituents which given =zcce: s

P,

to the weste water are the sodium chloride which is used as C 2
a8 preservative for the skins and the orgénic me titieiei velles te
from the skin during processing, [The sodium chlowide poriiop
can be segregated while the portion containing the organic
mgtter can be ftreated in stebilisstion ponds, = The 5 days

B.0.D. of the tennary waste will be about 1000-2000 mg/l with

2 pH of abont 8.2 1o 8.5, Oxidation ponds st sbout 150200 lhs
of B.0.D/acre are successful in reducing the B,0.D. to
acceptable levels., A detention time of 30 days has been

found to be satisfactory.

OIL RBFINERY WASTES

\ The effluent from oil refinery has a high oil contient
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(2000-3000 mg/l) free and (80-120 mg/l) emulsified, .The
‘phenolic compounds rapge from 12-50 me/l: ' The B 0. DL tofge
from 100-300 mg/l. It alsc conteins high concentration of
Hydrdgen sulphide. A detention cime of "60 deys for the
facultetive ponds has given & 5.0.D. reduetion of 40 to 90%

and phenol reduction of 61. to 09% percsnt.
SUGAR MILL WASTH

The waste heving 2 B.O.D. of 1200 mg/litre has been
successfully trested in two anaerobic ponds of 7 days
detention followed by 4 acrobic ponds of 10 days duration.
The B.0.D, of the effluent was 125 mg/1.

\

PERIILISER FACIORY WASTES

The wastes from fertiliser factory will have Llittle
organic content, The high nitrogen conyent is however &
matter for objection. The nitrogen which is present as
ammonia cen be lost to the atmosphere if the waste is made
s1kaline end held in a pond, On a laboratory scale &
detenticn btime of 5 days has resulted in a'mitrogen removing .
of 55% to 90%. The nitrogen results in a high yield of algae,

Anaerobic lagoons have been found to be useful for

treeting the following wastes,

A, DAIRY WABIES

The dairies use agbout 4 to 5 litres of water for each
litre of milk hamled. The BOD of the waste is about
1250 mg/lT A detention time of 10 days ha s been found to
result in 90% removal of BOD in the anaerobic stebilisation
pond. The remaining 125 mg/1l of BOD can be treated in an
anecerobic stabilisation pond.-.L“ : /‘
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DISTITLLERY WASTES.

Large quantities of molasses are available from sugar
industries. The distilleries use mollasses for production of
alcohol, The spent wash which remain after recovery of
alcohol has a high orgenic content. The following are the
characteristic of the spent wash,

Lo Colobms & . - Dark brown
il Odour = Molasses
dii St =505 <l 506D
iv, C.0.D. (Dichromate value) mg/l
Total - 1,18,000
Ditsigioliwed e il 06,060
Wie B 0.0 Bl days i20°C Meital - — 1 5580
T otal - 99,000

Suspended solids mg/l - 350.

It is possible to treat this strong effluent by ancero-
bic pondi ng, This method hes been adopted at Tiruchi. The
treatment is carried out anaerobically in two ponds, the
primary pond having a detention time of 70 days followed by
a2 secondary pgnd pf 40 days detention, ‘The efiluent from
the second?ry7gerobic pond w=s found to have a fairly low

BOD: of =2bout 2000 mg/1 when the two anacrobic ponds function
in series satisfect ory,

An interesting point to be noted with regard to
treatment of distillery wastes in the leaboratory by anaerobic
poinding is that addition of Ferrous sulphate in a low dose
of 50 mg/l resulted in & noticeable spurt in the activity

of the anaerobic ponds, The spent wash odours were also
reduced,

-
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PAPER MILL WASTES

The weste Water'coming out from paper mills is mostly
orgemic in nature, It hes & BOD df zbelt 260 me/l =ud - Gkl
of about 10, The westes also cmtain lignin and its derivates
which impact colour to the weter, But nitrogen and phosPhorus~
are absent. This waste cen be trezted by anaercbic ponding.
A detention time of 10 days hes been fournd to result in
75% removal of the BOD, '
CONSLUSION

