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ABSTRACT

- It has been proposed that the fype of separator be used
as a prinary or intermediate unit in wastewater treatment pro-

cesses.

Following positive laboratory studies using synthetic
material, the vortex type separator was tested using domestic
sewage. Twenty experiménts were conducted in eleven untreated

sewage was used, in the remaining nine chemicals were added.
?

‘The parameters used to determine the efficiency of the
unit were BOD;, total solids, suspended solids and settleable

solids.,

Usiﬁg flows 1owér than the ones recohmended in the labor.
atory, orifice one (1.27 cm) gave best results. The'efficiency
for the removal of the two most important parameters, name;y
BOD5’ and suspended solids, were 11% and 30% respectively for
untreated sewage discharge, w here as-for‘sewage treated with

coagilants and polyelectrolyte it was 107 and 36%.
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FTOTATION
Symbol Meaning _ Dimensions
Untet Discharges through, inlet . channel LT“3
. . : . ) .3
Qorifice Discharges hrough ‘orifice | LT ;
Qouty et Discharges throvgh loutlet -channel LT~
, 1e ; ; o | ‘ 3
Bouinlet BOJ5 at the inlet chiammel ML ;
[OD . . BOD_ at the orifice ML~
orifice 5 , 3
ROD BOU. at the outlet channel WL”
outlet _ 5 ‘ _ » o 3
5 oS, suspended solids at the inlet channel. L
inletd 3
SeSe .o suspended solids at the orifice 1L
orifice o
8e8. Ltlet suspended solids at the outlet chermel hL_3
T,S.. total solids at the inlet channel bif3
o inlet
PuSe . .. total solids at the orifice b
orifice. » 3
T.S. total solids at the outlet channel ML
outlet )
Set.s.. : settleable solids at the outlet channel
inlet v
Set.S. ... settleable solids at the orifice
; orifice
Set.3, settleable solids at the outlet channel
~outlet
e efficiency
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l. INTRODUCTION

The sedimentation process‘has long been used in water and
wastewater treatment, Sedimentation is the separation, by gravita.
tional settling of suspended particles that have a specific grevity
greater than that of water. The process, one of the most widely
used operation in wastewéter treatﬁent, is used.to remove grit,
inorganic matefial with a specific gravity of 2.65 and a diameter
of .’2}(10"2 cm; particulate-matteruand chemical floc. It can also
be used for the concentraficn of solids for the.sludge thickening,
The primary purpose of the sedimentation probess is the pvduced
aclarified effluent and a sludge thdt can be aesily treated. The
primary purpose of sludge is to concentrate the sludge and reduice

the quality that has to be treated.

Sedimentation processes have some importance among other
treatment unite (See Fig. 1). Efficiencies of sewage treatment
operations and processes as percent removals are depicted in

Table 1.
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Table 1
Removal Efficiencies of Wastewater
Treatment Plants
Trgatment Operation or Process BOD5 Suspended
' Solids
Fine Screening 5-10 2-20
Plain Sedimentation 25-40 40-70
Chemical Precipitation 5085 70-90
Trickling filter preceeded
and followed by plain _
sédimentation 50-95 50-92
Activated sludge treatment
preceeded and followed by
plain sedimentation 55-95 55-95

(Fair and Geyer,1971)

The general form of an ideal sedimentation basin is shown in

Pig. 2. Water enters the sedimentation basin at the left and it is

assumed that it spreéds out uniformly over a verticle plane A-A in

such a way that the concentrétion of suspended particles of all

sizes and densities is constant throughout the incremental volupe

of the tank of length ( L). The incremental volumé of tiwater moves

from inlet to outletlthrough the settling zone at 2 uniform velocity

"y" and arrives at a position.MA'_A' " without a change in shape.
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This velocity could be calculated by dividing the flow rate "3V

by the cross—s$ectional area of the basin "h.w." where "a" is the
depth and "w'" is the width. Then the increased amounts of water . ©
will flow<through the outlet zone carrying along all the particles
that did‘nof settle. Those particles which strike the bottom are
considered removed. Then the path "V" representing the maximum
elevation at which particles of the smallest settling velocity

"v'" and experiencing 100% removal may be found. That is to say,

if a particle with a settling velocity "v" enters the basin at

| height "h" above the bottom, will travel along the path "V" and

will be removed near the outlet zone. -

Another form of sedimentation basin is the vortex type of v
sedimentation basin. The advantage in the latter is that the de—
tention time is short (7-28 sec). In the primary sedimentation
basin, detention time varies with the percent removal desired as

shown in Fig. 3.

The vortex type of sedimentation can .. potentially treat
water, wasiewater, storm sewers, and industrial waste efficiently.
It .separates the so0lid phase from the liquid at the lower unit

cost than other metiods employed.

The purpose of the experiﬁent is to find the efficiency of
the vortex separator in the field and to see if it can be used in

place of primary sedimentation tanks,
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2. LITERATURE SURVEY

2.1. Operational Theory

The vortei type sedimentation tank seperates solids from
liquids. Tﬁé vortex type separator concentrates the solid phase in a
dilute slurr, by accelerating the velocity of flow of the solid
éarticles rather than by reducing their horizontal wvelocity. The
mathematical fheory for vortex motion and for the vortex separator
was developed by Valantine (1965) and Veliojlu (1972) to confirm
laboratory observations that particles>in a moving fluid, subject
10 a non.linear flow pattern,‘tend to rotate, and that this ro-
tational motion causes thebparticles.to move into the stream lines
of the highest velocity. The factors that determine the direction
and rate of movement of a particle in a fluid are the particle
dimensions effective didmeter, shape, drag coefficient, weight,
fluid viscosity; unit weight of the fluid, velocity of the fluid,

and its flow pattern.

In this device, an orifice is used to generate a relatively
high_velocity rotational field of flow. Particles of sufficient size
are trapped in the non-linear flow field of the vortex induced by
the flow from the orifice, causing them to rotate and accelerate
‘as théy move into the higher velocity flow. Particles thus seperated
from the effluent, are conoentrétéd in a significantly smaller volume

of liquid and flow through the orifice. A larger volume of the fluid
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flows through another outlet with a mmch lower wvelocity.

