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HYDRAULIC LOADING AND STABILIZATION OF

AHMEDABAD SEWAGE BY PHOTOSYNTHETIC OXYGENATION

1. INTRODUCTION

#* There is a dearth of general performance informa-
tion based upon experimental data® relating to oxidation
ponds (Oswald 1964). In this system df)sewage treatment
algae and bacteria are cultured simultaneously, the former
utilising the solar energy synthesisofyesh organic matter
in the form of algal cells from hydrogen liberated from
water, carbondioxide from sewage and atmosphere and nutri-
ents from the waste by bacterial action. Oxygen, so badly
needed by bacteria for biolysis of decomposing organic
matter entering the system, is released from water by algaé
after absorption of light. Thus natural light energy is
ussd to produceg oxygen to stabllise sewage. The two basie
types of reactions taking place together in the pond are
oxygenation by algal photosynthesis or photosynthetic-"

' reduction and bacterlial oxidation.

‘ In addition, Oswald and Gotaas(1957) state that
there are two sets of factors operating in oxidation ponds.
They are:(a) controllabls factors & (b)uncontrollable factors.
The former relates to design ;riteria andrars sub-divided

into (1) 4independent variables such as sceccese
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as " size, shape, depth, detention time, surface area,
B.0.D. loading, inlet and outlet structures;‘soil compo-
sition, site selection, methods of operation ete., which
are subject to engineering control%; and (ii) dependent
variables such as " oxygen production, algae produced,
energy stored in algae, nutrients in waste, B.0.D. Stabili-
zation, pond condition and effluent stability". The
uncontrollable factors are solar radiation, temperature,
wind velocity and other climatological characteristics

that equally affect the efficiency of the purification

process.

For developing criteria for design of the process
of confrolled photosynthetic oxygenation of sewage, it is
necegsary to establish relationships between controllable
and uncontrollable factors. The two general categories
of factors are vitally linked, for, the basic considera-
tion in the design of oxidation ponds is the organic
loading based on surface area with controlled depth,
which 1s strongly influenced by the climatic conditions
especially solar radiation and temperature of the locality
or latitude and elevation in which the lagoon is
situated. The possibilities of oxygenation of sewage by
algal photosynthesis have not been adequately investi-
gated although sufficient light energy is normally
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available anywhere in India. An attempt was, therefore,
made to develop desién eriteria and criteria for opera-
tion of oxidation ponds trapping the'energy of the sun
at Ahmedabad through phbtosynthesis as the principal syn-
thetic forece, on the lines followed by Oswald et al
(1963,1957), Oswald and Gotaas (1257) and Gotaas and
Oswald (1955). | '

In the first place, Oswald and Gotaas (1957) have
published "information concerning the amounts of visible
light energy penetrating a sﬂqoth water surface at sea-
level in relation to latitude and month of the year"
from which the values for Ahmedabad have been taken for
the north latitude 23.01 and shown in Fig.3 B and in~

Table I (Appendix) for ready reference.

The utilization of this solar energy by the algae
present, in the presence of nutrients from sewage,
results in the proliferation of new algal cells and the
concomitant production of molecular oxygen. A relation-
ship has been established by the Western workers between
new algal cell material synthesised and the oxygen
released on account of photosynthesis. The ratio of the
weight of oxygen relecased to the weight of algae
synthesised has been termed "p" and this value has been
reported to vary from 1.25 to 1.756 for algae produced in

oxidation ponds. In other words the formation of one
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unit of chlorophyll containing algal cell mdterial is
associated witﬂ the production 1.25 to 1.75 units of
oxygen. This is termed " photosynthetic oxygen " which
is different from the dissolved oxygen estimated by
Winkler method. So, if an oxidation pond is producing
enough oxygen for satisfying its BOD of, say 350 mg/1,
then the concentration (Cc) of”@@gée that is likely to
develop in it will be :

=_360_ = 350 = 280 mg/1
P 1.25

Again, the concentration of algae Cc (in mg/l,)'
divided by the detention time, say"t" days, will give
the quantity of algal cell material in mg/litre/day.
Therefore, for a given yield of élgae, the amount of

photosynthetic oxygen produced can easily be calculated.

Next, the visible portion of sunlight is the
energy source of the photosynthetie oxygenation, and
therefors, the data on the amount of available light
energy together with the data on algal celi growth are
used for predicting the quantities of oxygen which may
be produceg through light energy fixation by algal célls.
The amount of energy associated with 6xygen liberation
by algae is well established. In the case of sewage

grown algae like Chlorella,iscenedesmus and other similar

organisms, the amount of energy associated with oxygen

e
T
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liberation is stated to be 3.88 calories per milligram

of oxygen produced.

