SEPTIC TANK

A septic tank consists of one or more concrete or plastic tanks of between 4000 and 7500 litres;
one end is connected to an inlet wastewater pipe and the other to a septic drain field. Generally
these pipe connections are made with a T pipe, allowing liquid to enter and exit without

disturbing any crust on the surface.

e Waste water flows from the house to the septic tank. The tank is designed to retain
wastewater and allow heavy solids to settle to the bottom.

e These solids are partially decomposed by bacteria to form sludge.
e Grease and light particles float, forming a layer of scum on top of the wastewater.

e Baffles installed at the inlet and outlet of the tank to help prevent scum and solids from

escaping.

The design of the tank usually incorporates two chambers, each equipped with an access opening
and cover, and separated by a dividing wall with openings located about midway between the
floor and roof of the tank. Wastewater enters the first chamber of the tank, allowing solids to
settle and scum to float. The settled solids are anaerobically digested, reducing the volume of
solids. The liquid component flows through the dividing wall into the second chamber where
further settlement takes place with the excess liquid then draining in a relatively clear condition
from the outlet into the leach field, also referred to as a drain field, or seepage field, depending

upon locality.


https://en.wikipedia.org/wiki/Wastewater
https://en.wikipedia.org/wiki/Septic_drain_field
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Drainfield (Trench):

* A solid pipe leads from the septic tank to a distribution box where the wastewater is channeled
into one or more perforated pipes set in trenches of gravel.

» The water slowly infiltrates (seeps) into the underlying soil.

* Dissolved wastes and bacteria in the water are trapped or adsorbed to soil particles or
decomposed by microorganisms.

* This process removes disease-causing organisms, organic matter, and most nutrients (except
nitrogen and some salts).
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Seepage pit(Soak pit):

An alternative to the common drain field is the Seepage Pit (Dry Well).
In this type, liquid flows to a pre-cast tank with sidewall holes, surrounded by gravel.
Liquid seeps through the holes or joints to the surrounding soil.
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IMHOFF TANK

Imhoff tanks are the improvements over the septic tanks. Imhoff tanks are two-storeyed tanks
which have large settling tanks and below it are sludge digestion chambers. Imhoff tanks are
used by small communities and due to the underground construction, land use is very limited.
Investment costs are low and operation and maintenance simple. But the treatment efficiency is
low and a secondary treatment of the effluent is required. Moreover, the tanks must be desludged

regularly.
cleanoul ———— gasvents ——
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Process

First the sewage enters the upper sedimentation tank whose bottom has sharp inclinations. The
solids are allowed to settle in the upper tank from where they slip in the lower hoppers through
the slots. In the hoppers the settled solids remain stored for a long period — about 30-45 days.

During this period, they are acted upon by the bacteria and are converted into stable solids,

organic acids and gases.



The gas is deflected by baffles to the gas vent channels to prevent it from disturbing the settling
process. The gases are allowed to escape in the atmosphere. The stabilized solids are taken out
by means of a sludge pipe under hydrostatic pressure. The flow of solids in the lower hoppers is
regulated by means of a triangular beam. When one hopper is filled up with the solids its top is
closed by means of he triangular beam and in that hopper digestion starts.

The effluent of Imhoff tank is similar to the primary settling tank. The organic matters are
digested in the lower compartments. The digested sludge has black colour and has no odour. The
moisture contents of this sludge is 90-95%, therefore it can easily flow in the pipes. This

moisture can be removed by passing it through sand beds and sun-drying.

These tanks are simple in operation and the process is automatic, uniform and continuous. The
sludge can be easily removed under hydrostatic pressure, therefore no pumping is required. The
disadvantage of these tanks being more depth (8- 10 m), on operational control and the fouling of
the atmosphere due to the developed gases, which are allowed to escape in the atmosphere.

Advantages

e Solid-liquid separation and sludge stabilisation are combined in one single unit
e Resistant against organic shock loads

e Small space requirements

e The effluent remains fresh (i.e., not septic)

e Low operating costs

e Suitable for small settlements and house clusters

e Standardised designs available

e Simple operation and maintenance
Disadvantages

e Very high (or deep) infrastructure; depth may be a problem in case of high groundwater
table

e Requires expert design and construction
e Low reduction of pathogens

e Requires desludging



Inefficient treatment option if not regularly desludged
Odour occurs from escaping gases
Effluent, sludge and scum require further treatment

Less simple than septic tank
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9.11 OXIDATION DITCH

The oxidation ditch is essentially an exten
sludge process. An oxidation ditch consists of a
the aeration tank and a rotor for aeration mec
consists of a long continuous channel, usually
channel may be earthen with lined sloping sides
or it may be built in concrete or brick with vertica
normally no primary tank used in the oxidation ditch proces

sewage passes directly through a bar screen to the ditch.

ded-aeration activated
n endless ditch for
hanism. The ditch
ovel in plan. The
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Settling
tank
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Figure 9.9 Oxidation Ditch

The sewage is aerated by surface rotar placed across the channel,
the rotar entrains the necessary oxygen into the liquid and the
contents of the ditch mixed and moving. They are designed to
impart a velocity of 0.3 to 0.4 m/s to the mixed liquor, preventing
the biological sludge from settling out. The width of the ditch
divided by the rotor length should give a ratio between 1.5 and 2.8.
The longer ratios are normally used for short length of 0.9 to 1.2 m.