Where strongwastes from industries are to. ke treated
stebilisation ponds cen be used for the purnose, Pilot plant
studies with the particular wastes must however be carried
out for a satisfactory design of the stebilisation pond
required for the purpose can be evolved,
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UPILIZATION OF EFFLUENT FROM W..STEL STLBILISATION PONDS

Dr. B.B. SUNDARESAN
) & . S. MUTHUSWALMY,,
INeRCTUCT ION
Effluents from fully or partly treated sewage plants

are rich in nutrients which can be utilised beneficially for g
the growth of fish followed by cultivation of suitable food ‘R.
and vegetable crops. lost of it is being wasted now and 1t
'is paradoxical to witness deficiency in fertilizers all over
the country whereas easily available nutrients for crops are
being wasted without‘purposeful use. In'additiqn the shortage
of water for cultivation can be overcome i;AmbSt of the places.
In short a comprehensive scheme ihﬁdlﬁingvtreatment of
objectionable sewage, using the treated sewage for growth of
fish #nd utilising the asme for quick growing coconut plants
such as 'dwarf' variety will be more meaningful in the,preseni
stage of development. Shortage of water =nd fertiliser end
ground water depletions have become the order of the day, ir
seéeral parts of Indiwe,

Several water supply schemes functioning in rursl ereas
are 2t present not followed by any beneficial schemes for the
waste water disposal and the used water is being wasted with-
out purposeful use. This is a potential health hazard
leading to breeding of Culex fatigon species of mosquitos

which are responsible for the spread of filariasis, Water
supply without proper drainage and disposal will lead to
endemic filarial conditions in such places, |

Hence the present method of giving water supply without
any waste trestment units will be harmful from publichealth
considerctions. In order to avoid such health hazards it is
advisable to collect the waste through suitable sewers.
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Ls sewerage (under ground drainage) schemes are cxpensive, it
is being given low priority in vianning., It is desirable, to
'haVe atleast a surface ®llection system with suitably lined
Sufface_drains, which will rrevent stagnation around houses
or gr?ups of houses. fhisjcan be led to & common point where
stabiiiSation,pond can Ye provided for treatment,

Effluent from satabilisation pond is suitasble for quick
growing edible variety of fish and the final effluent from
this fish pond can be utilised for the quick growing coconut )

plants which will also yield additional revenue,

EXPERIMEINTAL STUDIES AT ENGINEERIN G COLLEGE, GUINDY

A well developed sewage treatment demonstration ple:s
with stabilization pond and fish pond forms pert of the Public
Health Engineering Department of the College of Engineer.ng
Guindy, Madras, The effluent from the stabilization ponc -
led into the fish pond and the edible variety of fish succ
as Mrigal end Cyprinus carpio have been introducel “c¢ &tudiy
the growth pattern and productivity (BLABLE, ). T4 i scen
that the Cyprinus carpio (Bankok Variety) attainec¢ a nmozimum
weight of 620 gms and a length of 38 cm (15%) in 6 nomtES'tU{E;
This is & remarkable growth when compared to the growth of

the same fish in other ponds meintained by the Fisheries
Department. The remarkable growth of the fish in this fish
pond ismainly due to the high level of dissolved oxXygen
concentration, algae and nutrients in %he sewage cffluert.

The dissolved oxygen from the suspended light and dark
bottles were determinec for 6 hours exposure between 10.004M
and 4.00 PM, The difference in D.0, between light and dark
bottle represents the gross photosynthetic oxvgen produciion

5 = : :
in mg/litre or grams/m”, By averaging the oxygen product: on
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between two sﬁcceeding metre depths and totalling them up the

production per syuare metre was obtained (TAZLE 2). Oxygen
production from photosynthe51s was in the range of 10.7 to

43,30 vrama/m for the six hour period, Sreenivasan (27)
reported thet gross oxygen prodlctlcn from photosynthesis
was 33.2 gms/mzfor a seven hour period in'a fresh water pond.
Hull (1) repo rbed the values &8:29 m 02/m2/d8y, whereas
Bartch (5) recorded 26 gm 0./m°/day in sewage. stabilization

' ponds. Sreenivasan reported thst even in an algel laden (:’

waters highest production recorded was 42,3 gms 0 /n Copeland
and Dorrls (8 ) zenorted that 29 grams O /m /day as the
highest value The present observations 1nd1<2$ed a fairly
hlgh level of ongen production when compared with values

AA reported by them.