Chepical and physical techniques cause particle nucleation
to generate particles of an appropfiate size for trapping in the
vortex flow-field of the orifice. The various processes used to
create larger pa,r'ticles are those now in common use industrial

. processes and in water and waste-water treatment. It is the
combination of particle growth and particle concentration in a
vortex flow-field to obtain efficient, low cost solid-liquid

separation that constitutes the unique process, ( Curi et.al.,l973).
2.2, Pfevious Work Done

Smisson (1964) used the first circular vortex device in the
city OF Bristol; England, to increase the efficiency of existing
regulator facilities for the»purpose of minimizing overflow quan.
tities and meximizing the quality of wastes discharged info rece-
iving waters. This circular chamber concept was used to obtain .
adequate weir length for overflow dischérge without the expense
of constructing a long side_spill weir for this purpose. At Bristol
Laﬁoratory, studies were carried out on this configuration to
determine its hydraulic characteristics and performance, pfior to
- construction of the facilities in 1964. Smisson (1967) published
a report about the research work at Bristol and the actual details
of voritex chamber installed at White Ladies Road. The White Ladies
Road device as shown in Fig. 4, provided an 18 ft diameter chamber,

an overflow weir , a scum ring for retention of the floating material

.
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mounted on the central colupn, and a sewer outlet for the concen;,
trated solids. Flow entered the circular chamber tangentially at

thé floor level. The foui sewer outlet was located on the floor

of the chambCr, near the central column, at a point where it Qould
collect the solidg deposited on the floor of the chamber. The
supernatanf-clarified liquid overflowed the weir and was dischafged
into receiving waters (walk up 1972).‘Tests done by Smisson were first ca-
rried out without any deflectors in the chamber. Galsonite with
specific gravity of 1.06 and pariticle sizes between one and three
millimeters was used. Very few galsonite particles settled to the
bottom tb be drawn off through the foul sewer outlet, the rest
remained in suspension in the rotating water mass for several

turns before overflowing. After installing a.flow deflector into
’the chamber adjacent to the inlet, the flow conditions changed,

s0 that the water entefing.the chamber from the inlet pipe was
slowed down and diffused with very liitle Turbulance. When'the
galsonite particles entered +the chamber, they'spread over the
larger cross section of the chamber and séttled rapidiy. Particles
were entrained along the bottom around the chamber and were cor.
centrated by two secéndary vortices located under the 1lip of the weir
approximately QOOO‘and 290o from the inlet point. Foul sewer outlets
at cach of these positions didnot draw off all the gilsonite: the
greater part remained in deposits on the chamber fioor, avay from
the central shaft. Volumetric measurements of the total galsonite

recovers from both the foul outlet and the floor deposit, for three
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tests yielded the following results. (Walk up, 1972).
Table 2
» Stérm Discharge ' Galsonite Removal efficiency
50 ofs | 975
100 " 879
162 " | 65%

Smisson (1967) found thét larze diameter weirs,.with hori.
gontal undersides but with no deflector walls, removed small solids
better than thaf provided by smaller diaﬁeter weir having a sloping
underside and a deflector wall. Smisson (1967) also suggested that

a smaller diameter storm water down shaft would improve efficiency.

After 1967, Smisson kept on working with Sullivan, Cohn, and
Coombes on this device and developed its dgsign criteria in 1971.
Prom the work of Smisson, a swirl concentrator was developed which
offers a hizh degree of performance in redubing the amount of settle—
able s0lids in combined sewer overflows. This new type of vortex
device was called a swirl concentrator. Some tests were conducted
on the device by American Public Works Association APWA in the U.S.A.
(See Fig. 5). The APWA tests, using a swirl concentrator, showed

that it was possible to remove significant amounts of settleable
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FIGURE 5
ISOMETRIC VIEW OF SWIRL CONCENTRATOR (Field et.al., 1972)
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and floatable solids from combined sewer overflows.

This device has the.advantege of low capital cost because
of its simple structure. The absence of primary mechanical parts -
should also reduge maintenance probleﬁs. The motion is automatically
induced by the inflowing combined sewage so that operating problems
normal to dynamic regulators, such as clogging, would be very irn-

frequent.

The swirl consentrator has a circular channel in which rotary
motionvof the sewage is induced by the kinetic energy of the sewage

entering the chamber. Flow is deflected and discharged, through an

orifice called the foul sewer outlet. This orifice is located near the ¢

center of the chamber. The rotary motioﬁ causes the sewage to follow
a long spiral path through the circular~chamber. A flow deflector
prevents the flow in the chamber from merging with inlet flow. A free
surface vortéx was élso eliminated by this deflector. Some rotational
movement in the form of a gentle swirl remains, so that water coming
from the inlet pipe is slowed down and diffused with very little
turbulence. The particles entering the basin 'spread over the full
cross section of the channel and seitle rapialy. Solids are.entrapped
along the bottém and ér;un@ the chamber, then they are concentrated

~at the foul sewer outlet.

The study by American Public Works Association (APHA) in
1971-72 showed that the swir; concentrator was very efficient in

Vsepara@ing both grit and settleable solids for the middle 0,2 mm and

—
-
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larger grain sizes ranges. By weight, these fractions represent
about two-thirds of the respective materials in combined sewage.

Separation of smaller .grain sizes was less efficient.

A different type of vortex seperator for the removal of
solids was cbnsfruoted and fested'at the Hydraulic Laboratory
of the State Water Works, a Directorate of the Kinistry of
Lunergy and Natural Resources in Ankara by Akmandor (1972). The
unit at the AnkKara laboratory was designed for removal of heavy
particles from water, such és sand and silt. The vortex seperator
which was used by Akmandor is very similar to the one that is used
in thié study. Akmandor Used five different types of materials in
his work. These materials had a D50 (particle s@ze corresponding
to particles 50 finer) which ranged from 1.72 mm %o 3.20 mm, and

their specific gravities ranged from 1.047 gm/cm3 to 1.425 gm/0m3.

A vortex_assisted oil removal unit was reported in the
American literature, by Walkup, et.al. (1972). This unit, however,
used the surfacé phenomena qf a vortex to draw an oil film fo
appoint over the vortex where it could be drawn off in.an upward
direction by an airlift. The vortex.assisted nozzle system is shown |
in Pig. 6. In this figure the main conponents are identified. As an
additional aid, 6perationa1 capabilities such és air flow and water

flow are also given in Fig. 6.
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Figure 6

VORTEX SEPARATOR with AIRLIFT for OIL REMOVAL

(Walk up et.al. 1972)

Flow controlled was accomplished by adjusting the'géte valve on

thecdischarge side of the pump.The water level was controlled

by pumping_water

into or out of the basin.The lower part of vortex

generator was moved down 03Lupimanua11&cﬁo ¢hange: the 'gquantity of

water ehtering the vortex from the side,thus controlling the

vortex from the side,thusvcontrolling the vortex size.P.C.HWalkup,

J.DeSmith,andE.R

.Siminson have worked on this marine oil spill

recovery by vortex-assisted airlift in I972.(Walkuﬁ 1972).

