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18.3 SLUDGE PUMPS

Sludge-pumps have to be resistant to abwasion as sitdges quite often contain sand and grit. The
sludge-pumps should be slow speed machines to contain the rate of wear and tear,

Since a sludge-pump may have fo run intermittently or continuous, a sludge-pump has to be
dependable in respect of satistactory trouble-free opertion, whether under the fatigue of the intermittent
operation or with the endurance desired for long continuous operation,

The type of pumps generally used for pumping sludges are:

i) Centrifugal pumps

i) Air Lift pumps

i) Screw pumps

iv) Reciprocating pumps of the plunger type or of diaphragm type

Table 18.2 shows the typical applications of pumps of these different types and the types of
sludges handled by them.

TABLE 18.2
TYPICAL APPLICATIONS OF SLUDGE PUMPS

Type of Pump Max. Max. %
Suction Lift Solids Typical applications
{m) generally
handied
Centrifugal
{a} non-clog 4.5 2 Primary settled sludge, secondary settled
shudge, chemically treated siudge,
incinerator shurries
b} vortex flow 4.5 6 Sludge recirculation
Air Lift 0 & Return sludge
Screw Pump 0 B Return sludge
Positive 6.5 10 Primary settied siudge, thickened sludge,
disptacement, plunger digested siudge, incinerated sludge, heat
ar diapharagm pump conditioned sludge, chemically treated

studge, slurries

There are specific considerations to be borne in mind in the use of the different types of pumps
for handiing sludge.




18.3.1 Centrifugal Pumps

The centrifugal pumps for handiing sludge must be of the non-clog type. They should be of robust
construction and should have easily accessible hand-holes for cleaning. Pumps of the macerator type
impetter with a cutting ring whereby stringy rags and other fibrous material can get cut, are preferable,

When the specific speed of the pump would be low, the non-clog impeliers are designed with fewer
number of blades than in impellers for handling clear liquids. In pumps of high specific speed, the mixed
flow impelter would generally have wide passages. The centrifugal pumps with non-clogging impedfiers have
fess efficiency than those of normal design, handling clear lauids. The rating for the drive-motor has to
be selecied keeping this in mind.

The specific speed of the pump also affects the suction-lift capability of the pump. This can be
overcome by selecting a vertical centrifugal pump to be so installed that the impelier would be adequately
submerged.

18.3.2 Air-Lift Pumps

These are used in small extended aeration plants to returm the sludge and scum to the aeration
tarnk. Small air bubbles are formed in the Hiquid, which makes the air-water mixing less dense to get lifted
o the discharge point. A compressor or blower supplies the air.

Ajr-lift pumps and ejectors are pumping systems, which are imherently ineficient. However, there
Being no moving parts m the path of the movement of the studge. thelr operation is tarrly trouble-free.

18.3.3 Screw Pumps

Sludge enters the screw pump by a screw conveyor', which moves solids o an open impeller,
which lifts them to the peint of discharge, The submerged lower bearing i1s of the enclosed and sealed
type, the upper bearing is usually grease-lubricated, anti-friction bearing.

A variation of the screw pump is a progressive cavity pump. It has a rubber stator of lining inside
a cast ron body, The pumping element is a helical rotor of steel. Although the pump has self-priming
capability, the rotor must never tun dry against the rubber startor. The pump can pump up or down
depending upon the direction of rotation,

18.3.4 Reciprocating Plunger or Diaphragm Pumps

ay The Plunger type pumps have a plunger reciprocating in a cylinder. A pump can have
one or more plungers connnected o common crankshaft, thereby obtaining arangements
called simplex. duplex, triplex, etc. Reciprocating pumps may be with capacities of the
order of 150 to 250 Ipm per plunger. The pump-speeds should be between 40 to 50 rpm.
Reciprocating pumps are self-priming and can usually work with suction-ifts upto 3m. The
suction-lift capability depends upon the design of the pump. especially of the suction valve.