Oxidation ditches are constructed in two types.
i, Continuous flow type

ii. Intermittent flow type
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(i) Continuous flow type
In the continious flow type oxidation ditch the operation is kept

continous by allowing the mixed liquor to settle in a separate settling
tank. Quiescent conditions in the clarified liquid passes over the
effluent weir for final disposal. The settled sludge is removed from
the bottom of the clarifier by an air lift or pump and returned to
the ditch. The oxidation ditch is operated as a closed system, and
the net growth of the volatile suspended solids will require periodic

removal of some sludge from the process

Settling
tank

Effluent

Return sludge Excess sludge

E—«——Inﬂuent

2y A . ;
O
| C = — EAera’cors

Figure 9.10 Oxidation Ditch continuous flow type

(ii) Intermittent flow type

Aeration
Rotor

InﬂuentA /'BZ ==
— “Dividing strip ) ) < Effluent

-—

Y D

Figure 9.11 Oxidation Ditch intermittent flow type

In the intermittent type oxidation ditch, the numbers of separate
settling tanks are used. The flow in the ditch remains suspended
during a predetermined period, by stopping the rotar and the ditch
itself is used for settling. The supernatant is withdrawn through the
outlet. The surplus sludge, settled in the ditch is removed with the
aid of a sludge trap. For intermittent operation, the cycle consists
of:

i. Closing the inlet valve (A) and aeratin

ii. Stopping the rotor and lefting the contents settlle.

g the waste water.
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1ii. Opening both inlet, and outlet valves, thereby allowing the
incoming wastewater to displace on equal volume of clarified

effluent.

Scanned with CamScanner



—sauenrt, | Y susprace on equal voluine ol clarihied

9.12 o)
XIDATI
: ON pPoNn
It is 5 shalloy, body DS (STABILIZATION PONDS)
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of Water contained in an earthen basin, open
. poiiir }Tlllllle of {.etem.ion from few days to weeks is
elations.h i ¢ puuﬁcaFlon of wastewater occurs due

P of bacteria and algae. The ponds are

r ] . . o . =
takes place wit}(li'mg. to the nature of the biological activity which
In the pond as aerobic, facultative and anaerobic.

These ar

are c . .

compared theaper to construct and operate in warm climate as

considercd O conventional treatment system and hence they are
€d as low cost wastewater treatment systems. However, they

require hi -
sys(ie € higher land area as compared to conventional treatment
m.

Aerobic pond

In aerobic pond, the stabilisation of waste is brought about by
aerobic bacteria, which flourish in the presence of oxygen. The
oxygen demand of such bacteria in such a pond is met by the
combined action of algae and other microorganisms, called algal
photosynthesis, or algal-symbiosis. In this symbiosis, the algae while
growing in the presence of sun light produce oxygen by the action
of photosynthesis; and this oxygen is utilised by the bacteria for
oxidising the waste organic matter. The end products of the process

are carbon dioxide, amonia and phosphates, which are required by
the algae to grow and continue to produce oxygen.

Anaerobic pond

In anaerobic pond, the entire depth is under anaerobic condition
except an extremely shallow top layer. Normally these ponds are
used in series followed by facultative or aerobic pond for complete

eatment. The depth of these ponds is in the range of 2.5 to 6
, They are generally used for the treatment of high strength
m.

:ndustrial wastewaters and sometimes for municipal wastewater and
1mmaus

d Depending upon the strength of the wastewater, longer
v gf's.n time up to 50 days 18 maintained in the anaerobic ponds.
retentio
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Anaerobic lagoons are covered these days by polyetnyiene sneet tor ,
biogas recovery and eliminating smell problem and green house ‘

gas emission in atmosphere.

Faculative pond

—

////|\\\\

1%

\q‘
,

CO,0, and Other gases

| 1
Y —
New cells —— \

Wastewater o, CO,+ NH,+ Other produﬂ Treatedwater
— - —_
Algea and Bacteria

e Al -
A ] Bacteria | ™ New cells
Facultative zone

Aerobic zone

A

Suspended soils Deadcells| A ~— ——

t Settled sludge zone
Anaerobic zone

Organic matter Bacteria
i CH,+ CO,+ NH,Other product

—

Figure9.12 Oxidation Ditch intermittent flow type

‘Most of the ponds exist In facultative nature. Three zones exist in
this type of ponds (Figure 9.12). The top zone€ is an aerobic zone
in which the algal photosynthesis and aerobic biodegradation takes
place. In the bottom zone, the organic matter present in wastewater
and cells generated in aerobic zone settle down and undergo

anaerobic decomposition. The intermediate zone is partly aerobic
and partly anaerobic. The decomposition of organic waste in this

sone is carried out by fac ]

ultative bacteria. The nuisance assocl ted
with the anaerobic reaction is eliminated due to the presence of
top aerobic zone. Maintenance of an aerobic condition at top layer
is important for proper functioning of facultative stabilization
pond, and it depends on solar radiation, wastewater characteristics,
BOD loading and temperature. Performance of these ponds 1
comparable with conventional wastewater treatment.