Also, the efficiency of light energy conversion
by algae grown in sewage under a wide variety of
environmental conditions has been studied and it is
found that the energy converéian seldom exceeds 10 or
12% of the available light energy. Since the probable
values for the amount of available light energy can be
predicted and photosynthetic efficiencies may be assumed,
the quantity of oxygen that will be produced for a

given efficiency may be calculated from the equation:

i i
F’S. F.Sl
day)= =22 : or 89 fe2e f-04, «Se
Wog( mg/1/day)= T23%- 3 o 1 3.68 | o2 5.

. where " Wog 1s the weight of oxygen, S, 1s the amount of
visible solar energy which penetrates a smooth water
surface in calories per sq. cm per day, F, is the
efficiency of light energy conversion to chemical energy
expressed as a decimaly 3.68, is the energy required to
produce 1 mg of oxygen through photosynthesis and the
factor 89 converts mg per sg. cm. to pounds per acre'.
So, from the available light energy at a particular
locality like Ahmedabad the theoritical quantity of
oxygen that is likely to be produced through photosyn-

thesis can be calculated for various efficienciss from
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1 to 10%. This has been calculated fik;,Ahmedabad and is
shown in Table No.II (Appendix)and in Fig.3@.

2., Climatic conditions of Ahmedabad during 1262-63.

The climatic conditions of the locality in which a
pond is situated plays a very important role in the purifi-
cation of sewage by §hotosynthetic oxygenation. The two
important climatic factors concerned are temperature and
the number of hours of bright sunshine. The range of varia-
tions of maximum and minimum temperature and hours of
bright sunshine for each qf the four seasons of 1962 and

1963 are summarised below from Table No. III (Appendix).

L . . T T T P R . T T T O

Season & Temperature (°C) Bright Sunshine
Year (Monthly average)
...... Maximum ~_ Minimum = Maximum Minimum Average
Cold Weather:

1962 27.8-31.5 9,5-14.6 307.8 273.2 290.2
1963 256.,3-33.6 12.3~-15.1 292.0 273.2 283.9
Hot Weather:

1962 35.3~42,3 18.3-25.8 339.5 286.0 20.4
1963 31.3-41.2 18.6-27.1 23.4 257.7 281.3
Monsoon Season:

1962 33.0-33. 6 24.0=256,7 215.9 138.7 249.2
1963 306 1=33.0 21.6=25.8 202.1 119.8 157.7
Post-monsoons: -

1962 33.1-34.6 15.9-17.5 304.8 277.5 21.1

1963 320 1"35.6 180 5"2101 2860 2 2680 l 27701

T MR TR D LR ND e IE S wi TER TR ame oW MR SR R swm oW e e e e AW e o e e e
ey - - - 2 e = DD N S0 8 S D mDmom R R e



It will be seen from the above that the range of
temperature is highest during summer (18.3-42.3°C) and
lowest during the cold weather (9.5 to 33.6°C). The range
6f monthly hours of bright sunshine is highest (257,7-
33%3.5 hours) dﬁring the hot weather and lowest (119.8-
215.9 hours) during the monsoon season. During the cold
weather the range of monthly hours of bright sunshine is
comparatively higher than in the monsoon an& post-monsoon
seasons although the temperature range is comparatively
lower. In the post-monsoon season the temperature and the
hours of bright sunshine are comparatively higher than the
respective minimum ranges. Therefore, it would appear that
all the year round favourable conditions for the growth of

algae for photosynthetic oxygen production seem to exist

at Ahmedabad,

3. PILOT-PLANT EXPERIMENTS

Observations of the experimental pilot plant opera-
tions using depths varying between 3 and 4 feet, varying
detention periods and organic loadings under the ambient
climatic conditions have been made in the Pirana Sewage
Farm at Ahmedabad in order to gather data relating to
performance attainable for maximum efficiency during the.
different seasons of 1962-83. The sewage used in these
experiments was the mixed sewage from the Jamalpur and

new Suburban Pumping Stations. A measured quantity of
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sewage, (say 4", 1",13",2", 3" or 4%") was allowed to flow
over the weir into the single pond (already deseribed in
Part II, Paper I), for a definite period during each
season. The depth was actually measured everyday at 250!,
500!, 750! and'IOOO' lenggh of the pond and the average
depth was recorded for éach hydraulicfloading. The
theoritical detention timélwas later calculated from the
volume of sewage in the pond determined from ﬁig.4a, and
from the average rate of flow of sewage during the period.
Every alternate day either at 11.00 a.m. or 3.00 p.m.
grab samples were taken at the inlet, 250%', 500', 750!
and 1000' for physical, chemicalybacteriological and
biclogical tests. In the absence of a pyrheliometer the
the visible light energy per sg. cm. per day received at
the pond surface was taken‘from Oswald & Gotzas'! Paper
(1957) for the latitude of Ahmedabad and is shown in
Table I (Appendix and in Fig.3B) The size of the algal
population, its weight and chlorophyll content were also
_ taken and determined on each occasion. The\heat combus-
tion of the harvested algae was assumed at 6000 calories
per gram (Gotaas and Oswald 1955). Also, the weight of
oxygen produced by algae iuring photosynthesis has been
assumed as l.64 times the weight of algae synthesised in
the pond (Gotaas and Oswald 1955). -

4, Analysis of Results:Lloadings & Performancé.