The pumps can develop high heads and are hence suitable where accumuiation of grease
in piping can cause progressive increase in head. However it the piping s likely to get
compietely choked, the pumps would deveiop very high pressures against choking and this
can cause bursting. A rehief valve is provided to protect the pump in case of a clogged
delivery line, After each use, the pump should be flushed, so that no solids settle in the
cytinder and would damage the pump dwing the next starting.
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The suction and delivery valves are the main source of trouble. The valves should be
easily accessible for quick cleaning, in case the valves fail to seat properly.

by The diaphragm pumps have a flexible diaphragm, usually of rubber and actuated by a
reciprocating movemnent. The diaphrgam is fastened peripherally to the casing, which also
houses the suction and delivery valves. The interesting feature of the diaphragm pumps
is that the components of the reciprocating mechanism, which are the most wear-prone,

are isolated from the path of the sludge.  Prneumatic or hydrautic drives can also be
empioyed for the reciprocating movement.

184  OPERATIONAL PROBLEMS

a) Gas often gets liberated. when the sludge, particularty the digested sludge is subjected to
stiction. This hampers the proper operation of the pump. The pumps should be installed,
as far as possible, with positive suction.

b} If the suction arrangements are improperly designed, a vortex-cone or hole developing in
the shudge blanket will cause the watery sfudge or supernatant to be pumped instead of
the sludge. The suction pipe should not be too long. nor should the pumpirig be too tong
or too fast. Itis better to pump more often than at reduced speed. With a pump equipped
with variable speed drive. the pump can be started at a relatively high speed and the
speed can then be reduced.

c) Sludge from two settling tanks should not be connected 1o the suction of one pump. The
settiing tank with the thinner studge will get pumped and the thickned sludge in the other
tank wili not get pumped. Similar problem wili happen, if the suction lnes from the two
tanks witl have differential frictional losses. The tank with higher frictional loss in its suction
piping. which may he because of more tength or because of choking, will not get pumped.

The capacity of sludge pumps is required to be regulated according to the sewage load.
Further, variable speed drives are more appropriate for regulating, because having delivery
valves in the sludge-pumping system makes an inefficient and trouble-prone system.

185 REQUIREMENT OF STANDBY UNITS

The number of pumping units required including the standbyes is determined by several factors
Hke the particular function involved, the size of the plant and the arrangement of the units, especially having
combination of mare than one function. A minimum stand bye capacity of 50% is recammeanded,

Since primary and secondary sludge pumping are important functions, standby pumps are provided
in actual numbers or by such arrangement that dual duty is possible. Scum is usually mixed with the

primary sludge and pumped.

18.6 SLUDGE CONVEYING PIPING

After selecting the type of pump, the next important thing is to design the pipeline to and from the
pumps. The design of the piping is 1o be based on the rate of sludge-handiing, the desired valocity of the
flow of the sludges, the possible layout and arrangement of the piping etc. Reference may be made o
Table 22.2. regarding piping material. The material for piping and valves should be corrosion and abrasion
resistant.
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Sewage siudge flows like a thin plastic material and hence the formulae for the flow of water are
not applicable, The velocity of flow should be in the critical range above the upper mit of the laminar flow
and helow the lower limit of the twrbulent flow, in order to avoid clogging and deposition of grease, so that
the application of the hydraulic formulae for flow of water become permissible. In general velocities
between 1.5 to 2.5 m/s are satisfactory. The frictional head losses in the sludge pipe can be estimated by
applying the Hazen-Willam's formula, adopting the "C’ value between 40 to 50 depending upon the material
to used; the lower value being adopted for high sofid content of the sludge.

Pipas less than NS 200 should not be used for gravity withdrawat or for the suction lines to pumps.
in order to take care of thin sludge to flow by gravity for short distances within the treatment plant, a 3%
ar greater slope should be adopted.

Suction and discharge should be arranged in such a way that their lengths are as short as possibie,
straight and with minimum bends. Adequate provision should be made to facilitate cleaning. Large radius
etbhows and sweep (ees are usually adopted for change in direction. High points should be avoided, as far
as possible, to prevent gas pocksts, Sultable recess and sleeves are usually provided for all pipes passing
through masanry. Double-flanged pipes are usually adopted for studge-lines. providing valves at selected
locations to clean the lines.

187 PUMP APPURTENANCES

The pertormance of the sludge pumps can be more efficient and its assessment and control can
be better, it various appurtenances, such as air chambers, sampling devices, measuring devices, valves,
gauges are incorporated in the system and facilities such as revolution counters, gland seals. time clocks,
efe,, are kept available at the plant,

18,7.1 Air Chamber

Air chamber of adequate size is necessary for all plunger type sludge pumps an the discharge side
of the pump. It may also be provided on the suction side of the pumps, particulatly where positive suction
head exists. Such chambers absorb the shock of plunger pump pulsations.