~
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Another vortexva§e solid_liquid seperator study was carried
out in the laboratories of'Boéazigi University in Istanbul, Turkey,
In 1972 by VelioZlu. This work waé‘dane to check whether a vortex
type sedimentation unit could be used in water ahd wastewater treat-
met ﬁroceséeé.-A measure of applicability was sought through finding&
the ratio of the amount of removed particles with the amount initially
present. A design formula was develoﬁed‘for a vortex type sedimen..

tation tank. The design of this separator is given in part 3.1.

Veliogiu (1972), in the laboratéfy'évaluatéd the vortex separator‘
using five different materials having a wide of unit weight and
particle diameter. The removal efficiency in the laboratory at
‘different inlet flow~rates, orifice discharge rates, orifice diameters,
and depths of flow in the tank was measured. Table 3 is a summary
of the variables and the solid liquid separation efficiencies obtained

by Veliozlu (1972).

Observations of Velioflu (1972) showed that the vortex type
'sedimeﬂ%ation taﬁk was efficient'for medium discharges of 4.5 -~
9.0 1t/sec of total discharges. As the discharge was increased, the

strength of vortex was more due to increased, velocity, and thus a
highly turbuient flow was genefated,resultiﬁg in a decrease in effi-’ . o
g§?§cyfigﬁvthffother hand, to prevent the settling of particles in
.the inlét channel necessitates a minimum discharge; but this
minimum might cause some difficulties in the generation of the
vortex, especiaily for small orifice sizes. The particles used were

of various shapes.‘Velioélu did not take into consideration the
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Table 3
Sﬁmmary of Laboratory for Vortex Separator
(Veliojilv, 1972)
VARIAELEZD UNIT MINTLUL HAXT iUl
Specific gravity ] g/cm 0.45 1,42
of particle
P50 giii:tzirtide rm 0.80 3.40
Orifice size _ cm 1.27 5.08
Inlet Tlow, Q 1t/sec 4.46 12,73
Bfficiency — 30.00 100.00
orifice discharge, A 1t/sec 0.22 1.68
Ratio of @ to Q . | _ 0.03 0.35
‘Detention time ' sec A7 28
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difference in shapes, although the particle size was thought to
 be an imﬁortant parameter'in'sedimentation theory. Due to short
~ detention times (7_287sec.) in the trial runs, headlocs between

--the inflow ‘and - the outflow was neglected.

Velloblu noted that eff1c1encleu ranged from 32% to 100%

and that the medlan eff101ency was’ 89%. These results were the

subject of-multi-variate analysisis and an appropriate relatlon_ ‘
" ship between the varlables and the renoval efflclency was obtalned. T
This relatlonshlp 1s_used as a de51gn guide in prototype units.

‘ ‘An inspection of the‘obtained efficiencies allowed VeIi§¥1u
4o think that the vortex type sedlmentatlon tank could be used as
@ unit §nt water and wastewater treatment processes instead of ?~:'

'sedlmentatlon tanks.

; A study was conducted by the Amerlcan Publlc Work Assoc1at10n;’5?
- to determlne the efficiency of the swirl concentrator chamber to ;};":7
~ perform the functions of a grit separatlon and removal ﬂaclllty R
: in 1974. Sullivan, Cohh; Ure, Fred Parkinson hed‘worked on the )
swirl concentrator as a grit separator:dev;ce; (See Fig;77). R
Grit chambers are deeighed to remoremgrit,'consisting‘of
‘ sand, graVel, cinders, or other heévy soiiﬂvmateriels thet have
~ specific éravities greater than theiorganicvsolids in wastewater.
It is one of the conventional pretreatmeht'unit in sewage or in.
~ dustrial wastes treatment plants. The removal of inorganic gr1t

prevents excessive wear on subs equent handllng operatlons such as
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'pumping;-cOmminutingvandiSCPeehihgaof'eewagé end pumping of sludge. . -
ﬁlimination of inert solids prevents deposition of such material
in settling tanks, sludge hoppers, sludge digesfionlchambers,

‘ aerationﬁchamberé, pipelines and other locations. (Sullivan, 1974)' o

- The removal of grlt materlal 1nvolves separatlon or classi-
fication by means of flow rate_control “thus ut111z1ng the difference 1
' in settling~raies, or buoyancy, between the different specific
. grav1t1es of the two types of waste solld (organlc and 1norgan1c)
De51gn is based on the prmnclple that ‘average sewage solids - organlc ?J;
and inorganic in character -. can be held in suspens1cn in a so - |
called self.scouring sewer line at flow velocltles over 0.6l m
(2 £t) ﬁer second. Similafiy,'grit chamber design is based on the
- principle thet heavier grit will settle at velocities of flow/of“ ;
- 0.3m (1 ft) per second, while lighter organics'wi11 be held in
suspeﬁsion tnder these hydraﬁlic coﬁditions untii they reach settling‘
chambers where flow velocities are reduced to raféé iﬁ>theAgeceral *"“ ‘e
range is the basic criterion for the separatlon of sollds_from—llquld

in clarlflcatlon or sett llng chambers.'{ -

The appllcailon of the sw1r1 concentrator phenOmencn for the
grit removal is dependent upon flow condltlons and internal hydraullc
.~patterns whlch will separate heav1er as well as larger SOlldS partlcles'i
from lighter and smaller ones. Then it w111 hIIOWrﬁhe two separated -
class1fcat10ns to be collected and removed at separate p01nts.

Sulllvan (1974) found out that the swirl concentrator could only be'
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used for large meterilas.

The swirl concentrator prinéiple involves the development of

a flow chamber utilizing circuldr, long-path kinetic energy to sepa— -

rate the solid particle$ and let them settle. The‘settling is achieved

by having‘optimum hydraulic conditions without the use of mechanical

accessories.
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3. EXPERINENTAL PROCEDURE

3.1. Experimentaleef;Up

.The;vortek separéfor was coﬁstructed as a circular fank of
2 mm galﬁanizéd steel, about 30 cm deep. At the.centeerf the sepa;
rator there is an orifice from which the solid particles are to
pass. (liore details can be obtained from Velioflu's thesis, 1972)
In the experiment a seriés,of different orifices wéré used tb evaluate

the most efficient orifice dimension for the sewer used.