Tﬁefefflﬁenf from the Fish pond ispumped for irrigating
about 200 coconut palms. It is seen that these plents have
grown well and have started yielding in 6 - 7 years. This
would be & viable scheme for smzll towns and panchayats in
rural areas. : |

SEWAGE UTILIZATION SCHEME FOR RURAL COMMUNTII IES

There are several sewerage Systems under operation in
India in, Wulch the sewage is discharged after partial or no
treetment Schr .1 other schemes are under execution whereas

a large nqmber hgve been given a low priority due to high cost

of such system. In order to indicate the remuneretive nature
of sewage trcatment plants, a small town of 5000 population
is teken as 2 model, and a possibie scheme has been indicated
here,

Per capite supply s 25 litmes/doy
Population = 5000 :
Total flow = 5000 % 25 25y, OOO 1pd

i n

125 n?/d






14%;

BOD lozd 200 mg/l

Stabilizaticn Pond

BOD loading rate :
Area required g

lssumin g side slopes:

Size at top i
Size at bottom. :
Free board
Depth
Volume

80 Qe

Detention time

Fish Pond
Datenticn. period :
Area required

Fish pond area

« 1,25,000 % 200
1oé
= 25 kg/day

200 kg/hect/day
125 Hecteres
—sro
143

Bomex 241
A9 misx T
1.0 m

1 Metre

50 x 25 x 1
1250/125

5 days.
625 m°

405x 16 % 1 metre.f”

1250 m
10 days.

Lend required (Stabilization end Pisk Pond and Coconut Pelms)

Stabilization pond :
Fis h pond :
200 coconut palms g

Marginal speace :
Total aréa

Cost of the scheme

1272 w°
640 n
4000 m2
2088 m°

() Tand orea 2.0 fiores (%.1000/acre)‘

(1i) Cost of stoneware pipe and specitls
induding laying and jointing

(iii) Cost of pond construction including
the R.C.C.slabs for oxidation pond and
fish pond and inlet and outlet Chamders

-/

Bs. -
2,000~00

10,000-00



X X

(1V) C@st of coconut plams 200 Bs.10/- each 2,000-00

(v) Cost of pumps (if required) -
(one for pumping to the inlet chamber and 6 ,000-09

another to pump from outlet chember) ————————
fptol 25,000~C0
Revenue
(1) Pish Production - : 3 ,000-00
(ii) Coconut production Bs, 20/- per palmn ‘ © 4,000=-00
: per yeer :
Total - - T OOO—G

REVENUE THROUGH T HIS SCHEME

Qulok grow1nﬁ dwarf variety of coconut seedling may be
planted which Wlll start yielding in about:3 years. This will
fétch a good revenue 10 the Panchayat, Similarly aquick growing
speCies of edible Variety of fish such as uatlp -catla, Mrigal.
Bohu, or Cyprinug corpio Moy De introduced in the f£ish pond,

These species of fish will grow more than 1 Kg/per gear =nd
the yield will also be Hpre in Ghis Lype bf-water Cuch Go whe
dense algal concentration and high nutrient value of the
effluent. By inmplementing the above sewage reclamation
programme in rural areas, it is .possible to provide good
environmental conditions to the community ~nd in addition,
add to the revenue of the Pamchayet throuzh the sale of fish
and éoconuts

Tha total initial cos+ of the proposed scheme will be
about Bs.25,000/- if pumping is to be provided, or fs.19,000/-
without pumping. Pisciculdure a2t the e¢nd of the fiist year
will fetch a revenue of Bs.1000/- =nd at the end éf the third
year the emount will be Bs.3,000/—, Lt this time the coconut
will 2lso start yielding and it will give a revenue of Bs. 4000/-,

