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M B Settler: A More Economical Alternative
to Conventional Settler

A S Gupta, Member
Prof S V Patwardhan, 4ssociate Member ,

The conventional water treatment units-are not suitable for use in rural areas and small communities
due to their high capital and maintenance cost. The multibottom scttling tank (MBST) as proposed
is economical both in capital and maintenance cost and practically requires no electricity and skilled
labour for maintenance. The experimental study on pilot plant of about 3m® capacity was carried out
by varying different design parameters.  With the deptih of flow as 50 cm and above, angle of inclination
45°, horizontal velocity 12 cinfmin, the surface loading as 6.66 {/m? -min and detention time 15 min,
the performance of the MBST was observed 10 be as good as that of conventional units. The settling
tank in combination with solid media flocculator (SMF) also gives good bacterial removal efficiency.
The cost of the MBST plus SMF works out to be 115 to 33% of the clariflocculator.

INTRODUCTION These have, however, certain disadvantages : (i) the

. v settled particles move in a direction opposite to the

Water for drinking and food preparation must be free  direction of flow and hence the sludge obtained is not

from organisms capable of causing disease and from the concentrated, (ii) about 2 to 3% of water is wasted, and

mineral and organic substances producing physiological  (iii) the cost of the material used in the tube settler is
effccts. Moreover, the water should be free from quite high.

apparent turbidity, colour, odour and any objectionable Lact pottion of files .
taste. The raw water available from many sources _ Back v il . Zhira ootton of
. . . . Chymica) Coagulan). tubs sctiler {itke: backwash
contain impurties making it unfit for human consump- to warle
tion. Hence it becomes necessary to treat the water L
~ before feeding it into public distribution system. ] Floseuter
Similarly, the treatment of liquid wastes comprising of e e —— T
- spent water from bath rooms and lavatory basins of
; residences, process water from ndustry, semi-liquid } rube coments drciace -
wastes like the human and animal excreta, make them during fifcr backwosh pecan
more amenable to its safe and satisfactory disposal chomieat [
either on land or in large bodies of water. ceapiiant H
TUBE SETTLER RO coudar|  eetier .
50" Filler
Sedimentation, for treating water and waste water
among many methods, 1s the most important and widely -
used operation. This method/unit removes turbidity L siedgs sroeatt
to a great extent at much less cost compared to any other Fig 1 (@) Essentially torizontal (1op) and steeply

units of the treatment plant but the cost has now inclined (boitom) tube settlers
gone up particularly due to the increasing cost of the

mechanical parts. To reduce the cost of the scttling unit Directi §
and also to attain higher degree of performance, tube "ef‘l:o:n;l

settlers were developed.

To siudge

/colleclicm

Tube settlers were developed by Culp, er al' by using
very small diametre tubes. Their design is based on the
principle that the removal of settlable solids is primarily
a function of overflow rate and is independent of basin
depth. The tube settlers have large surface area, small
depth, no mechanical parts and require a detention time
of about 3 min only. Thus, cost and space both are

saved substantially. The two basic shallow depth Fig 1(b) Counter-Current flow pattern in steeply inclined tubes
sctiling systems now available are illustrated in Fig 1. due to flow of liguid and sludge

A& Gupta is with Uttar Pradesh Ja! Nigam and Prof S V Patwardhan is with the University of Roorkee, Roorkee.
This paper was received on April 11, 1979, aad was presented and discussed in the Anaual Paper Mecting held at Caleutta on April 6-7, 1980,
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MULTIBOTTOM (MB) SETTLERS

To overcome the above disadvantages, MB setticr
(Fig 2) has been developed at the University of Roorkec?.
This scttler has all the advantages of the tube settler like
large surface area, small depth, no mechanical parts and
requires less space. In addition, due to the provision of
vertical sludge zone with minimum horizontal flow, the
scttled solids moves normal to the dircction of the flow.
This results in more effective scttling and ihe sludge
obtained is more concentrated.
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Fig 2 Plan of flash flocculator and MB settler

Kohli* conducted experiments on a laboratory scale
model of the MB settler using only coagulated water
and established the feasibility of this scttler. Kelkar?
conducted experiments on this using raw sewage and
observed that about 80-82% of scttled solids and 50%;
of BOD are removed. A 16.2 million 1/d unconven-
tional water treatment plant constructed at Roha
(Maharashtra) incorporates MDB settler. The study
carricd out by Parmart at this plant indicates that raw
water turbidity of 85 mg/l is reduced to 2.0-2.8 mg/l.