‘The wastewater soﬁrcg usedlto féed the separator was a 40 em
seﬁer iﬁ Levend. The wastewater was diverted into a galvanized pipe
which was conneéted to the main sewer. The pipe was supported oh a
wooden frame. The separator itself was instalied on a wooden téble.
(See Fig. 8) Under the wooden table there was a barrel which was
supposed to collect the‘flow from the orifice. The barfel was not -
used because of the small quantify of samplé. When the sampling
period was one houf, grab-samples wéfe taken evéry ten'minutes,
wheﬁ the sampling period was half an hbui, grab samples weré taken : 
every five minutes. |

The wastewater:waé diverféd intovthe galvéniied pipe inlet '
by blocking the sewer outfall, Initial twelve runs, the chanhel-
was blocked with stones and soil to divert the flow to the sepérafor;Lf_
During the initial runs, it was noticed that the soil ffom the dike .

was eroded and carried to the éeparator,'thereby increasing the
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total solids. For the later runé; ééhd EagSHWeré used to réduce,the
erosion-and.thé solids in the separator. At the end of the galvahizedepipe
thé&@gﬁas a transition section from the circular to the rectangular
inlet channel of the separator. At that Sectioh;‘the bottom was
filled with concrete:to supply a smooth transition. To reduce the

.

' seepage, the concrete was covered with a very thin layer of tar.

After,ﬁassing tﬁe tfansition'secfion, the ﬁastewaier entered the
separator through the inlet and depéndihg'oh the size of the orifice |
used, a classified portiop of the liquid was discharged through the
outlet to the fleld. According to the theory of the unit, the solid

partloles and a portlon of the llquld flowed through the orlflce.

(See Fig, 9).

~ Both P°1YO1édtfolyte and alum wére fed into a manhole 12 nm
from the main sewer outlet to give time for mlxlng and flocculatlng
to take place. The chemicals were fed by a 6 1t. bottle which had
two tubes, one for ~discharging the °olut10n, the other for oupplylng

pressure (See Flg. 10)

' Experlments were conducted to check the rate of feedlng. It
was noticed that the rate differed’ dependlng upon. whether the bottle

Cwas full, half_full or almost empty. The three p01nts were plotted
on a graph (Fig. 11. )

They came out to be on a straight line. For practical reasons
the average discharge rate was accepted to be the»faté&wheh_the bottlé

was half full.




7
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3.2. Procedure

3.2.1. Field Yorls:_

After the wastewater discharze was diverted to the vortex
separétor,ithree different samples were tzken every ten minutes for
onle hour. Grab samples were taken with a one liter beaker from the
inlet channel. The samples may not be representative since some of
the solids were carried .zlong the bottom and the wastewater ﬁas not
well mixed. Mo other alternative for sampling of the inlet was found,
Another sample was taken from the orifice by means of a graduated .
cyclinder. This was quite a representative sample since all the dis-
charge was collecte@ in the cyclinder. Usinzg a stop watch and the
graduated cyclinder, the rate of flow through the orifice was measured.
The tHird sample was taken frOm’the outletAby means of a graduated
container. This sample was «lso a representative one becﬁuse in this
case, all of the discharge was also collected into the graduated
container. The discharge was measured in the same way as the orifice
sample. Since there was only one man taking the samples, they were -

ccllected in the sequence, inlet, orifices and outlet.

After eleven runs using only unireated wastewater, coagulants
were added at the manhole for the rest of the runs. The quantity of
coazulant gdded depended on the flow. Samples were taken either every
ten minutes for one hour, when the feeding rate of ccaguiant was low,

or every five minutes for half an hour when the feeding rate was high.
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After the grab samples had been collected, composite samples
were made combining the individﬁal samples proportional to the flow rate.

These three composite samples were used in the laboratory tests.
3.2.2, Laboratory Work:.

After the composite samples taken from the field were trans_
fered to the laboratory and throughly mived, the following tests

vere conductad.

Solid testsi. Settleable solids, total solids were determined
according to The Standard Kethods for the exanination of iater
and Wastewater. (Starnderd lethods)

The suspenided solids that were modified because glass fiber
filters were not available. An aitempt was maede to use the gooch
cruciﬁles with dsbestos filter, but another problem occured. The
asbestds available in Turkey is very fine and in spite of numerous
Vwashing, fine particles were lost while filtering the sample. This
loss of fine czused a lqss of weight in the sample plus crucible.
In order to overcome this problem, Ho. 40 Whatman filter pajer was
placed Qn'the bottom of the gooch crucibles and over it an asbestos
layer was put.'The fine particles hlocked the pores of the filter
paper, Finally glass crucibles were used with a dish of lo. 40 Whatman
filter paper. Lverything else in the test,wés déne aocdrding to the

Standard Metheds.

-

k BOD5 : The BOU. tests were done according Lo Azide kodification

5

Wrinkler explained in Standard lkethods for the water and wastewater.
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4. EVALUATION OF EXPERI&ENTAL DATA -

In the experiments, three sizes of orifices were used, 1.27 cm

(1/2 in), 2.54 cm (1 in) and 5.08 om (2 in). Only one experiment was

conducted with the third orifice (5.08 cm). Since the flow was small

and the orifice was large, all the sewagze flowed out of the orifice.

The second orifice (2.54 cm) was used five times in the experiments,

and the first orifice (1.27 cm) was use

d fifteen times in the

experiments.
Table 4

- Bxperiments Conducted
ORIFICE . No. of Bxp. ¥o..of Exp,
To. Diameter without chemicals with chemilcals:
1 . 1L.27cm 9 9
2 2.54 cm 2 3
3 5.08 cn 1 -

The efficiency was defined to be the ratio of the amount

of material removed of an item to the t

in the item which can be expressed as:-

A.

otal amount of material

in 7T Aout"

A,
in

3 100
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wheres—

o
.

efficiency .
A, ¢ Amount incoming through inlet channel.
Ao ° Amount outgoing through outlet channel.

The effiéiencx of total solids, suspended solids, settleable solids

and BOD are calculated for each run and given in the appendix.

Material balances were determined using the equation belows..

Unlet X Mnmlet = Qutiet * Aoutlet T orifice * orifice

amount incoming ' Amount outgoing

Qoutlet @ Total discharge incoming (1t/sec)

Uoutlet : ‘Discharge from outlet-channgl (1t/sec) .

Qpifice’ Disgharge.through orifice (1t/sec)

Ainlet. Lmount of solids or BOD5_i§ the inlet chamnel (mg/11)"
Aoutlet @ Amount of solids or BODg from the outlet channel (mg‘/lt)+
Aorificez ‘Amount of solids or BOD5 fhfough the orifice'(mg/lt)+

In most of the experiments the amount of solids did not balance as-

(discussed in Chapter 5).

Since suspended solids and BOD5 are considered two of the
most important parameters in wastewvater treatment, a multi_linear
regression program of Prof. Mehmet THimay at Bogazigi University

was used to check whether these parameters are a function of the

¥ Yith the exceptions of settleable solids (ml/1t)
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other parameters, Susﬁended solids out Qi ’ S'S"n’ s,

niet? Yorifice in
were considered as dependept veriables and BODout’ Qinlet’ Qorifice’

BOD S'S’in’ and Tsin were considered as dependent variables.

in?
(See Table 5).