\
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INTRODUCTION

The satisfactory functioning §f any waste stnbilization
pond depends as much on a proper aﬁ@lytiQ¢1 control of s .. .‘—‘
performance as on q'good deéign construction, Whereas_fhe
later 'procesaes help in pl;;.cing o tool in-‘our bandé, it‘very
"much'warrents a scientific hahdling of it to ensure an gffective
Shépe‘of the end product. This is possible only through a
r egnlar conbrol of the pond.performanée by meaningful laboratory
anditiiedd éxaminations B0 CertéiﬁaspeCifiC'parametefs. Written

in this b-ckground this paper presents a concise account of

’analytical'techniques—involved gy elae analytical control'of

" waste stabilization ponds e
SULPHIDES e ' :

Tnt o polid syStem, sulphides are derived from the
rejduc bion e sulphates.bath ﬁnﬁ;robic ~s well as facultative:
ponds. Wherees in the annerobic pond the liberated sulphides
continﬁe to aCcumﬁlate, they are oxi.ised back to sulphstes

 ih 2o Fac v g bilive pqﬂﬂa The signifi0nnce uf‘sulphides ﬁfe 0
fgla. Its presenee ineal facultative pond is to be considered

e ticol onily At vimss of noowand moe S ELET Jesser oXyge—

nation ‘times such as the dawa or dusk. In an aneerobic pond
however the time factor may not influence any degision on pond

performance based on sulphide levels.



Ten L | oy
e The field eStimation- of sulphides is\depandent
GRS C pp@perfy of'thé'éhémical Lead Acétate to disiplizee Srac
sﬁlphides.from itsicbmbination fdrm of Hydrogen Sulwvhide and the
subsequénf formation of lead sulphide, a- brown to~bléck precipitaee
depending upeon the-iptensity,of tiae sﬁlphiie s el The‘\
vchemical>can be used e2ither iﬂ the form of a solution added in
fdr0ps EQiia tesH tube‘co;taiming the lcond LigunE or.as readily

“avallable lead Acetvats Strips which can he2 conveniently dinped

: | e B A e / C
Eipte it e pond Al tgua s Bhe end teolouri o st o 1S Sthes s amel i ,‘fj

€lther case and serves a8 a gualitative Hest only.

Quantitative estimations can be made,ohly under
laborétory controlled conditions and use the prinoiple of - gas
‘displacement and iodimétric titration. Carﬁéhdibxide from'Kipp;;
apparatus ustng marble ehips an& Hydrochloric acid is'passed
;through =ricleidificd Jportion O Ehe Spond liquid and  this dic=
placés.the gaseous/sulpbide which is ab$orbed later ins o sQlution
of Zinc Aéefaté. The completicn of displaéément must always /
be ensured before proceeding further which involves additicn of.
Potassium Iodide'crystals where upon the‘sulphidgs 1ibcraté
fhe iodine which'is\estimated by titrating against codivm

thiosulphate using starch as indicator.

DISSOIVED OXYGEN _ o | : iy o

Photosynthesis to a vefy large extent and atomos phe-
.ric oxygen exchange to a limited extent are the only sources of
oxygen introduction into a pond system. Consequently the

level of_Dissolved Oxygen(D.0) is largely dicfated~by e =



5
intensity and rate of photoéynthetic activity. Naturally, higs 15‘
concentration of D.0. can be anticipated in a pond system onlijy

during day time, being meximum at noon.

Obviousiy presence of D.0. in a pond is an Tndic
cation ofaerobic activity. Thus a sucecssiul facultative'pond
must-exhibib gooa'D.O.levels in the upper layers which will
however tapper down depthwise.. Midday D.0.levels of 30 to 40 mg/l.
very much exceeding the saturation level are not uncommon for
ponds operating in temperate climates. In fact, such high
concqntr@tions4are obligatory for‘a successful function of the
‘pond system. In effect,'thié only indioa%es a brief phase of .
algal bacterial symbiosis, duriﬂg which the bacterial uptake cf
D.0. very much falis short of the algal oxygen output. Such
conditions progressively get evened out during the later part
of the day. It may be mentioned here he even’ truely
anaerobic pohds may exhibit minimul surface D.O. concentrations

at timesa

The detection of D.O. is best carried out with
a D.0. meter, which usesvfbé printiple of a galvanic cell with
lead and silver electrodes. When the eiectrodes are dipped
into_fhe pond liguid the éonducting property: of the  D.O.
completes the circuit and generates é small current initbe ordér
of micro amperes which in turn is measured and related fo D;O.
levels using a précalibrated chart. > A simpler alternativé-
will be to use the principle of the famous Winkler?s#méthod
The basic proccdure entails the oxidation of Managanous g