18.7.2 Revolution Counter

Plunger-type sludge pumps should be equipped with revolution counters or intergrating recorders
to help the operator to determing the quantity of sludge pumped. In duplicate pump instaliations these aid
in equalising the service and wear of each pump.

18.7.3 Gland Seals

in the case of centrifugal pumps, external sealing 15 provided in the stuffing box. to ensure against
the ingress of air into the pump. The external sealing may be a grease seal or water seal. The water seals
are preterable, as it also helps the grit and dirt 1o be washed away. The waler to the water-seal has to
be potable water. However. the connection of potable water sculd not be laken directly from the supply
fines.

18.7.4 Valves

When a dry pit pump has positive sustion head in the wet well, there should be a isotating valve,
ustally a gate-valve, on the suction line, to facilitate isolating the pump for maintenance,
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On the delivery side of centrifugal pumps, a non-return valve is necessary, so that the pump would
not experience the back-pressure from the delivery head, when the pump is to be shut off. To minimise
the pressure-drop across the valve, during the normal running of the pump, the non-return valve should
be of the swing-check type or of the ball-check type. To avoid water-hammer. which is likely to be caused
by the closure of the valve, the valve may be provided with an anti-slam device, either of the lever and
dead-weight type or of the spring-toading type or of the dash pot type. Dual check valves are sometimes
used, which gives more consistent operation and facilitates the use of the pump as metering device. All
the valves may be provided with drain piugs.

In larger size plants, where pumps may be run in parallel operation with different permutation of
the standbyes, isolation valves would be needed ot isolate those pumps, which are to be idle. Mostly the
isolating valves are gate valves. All gate valves should perferably be of the rising stem type, since they
offer the advantage of visual indication of the valve-position. For exterior underground locations, gate
valves are generally used. Underground sludge valves shouid be avoided as far as possible, by taking
advantages of the hydrostatic pressure for withdrawal of studge through a slant pipe and valve
arrangement.

18.7.5 Gauges

Pressure gauges shall be provided on both the suction and delivery sides. For pumps having
suction Iift, the gauge on the suction side should be a composite vaccum-cum-pressure gauge. The
gauges should be with a cast iron bowl and an oil-resistant rubber diaphragm, which would keep the sludge
away trom the finer working parts of the gauges,

18.7.6 Sampling Devices

All sludge pumps are provided with sampling cocks, efther within themselves or in the piping
adjacent to the pump. These are usually plug valves, normally of size NS 40. Plug vaives are simple and
easy to operate for taking the samples.

18.7.7 Washouts and Drains

Washout or flushing arrangements are provided for sludge pumps to facilitate easy and rapid
cleansing. The drains on the pump body should be of ample size to ensure release of pressure and
drainage of the liquid. The outlet of the drain should be connected to an adiacent floor drain to keep the
floor clean.

18.7.8 Time clocks

Time clocks, wired across the magnetic starters or motor leads of sludge pumps can be valuable
help to the operators. They help to keep an accurate record of the howrs of run of the pump for observirg
the preventive maintenance schedules in respect of attending to the iubrication, equalisation of wear and

tear, elc.

18.7.9 Measuring Devices

While time clocks and counters are adequate for small plants, supplementary flow-metering
arrangements, such as flow tubes with flushing provisions are used in large plants for measuring and
recording the quantities of sludge handled. Magnetic meters are more suitable for sludge metering,
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18.8 PUMP DRIVE EQUIPMENT

The prime movers for the pumps are usually the electric motors, which are discussed in detail
in 9.8, It is desirable to use flame proo! motors.

1.C. Engines may be used for standbye services in the case of failure of electric power. Again, the
1.C. Engines are better used as prime mover for a standbye generator than as a prime-mover for the
pumps, because the standbye generator can then provide the power for fighting and ventilation facilities.

Gas enginees using sludge gas as fuel, would help-not only as the standbye power supply facility
but also as an efective method of energy-conservation in the operation of the piants.




CHAPTER 19

TERTIARY TREATMENT OF SEWAGE FOR
REUSE

19.1 GENERAL

Tertiary treatment is supplementary fo primary and secondary treatment for the purpose of
removing the residual organic and inorganic subslances and in some cases even the refractory and
dissolved substances to the degree necessary.