A computer program was used to find a relationship for S'S'ouf’

and BODoutiin terms df ihe other parameters for treated and untreated
:discharge. '
Table 5
Variables used in Computer Program
Type of ron - . Dependent Variable. Indevendent Variable
 1. ' . BODout Rnlet ? Qorifiée’
BOD 3.5,
30D, at? S imet?
.S.
T inlet
[a N w4 e I
2 BeRtout Qinletf Corifice’ -
BOD, 1et? S+5cinet
- [ T.S. |
, inlet

Out of the twenty experiments, data for fifteen experiments were used
for the computer run;fis+.it:; was discussed in section 3.2.2. in the’
first five runs, it wes impossible to obtain suspended solids values

.. since the fine asbestos used in the Gooch crucibles were logt. Since
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nb”réliablé'results were obtained for §.5. from the first five ex—
periments, and since S.8. was used as a parameter for all types of
computer runs, the first five experiments were not used for the
computer prosram. Among these flfteen experlments, there were six
chemicals runs for the first orifice and three chemical runs for
the second orifide.’Since the number of data of the second orifice
was not sufficient, it was:impossibie to find any mathematical
relationship for the second orificé. Table=hH above shows -«
" the types of the run and the'parameteré used in thecodmputer
Program. | | |

The data used for thé program is given iﬁ the following
Table 6. | P

- The equatioﬁs below were obtained from the computer Qutput:

' _ -0,17 0,90, 1,33
BOD ot = (anlet) (Qorlflce) (BODin) serees 1@
(free)
: 99.68% cbrrela‘tion+
b L s4,45 1,70 0,14 SRS
BOD g = € (BODln) (T Sein) RESSEIE 1b.
- (chemical) . .
| ’ 99.47%.0lorrela‘hion+
. 3.09 0.4 2,10 .1,01
SeSe ut” ° * (Qinlet) ( Qorlflce) +(s.s. 1n1et) e 22
(free) ' +
99.81% correlation
< o Oub_ 2,20 21,00 . o 1.00 ¢
Dee € (Qorifice) : (S'S'inlet) ceeee 2D

(chemical) ‘
v 99.26% correlationt
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Tabdbl e»A.VI
Data Used For Computér Program
T INDEPENDENT VARIABLES
BODut | SShut rifice | B%hntet | SSinlet
90.00 | 23.00 0.16 [f05.60 | k8.30
9 189,60 | k4,50 0,17 83,60 | 61.83
& 102.00 | 37,00 0,18 |99,00 | 5T.50
;64,0'0' 40,00 0,21 32,00 | 52.00
E 90.00 | 53.00 0,19 | 94,30 |69.50
57,00 | 850,00 0.16 |81.00 [[I24.,00
126,00 |578,00 0,16 138,00 [[089,00 15.9.9.00.. ’
g 165,00 I0.40 0.23 |I62,00 24,00
“ 13.2..00 2k 00 0.,I7 [138.00 36400
3 33.00 |835.00 0.21 5'81,26.» 63,00 207,00
% 159,00 {10650 0.19 |I50.00 |7120.00
190,00 |3092,00 0,18 qﬁénnv 13656.00 | LoL8 00
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Also the following graphs were given in the output where computed

values versus calculated values.

+ : s | .
Correlation refers to degree of association between one variable
and several others, so correlation coefficent is a measure of the

amount of relation between these veriables. ( Volk, 1958)
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et e et e .
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5. DISCUSSION

If a comparasion isg to be’made-bétwéen the reéults 6f thé *
1aboratorj studien and the field application on the solid rembﬁal, a
great difference can be noticed. Velioglu in 1972 conducted a labora-. g
tory study'én the vortex separator ana obtained efficiencies as hizh
as 1007 (Sée table 3). In this field applicetion the efficiency of
sugpended solid removal was about 30% for uutreated sewage and about
- 36% for treated sewagc qonsideriﬁg bothéorificés.-(See tables 7 and 8).
Lower efficiencies can be éttributed to difference in the discharge.

In the laboratory study the discharge was much higher than in the

field application. The discharge varied from 3.52 1t/sec. to 12 lt/ééc,
while in the field application it varied from 0.64 lt/sec to 3.85 lt/sec;‘
So,nigher velocifies'in the laboratory prevented settiing of the
particlés at the bottom of the tonk. Another reason for the highér
efficiencies obitzained in the laboratory study may have been due to the
'fact that the: particles ﬁéed as S.5. were uniform while in the.fieldv
application different sizes of S.S. were §reéent, end may therefore have
affected the settling of the solids.In addition in every iéboratory‘
experiment tﬁe flow was constant but in the field, tﬁe flow varied

from minute to minute.

. In the field application two types of runs were mede, one using
»ﬁntredted sewage and another using sewage treated with coagulants. The -
coagulants almost doubléd the efficiency of solid removal. In untreated

samples 20% to 25% of S.S. were removed and for treated semples 30% to 504
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of S.S.vWere‘removedﬂ Buf in the BODS"removal a sméll change waé,_
noticed, In untreated ééwage an average of 11% of BOD5 was removed

:and for treated sewasge an average of 10% of BOD. was removed. Tables

1 and 8 71ve the efficiencies for treated and uztreate& sewage.
Comparing the efficiencies with a Sgdimentation tank a very big
difference'can be noticed after the-addition of coagulants and
polyelectrolytes. For untreated sewage, 50% —~ 65% of»S.S. and. 25% _
40% of BOD5 '

.and 50% to 60% of BOD. are removed. The reason is that in the primary‘«

are removed while in treated sewage 85% to 90% of S.S.

sedimentation tank the movement of the flocs is so negligible that ‘
there will be no shearing of the flocs while in the vortex separator
due to relatlvely high ve1001t1es in the inlet discharge shearing

occured.,

© Also if wenéompafe the solid content of'the orifice discharge
in the field application with the éolid conteht of the'sludge collected
from the primary sedlmentatlon tank we see that in the latter it is
about 5% while in the orifice dlscharve it is about 0.01%. So in the
case of ths primary sedimentation tank the s0lid particles are taken
to be digested directly but in fhe Casé of the vortex'separator the
orifice aischarge cannot be taken directiy to be digested unless it is

treated further.

At the location used the flow was generally very low, except

) kwhen it rained. The third orifice (5 08 cm) was used only once be-

cause all the flow went through {the orifice. The orifice which showed

- best results was «the first orifice (1.27 cm) since the second orifice
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was fairly large (2.54 cm), high percentage of discharge flowed

through it. (See Tables 7 and 8).