‘The results of our observations and analysis for
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each of the four seasons of 1962-63 with reference to
hydraulic loading,depth, detention time, dry weight of
algae and the amount of photosynthétic oxygen determined
from algal cell weight, are shown in Tables IV,V,VI and
VII (Appendix) and the seasonal averages for the hydrau-
liec loading in Table VIII (Appendix). The calculated
values for ultimate BOD and reaction vglocity constant
Ug" for the average seasonal temperatures are shown in
Table IX (Appendix) and the dominant algae found growing
during di fferent seasons of 1962-63 are shown in Papirl,
Part 1I.

(a) BOD load applied and removed

The relation existing between the BOD load applied
and the load removed for each of the four seasons of
1962-63 are shown in Tables IV, V, VI and VII (Appendix)

. 142,43
and in Figures ;ﬁk&ﬁ&and44-from which the following

observations are made.

A load beginning from87 1lbs upto 100Q1bs was
tried during the monsoon season (Fig.4)). A ma%imgm
reduction of 91% was obtained when the organic 1o;ding
was only 87 1bs per acre per day and a minimump reduction
of 59% was obtained when the loading was 1016 1lbs per

acre per day.

During the post-monsoon séason (Fig.#%)a load
beginning from 178 1lbs per acre per day upto 605 1lbs was
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tried. A maximum reduction of about 88% and a minimum

reduction of about 64% ware obtained.

During the cold weather period (Figﬁ') a load

beginning from 75 1bs upto 1200 lbs per acre per day was
tried. A maximum reduction of 81% and a minimum reduction

of 41% wa¥e obtained.

The range of loading was varied between 41 1bs
and 520 1lbs per acre per day and thq reduction obtained

was found to vary between 51% and 93% during the hot
weather period (Fig.?%}

A comparative statement of the organic -loading

both applied and removed for the four different Seasons

of 1962-63 as indicated by the fowe [igs Eyta b 49
is shown below:

TABLE NO. 2
Load app-  per centage of BOD removal
lied in 1bs Per centage of BOD removal
per acre per Monsoon Post- Cold- Hot=-
day monsoon  weather  weather
100 87.0 9540 78.0 87.8
150 81.0 98.0 7345 82,0
200 77.0 82,5 69.5 78.0
250 74.0 74,0 66.5 74.0
300 73.0 71.0 62.5 70.0
350 72,0 68.0 59.0 66.0
400 70.5 65.0 56.0 64.0
450 70.0 64.0 53.8 61.5
500 89,0 63.0 51.5 60.0
650 6840 62.0 50.0 58.5
600 67.0 61.C 48.5 §7.0
650 66.5 60.5 47.0 58.C
700 65.5 60.0 46,0 55.0
800 64.C 59.0 45.¢ 54.0
Average
423 71.8 68.1 57.6 65.3
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From the above it will be seen that the annual
averagé loading of about 400 1bs BOD per acre per day and

an average reduction of about 66% may be reached in

Abhmedabad.

(b) Relation between detention periocd (in days) and

BOD loading and BOD removal.

“Hy
This relationship also is shown in Figures 4&&;!8

aﬁd.47from which a comparative statement showing, the BOD

loading applied and removed for the corresponding deten-

tion periods from 1 to 11 days is given in the next page
in Table No.4.

It will be seen from a study of the table that

the optimum conditions are reached as detailed below:

IABLE NO. 3

L I L N T I I I R . T T e e . ™

Season Detention time Applied ' Removed! %Removal
( in days ) (BOD 1bs per acre per day)

- G s MW Es W R GF SR WE e W mE AR MR aE OO M TR M W W AN am e me W we e

Monsoon 7 330 245 74.2
Post-Monsoon 7 1856 180 9743
Cold Weather 6 240 150 62.5
Hot Weather 6 360 300 83.3

W e MR e e e e s WS W W WR wN AR wm @ ew e e - e e = o e W e
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(c) Relation between photosynthetiec oxygen production,

BOD loading and removal and the detention period.