Tertiary Treatment of sewage is increasingly being adopted in India. Some of the purposes for
which it can be considered are

- industrial reuse of the rectaimed water in cooling systems, boiler feed, process water etc.

- reuse in agriculture, horticulture, pisciculture, watering of fawns, golf-courses and such
purposes.

- Ground water recharge for augmenting ground water resources for downstream users or
tor preventing saline water intrusion in coaslal areas,

As more such applications are likely to be made in the future, this subject has been included in the
manual for general guidance.

19.2  BASIC APPROACH

When water is used once by a community, various organic and inorganic substances are added
to those already contained in the fresh municipal water supply. The concentration of additional constituents
can be estimated from the extent of water supplied in Ipcd and the likely contribution of each constituent
some of which are given in Table 19.1 in grams/person/day. In this manner, the composition of raw
sewage expected from one-time use or water by a community can be computed.

During primary and secondary trealment of sewage many constituents, though not all, under go
reduction in concentration. Some dissoived and refractory {non-degradabie} substances, are however, not
reduced at all. .

Tertiary treatment provides only the additional reatment nacessary to meet the desired end use,
Thus, tertiary treatment is quite use-specific and may invoive only one item like simple chlorination of
treated sewage or several items as in the case of high pressure boiler feed water.

it is, therefore, very important that clear-cut specifications of the reusable water are first obtained.

Inspite of a high degree of treatment achieved in all cases, water is reclaimed only for non-potable
uses, In fact, the actual quality may be comparable to that of drinking water but any attempt to supply
potable water directly would only meet with psychological resistance from the public and might even present
some problems since the full public health significance of direct reuse over a long period of time is not yet
known. Indirect use of reclaimed water for potable uses through ground waler recharge is no doubt,
feasibie as the applied water loses its identity in underground travel and. in fact, benefits from natural
purification in downstream flow through soil. Indirect reuse sysiems based on treated sewage have not
yet been implemented in India in any planned manner.

303
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TABLE 19.1
DOMESTIC WASTE WATER CHARACTERISTICS

item Range of Values contributed in wastes (gpcd)

BOD,

COD (dichromate)
Tatal Crganic Carbon
Total Solids

Suspended Solids

Alkalinity, as CaCaO,
Chilorides

Nitrogen, total, as N

45 - 54
1.6 t0 1.9 x BOD,
0.5 to 1.0 BOD, (Solubie)

170 - 220
70 - 145
Grit {inorganic 0.2 mm and above) 5-15
20 - 30
4 -8
6-12
Organic Nitrogen 0.4 x Total N
Free Ammonia 0.6 to Total N
Nitrate Nitrogen absent
Nitrite Nitrogen absent
Phosphorus, total, as P 0.8-40
Organic phosphorus 0.3 x Total P
incrganic (orthe and Polyphosphates) 0.7 x Total P
2.0- 60

Paotassium, as K,0

TERTIARY TREATMENT METHODS

Terttary treatment methods are mostly physico-chemical in nature, some examples of which are

19.3

given below!
Disinfection
Oxidation

Chemical dosing for water qualily correction

Chemically aided settling

Filtration

Softening
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Activated carbon treatment
Anion/Cation exchange {demineralization)
Reverse Osmosis,

A tertiary treatment plant, therefore. generally, looks like a sewage treatment plant followed by a
typical industrial water treatment plant,

Table 19.2. gives the range of removal of impurities that can be expected in sewage lreatmen
using different combinations of different processess,

TABLE 16.2
PROGRESSIVE REMOVAL OF IMPURITIES IN SEWAGE TREATMENT

S Process % Removal based on raw waste concentration
N,
B.OD0 Phosphates Nitrogen ABS* Suspended | TDS Colitemrs
Solids
1 Conventional A5G 40-50 50 jzie] 5 G5 - 99
Sewage Treatment
# Canventional B 54 S0 - BE 99 10 9% . 899G
Sewage treatmen .
fime - alum
coaguintion, setthng
filtration
3 2 above « 99 25 503 5% ws a9 15 99 . 999
absorption on
activated carbon
4 3 above » g9 @7 i O e 80 899 - 100
dermineraliz ation or Furthusr
Reverse Osmoss remaved
Ly
deminerl
zahion

T ABS = Alkyl Benzere ©

19.4  DESIGN CRITERIA

It designing a tertiary reatment system for any purpose the crux of the problem lies in determining
what specific treatment units will be required, and in what sequence to achieve the desired end-use guality.
The capability of each individual treatment unit is generally known From experience.  The range of
efficiency  a unit can achieve In practice as well as the condtions (e.qg concentration, fuctuation,
temperature, etc} under which it can function best are fairdy well known, and the required flow sheet can
thus be synthesized 10 give the overall degres of reatment reauired.