) ‘bifficﬁlties-were encduntered frying to obtain material

balances for the suspended solids, settleable solids, total solids

-and EOD5' As an example the solids foﬁnd in the outlet dischéfge plus

the orifice discharge were lowér than the amount of solids found in

the inlet discharge whén the flow was in the range of 0.64 1t/sec. (
This was due to the fact that the gsolids settled at the bottom of the flat
tank. The solids found in the quflet discharge were lower than the
amount of solids foundfih the inlet discharge. One experiment was
vconducted at flow‘in which the solids on the flat bottom were remo#ed,ﬁ
dried and weighed. When these éolidsiare added to the solids found

in the outlet and orifice, the solids balanced.

As for the equations mentioned in the evaluation of experimental

data they could be stated as follofs: A

207 5 . 0:90 01.33
BODout(free) =Qn " Yorifice ) BOQin

LI IR B B B ) 18,

' . 45 ey A1.TO 0,14
BODou-b(chemical) =& _ (BODin) (T'$°in) :""""' 1o

3-.O9I(Q.1‘1)0044. (Q . )?.10. (S.S.ill)luol

5.3, = P e
out (free) - ©- i orifice e 28

~2.20 =l.0l/n & 11.00 '
[ ‘ L (Qorifice) (D.D.in) sesse 2b

*out(chemical) =

 Equation lz is used for untreated discharge. The equatioh

v gives reliable results since the variables, namely BODin’ Qin’ can
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‘ - Tabl e T
Flrst Orifice Efficiencies
~ FIRST. ORIFICE (1,27 em,) -
T.S.Efficiencies S.S.Efficienciés Settleable Solid | BOD Efficiencieé‘
| and % removal of |and % removal of Efficiencies and % removal of
Discharges Discharges and % removal of Discharges
from orifice from orifice Discharges from nrifice
‘ ' : . from orifice -
Free Chemical| Free |[Chemical | Free Chemical | Free Chemical
Runs Runs Runs - Runs Runs Runs Runs Runs
13,50 5432 13.50 5.32 | © 13,50 532 13.50 5432
14,26 29.52 ~ ¥% 1 46,92 19,26 51428 24.01 8,70
15.15 . 34,78 15.15 34,78 15.15. 34.78 15.15 24.78
20,00 26.47 ¥ 56 .67 31.03 S = (%) 18.32 -
10,13 26,56 10.13 26,56 -10.13% 26,5F 10,13 26.56
11,70 |~ 24,90 - ** 1 33,33 46,00 - ()] 14.22 5.80
13,91 5.46 13.91 5.46 13.91 | 5.46 13,91 5.46
6,31 27.19 | 52.38 | 52.64 73.80 | 21.20. | 14,77 | 43.%0
9455 10,22 9.55 10,22 9.55 10,22 . 9.55 10.22
- 1.85% 28.0% 11,67 60,00 2.20 - -
17431 13.28 17.31 13.28 17.3 1%.28 17.31 13,28
T.97 10.35 28,16 15.43 T7.94 51.43 - 6.25 -
22.58 22,58 22,58 22,58
5.13 23,08 20.69 -
17.59 17.59 17.59 17.59
1.26 23.74 69,92 4.56
6.28 6.28 6,28 6.28
- 21,52 24,38 3343% 29.63
porar | 126,00 95.62 | 126,00 95.62 126,00 95.62 126,00 | 95.62
" 88,15 | 120.28 | 179.77 [216.66 | 431.97 [126,11 105.51 | 64.05
AVG 14,00 15.94 14,00 15.94 14,00 | 15.94 14.00 | 15.94
i 9.79 20,05 29,96 . | 36.11 | 48,00 31.53% 11.72 10.68
(Tirst figures & % remov%l of discharges from orlche.)
(Second figuress: Soles ‘or BOD Efficlencles.)
(*g There were not settleable solids in the sample, '
(%= In ‘the first few runs no resulds were obtzined, (Explalned in 3.2)
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<

- Table 8 :
- Second Orifice efficiencies

oo

SECOND ORTFICE (2.54 cm.)

T.5.Efficiencies -

and. % removal of .
_.Dizcharges
from orifice

S.S. Efficiencies

and % removal of
Discharges
from orifice --

Settleable Solid .
Efficiencies

and % removal of
Discharges
from orifice

BOD Efficiencies
and % removal of
Dicecharges
from orifice

Chomical

Free Chemical Free Free Chemical Free Chemical
Runs " Runs Runs Runs Runs - Runs Runs Runs
26.12 | 26,71 | 26.12 | 26.71 26.12 | 26,71 | 26.12 26.71
3,00 3.55 =) = 31.47 | 10.00 ey =
16.13 | 12,19 16.13 | 12,19 16.13 | 12,19 | 16.13 12,19
6.44 "1 17.89 14.58 29,62 41.43 6.00 - -
15.91 15,91 15.91 15.91
36,05 40,38 50.79 8.33
' 42.25 28,90 42,25 28,90 42,25 | 38.90 42.25 38.90
TOTAL 9.44 57.49 14.58 | 70.00 72.90 66,79 g 8433
21.13 12,97 21.13 12,97 21.13 12.97 21,13 12,97
AVG, 4.72 | 19,16 14,58 | 23.33 | 36.45 | 22,26 - 2.78

(First figures :

(Second figures

Solids or BOD Efficiencies,)

% removal of discharges from orifice,) =

(*) In the first few rue no results were obtained. (Explained in 3.2)
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. »: __ can only be as d based on past
orifice & nly be assume pas

experienée. Baquation 1b is used for treated discharge. The result it -

be determined easily and Q

gives is fairly accurate since BODin and T‘S'in could be detrmined
‘eaéily.