Unfortunately the quantitative determination of algal
cell material produced during the the monsoon season was.
not made but it was done in the other three seasons, which

are discussed below:_

-~

: . 42, )
Post-monsoon season: (Fig.8) At a detention period

of one day, although the BODirsnoval is at a maximum, 1t
would seem to ;epresent«oglj about 50% of the applied BOD.
Therefore, in this short detention pefiod, sedimentation,
was perhaps, responsible for Fhe apparent BOD removal. At
a detention périod of 4 days éhotosynthetic oxygen produc-
tion was equal to the BOD laading. With the detention
periods of § and é days, the photosynthetic efficiency
a#taiﬁed was above that required.uln fact oxygen produce
tion exceeded BOD loading. After a detention period'of

é déys, the difference between the BOD load applied and

BOD removed was nearly constant.

Cold weather pefiod: In Fig.4¥ which represents the

conditions of existence during this season, it is seen that
the maximum photosynthetic oxygen production takesplace at
a detention period of 7.0 days. In fact the oxygen produce
tion at a detention period of 6§ days was equal to the BOD
loading and thereafter the photosynthetic éfficiency
attained was above that required. After a detention perlod,g
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of 11 days the difference between BOD load applied and
BOD removed appears to be approximately constant. At a
detehtion period of 1 day, although the BOD reﬁcval is
highest it represents only about 50% of the applied BOD.
Sedimentatian appears to have contributed to apparent

BOD removal during this very short detention period.

Hot-weather period: (Fig.§¥}: At a detention period

of 1 day BOD removal is maximum and this has to be
attributed only to sedimentation. At a detention period

of 5.5 days photosynthetic oxygen production was not only
maximum but was also equal to BOD loading. With the
detention period of 6 and 7 da&s the:photosynthatic
efficiency reached was apove that required to meet the

BOD requirements. After a detention period of 7 days

the differsnce between the BOD load applied and BOD removed

was nearly constant.

(d) Determination of rational ceriteria as design

parameters.

(i) Estimation of the average quaﬁtity of oxygen

required for stabilization of sewage for the

four seasons of 1962-12863.

. )47
Applying the formula y= £(1-10 ) the ultimate BOD
values of the influent and effluent for the four

seasons are shown below(Vide Table IX, Appendix).
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TABLE NQO. 5

T ‘S;a;o; ) Influent Effluent Difference

1. Monsoon season 548.1 140.4 408,77
(ppm)

2. Post-monsoon 34001 79.68 260.5
season

3. Cold weather 343.1 103.0 240.1
period

4. Hot weather ' 472.0 111.0 361.0

W ee  em  am TR mE R M o e MO M B e NS W e MR R we e B e ee e W s

(ii) The net weight of oxygen that must be produced

for B.0.D. satisfaction through photosynthesis

of algae ( Gotaas and Oswald 1955, p. 108) for

the four seasons 1s given below:=

TABLE No. 8
Season Net Weight
Monsoon season 405.7 x 10 x 2.48 x 454
2.9

=15.6 x 10 grams per acre per day
Post-monsoon | 454 x%.260.5 X 10 X 2.34/2.88

= 9.6 x 10 grams per acre per day
Cold weather 240.1 x 10 X 2.34 x 454/2.29

='9.,2 x losgrams per acre per day
Hot weathar 361.0 x 10 x 2.32 x 454/2,8

=]13.7 x losgrams per acre per day

MM wm W0 aD M B e W mn G YR W an W @ an S8 W WF e b AR A om wa Y



The quantity of algae that is necessary to produce

that amount of oxygen mentioned in (ii) has been calcu-

lated in two ways: (1) from the formula of Oswald and

Gotaas (1957) i.e., Welght of algae=weight of oxygen produced

1.64

and (ii) from the actual seasonal average quantities of

algae developed in our pond (vide Table VIII Appendix).

Seasgons

Monsoon
season

Post=
monsoon

Colad
weather

Hot
weather

-G AR R R e W TR e we W ey MR e s e W wk e G O R R e W e WMo W8 O ws mm

n

]

TABLE No.7

Theoritical

15.6x10%/1.64
9.51x10°

9.6x10°/1.64
5.85%109

9.2x10%/1.64
5.61x10°

13.7x10°%/1.64
8.35x105

1]

D . - - - -

169.3%10x2. 34x454/4. 2
4.3x%10°

212, 2x10x 2. 45x454/5. 64
4, 26x10°

260.04x2. 32x454/11

2, 5x10°

"Normally the weight of algae estimated in this

manner is less than that actually grown because some COo

from the atmosphere dissolves in the liéuid providing an

additional source of Carbon” (Gotaas and Oswald 1255 p.108).

But it is the contrary in our case.

Total energy required per day for sustaining algal

growth during the four seasons on the assumption that the



unit heat of combustion of sewage~grown algae is 6000
calories per gram (Gotags and Oswald 1955, p.105) has

been calculated below.