Once the flow sheet 1s determined, the actual design criteria to be used for each individual
treatment step in the flowsheet are the same as those already given in the other chapters of this Manual
and the Manual on water supply and reatment. As stated earlier, the oritical aspect is to determine the
tolerable ‘evel of impurities in the inal water depending on the reuse planned,

23—51 CPHEEQ/ND/94
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Some important considerations in setecting tertiary reatment methods for various industrial and
agricultural purposes are discussed below.

19.5 REUSE FOR INDUSTRIAL PURPOSES
Reuse for industrial purposes generaily includes
- make up water required for cooling towsrs
hoiler feed water for raising steam or hot water
- water for selected unit processes and unif operations in the industry.

The wastewater to be reclaimed for industrial reuse may come from one or more of the foliowing
sources

- sewage from toilet blocks and washing places within factory campus and from housing
colony areas

- municipal sewage from public sewers serving the cily area i.e. sewage from offt-site
SOUICes

. waslewaters from certain selected processes and operations within the factory.

In choosing the source of wastewater itis important to select wastewaler which are readily reatable
{e.g. sewage from domeslic sources) aind which do not contain difficult industrial wastes in them especially
the difficult-to-remove dyes, heavy metals, refractory chemicals, ete, Treatment as such is possible even
if the wastewaters are pniiuted by such substances. but the costs on quality controt instrumentation may
prove discourading.

A few industrial reuse examples are give below.
19.5.1. As Cooling Water

Reuse as cooling water is one of the most commaon industrial applications of reclaimed sewage
water, Typical guidelines for cooling water quality are givenin Tahle 12.3 and may be used where specific
requirements are not given,

To determine the quality and quantity of water required for reuse in a cooling systent, where an
open recirculating system is adopted for air conditioning cooling water, the amount of water to be kep!
recirculating in the system is approximately 11 lpm for every ton of refrigeration capacity when e
temperature drop is 5 degrees C. in the coofing tower, For such @ situation, the water lost in evaporation
(E) is about 1% of the recirculating water.

Windage loss (W) is of the order of 0.1 to 0.3% of the recirculating water when mechanical draft
towers are used, bul ncreases to 0.3 to 1.0% for atmospheric towers, Blowdown requirement (B) is
estimated from the following equation if the maximum permissible cycles ot concentration (G} are known




Where B, E and W are all in Ipm.
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For trouble free operation and minimum use of water guality- control chemicals in the recirculating
water, the cycles of concentration are generally kept at 2.0 to 3.0 and, in no case, more than 4.0 in cooling
towers where reclamed  water is used (Tabie 18.3). Hence, for a 100-ton air-conditioning plant
recirculating 1100 liters/min of water with a temperature drop of, say 10 degrees C through a mechanical
draft tower where cycles of concentration are to be restrictsd to 2.0

E
W

i

2%  x 1100 = 22 pm.
0.2% x 1100 = 2.2 jpm.

H

22 +22(1-2

B = e = 20 Ipm (approx,)

(21

The total make-up water requirement thus e

24 hr. working of a 100-ton plant.

quals 44.2 Ipm (= 22 + 2.2 + 20 ) or 63.4 sum/day for

TA4BLE 19.3

COOLING WATER QUALITY GUIDELINES

PARAMETER 7 CONDITION

RECOMMENDED VALUE

(A} In make-up water
1, o

2. Average TDS value (with varintion » 25%
permisible on 8 howr average)

3000 mg
1000 mgh
500 mgyt
3. Ol & Grease
4. BOD (5 day, 20 degrees &
5. Chiorides ()
3 Ammania
7. Caustic Afkalinity
g Mathyl Orange Alkalisity fas CaCoy
8} in Recirculating Wate
2] Sihica {as S0,
0 Fhosphates, Sulphates

i1 Alkyl Berzens Sulponate (8BS

12 Langeller Index at Skin temperature of heat
exchange surtace

13 Ryzrer Stabitty Index

.8 - 70 Vanation less than 0.6 units in 8 hours)

Cyctes of concentration in recicuiating water -

2.0

35

Absent

Less than 5.0 mg/
Less than 178 me/l.
Mo apprecialle amaum
Abzent

Less than 200 mg

Less than 150 my/
Not 1o exceed solubility limit in recircuating waler

Foam not 1o persist more than 1 min, afer 1 secs of
vigorGus shaking or reciroulating water

0.5 2 0

601 7.0
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-t

Simitarly, i 3.0 cycles of conces tration are permissible.
reduces to 47.7 Cumiday for a 100 ton plant.

