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Abstract
This thesis presents the theory of sedimentation
necessary for the design of a secondary clarifier, for
applications where complete sqlids recycle is practiced.
The development of tray clarification is briefly examinéd'
by looking at somevof the problems encountered in past
attempts of design. A design guideline is presented for

a clarifier which utilized trayed levels to aid in sedi-

‘mentation, and overcomes sludge removal problems of the

'past attempts at tray sedimentation, by using syphons to
control flow.  Solids are removed by flushing them from the
trays. The design presented takes advantage of shallow
settlingAdepth, reduced overflow rate, reduced effect from
outlet currents, and minimizes the effect of short-
circuiting; and additionally, offers a means whereby

future eXpahsion‘may be made.quite simply by rescheduling‘

the operation.
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Tray Sedimentation
with

Syphon Controls

1. INTRODUCTION

In 1974, the city of Brandon, Manitoba, completed
a project to alleviate their problem of insufficient
winter storage in their sewage lagoons. The pro ject

involved the construction of an extended aeration treat—

ment plant for winter operation. The secondary treatment
thus provided allows the city to continually discharge the .
treated effluent to the Assiniboine River via the existing
lagoons. ‘ |

| - A novel design in the treatment.plant is the
secondary clarifier where clarification occurs in sedimen-
tation channels that have three trayed levels. 'The idea

“of utilizing trays to aid in the sedimentation process is
.not new, although, earlier attempts by others were not very

successful as practical problems were encountered with

sludge removal (1,2)%*,

1.1. Purpose and Scope

The original purpose of this paper was to evaluate

the elarification system at Brandon, Manitoba.b Due to
operational problems within the treatment plant, the system

did not provide a degree of treatment suitable for

¥  The numbers in parenthesis indicate references used in

the text.




evaluation.: The project was not abandoned since the novel
design of the clarifier deserves further investigation.
Some data of suspended solids concentrations are included
as appendix B, although the reader should keep in mind that
the results are not representetive of the clarifier because
an aerobie sludge floc did not develop. |

The purpose of this paper is to present the
design of tray_sedimentationvof wastewaters. Tray éedia
mentation with syphon controls utilizes a system of syphons
to allow.for a removal of collected solids from the'clari—
fication process and to control effluent draw-off. This
paper attempts to compile the information on the design and
to indieate impertant aspects of it. The design is
‘directed mainly towards an application'where complete

recycle of settled solids is required.

2. SEDIMENTATION

Sedimentation is the removal of solid particles
vfrom suspension through gravity settling. The terms settl-
ing, Sedimentation, clarification or thickening all refer
to the remeval of settleable solids, although clarification
implies an interest in the guality of the clarified liquid}
whereas, thickening implies an interest in the concentreted
solids being collected (3).

The term tray sedimentation is derived. from the
fact that trayé are incorporated to aid in the collection

of settleable solids. In tray sedimentation the basic

-2 -




fundamentals of settling are much more cleariy evidént than
in the more conventional settling tank design used today.
Hence, a review of the fundamental process of sedimentationv
is provided to allow the reader a better‘understanding of

this paper.

2.1. Classification of Sedimentation

Sedimentation is a unit operation of sanitary
engineering;: In waétewatér treatment, the unit opération
of settling is used to remove: grit, organic particulate-
matter iﬁ the primary settling basin, biologiéalvfloc ih
the activated sludge settling basin, chemical floc from
vchemicai coagulation and for solids concentration in sludge
thickeners (4). | |

The settling of.particles has been classified
into four separate catégories: type I - discrete,'typetII
- fldcculent, zone and compression settling (3,4,5). The
clagssification for the type of gettling is dependent 6n
the concentration of the Suspension‘and the character of
the solids. Vit is common to have more than one category.
of settling taking place in one clarifier. In thebsedié>
mentation of raw domestic sewage, all four may be occurihg
simultaneously. |

Type I settling refers to the sedimentation of
discrete, nonflocculating particles in a dilute‘suspensiOn
(4). The solids settle with no interaction bétween neigh-

bouring particles, e.g. a solution containing grains of

- 3 -




sand.

Type II settling refers to a dilute suspension
of particles that flocculate or coalesce during sedimen-
tation (#). Through flocculation or coalescing, the par-
ticles increase in mass and setfle at a faster rate.

Zdne settling refers to concentrated suspensiohs
where interparticle forces afe sufficient to causé a
hindefing of the settling. The particles seftle in fiXéd
positions with respect to each other.and settle as a unit
or zone (4). |

Compresgion settling refers to the conditions
which develbp when the particles settling are of such.
concentration that a structure is formed. Further settling
caﬁ only occur through compression of the structure (4),'
The compression is due to the Weight’ofbthe particles

being added on the top of the structure.

2.2, Type I -~ Discrete Settling |

The.Settling of discrefe, nonflocculating par-
ticles in a dilute suspension settle unhindered by the
presence of other settling particles and is a function.only
of the properties of the fluid and particles in questioh (3).