TABLE No. 8

Season Calories per day

Monsoon 9951x10§6000 OF <cwemccwomwe=
season 5706210°

Post monsoon 5085x10§6000 or 4o3x165x6000
season or 3510x10° or 2580x10°

Cold weather 5. 61x10°26Q00 4.26x10%x 6000
season or 3366x10 or 2556x10°

Hotiwgather 8. 35x10°x6000 2.5%10°x 6000
erio

P or 5010x10° or 1500 x10°

(iv) Visible daily average solar radiation available
at Ahmedabad (vide Table 1, Appendix) 1s expressed in

terms of seasonal averages below:

TABLE No. 9

Calories/sq/cm/day Calories/acre/day

Monsoon season 204.1 204.1x4o 5x108
Post=monsoon season 181.3 181.3x40.5x106
Cold weather period  155.0 155.0%40. 5x10°

Hot weather period 246, 2 246, 2x40.5%10°



The most important factor to reckon with in connec-
tion with solar radiation is the rate of conversion of
light energy into chemical energy by the algal cells,

" Published efficiencies for out-door ponds have generally
been found to range between 1% and 10% with most values
in the narrow range of 3% to 7%", (Oswald et al 1957).

® However values of about 3.5% to 4.0% efficiency appear
conservative for use in the digestion of ponds to operate
under average environmental conditions™ Oswald 1963,
p.71). " Photosynthetic efficiencies of 5% to 8% may be
attainable with algal cell concentrations dense to
utilize the nutrients and permit harvesting of cells"®
(Gotaas and Oswald 1255 p.111l). Rabinowithch (1955) has
stated that Miss Meffert obtained in algal ponds, an
average eight percent utilization of total incident

light and this for several months. So, a value of 6% has

been assumed by us in this paper.

So, the quantum of energy that will be stored in
the algal cells at 6% conversion energy during the four

seasons of 1962-83 is given below:

TABLE No, 10

Monsoon season =204.1x40.5x106x0.06 calories/acre/day.
Post-monsoon =181.3x40,5x106x0006 " " n
Cold weather =155.0340.5x106x0.06 " S "

Hot weather =246, 2%40. 5x10°%0. 08 " noon



(V) Calculation of the design data:

(a) Surface area is one of the basic considerations

for design criteria, So, the area of the pond required to

produce definite quantities of photosynthetic oxygen accord=

ing to theoritical and actual algal production is given

below:
TABLE NO. 11
Season Theoritical Actual algal
algal production production
Monsoon 5706x106
season 204.1%40.5x10°%0.06 ~  ~oTmmoe
= 11.5 acres
Post 3510%108 2580x10°
monsoon o1, 3240. 52108 s 8
181.3x40. 5x10x0.0 181. 3x40. 5510 "X0. 06
= 8,0 acres = 5.9 acres
Cold 3366x10° 2556%10°
weather 6 6
155.0x%40.5%x10 x0.086 155x40.5x10 x 0.06
= 9.0 acres = B8 acres
Hot 6 5
weather 5010x10 1500x10
246.2x40.5x106x0.06 246°2x40.5x106x0.06
= 8.3 acres = 2.5 acres

R MR wm Wg R wN AR MR eE G eR em em WE WE %I WE MG WP wWs W AR W MR mR oW e e e

(VI) Caleculation of 5 day BOD loading at 20°C. in

péhds per acre per dav.
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Having known the surface area required per million
gallons of sewage, the 5 day BOD loading at 20°% is

calculated below for both aspects.

TABLE No. 12

Season Theoritical Loading Actual Loading

Monsoon 2650 . 222 -- -

Season 11.5

Post-monsoon 1620 203 1620 275

season 8.0 5.9

Cold weather 1760  _ 196 1760 _ 259
9.0 6.8

Hot weather 2200 . 222 2200 . 880
8.3 2.5

L . - R R . T )

(VII) Next, Detention time (t) in days is calculated

using the well known equation for BOD exertion.

"'kt . 1 £ )
Y=£( 1-20 )3, , t= 3 log
? k £ - Y )
. Where X = reaction velocity constant
£ = BOD of the influent
Y = BOD to be satisfied in the pond.(This 1s found

by deducting the effluent BOD from the influent
BOD)

"K' has been experimentally determined for Ahmedabad sewage

to be 0.074 at 20°C. plso it is known that "K" varies with
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temperature as follows:

§ (T-20) §
KT = g K X 1.047 g
| I 1

The values of "K" for the average seasonal tempera=~
ture of 1962-63 have. been calculated and are shown in
Table IX from which the detention time "t" in days is

calculated below:

TABLE NO. 13
Season Average temperature
Monsoon season = 1/.12 log (646.1) = 5.0 days
(120.4)
Post-monsoon = 1/.096 log (340&1% = 6.6 days
9.6

Cold weather

i

1/.084 log (343.1) = 6.2 days
(103.0)

1/.112 log ( 472 ; = 5.5 days
111.0

D L I I R R . . T e Y

Hot weather

(VIII) Depth of the pond: The average rate of flow

through the pond for the four seasons are shown in Table

VIII (Appendix) IMG = 3.88 acre/ft.
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TABLE NO. 14