3

I

total requirement of make-up water

ERaYs

When cycles of concentration m..w::s_m,o;:r,&.m:&m ,EsmwQ..Em::%_.zwﬁm.ali::x.:,m:: ::.%m.,cs
water are theoretically increased hy a factar of 3 01 the recirculating water, 1 the concentration of various
constituents in the make-up water lie within the range of vaiues given in column (F) of Tabte 19.4 the
corresponding  concerdration Iin the recirculating water can be eadily estimaled. For exampie, if Ci are
60 mafi in the make-up water, they witt increase to 180 mg/ in the recirculating water, However, the pH
of the recirculating water cannot be estimated in this manner, The assumption 1s frequently made that in
the absence of phenalphthaten akalinity, the pH of the water leaving the cooting lower will be between 8.0
and 8.3 due to elimnation of free carbon dioxide in the tower. Sometimes, for othet reasons. a lower or
higher pH may be shaerved. Thus knowing the pH. the concentrations of caloum, alkatimty and total
dissolved solfids in the reciroulating waler and the lemperature in the hollest part of the sysiem, one can
determine the Langerlier Index and Ryzner Grabifity Index and not the tendency of the water 1o scale of
corrode,  Assuming that the recircutabing wiak ahows the tendency for deposition of scale. reduction in
hardness and in alkalinity is the usual means of control. Since nothing can be done to reduce temperalure,
and reduction i total solids would not have much effect on the Index

For this reason, partial zeolite softening (by piending the softened water with by-passed hard
water), plus acic teeding i required for reduction or atka nity provide a redatively simple and flexible means
of preventing excessive scaling in this type of installation. The blending ensures a certain amount of
hardness in e water which is useful 1o protect against corrosion of ferrous heal exchanger surfaces. The
acid reatment {using H,50,) depends for s tunctioning on the fact that caloum and magnesium sulfates
are much more sohuble than the carbonales, with the usually adopted dosages and the cyeles o
concentration obiaining in the system, calcum sutfate concentrations chiaining in the systermn, Calcuim
sulfate concentrations af | pelow the solubility Hoit Similarly, catoiur phosphate 5 also kepl within
the solublitty hmit,

Automatic dosing and contiol equipmentis normally not provided i plants in incia. The clear wated
storage tanks helps to mantian uniformity of guabty of watey pumped 1o the coolng owers. Storage
ensures that pH, total dissolved solids, ete. do not vary much from hour to hout. and the wide vanations
in inflow quantities are balanced out.

Prechiornation is done as the watet enters the coagulation lanks, wihike sostehlorination is miainty
in the form of periodic "shock” doses Lo contic iime and algal growths. The laften are Hiely o form owing

ot the presence of nitrtates and phosphates m the treated wale and the wanm and sunny clinate of ndia,

A typical flowsheet tor making sewd
Table 10.4 gives an dlustrative example of th
wastewater and s qradually renovated don

grven i Py 1907

Lecomes

Whers ritrates and phosphates o e makeup wals & fuced, the biowgieal

soanwclude nanficaton -

poondary stage can

sphates
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TABLE 19.4

THE RANGE OF CHANGE IN WATER QUALITY AS FRESH WATER BECOMES WASTEWATER AND 18 GRADUALLY

RENOVATED FOR REUSE
GLLUSTHATIVE EXAMPLE)