Bquation 2a is used for untreated discharge while eq. 2b
is used for treated dischérge. Also here reliable results could
be found since Qi and S.5.;  could be measured and Q could

orifice
be assumed.
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6. CONCLUSIONWS

1

1. If a comparasion is t0 be made between the efficiencies
of ayprimary sediment tion tank and the efficiencies obtained for
the vortex separator in this field appllcation, the following

results are obtained:—

-a) In the primary sedlmentatlon time for a detentlon time
of about two hours u51ng untreated oewage, 50% to 65
- of suspended solids are removed while in the vortex
, ;eparator with a detention time of about two seconds
20 to 25¢% of S.S. were removed. -

b) For BOD, with the same detention time using also un-

treatedsseWage 25¢% to 40% of BODS.iS removed in the
"brimary'sedimentation tank while in the vortex separator
10¢% to 20% of BODéiwas‘femoVed. N |
¢c) In the case of sewage trated with coagulants and polye
‘ electrolyte,'the removal of S.S. from the priﬁary se..
~ dimentation tank for a detention time of 2 hours was
' 85% to 90fl. While in the vortex separation using a
D_4100 polyelectrolyte and a detention time of about
2 sec. 30% to 50% of S.S. were removed. o
d) The EOD5 removal for a sewage treated with coagulahts and
polyelectrolyte in a primary sedimentation tank is about
50% to 60%. In the vortex separator using the D-4100

?polyelectrdlyte 5% to 15% of BQD5 was removed.
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2;

- BoD out(free) “é o Qor;fléz‘90.‘Bonin1.33';;';" 1a .
BODéut(chemioal) ) T4 ® (BOD )l 7O(T 5oy )O %4";"v1b
' \, 5 S‘oui(free5-~ 3 09 (an)o 0 (Qorlflce)Q.lo (s. S..} OIH;'éQ
 ; s;s;dﬁ;(;h;m£§a15 - —2 20 (Qorlfn.ce)_1 o (S;S';ﬁjl.ooif;:Zb.

Bquations above were found when using a linear regression computer :

program to calculate BOD ut and S.S5. out for treated and untreated

discharges prlor to installation of the device. This will give a rough

estimation of what will be the BOD uh and the S.5. out before settingyz f.'b
up the the apparatus. These equatlons are appllcable only when Q. inlet
is in the limit of O. 64 to 3.85. ‘

3. Based on the above results, alvortex éeparatér;unless
: improved and tested for higher discharges in this field application .

proved to be inefficient to use for a primary sedimentation tank.
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7 RECOMENDATTON FOR FUTURE WORK -

—The‘vorfex separator should be redesigned fo have the
bottom sloping towards the orifice in order tontry to reduce
the settllng of solids at the bottom. |

—A(dlfflcuity was faced whlle feedlng the coagulant
- into the sewage discharge.Since the flow varles,the concentrationd
of the'coagulantﬂmust be!'’kept constant with time by trying to
control the dosage. . | |

3 -A settllng coloumnn should be used te evaluate the

removal of suspended solids and BOD to correlate these results
with those of the vortex separator. o _ _

~The glass fiber disks should be used rather tuen tue‘
glass crucibles»fo: suspended solids, o |

~In the laboratory study the discharge was much‘higher ;:(
than in the field application.It will ue Better tq_use larger
discharges br“to use a still smaller erifice to see the efficieneies
whether they are close to laboratory fesults. d

=A study Should'be made for a number of uoutex‘separeters;
o0 see whether their efficiencies approximately match ihe'effieencf:n
of a priue}y sedimentation tauk.Also some kind of a cost analysis

should be done concerning both to see which one is cheaper o use. -
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5_The incoming galvanized pipe ’ vortex sepefatoi and discharge ' '

from the outlet channel,

L~

6_Transition: From circular to rectangular channel,
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- Blocking the sewer outfall by sand-bags and diverting the sewer
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. Table 9
- Discharges,_BOD5 and efficiencies . ‘
" DISCHARGES AND BOD, S
~y 9 - o . o .. ) . ; (*** i _’
S| GEMOS L ner OUTLET - ORIFICE REOvAL.
y .11 2.69 0,42 13.50
; - 515 140 184 .20. 264.00 PY
2 I1.32 I.I2 0.20. I5.15
‘ - 163,80 133.80 151.80 18.32
¥ T3 0.99 0.35 - 26,12
3 - 343,00 L4140 318,70 -
W - 2.17 I.82 0.35 16,13
150,00 159,60 189.60 -
e I.58 - I b2 0.16: 10,13
- 122,40 105.00 135,00 Ih.22
6 I.I5 0.99 0.16 13.91
- 105.60 90,00 127,80 1k, 77
I.04 0.86. 0.I8 1731
8. ~ 99.00 102.00 96.00 =
9 0.93 0.78 0,21 22.58
132.00 164 0o 132,00 =
0 1,08 0,89 0.19 I7.59-
! - 94,30 - 9Q..00 132,00 4,56
2.55 2439 0.16 6.28
n - 81,00 57,00 114,00 29.6%
12 | Alum-I20 3,01 2,85 0,16 5.32
Poly-8.3 | 138,00 126,00 144,00 8.70
13 Alum-IS50 0.69 0.45 0,23 34,78
Poly-IO 162,00 _165.00 192,00 26-: z
Alum-I65 0.64 0,47 0,17 *26
% \poiy-12° [T38.00 132,00 132,00 5,80,
FeCl-25 3.85 3 .64 0.21 2.h6
" 16 . |Alum-70 1.86 1,67 0.I9 10,22
" |Poly-5 150.00. 159,00 150.00 -
V7 Poly-5 84,00 86.00 93,00 =
x | Alum-I00 2.79: 245 0,34 12,19
18" | Poly-10 [ 126,00 126,00 132,00 L -
* -100 2,20 I.85 0,35 15.91
19 g?lu;-xo' | 144,00 132.00 174,00 8.33
0.I8 - 13,28
‘ ‘um-100" F.28 f.1T v L3
20 1%?11‘;-10« 96,00 90,00 192.00° 6,25

S . . ifi figures: Discharges (1ps)
% riments with the second orifice,  (*¥) First figures 8 ’
Secoéd>f§§ﬁies= BODS(mg/l) (***) inlet ~ outlet x 100 = rTemoval . .

inletl
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Tabdble 10 _
Discharges, Settleable Solids and efficiencies
i *%
DISCHARGES AND SETTLEABLE SOLIDS (=)
EXP. | CHEMICALS - : (%%x
NO, ADDED( /1 INLET OUTLET ORIFICE REMOVAL
1 _ 3.1I 2.69 0.2 13.50
8.67 | 7.00 16.67 19,26
2 - 1.32 1,12 0.20 15.1I5
| 0.87 0.60 2,32 31.03
3 * - T34 0.99 0.35 26412
L ¥ - 2,17 1,82 | 0.35 16.13
6.83 k,00 11,16 L1,43
. _ I1.58 1.2 0.16 10.13
' , 0.87 0.47 4,17 46.00
6 . - T.I5 0.99 0.I6 I3.91
1.5% 0.40 6,75 73.80
7 - Ir78 I>6I 0017 9 155
' L, 50 I.80 11,00 60.00
8 - 1.0k 0.86 : 0.18 T7.3T
0.68 0.1I5 1.70 77.9%
9 - 0.9% 0,72 0,21 22,58
I.45 I.I5 3.83 20.69
10 - 1.08 0.89 _ 0.I9 1759
B 1,23 0.37 9,50 69.92 -
11 2.55 2.39 : 0,16 6.28
- 3.00 2,00 6,00 33.33
Alum-120 5601 2.85 0.16 _ 5.32
12 lpo1y-8.3 [ 7.80 3.80 T1.70 . 5T.28
- |Alum-I50 0.69 0.k5 0.23 34,78
13 Poly-IO 0500 | 0,00 0,00 - z ' ,
Alum-165 0,64 - 0.47 0,17 26.56. -
W lpo1y-12 0.00 0.00 _ &.00 - |
15 |FeCcl-25 3.85 3,64 __0.2I 5.6
Poly-5 . 16450 13,00 34,00 21.20
16 Alum-70 . 1.86 1.67 0.I9 Io.;;
Poly-5 __ 2.73% 267 4,67 2.20
g% |Alum-70 1,61 1,18 . 0,43 26.71
1 Poly-5 1.00 0.90 1,50 10.00
*¥ JAlum~I00 2.79 2,45 0,3k I2.I19
18 Poly-10 25,00 - 23.50 38,10 6,00
19* Alum-I00 2,20 1.85 0.35 15.91
Poly-I0 31,50 15.50 65,00 5079
o0 |Alum-I00 I.28 T.,II 0,18 13.%§
Poly-I10" | 70.00 34,00 83,00 o143