- s e R WM R w3 MR A B e W2 BB M Am e W WE MR WP GD  WE W S .k o ow  em W

Seascn
Monsoon = 3.68 acre ft. x .607x5.0 = 1.0 ft.
: 11.5
Post-monsoon = 3,88 acre ft. X.572x6.58 = 1.7 f£t.
X Q
Cold weather = 3.88 acre ft. x.530x6.2 = 1.346 ft.
9.0
Hot weather = 3.68 acre ft.x .319x5.5 = 0.8 ft.
8.3

W MM s M R e SO mE Wk e S8 B KD A de G M M W e e W MR wE e MR e W W

The depths obtained are too low and at lesst 3-4
feet will be required for preventing growth of a aquatic

vegetation at Ahmedabad.
5. DISCUSSION

The design data for the oxidatlion ponds of Ahmedabad
have been worked out from two angles. In the first place,
the quantity of algae reguired to produce enough oxygen
for BOD satisfaction was theoritically calculated assuming
that the weight of algae required was equal to the quotient
obtained by dividing by 1.64 the weight of oxygen required
(which was the difference between the ultimate BOD value
of the influent and effluent) according to Oswald and
Gotaas (1957). The vglues thus obtained for the four

seasons are theoritical and are comparedbelow with the
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design data obtalned from similar calculations made with
the actual algal quantitative determinations made for

three seagsons:

TABLE No. 15

Seasons Surface area BOD loading Detention Depth
Theori Actual Theorl Actu- time feet
" «tical ~tical al ,

Monsoon 11.5 - 222 - 5.0 1.00

seéason

Post~mon- 2.0 5.9 203 75 6.0 1.70

soon

Cold 9.0 6.8 196 259 6.2 1.34

weather

‘Hot 8.3 2.5 265 880 - 5.5 8.80

waather

Average 9.2 5.1 222 471 5.8 1.2¢

The values for the surface area and BOD loading
alone differ in the two cases. In the case when the algae
were actually estimated, the surface area required is much
less than that obtained from theoritical considerations but
the hydraulic loading is far greatery especially for the
summer season i.e., 880 1lbs per aére per day. There are
certain fallacies in our basic assumptions which will have
to be next considered for explaining the discrepancies in
values between the theoritical and practical approach to

the problem. The oxygen donating capacity of algae may vary
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from genera to genera and even from species to species.
The chemical composition of the algae similafity may
differ and also the unit of heat combustion as it depends
upon the composition of the algae. Oswaid (1963) found
that different species of green algae exhibited varying
over-zll photosynthetic efficiencies or light energy

conversion efficiencies. He found Chlamydomonas

agloiformis to possess the highest over-all photosynthetic

efficiency, whils Chlorella pyrenoidosa, Seenedesmus

obliquus, and Euglena gracilis to exhibit lesser effici-
encies. It is a well known fact that the light conversion

efficiency of algae affect the loading considerably.

In the pilot plant oxidation pond under study, 19
species of algae belonging to three groups, were either
dominant or %ub-dominant. Bven weekly changes in dominance
of the algal species were recorded. Under such circuhs-

" tances it will be very difficult to determine the over-zll
light conversion efficlency since not one but several
species énd types of algae are dominant during a season.
So, it is necesséry to study the éhemical composition, the
heat combustion, the light conversion efficiency and the
oxygen donating capacity of all the algae found growing

in the pond for a more correct apprisal of the design
data. Till then the empirical values suggested by Oswald
and Gotaas will have to be adopted. The dominant and sub-
dominant algae occurring during the different seasons of

1962-63 are shown in Table 3 of Paper I, Part II.



Another interesting point to be noted is the compa-
ratively less surface area (30%) but greater BOD loading
(3,3 times) than the corresponding values obtained for
theoritical estimations of algae during the summer season

when the dominant algal flora was Arthrospira Khannae Dr.

and Strickl of the blue-green group. But " There is little

evidence of any tendency for blue-green algae to grow in
fresh domestic sewage. In two years of open air pilot

’ plant operation blue-greens have appeared only in negli-
gible concentration® (Oswald and Gotaas 1957). The develop-
ment of blue-green algae is not encouraged in oxidation -
ponds of the States as they are reported to form thick
floating scums and to develop pigpen odour. So, Johnson
(1960) and Smith (196C) have suggested the addition of
Phygon at the rate of 1.C ppm in the lagoon influent and
around water edge or the use of an out-board motor boat
for stirring up the water surface in order to break the

mat surface®,

In our case the entire pond became a thick green
soup with the formation of a floating coalescing scum in
certain corners but with nc bad odour at all. The first

welcome reference about the occurrence of Oscillatoria from

Gotaas (1963) who states " The use of other types of algae,
their relationship to light gpnqgrsion and growth effici-

fI
ency, harvesting and reclaiming the algae, mixing and

recirculation are important factors in the furthsr



development., For example, it has been thought that small
unicellular algae that are relaﬁively free floating are
most effecéive for photosynthetic oxygenation. However,
recent studies by Gaur, Pipes and Gotaas (1960) show that