This paper deals with the study of depth of flow,
angle of inclination plates, horizontal velocity and
surface loading on the performance of the MB settler
using coagulated and flocculated water. In addition,
the effect of shock loading, bacterial removal efficiency
of MB sctiler in combination with solid media floc-
culator, another conventional unit developed at the
University of Roorkee’ and the quantity of the sludge
accumulating as the percentage of the totel suspended
solids were studied.

EXPERIMENTAL SET-UPR

MB SerTLER

The multibottom  settling tank, on pilot plant scale,
was  constructed by utilizing an  existing masonry
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chamber of dimensions 4 mx0.85mx1.05m (Fig 3).
The model consisted of four clearly divided zones—
inlet zone, the scttling zone, the outlet zone and the
sludge zone. The settling zone was constructed in four
units, each 60 cm long. It was possible to use any
numbcr of units at any time since any one or more units
could be taken out of the chamber. Each unit consisted
of 15 inclined 1 em thick RCC precast plates, temporarily
held in position with the help of wooden frames. The

vertical spacing between the plates was kept 10 cm

centre to centre and could be increased by taking out
certain number of plates. The inclination of plates to
the horizontal was kept as 45° which could be varied by
shifting the position of the wooden frame. The depth of
flow was varied by increasing or decreasing the height
of the weir wall at the downstrecam end of the outlet
zone,
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Fig 3 (6) Muliibotiom settler and solid media flocculator
FLOCCULATION TANK

The flocculation tank consisted of two chambers
25ecmx20cm cach and one 25ecmx40cm in cross-
section.  In these chambers hard coke of about 1.5 mm
size was filled to a height of about 50 cm from the bottom.
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Alltizse chamoers whea operated together were capable

of alfowing o discharge of 100 Ipm at a jlow rate of
40 c¥iemit-min, which was suflicicat to keep the flocs
suspendad”,

EXPURIMENTATION

The experimental work was carricd out in four different
scts.,

Set |

To study the performance of MB scitling tanks with
regard to depth of flow in scttling zone.

Set. 2

To study the eflect of change of angle of bottom on
residual turbidity and the sludge deposited on plates per
unit arca of plate,

Set 3

To study the effect of horizontal velog:ity, surface
loading and detention time on residual turbidity.

Set 4

To study (i) the bacterial removal cficiency of MBST
in combination with solid media flocculator (SMF),
(i) the effect of shock loading and (ui) the toial sludge
deposited on plates as the percentage of toizl suspended
solids removed ia the settling zone during 24 hours run.

RESULTS
|

V1. The total cepth of flow has no appreciable effect
on turbidity removai efficiency on the MBST.

2. The residual turbidity decreases with the decrease
i angle of inclination with the horizontal but the siudge
accumulated per m® on bottom also increases. The
angle of inciination of 43° seems to be the moest suitable
copsidering both tke aspecis, Figs 4(a) and (b).
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3. The efficiency of MBST is not much affected for
horizontal vclocities less than 10 ¢cm/min. But beyond
this, effect is appreciable. The rate of increase of
i-sSidSual turbidity is still faster for higher surface loadings,

ig 5.
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lovdirg, detension time, deptl (50 cm) and argle
of plates (45°) being constant

4, The cfficiency of the MBST decreases with the
increase in surface loading.  The residual  turbidity
considerably decreases to about 20 myp/l for surface
foadings fess than 4 /m®-min, Mg 6.
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5. The efficiency of the MBST is not affected either 6. The MBST in combination with SMF gives good

due to coatinuous
(Tables 1 and 2).

long runs or shock loading bacterial removal efficiency, Table 3.

TABLE 1 PERFORMANCE OF MB SETTLER
DURING FIRST 20 hr OF RUN

(Raw Water Turbidity 300-400 mg/1)

TIME,
br

18.00

19.30
20.00
21.00
22.00
23.00
24.00
1.00
2.00
3.00

Dates April 28-29, 1977

ResmuaL
TUREIDITY

Run
started
29 -
29

31
31
27
33
27
33
31

TimE,
hr

4.00

500
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00;

ReEsDuAL
TursipITY

29

35
31
27
29
31
31
30
29
27
3

TABLE 3 BACTERIAL EFFICIENCY
o/

BaCTERTAL REMOVAL EFFICIENCY, ¥

SAMPLES
TOTAL MPN TEesT
CounT TEST
1 94.88% 96.0.
2 68.26) 89.0

3 70.2 . 8301

TABLE 2 EFFECT OF SHOCK LOADING ON

TivE,

hr

“14.30
15.30
15.30
16.00
16.30
17.00
18.00

RESIDUAL TUREBIDITY

Date April 29, 1977

Raw WATFR
TURBDITY,
meg/l
4.80
6.40
700
€60
800
920
1100

RESIDUAL TURRIDITY IN
SETTLED WATER.

mg/l
31
35
29
35
33
31
35

Vol. 61, February 1951

7. The suspended solids deposited on plates in four
settling units after 24 hr of continuous run were found to
be 1.3 percent of the total suspended solids removed.