Hydroxide in highly alkaline solution.. Upon acidification



1§

2

titrated with a2 standa rd Sedium Tth

~in the presence of an Todide, the Manganic Hydroxide dissolves

and free Todine is liberated in an amount equivalent to the

oxygen originally dissolved in the sample. The free Iodlhu is

.

Suléﬁeto sclﬁtion,usih
starch as an ihternal 1 nditcator: in much the same manner as
desitribed for the Tihal titraéién fér”Sq1§hides. This method
inyvolves a BECelisel control o ve e he addition of chemicals and
thelr regctions Lo yield = reliéble'quantitative estimation of

D.0. Such specific precautions are possible only under

i bemtotey icond i tions,

In the field however the same method can be tried in

s simpler way. The required reagents will be (i) Manganous

2

Sulphate (480 gm of MNSo, - 48,0 in 1 litre of jstilled water)
(ii) Alkaline Iodide solution (500 gm of Sodium Hydroxide and
150 gn of Potassium Iodide in one litre of distilled water)
(11i) 36N. Sulphuric acid (iv) Starch Indicator ( 5 to 6 gn of
starch.in 1,1iife @ F distilleé watef'boiléd and'éooied). The

reagents are best carried din glass HEODE“M e i

@

O]

b
L=

o

=)

eet)

Pilidadito e Lh oS fal with the pond

'h

test tube is gradually
g I e rathg it boot 2 dreopsi0f meooent e 1S
added followed by a 2 drops cf reagent. 11, The development

of a brown precipitate is indicative of D,O.‘which must be

firther confirmed by mixing ths contents gently by ho¢a1nb thp

o]

tube between :the thumb and second finger and followed by adding

oy dropsiof ‘reapent 111 which will ‘dissolve the precipitates

()1

and form yellow solution. _When a drop of reagent iv is adé

the immediate development of blue colour eatails the presence
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whieh=time " Hhe remaining IO, i agninestimated. A knowledge
of the consumption of the D.O. during the test periocd and the

sl e lensfactor nel ps in: somputing Uhe «B.O D oS & Himple mul v pleh

O

o condin 3
The ‘conductiay

i Lhed et regmilea nroeatisiigpes ok
e highest order gt phe Shands o auat \,“{:)‘_’if’ed 'M"J:}'St whieh

v

gne beyend: the sSeope: of The-restriched coverage of thi
CHEMICAL CXYGLN DEMAN

Most of the blochemically degradeble organic matters

elanaisel be subjected  to: suehtstabilizations by purely chemical L
systems which supply the req uired oxygen undcrvcoﬂtroiled
conditions. The Chemical Oxygen Demand (C.0.D.) test employs

st pEiineisplie tand ‘covers in itsscopel such organic mabterias

ceverediihy  the B 00T, test also.

Beseiipial by the C.0.D. id o prafl control toot
devised to cut short the tediousness and time consuming nature
Gkt tne BLOLD. test which reguires as much: se 5 days eveln for

the operator to evaluate the pond performence lecaving alone

()]

its rectification when indicated. In as much as the entire
GLUCL . Gest ean be ‘completed in o makter 01 2 5toa ) laonEs o
as atleast for a given sewage sSample the C.0.D. bears a fixed
Al e RO e e D T

removal in the pond system can be approximated to the percentage

B.0.D. removal, thereby revealing the pond performance in

e mabter ‘o oS,
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The C.0.D. value is estimated at laboratory a2l
conditions wherein-a measured volume CaE e pond'liquid is
digested for 2- houeskEwith 5 fined gquantity of Potassium Dichro-
mate, concentrated Sl phurle: aeids Wercuric Chloride and Silver
Sulphate. After digestion the smount ¢f dichromate left
unreacted is determined by using standard Ferrous Ammonium Sul-

phate and Ferroin Indilies o,

The B.O.D. =and €.0.D wvalucs can be correlated to
expfess the biodegradability of organic matter and is usually
denoted as the Treatibility Index. Computed as the ratte-af
B.0.D. to the difference of C.0.D. and B0, D The. lower stlae
index, the lesser will be the biodegradability and higher the
index, higher will be biodegradability and treatment efficiency

as condensed below.

