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A LABORATORY STUDY OGN TUBE SETILING

INTRODUCTION

The term tube scttling used herein refers to the use of shallow settling
devices with a detention period a fraction of that of conventional scttling tanks
to achieving compurable seitling efiicicncics.  The sattling device cian be short
picces of pipes, closely spaced plates or tubces of any convenient shapes. The
application of tube scitling in water treatment so far is mosily for coagulated
Very little appears to have been done in explering the potential
of the use of tube settlers for plain scdimentation of raw watcr as & possible
ccononical pretreatment process especially for applications in developing
countries.

OBJECTIVE

The objective of the study is to investigate the scttling efliciency of a small-
scale tube scttling device using natural raw water from an irrigation canal as
well as synthetic raw water, both without coagulation.  The usc of canal waicr
is significant since many small communitics in Pakistan relv on such a source
for their drinking water supplics.  In other words, the results obtained should
be rclevant to practical conditions.

DISCRIPFION OF APPARATUS

The schematic sketch of the experimental set up is shewn in Figure |,
It consisted of a raw water reservoir, a constant head tank, a raw water recis-
culation system including an clectric centrifugal pump, the tube scttling tank
(high rate scttlers) and a rotamcter for flow control.  The suspended particles
were kept in suspension in the raw water reservoir ty an electric stirrer.

The constant head tank had a main scetion and an overflow scction.

The main section measurcd 15 ¢cm by 15 cmand 12.8 ecm decp to the over flow
level.  Tne raw water was first pumpcd from the reservoir into the main section
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of the constant head tank in such a way that the incoming jet would provide
substantial stirring to prevent sediment in the-constant head tank.  The supply
to the tube sctthing tank was fed ofl near the bottom of the inlet side of the main
scction of the constant head tank.  The excess water in the constant head tank
flowed over the top  of its partition into the overflow scetion for return by
gravity to the raw water reservoir. The pumping rate was kept greaier than the

flow to the tube settling tank,

The tube settling tank rectangular in plan wis made of No. 22 galvanized
iron sheet. The tank was §9.5 ¢m long and 18.5 ¢m wide with an overflow
depth of 10.5 ecm, [t had an inlet comparuneni and en outlet compartmeni,
Both compartments extended. to the full widith of the tank and were
8§ cm wide. A perforated baflle was provided at the inlet side
and an overflow weir at the outlet side. The tube scttlers were formed by
fourtcen No. 22 galvanized iron sheet plates, cach 61 ¢m long and 18.5 cm
wide spaced at a clearance of 6.3 mm by glass (vbingalong the two sides of the
tank.

The rotamnecter was inserted in the feedline between the constant head
tank and the tube settling tank.,

METHODOLOGY

The canal water was noermally taken fresh from a nearby irrigation canal
in the morning of the day a run was to be made in plastic cantainers of a2pproxi-
maicly 5 and 10 liters.  The use of small containers was {o facilitate agitation
before feeding the raw water into the raw water reservoir,

Synthetic raw water was prepared with tapwater and Chinese Fuller’s
carth at the rate of 50 grams par 40 litzrs on the day a run was to be made,

Flow rate control was obtained by sciting the float inn the rotameter ata
givenreading.  The actual flow was checked by a stopwatch and a plastic 1-litre
measuring cylinder,  Water temperature was measurcd by a mercury thermo-
meler every hour.  Hourly raw water samples were taken from the raw water
reservoir for turbidity determinations on a Hach Turbidiscter, Modcl 2100A
during a run,

EMuznt samples were taken at 15-minute intervals from zero hour for
turbidity measurements.  Efffuent sampling continued until a steady turbidity

reading was reached.

The settling 1ank was filled to overflow level with tapwater and settled
water from the previous run before each run. .
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EXPERIMENTAL RESULTS
(a) Syatietic raw water ;

Ten runs were made in Januvary and February 1975, using synthetic raw
water.  Table | presents the results. The efliciency achicved was quite cncou-
raging. It was therefore decided to proceed to the second stage using natural
nncoagulated canal water as the influent.  Notice that the raw water turbidity
varics even though the same dosage of Fuller’s carth was used in eachi run.

TABLE 1

Tube Scttling of Synthetic Raw Water

Water Flow aw Walcer Effiuent EfBcicncy
Run Temp. Rate Turbidity Turbidity %
°F ml/nmin JTU JTU

] 56 279 100 13 90.7
2 . 55.5 430 150 19 86.4
3 55.A5 725 180 23 83.6
4 56 216 125 12 91.4
5 57.5 182 160 Is 89.3
6 55 | 116 130 9 94.6
7 . 54.5 79 105 6.9 9s5.1
8 57.5 9.5 175 7 95

9 ‘ 60 101 130 8 96.3

10 60.5 22] 130 10.2 92.7

(b) Canal raw water;

~ Ten runs were made from May to June 1975 using raw water from the
canal. Theexperiment was interrupted due to heavy flood-damages of the canal

3

AP e

S ORIV

Bemmt i

T e




o

o e 228 e o oo 8 bt o S o A i et o i

Ly

T RV TNl (DT IA ma m N Sory e e -

o 1
| |
intekein the fall, the season of high turbidity for canal water.  Hencee, the results.
were somewhat inadequate for highly turbid raw water.  Table 2 presents the
results indicated as Run 1 to Run 10 for May to June 1975, Runs 11 to 15 were'
madc from Scptember to November 1974 when the canal water had a turbidity
level of less than 100 JTU. f;
TABLE 2 !
!
. Tube Settling of Caral Raw Watcer ?
Water Flow Raw Water Effluent Efficicncy ;
Run Temp. Rale Turbidity Turbidity % :
°F ml/min JTU JTU &
1 78 76 10 22 Bk
2 82 90 110 25 77.3 1
b
3 87 95 175 26 85.1 |
4 74 96 160 - 30 81.4
5 82.5 109 175 30 82.9
6 75 116 160 33 79.4
k 7 81 157 170 45 73.5
8 83 154 280 90 67.9
9 74 164 250 80 68
10 74 203 280 102 63.5 l
. t
11 81 63.5 70 7.5 89.3
12 71 68.4 24 5.7 76.2
13 69.5 6l 23 4.3 81.4
14 64 120 20 4.2 79
15 62 123 14 3.7 75.4
4
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(¢) Effcct ef Plates on Scttling Efficiency:

Six runs werc made with the plates removed from the settling tank to
observe the effict of the presence of plites on settling.  These runs used syn-
thetic raw water preparcd from Chinese Fuller's carth as in (a) and were made
during the sane period as for the runs in (@) to minimize the teinperature cfiect.
Fig. 2 presents the comparison of the results of the two sets of runs, one with
plates and the other without plates.  Notice that the set with plates is the same

one presented in Table 1.

DISCUSSION AND CONCLUSIONS

It is casy to sce that settling cfliciency of a given tube scitling system
varies substantially with the characteristics of raw water.

For the canal water studied, the tube scttling device can provide pocd
pretreatment without coagulation at moderate level of raw water turtidity.
Performance tends to deteriarate as raw water turbidity recaches the level of
250-280 JTU. In vicw of the limited results on highly turbid water, further
study is necessary before definite conclusions can be made.

The presence of plates does improve the settling ¢ficiency especially at
higher flow rates.  Since the expzrimental settling tank without platesis sull a
shallow scttler, the improvement of cfficicncy due to the plates compared with
that of conventional scttling tanks of, say, 3 meters decp would be more sub-
stantial than thatindicatcd in Fig: 2.
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