Oscillatoria, a filamentous alga grows well and produces

approximately as high yields in organic wastes as do

Chlorella or Scenedesmus™,

gur observations also confirm the fact that

Oscillatoria spp. and Arthrospira khannae, two filamentous

-

forms of blue-green glgse which were either dominant or
sub-~dominant and grew well in summer months of 1?63 in our
pilot plant oxidation pond effected good improvemsnt and
also gave high yields. They can be more easily harvested
than other green aglgal forms. About one ton of impure dry
algae mixed with sand per million gallons of effluent was
harvested from our algae-drying beds du¥ing the summer

season of 1983.

6. RATTONAL SOLUTION FOR AHMEDABAD

The cheapest and the best method of purification of
Ahmedabad sewage is no doubt the oxidation pond methods.
The area required for treating one million gallons of
sewage is 7acres, the average 5 day at 20° C BOD loading

is 350 1bs per acre per day ( the averages between the

theoritical and actual values),.the detention period is



6 days and the depth should be between 3 & 4 feet. So, for
treating .57 mgd. of Almedabad sewage in admixture with
about 18 mgd., of textile mill wastes the aqu)age of land
required will be 57 x 7 or 399 or 400 acres plus an addi-
tion SO‘acres as a margin of further safety. Therefore,
450 acres of land will be required for treating 57—mgd.

of sewage origlnating from 12 laks of population. This
wili work out to one acre of mlanq for nearly every 3000
people as against 100 peopie in Dakotas, U.3.A., gnd

1000 people in Hurops ( Fitzgerald and Rohilish 1958).
7. SUMMARY

1. Photosynthesis 1s a key process in natural economy
and it 1s the basic mechanism by which oxygen wabed
is released from water for stabilisation. The thso-
ritical amounts of oxygen which may be produced
through photosynthetic oxygenation at a latitude of
23,01 North latitude for Ahmedabad are shown for

various efficizsncies for sach of the 12 months of

the year.

2 The different variables in stabilization of sswage
by photosynthetic oxygenation have been considered
in arriving at the design criteria for operation of
oxidation ponds at Ahmedabad. The area required
for treating one million gallons of sewage is 7

acres or one acre for nearly 3000 pupulation, the



386

2.(Contd.)

1.

2.

3.

5.

6.

7.

8.

a

10.

11.

hydraulic loading is 450 1bs per acre per day, the
theoritical detention time is six days, for a depth

of betweenn 3 and 4 feet at Ahmedabad.
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TABLE NO. IIX

THEORITICAL QUANTITIES OF OXYGEN *(in pounds per acre

per day) THAT WILL BE PRODUCED THROUGH PHOTOSYNTHESIS

IN PORDS OPERATING AT VARIQUS CONVERSION EFFICIENCIES
AT NORTH LATITUDE 23.01 FOR AHMEDABAD.

M ED e we G WS o B en e W WP R WA G W R S MR WS e %P GE ME W WM 4w A W a0 e we we

Honth . e - - - T T L

I U v ave W MMD SR WS WEmd e GWR UM dws et WA WM B SR MG e e M mmt e e M G e e e e e wma

Max. 65 130 195 260 325 390 455 520 585 650
APTs  Min., 40 80 120 160 200 240 280 320 360 400

Max. 69 138 207 2768 345 414 483 452 6821 690

Maye  yin. 46 92 138 184 230 276 322 368 414 460
J Max. 69 138 207 276 345 414 483 552 621 690
Une  win, 37 74 111 148 185 222 259 259 333 370
le Max. 69 138 207 276 345 414 483 552 621 690
uly

Min. 43 86 120 172 215 258 301 341 387 430

Max. 66 132 198 264 330 396 462 528 594 660
Auge  Min, 42 84 126 168 210 258 294 336 378 420

Max. &% 118 177 236 5§ 354 413 472 531 590

S o o war s m me MR met e TRU N e e 4w e Sy M A e s W s e caw e s emw mem e e e
- e ke e meb S e c s e me e me wme WX TR ew W e e e e e am Mm m Mmoo s

* TFormula applied WOg= 24.2 x F x S3 where F is the visible

light energy conversion percentage and S is the solar radiation
for Ahmedabad.
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TABLE NO. IIT
CLIMATOLOGICAL DATA FOR AHMEDABAD FOR 1982 & 1963

! ' Temperaturé g" mean ' Monthly hours of

Season ' Month ' . ' bright sunshine

! :“ MaxXimum ¥ Minimum ‘:‘ ““““““
! 1962 : 19637 1962 : 1963 1962 1963

Cold Dec. 29.2 29.5 13.4 15.1 989.7 273.2

Weather
""dO" Janw 270 8 26 2 3 9 * 5 12- 3 3070 8 ) 29 2- O
QO Feb. 31.5 33.6 14.8 14.7 273.2 ©288.5

Average 2,5 2.8 12.5 14.0 20,2 283.9

Hot .