Water guality at different treatment steps
frem Fresh Raw Atter extend- After After After
Municipal Diomestic e meration coaguiation soflening demineraliza
Water Sewage and settling end fitration and tion
trom the chiorination
area
(A) {8) () ) {E) (F)
pH 7678 7.15.7.65 7278 7113 7.1-7.2 875
Total Hatdness (mg/l as 35 - 40 120 - 160 120 - 160 120 - 170 40 {a; Nit
CaC03)
M.C. Alkatinity {mg/l as 40 - 45 125 - 200 125 - 200 116 - 180 110 - 180 5.0
GaC03) (k)
Chlorides mgfiter as Cl 165 . 20 60 - 130 80 - 120 80 - 130 80 - 130 Ml
Suifates mgi as 50, 1.5-25 10- 20 -8 15.25 15 - 25 it
Prosphates mgh as PO, Traces - 6. 18 3-5 0.2-05 205 N,
(O8]
Nitrates mg/ as NO, 1620 1.6-3.0 13- 19 13- 18 1319 DN,
Sitica mgh as 8I0, 8-24 1024 1G- 24 16-20 10 - 20 INH.
Total solids mgh 80 - 90 500 - 800, 300 - 500 300 - 450 320 - 480 5.0
Suspended solids mg/l 510 TR0 - 250 15 - 30 it NH, Nil.
Turbidity, 8i0, Units 5. 14 Turbid 10-20 20-30 20-30 G.2
BOD, days 20 deg C mal 01-18 200 - 250 6 - 10 1.0-2.0 1015 N
COD, mgf 1.0-20 250 - 350 16 - 40 4-6 38.50 il
Bacteriological quality {as Sate UnSafe Unsale Sals Safe -
per coliform standards)
Specific conductancs - - 10 Microbes

Softenad water is blended with unsoftenad water to give a final hardness of 40 mg/ as in fresh

Alkalinity is reduced by acid treatment just prior to use in cocling towers. This increases sulfale
content some what since H.SO_ is used.

aj
municipal water,
b)
19.5.2 As Boller Feed Water

Reuse as boiler feed water may require additional treatment over that required for cooling
purposes. As boiler feed, the quality of water depends on the bodler pressures at which steam is to be
raised. The higher the boiler pressure, the purer the waler required,
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Table 19.5 gives an indication of the water quality required for fow and medium pressure hoilers.
For low pressure boilers, the quality of water required is more or less similar to that for reuse in cooling
purposes. For high pressure systems, the treatment required can be quite substantial as can be seen from
the water requiraments given in Table 19.6. A typical flowshest given in fig 19.2 includes tertiary treatment
in the form of chiorination, chemically nided sedimentation, sand fitration, sodium zeolite softening followed
by cation exchange on hydrogen cycie, degassification and weak base anion exchange to give practically
complete demineralization.

TABLE 195

CHEMICAL REGQUIREMENTS OF FEED WATER AND BOILER WATER
FOR LOW AND MEDIUM PRESSURE BOILERS

u S Charactenste Flaguires s ERder Frossue Swtnod of Test
“ N, {ref to OL No of
20 Nmisg o 40k 5y RS
Noridgg. m 154 {I)
1 Fead Water
a) Totl hardness (as Calll) 1 mgd 10 oY 14t
Max
b} o Valos BnHmak o G #
g Dissatvaa Oeyaen mgd, Max | I 14t 7%
d} Bilica {as S0} mah Max 5 5 18
2, Boiler Water
&t Tolal hardness (of Htered saraple’ MOGT DETESTARLE Ty
{as Cally mad, max
B} Total athaiinmy [as Cald FOO B0 13
*ax.
o} Causts alkalindy (ns Ca EH B 1%
Max.
) gk value EARAR %I S 1) TN IEN P B 110 “
&) Fegidual sodwm suiphite (as ERERs] &0t a0 21
Na B0 mgd
£ Fusidual Hydea zine {3s Ny mgd 0.1 to 1§ acdand) Gl s Q.5 03 26
it adced)
g} Rato Na 80, caubhe alkatimy abave 25 Z0F ang 15
{as MaO)
or
Ratic MaNo2 totat atkabinity (a8 NaCha above Ga af and 13
a) Methods of Test for routine control for water used in Industry
bl Methods of sampling and test (Physical and Chemical) for water used in industry,
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TABLE 196
REQUIREMENTS FOR FEED WATER, BOILER WATER AND CONDENSATE FOR WATER -TUBE
BOH.ERS (DRUM TYPE)

Characltenstc e b B Sl Y]

1 g B4 S A 1
RLES

g 1 £ % ] LI I BTG s
3 regrd, Max EREY
4 H
5 RIS
£, higd f B B s
7 Hegiduai ¥ : s

NoH.Y g
8 i N i ;

wafume st 235 deg O

micrpg armensiorm Aax
. A * i 5

Fusaars. Mgt M

Maots 21

a) Methods of test for routine control for water used in industry.

b) Methods of sampling and test {physical and chemical) for water used in industry.