Treatability index Extent of Biodegradability

Less than 0,1 Dafficult

@R 18 EeN 0D Praetical 1 stﬂblllsed
condition.

O gl Tnsufficiently stabilized

Values beyond 1.0 Improper functioning

of s treatment
TOTAL KJELDHAL NITROGEN

Nitrogen is an important nutrient of the s pons
system &nd is contributed by the influent wastewater as organic
ik GEO SE; and free amsoniaw In bhe “pend. these-nitmogen forms

are uscd up by the cells and this regults in a reduction of
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8
ammonia content. Further nitrification when occuring converts
the ammonia to.nitrite and nitrate. However ammonia can also
BE 1no“9ﬂs1ng in a pond as the end produets of anacrobic

activity in the bottom layers also catgribute apmonia. - Nitrate

Gl Grogen o phe Einall stoge (of cojinzC s Hon e nitrogen eyeler

ane its presenee din the effluent 1s a2 ifndleation of complete
mitrification.

The total nitrogen is determined under laboratory
cohditioﬁs by the Kjeldhal method whereby a measur ed ‘guentity {T;
DI e pond liquid 18 digested after acdine Copper Sulphﬂte
and concentfated Suliphipic aecid unfil it becomes colourless.
The Jigested sample is made upto a known volume by using a
strong alkeline selution and the Ammonia 15 distilled from the
sblution in to boric acid and estimated by titrating agarinst

Sulphuric acid using Meth Vlor’ﬂgb gr VHmed Lpdiesior.
pH

The pH can be defined more precisely as the Hyﬂrog@ﬂg:;
len aetivi by in moles per litre. Ihe estimativid of pH will gid
to calcul-te Corbonate, bicarbonate and Carbondioxide proportions
in the contrel of pond systems. Taoe practical pH SCale extente

cenire Vellue of

i
&)
==
H.
s
@
ot
1)

Rreom 0 wery aeid, w00 4 very ok

7 correspondine £0 exact meulrality.

‘The PH value Shows = diarnnl'vﬁriatiﬁn like dissclwved
OX;’-)-*gefl"?;-“nd:Sl:]'JWS S e i walee R GEOUIEE Gl g L R T i o
upto 9.0 during midday in temperat. conditions. The purifiesivion
oc curs with a stendy increase in pH value in a pond system

due to the algal population and photosynthetic action which



releases carbondioxide from carbonates in the stabilization pcends.

gel
Phe field estimation of pH is best done by using
universal pH indicator papers which are commereially available.

-

The strips are directly immersed in the pond liquid and the,

chenge "of colour ag compared to the coleur echart Supplicd s vl

the paper will indicate the pH.

In the laboratory the pH can be measured either
electrometrically or eolorimetricallly s iictclicc irametriie
estimation of pH is done by using a pH meter.with glass eleetrodes
SUAGL LS IMTEE relin%le. After 1ntial setting up of the pHmeten
by using buffers of kmown pH values the electrodes are immersed
i te  the somple of the pond etfluent whereby the eiscnntis .
comple ted and the}pq read on the meter. The glass electrode
is relatively immune tb interference from colour, turbidity,
colloidal m‘tferfsnd chlorine . The eolorimestrical estimatiog
O pH is done =t the labhoratory DY using EETrtailn s e Eels
solutions which yield known colours on addition to the sample.