Weather Mar. 35,3 31.3 18.3 18.6 286.0 289.8
"'dO"" Apre 3908 3807 239 2 23.4 30408 293.4
~( 0 May 42. 3 41.2 28.7 25.9 339.5 357.7
""dO"' June 3804 390 3 2608 27-1 29004 2810 3

Average 38,9 37.6 93.7 23.7 305.2 305.5

Monsoon ’

period ;uly 38,3 33.0 25.7 25.8 143.9 151.3
=d0~ Aug. 33.5 30.5 25.2 24,8 138,7 119.8
"'dO"i Septo 33¢0 30:1 2400 2106 21509 20801

Average 32.9 31l.2 25.0 24.1 249.2 157.7

Post

Monsoon Qct. 34.6 35,6 17.56 21.1 304.8 286. 2
-0 Nov. 33,1 32,2 15.9 18.5 277.5 268.1

Average 33.8 33.2 16.9 2.8 221.1 277.1

MOSE I In T 53 sm T omam o ws e amm wm e S e wm W e vem  me s v e wer  em em cwe om s om
. e T e e mr we e e W S W R NN SN N WA e e m e
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TABLE NO. VIII

HYDRAULIC LOADINGS OF THE PILOT PLANT OXIDATION POND
IN THE PIRANA SEWAGE FARM, AHMEDABAD

( Seasonal Averages for 1962-1963 )

L R . . R Y L T I T S A . .

Monsoon Post=- Cold Hot
No. Description segson monsoon Weather weather
July to season Dec.'s2 March to
Sept.'62 Oct. & to Jan. June '863
Nov.'62 Feb,'63

- R AEE W MY WG e TR e Lk G e W amy  ED o W e e mm et bt e e e Smew e e G S e e

1. 8Day at 20 C BOD (ppm)

(a) Influent 260 162,86 175.4 220
(1) vEffluent 67 41.0 55.7 55
(¢) Removed 7 188 121.5  119.6 1665
(&) # Removed ' 71 75.3 65.3 77
2. Load applied in 1bs/aecre/ '
(a) Applied 380.7 331.6  332.4  252.0
(b) Removed 315.3 246.1 192.4 183.¢C
(e)
3. Inflow: '
(a) Inches 2.83 2.92 2.8 1.92
(b) mgd. 0.603 0,572 0.530 0.319
4. Volume
{a) m.g. 2.47 2.34 2.45 2.32
(b) m. c. ft. 0.387 0.375 37.4 0.263
5. Depth (inches) ) 37.50 35.84 37.4 35.4
6. Areg (acres) 2.90 2.88 2.83 2.8
7. Detention period (days) 2.10 4,20 5.54 11.0

8. Algal Weight (mg/1.) - 169,30 240.4 282.5
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TABLE NO. IX

SHOWING THE CALCULATED VALUES OF THE REACIION

RATE CONSTANT (X) AND THE ULTIMATE B.0.D. FOR

THR AVERAGE SZEASONAL TEMPERATURES DURING 1962
TO 1963 K AT 209C BEING 0.074

T T e . A I R T B T T o

, Monsoon Post- Cold Hot
Desgcription Monsoon  Weather Wezther
A. INFLUENT V
{a) Water Temperature °C 31.4 30.2 25.9 31.5
(b) 5 day 20°C BOD 255.0 162.5 175.4 220.0
(¢) K value at the
seasonal average temp. 0.13 0.12 0.09 0.13
(&) BOD ultimate 20°C 444.60 282.50 306,90 . 383.70
(e) BOD ultimate at the 546.1 340.10 343,10 472.00
seasonal average
Temperature(L).
B. EFFLUENT
(a) Water Temperature °C  30.1 5.7 22.7 53,0
(b) 5-day BOD gt 20°C 67.0 41.0 56.0 54.0
{¢) K-value at the sesason- 0.120 0.098 0.084 ¢.112
al average temperature
(d) BOD ultimate 20°C 116.90 71.50 97.70 94.70
(e) BOD ultimate at the 140.4 79.80 103.00 111.00
seasonal average
temperature. . .
( f) Ultimate BOD removed 548.1~ 340.1~ 434,11~ 472,0-
(D 140.4 79.6 103.0 111.0

= 405,7 = 260.5 = 240.1 = 361.0
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