FINANCIAL ASPECTS

Since the cost of any treatment unit is one of the
mmportant paramcters for its adoptation, a comparison
was made between conventional (Clariflocculator) and
unconventional (MBST in combination with SMF),
For this purpose two types of units having the same
performance were designed for capacities 5.0 mld and
0.5 mid. The abstract of comparison is given in the
Appendix. The comparison between conventional and
unconventjonal units of the Roha Plant is given there.

It is secn that the cost is reduced by 67 to 89 percent.
The reduction is more in case of smaller units. Fven
in comparison to bottom hoppers, used for smaller
plants, the reduction in cost is about 66 percent. Further
power requirement is also nil and there is also a saving
of 70 to 80 percent in the land requirement.

CONCILUSION .

The MBST gives better performance, requires losser
space and po clectric power and is economical in capital
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It is recommended that the MBST should be designed
with the following design criteria :

(i) Suriace loading
(i1) Dectention
(i) Horizontal vclocity

(iv) Angle of inclination
with the horizontal

(v) Spacing between plates

5.0 to 3.0 i/m*-min.
15 to 20 min.
10 to 20 coy/min

45°

7.5 to 15 cm centre to
centre.
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Appendix

COMPARISON OF THE CLARIFLOCCULATOR AND THE NEW UNITS, FOR THE SAME PERFORMANCE

Flocculator
Dcteutfbh Ti;nc, min
Volumetric Contents, m*
Plan Area, m?
Flocculating Mcdia
- Mechanical Equipment
Length of iniet pipe, under inside
struture, m
Clarifier

De:ention time, min

Volumetric Coatents, m?*
Pian Arce, m*
Surface lozcing, }/m*-min

Meckanical Equipment

Volume of Concrete in the structure
(Flocculater and Clarifier, m®)

Costs (Floceculator and Clarifier)

Civil Works (Rs lakh)

Mcchanical Works (RS lakb)

Total (Rs lakh)

Cost of Ciariflocculator and Clarifi-

cation 1a Rs/mitfhr

Percentage saving oa SMF/MEST
T case of Eottom Hoppers

Totai Cost

N

Percentage saving on SME/MBST

Caractty 0.5 mid

ROHA PLANT,
- CapracrTy 5.0 mld Caracrry 16.2 mid

CLARIFLOCCU- SoLiD MeptA  CLARIFLOCCU- SOLID MEDIA CLARIFLOCCU- GRAVEL

LATOR Froccu- LATOR Froccu- LATOR Froccu-
LATOR/MBST © LATOR/MBST LATOR/MRST
30.0 10.0 30.0 6.5 30 about 11
10.4 3.50 104.0. 35.0 495 126.25
3.5 0.78 35.0 1.6 119 24.50
Paddles Gravel Paddles Gravel Paddles Gravei
Drive, gears, Nil Drive, gearss, Nil Drive, gears, Nil
paddks, etc paddles, ec paddles, etc
6.0 Almost nil 12.0 Alrost nil 20 Almost nil
120.0 20.00 180 20.00 150 23.5
Over all
efixCtive
18.6
62.4 12.90 624 . 127.00 2490 288.4
20.8 4.30 208 28.25 590 56.0
16.65 6.66 16.66 6.56 27.5 14.4
Drive, gears, Nil ) Iﬁn’vc, aears, Nil Drive, gears, Nil
Ericge, Bridye, Bridge,
Scrap:r, etc Scraper, ctc _ Scrapez, etc
15.0 10.00 103.0 56.0
0.11 0.06 0.20 0.45 2.30 1.10
0.44 1.40 1.10 Nit
.55 0.06 2.20 0.45 3.40 1.10
2644 258.0 1057.00 216.0 504.0 163.0
39/ S0%, 67.5%
13 (Y 6CL0
56Y
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