(¥) Experiments wiih the second orifice (x*)Pjret figures: Discharges (1ps) -
Second figures: Sett,S, (m1/1) (***) Inlet - Outlet . 150 = Removal
: : Inlet
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Table 11
Discharges, Total slids and efficiencies
DISCHARGES AND TOTAL SOLIDS
EXP+ | CHEMICALS i
NO, FDDED {ma/1 INLET OUTLET ORIFICE REMOVAL
1 _ 3,11 2,69 042 13.50
933,00 800.00 10I2,00 I%,26
2 - I1.32 112 0.20 15.I5
‘ 950..00 760,00 825,00 20.00
* I3k 0.99 035 26,12
3 - $000,00 _970,00_ 975.00 3.00
L* - 2,17 I1.82 0,35 16,13
885.00 828.00 964,00 6 L4h
5 - 1.58 1,42 Q.16 10,13
823,00 _726.00 90T .00 11,70
6 I.15 0.99 0.16 13,91
- 597 .00 559 +00 549,00 6031
; _ I.78 .61 0.17 9455
815,00 821,00 032.00 =
- 1,0k 0,86 0.I8 I17.31
8 747,00 688,00 783,00 797
9 0,93 0.72 0.21 22.58
- 649,00 616.00 693,00 S5el3
- 1,08 0.89 0.I9 I7.59
10 580,00 - 57300 652,00 1,26
2455 2439 0.16 6,28
" 23%05,00 1809,00 [949,.00 21,52
Alum-I20 3601 24,85 0.16 532
2 1po1y-8,3 [1599.00 T127.00 [57600 29.52
, Alum-I50 0.69 0,45 0,23 34,78
13 | Po1y-10 [ 952.00 700,00 926,00 26,47
Alum-165 0.6%. 0.57 0.17 26456
1 |Poly-I2 g5z 00 678.00 880.00 21,90
FeCl-—25 3085 3064 0,21 5.“"‘6
15 |poly-5 2207,00 1607.,00 786,00 27,19
16 Alum-70 1.86 1.67 0419 Io.gz
Poly-5 912.00 895,00 0Lg, 00— zo 5
17% | Alum-70 I1.61 1,18 Q.43 26471
Poly-5 760,00 723,00 784.02 g-gs
% | Alum-I00 2479 2045 0.3 1 089
18 Poly-10 (035 00 2529,00 £532 .00 17.99
* | Alum-I00 2.20 1.85 0435 15,91
19 |poiy-10 [3293.00 5706400 $000,00 36,05
Alum-IO00 1,28 I,II 0.18 13,28
20 - 4048,00 5629,00 ~_12068,00 1 10,35 _
(%) Wyvﬂi?fr}gm‘lvo Wi thoﬂ‘u: second arifice (%¥)Pirst figures: Discharges (Ips

Second figures

.'P’S.

(mgd1)

mlet

(*¥¢) Inlet -~ Outlet y 1445 . Removal
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Tabl.e 12 g
Dlscharges, suspended solids and efflciencies
. o , (**)
. DISCHARGES AND SUSPENDED SOLIDS »
EXP. | CHEMICALS o N T (eex
o | Eoent (ml;, v INLET - OUTLET ~ | "ORIFICE ~ | REMOVAL
1 - 3ell 2469 .42 13.50
9 - I1.32 I,12 | 0,20 15;15\
3 * T34 099 0435 26,12
336,00 287,00, 378.00 14,58
5 - 1.58 S .- 0 0.16 _T0.I3
- 9k, 00 240300 321,00 -
5 N I.I5 0,99 0,16 13,91
48 «50: 23,00 ~ 57.50 52 038
61,83 4t , 50 IXI1.67 28.03
8 _ I.0k 0,86 0,18 I7.31
51 ISQ 3?'09 59. 50 28-I61
g - 193 0,72 0,21 22.58
52,00 Lo ,00: 130,00 23,08
10 : I.08 0.89. 0.I9 17.59 -~
- 694,50 - 535,00 105,50 2%.7h
11 - . 2.55 2.‘39 Co 0016?‘ 6028
lIxek.o00 850.00 371,00 24,38
12 pPoly-8.% [I089,00 578,00 941,00 46,92
3 Alum-I50. 0,69 045 - 0.23 25,78
Poly~IO - 24,00 10,40 38,50 56,67
1 lum-165 | Q.64 0 4g. Q.17 26.56_
oly-12 3600 24,00 58,00 33,33
15 geCl—Eﬁr, %, 85 3.64% | 0.1 5,46
oly-5 . [1763.00 835,00 12h9 .00 52,64
lum=70: - I1.86 1.67 0,I9 10,22
01y-5 | 120,00 106,50 370200 . 11,67
7 * 1um-7o I,61 I.I8 0,13 26,71
oly-5 90,50 116,00 120,00 -
B * tlumpIOO | 2,79 2,45 .34 12,19
oly-I0 _ |2296,00 576,00 - [BLi8,00 29.62
* Alum-I00 2.20: 1.85 : 035 - 15491
13 po1ry-10 212000 1264 .00 0772 ,00 40.3%
: - N 2
: lum-I00 .28 I.II 0.18: L3,
20 boly-IO' 3656, 00 3092 ,00 10660.,00 I5.43

{#) Experiments with the second orifice.

Second figures ¢

S.S (mg/l)

Intet

(**) First figures: Dlscharges(lps)
(***) Inlet - Outlet . 190 = Removal 3
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