For pond liquids pormﬂliy Cresol Red solution can be used which
will cover the pH ranpe of 7.2 to £.8 ané the colour changs
Wikl e yellow to. red which can be coaveniently compsred by

hsing BDH make colour discs, which are sperifically mannfartizeed

for Thic purpeses
SUSPENDED SOLIDS

The susgended matters in inTluent scwwge are
of org-nic origin and inorganic sludge. 1In the pond system

the settleable orgenic matter and other inertzmatters Setnie



\e!
10

D)

158 e sneiteiee  Sibablliscd anse ol eal o s

a5
=

7C

n suspension

o

are responsible for +he supubndfﬂ soilidis i ithe eafiluent . Undex

laboratory conditions the pond liguid is . filtered through a

midllipore fidlter peper whieh 15 drs o B e 10590 and Feetimesad
s e for conputing the suspehined el Ayl ¢ eesconebile melcEachE.

But = considerable portion ‘of the algsl mass may be lost during
il pees vl ont and: eonseguentl v shese éstimm#ian@-ﬁratlikcly o be
misleading, Hence alterhately cengrifiuging the pond ligquid ab
2500 r.p.m for 5 minutes and noting the centrifuged solids CI0iaLT el

can be considered as a method of visucl estimation of algel ‘<§*

population in the pond system.
CONCLUSION

4 proper analysis of the pond system will be the
only guide for monitoring the performance of the waste stabil i =
zaﬁion ponds conseguently a improper maintenance oI ipomdis s
‘vqry much dependant on the adoption of uniform techniques and

more then that a good und rstanding of the involved principles.

RN
=

The analysis of composite samples colllelcted b regular in e rwails ‘éf
will present the actual performance of the pond system.  When :
nb faellity ié Syaidable ©o cxemine ohe s‘mples as soon as

1% 18 collected, speccial precautions like keeping the samples

at low temperatures of 0° to 3°C during the time of transit

to the loboratory must be employed as chemica il clienccsado

occur in the somples even at minimal time dutCivaiic o SUEem s e
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East Division,
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Assistant Engineer,
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Section Officer,
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Water Supply Division No.T
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Gandhi Nagar, Adyar,
MADRA S-600020,
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THIRU KODUMUDI SHANMUGAM,
Assistant Engineer, °

-Publlo Works Department,

Seuth Yest: Sub Division,
South Presidency Division,
Chénauk

MJADRL S-600005,

THIRU M, KOLANDAIVELU,
Assistant Engineer,

Public Works Department,
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M A& DR A S-600005

THIRU B, MANICK: ViSAGAM,

Assistant Engineer,

Public Works Department

Office of the Chief Engineer, (Irllgatlon),
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MADRL S-600005.

THIRU S. MUTHURAMAN,

Assistant Egglneer(Ruxal),

Tamil Nadu "ater Supply & Prainage Board,
Che pauk,

M A DRA S-6680005.

THIRU NAMBI AYYADURAI,

Assistant Engineer,

Designs Circle,

Tamil Nadu Water Supply & Drainage Board,
Chepauk,

MADRL S-600005.

THIRU M. PASUPLTHY,

Assistant Engineer,

Tamilnadu Slumn Clearance Board
Division VI,

Foreshore Estate,
MADRJLS-600028.
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13) THIRU R. SALEH,
Sub Divisional Officer (P.H.E.)5
Sub Division No.2Z,
Kohima ,
Nohc A e

14) THIRU K.G. SHANTHALINGAM,
NAgsistant Engineer,
Tamil Nadu Slum Clearance Board,
Division III, Thandavaraya pillai Chatranm,
M A DR L 3-600010,

15) THIRU K.V. SRINIVASAN,
Sub Divisional Officer B/R,
c/o., Garrisan Engineer,
Fort St. George,
M A DR A S=600009.

16) THIRU K. STROMANI RAO,
iss istant Engineer(lechnical)
Office of the Chief Engineer,
P.W,D. Chepauk, '
M A DRSAL S-600005.

17) THIRU C.P, DANEJA,
Executive Eﬁgineer,(Planming),
Show room No.16-4,
Pector 7-€.
CHANDIGARH

18) THIRU S. VISWANALHAN,
Executive Engineer,
P.W.D. Buildings Division I AEIE
Chepauk, :
M A DR A S=-600005.
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