Constructional details

A typical plan of an oxidation pond is shown in figure 9.
earthen pond, dug into the ground, with shallow depth. Oxidation
pondsare rectangularinshape (L/B=2-3/ 1) havingside slopes (1:1 D)

13. Itis an
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‘ . of earth. Theyar
and are constructed by building embankments of ear y are of

shallow depth usually 0.9-1.5m and as such effective in permitting
penetration of sunlight to all parts of the waste waterdenc(c{u{lagmg
algal growth. Influents is applied in the middle of pond and allowed
to be spread by the action of wind currents which prevents any odour
nuisance due to concentration.The pOﬂd depth should not excec'd
1.8 m or so, as otherwise the pond may turn into a deeper anaer.o.blc
pond rather than remaining faculative in character without giving
foul odours. The detention time in the pond is usually 2 to 6 wee‘ks,
depending upon sun light and temperature. In cold countries,
higher figure is to be adopted.

Effluent
A Discharge structure
Earthen Bund | I with control
7 _\
7 AN
7 <
Influent IREET .
pipe conn.ectmg
~_ /plp/s
AN 7
4 \ y 4
Vs \ —4
1 |¢| Inlet flow control
Influent

Figure 9.13 Plan of oxidation pond

Advantages of oxidation ponds

1. Low cost
9. Quickness of construction

3. Easy maintenance
4. High efficiency of BOD removal

Disadvantages of oxidation ponds

Nuisance due to mosquito breeding and odours
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Advantages of UASB System. The various advantages offered by UASp
system over the Conventional Aerobic systems are given below :

(i) The space requirement of the system is quite comparable to that of ayp
Activated sludge system ; i.e. about 0.5 acres per MLD, as compared to 2.5

acres per MLD. required for Oxidation ponds, and 1.5 acres for Aerated
lagoons.

L—

(iZ) The capital cost investment of such a plant is about T 20 lakh/MLD as
compared to about ¥ 35 lakh/MLD for an Activated sludge plant, T 7.5 lakl/
MLD for Oxidation ponds, and < 15 lakh/MLD for Aerated lagoons.

(zi1) The system requires lesser and simpler electromagnetic parts as
compared to the ones required in an Activated sludge plant, leading to lower

O and M (Operation and Maintenance) Costs.
(iv) Electricity consumption in this system, like all anaerobic systems, is
quite low, and the system 1s quite capable of withstanding long power failures.

(v) The sludge production in this system is low, and the produced sludge is
having quick dewatering:characteristics. '

(vi) The system enables quicker sludge digestion, as compared to the
conventional digestors. | , | )
(vii) Biogas is produced in the system as a by-product, which can be used to
produce electricity to run‘the system. |
Limitations or Drawbacks of UASB System. The various drawbacks of the
UASB system as ‘compared to the Conventional Aerobic system are given
below :

- (i) The system helps to lower only two parameters of wastewaters; .e. (a)
BOD ; and (b) Suspended solids. Eventually, the system does not help in the
removal of toxic pollutants, like heavy metals, which may be present in som®

of the wastewaters. The USAB system will therefore have to be supported bY
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wastewater.

(ii) Like all other anaerobic high rate systems, UASB reactor also requires
larger quantity of organic matter ag compared to the aerobic reactors, because
the growth of aerobic bacteria Perunit of organic matter is about 10—’20 times
the. grO_Wth of anaecrobes, In order to Support microbial growth and meta-
bolism in UASB system, therefore, 20 to 30 times more of organic matter has
to be Illgt,a]bollsed, as compared to that ip Aerobic systems. For the success of
UASB, it therefore becomes necessary to ensure the presence of at least 10% of

suspended solids in the Wastewater. This .
be met by all types of Wastewaters, reerementr factor can not always |

between 50 to 70% only. The effluent BOD of municipal wastewaters treated
in UASB reactor system, will therefore be higher.

may have to be given further aerobic treatment in Aerated lagoons, or
Oxidation ponds, or Filters. Where, enough space is not available, the post
treatment may consist of using a holding pond of 1 day detention time
followed by fish pond/aqua culture pond. '

(vi) Pre-treatment of wastewater with screening and grit removal, are
usually found necessary for direct anaerobic treatment.

(vii) The system responds well in high temperature climate areas, because
the activity of methanogenic bacteria is strongly influenced by temperature,
which approximately doubles for every 10°C rise in temperature in the range
of 18°C to 38°C. However, high micro-organism concentration in high rate
anaerobic reactors like a UASB, compensates the decreased activity of the
anaerobic organisms at the lower temperatures.

(viii) The methanogenic bacteria do require iron, cobalt, nickel and sulphide,
in addition to nitrogen and phosphorous. These elements are generally
Present in municipal wastewaters, but may have to be added to anaerobically
treat some specific industrial wastewaters, which may have deficiency of

these elements.

—
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