19.5.3 As Process Water

In order to keep treament to a minimurm for reuse as process water, one benefits from identifyin
those processes which must have fresh waters of high guality  and those processes which can do wit
reciaimed water of low quality {e.g. similar in quality to that used for cooling or for low pr
This is done by having a multiple quality water supply system withm the mdustry {Fig 19.3).

g
h

sure bolers),

indian standards for quality tolerances for a few industrial uses are noted below

15 201 1964 Quality tolerances for water for textile industry,

IS 2724 © 1964 Quality tolerances for water for pulp and paper industry.
IS 3957 : 1966 Quality tolerances tor water tor ice manutacture.

IS 4251 1 1967 Quality tolerances for water for processad food industry.
IS 4700 : 1368 Quaiily tolerances for water for Fermentation industry.

it may be noted that generaily all the processes in an industry do not reguire water of the relatively
high quality given in the above noled Indian Standards. There are always several unit processes snd
operations where water of lesser quality can he tolerated
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19.6  REUSE FOR AGRICULTURAL PURPOSES

For general agricultural uses of reclaimed water, He quatity guidelines may be useful though it is
always advisable to associate an experiencad agranomistin deciding on actual water quality requiremants,
especially in case of large farms. If the water quality after secondary reatment does not mest agricultural
use requirements, additional treatment would have to be provided,

Tertiary treatment is mainly needed for meeting coliform and helminth standards which are not met
by conventional treatment processes. While coliforms are readily removable by chiarination, heiminths are
not.  Helminth removal can he economically done in the case of relatively large farms by provision of
3-celied oxidation ponds {maturation ponds) of short detention time of 8.7 days only after the regular
primary and seondary treatment units {Fig 19.4a}.  The fand requirement of such ponds can generally he
tound within the relatively large irrigation commantd area.

For small orchards and farms and for tawns and gardens, helminth removal can be achieved in
small land space by using pressure filters or open sand fiters rather than oxidation ponds {Fig 19.4b).
Chiorination is done for coliform removal. Filteration is aiso useful where drip irrigation systems are
proposed to be used.

19.7  REUSE BY GROUND WATER RECHARGE

A certain amount of unintentional (incidental) ground water recharge occurs during regular land
irrgation with fresh water or treated sewage. But intentional recharge at faster precolation rates in soils
of required porosity and geological terrain has been fimited in india by fresh waters only though treated
sewage effluents can also be used.

The avalilibility of suitable sandy, loamy, of gravelly sofls with good infiltrtion characteristics is
essential. A number of shallow recharge basins are provided in parallel, Each basin may be a long
rectangle, a few hundred meters long dosed with wastewater {pre-treated as necessary) to a depth of abowt
20-30 oms once or more per day, and operated on an intermitient schedule of a few days wet followed by
a few days dry.

Direct recharge systems in permeable soils used in some countries are of the high-rate type and
application rates ot 1000-3000 cu.m/ha/day have been used with pretreated sewage compared to regular
tand irrigation rates of only 100-300 cu.m/ha/day. Ground water recharges systems must be differentiated
from "deep well" injection systems in which the aim is wastewater disposal to a deep aquifer of poor quality
(e.g. brackish aquifer) with no possibility for consumplive use,

The physical, chemical and biological quality of the wastewater has 1o be kept compatible with the
characteristics of the soil and the aquifer into which recharge occurs. Suspended salids, algae, precipitated
substances, can affect infiltration rates over a period of time, and the quality of the reclaimed water Hence
some pre-treatment of wastewater before recharge is generally required.

The poliution of ground water by nitrates contained in sewage can be controlled by intermittent
operation of the recharge basins. Experiments in USA have shown that a sequence of long inundation
pericds {14 days wet, 7 days dry) vielded about 90% removal of nittogen whereas with short sequences
{2 days wet, 3 days dry) the nitrogen in sewage was converted to nitrates in the percolated water. Longer
wet periods with consequent anaerobicity enceuraged denitrification. During  dry periods, the soit gets
aerated and aerobic degradation of organic matier held in the ugper layers of the soil occurs.
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