The settling of a discrete particle Qan'be de~

scribed through the classical laws of mechanics;' A list:

of the forces acting on a particle moving through a fluid
are: the force due to gravity, the buoyant force due to the

fluid, and the frictional or drag force. . The resultant

-4 -
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force acting on any particle is then:

where FR

where Pg

. where Qi

shape and

FR:FW"FB-FD -lnlnnnonnonl (1)

Il

resultant force, 1b. (force)

Il

force due to gravity, 1b. (force)
= buoyant force, 1lb. (force)
drag force, 1lb. (force)

]

The gravitational force may be‘calculated by (6):

FW= pS Vpg v. . l‘l;l.ll.ll.l. (2) |

=‘particle density, 1b. (mass) per cu. ft.

it

particle volume, cu. ft.

l

acceleration due to gravity, 32.17 ft. per sec.?
The buoyant forcé may be calculated by (6):

FB= pl Vpg ..»olt!f.o.!l‘ (3)

= fluid density, 1b. (mass) per cu. f+t.

The drag force, a function of the size, roughness,

velocity of the particle and of the fluid density

and viscosity have been found experimentally +to be related

as (3):

Cp Ap o7 v 2 ~
FD= D ppl VS ' .....o-s-onbu(l‘!’)

2

- 6 -




Newton's dimensionless drag coefficient

il

where CD

Ap = pro jected surface area of the particle in thé
direction of flow, sq. ft.

1l

v the relative velocity between the particle

and the fluid, ft. per sec.

The drag céefficient, Cps has been experimeﬁtally
demonstrafed to be related to the Reynold's_number, Re (3);
The Reynold's number is a ratio of the inertia force per
"~ unit area to the viscous'force per unit area (7). 'AvJ
relationship, qonsidering spheres for particles, is that
for Reynbld's numbers between 1 and 104, Cp can be

approximated by (8)

6p = 2+ 3 403 erennnn (5)

Particles other than spheres tend fo have in-
creased drag coefficients due to changes of shape (9).

Discrete particles settlingbunder the influence
of gravity continue to accelerate until the drag force is
" equal to the gravitational force. Cbnsidering a spheriéai

particle:

3 CD pl Vg pS—- P1 . o |
- —_— = g'_—"_‘—_— ’ s s s 0 (6)
4 Pg Dp o |

where Dy = particle diameter, ft.

- 7 -




" When the acceleration of the particle becomes
zero the settling velocity is constant. This velocity

value is known as the terminal velocity Ut (3):

s - P1 ’
30D ) :] (7)

where ui = terminal settling velocity, ft. per sec.

Under normal conditions, generally the terminal
velocity is quickly attained (3). If the terminal velocity
of a suspension of discrete particles of uniform size and
shape is known, the clarification rate can be easily |

computed (3):

q = ..Z_A = u-tA s e s e e (8)

where ¢ = volumetric rate of clarification, cu.ft./sec.

Z = distance through which: partlcles settle in
time t, ft.

time, sec.

ck
i

A = cross-sectional area of a volume in a plane
perpendicular to the direction of sub81sdence,
sq. ft.

With reference to equation 8, all particles
with a terminal velocity equal to or greater than u¢ will
be removed.

In sedimentation of discrete particles, the flow

- 8 -
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Figure 2:

Sketch of an 1deal rectangular sedimentation
basin, indicating the settling of dlscretev
partlcles

- (Clark, J.W., Viessman, W. Jr., Hammer, M. J.,b

Water Supply and Pollution Control, second

edition, International Textbook Co., Scranton,

Ontario, 1971. p. 329)




capacity of the basin is theoretically independent of the
basin depth and is a function only of the surface area for
the basin and the settling velocity of the particle (3).

| Discrete particles can be seen fo settle at a

constant velocity. The proportion of particles entering

a settling tank that will be removed can be calculated
from figure 2.
The depth of the tank is the produect of the

settling velocity and the retention time, to (5).

- Vgto - Vg X (é)

———

h
H Voto Vo

Hence, the proportion of particles of a given

size that will be removed in a horizontal flow tank are (5):

v v ' -
__S_ = ___S_ ’ ® 28008800 (10)
vy Q/A |
where Q. = rate of flow .
A = surface area of the settling zone, width x length

= settling velocity of the particle
Vo = settling velocity for 100% removal

Suppose the rectangular horizontal basin being
discussed is altered to have an intermediate tray placed
at the half-way depth. The velocity of the water in the

~tank has not been changed and the settling velocity of

- 10 -
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Figure 3: Zones of a rectangular; horizontal,
' continuous-flow sedimentation basin.

o
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Figure 4: Tray in tank providesbaddéd floor area
- and increasés solids removal.
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S

Figure 5: Reduced tank depth does not increase
removal ratio.

(Camp, T.R., "Studies of Sedimentation
Basin Design" Sewage Works Vol. 25,
January 1953. Pp. 2,3.)

- 11 -




the particles remains the same. The depth through wﬁich
the particles must settle is reduced by one-half and
there is twice the floor area available to coliect solids.
The removal ratio has been doubled by the addition of the
additional floor area (1). |

If the idealized basin is constructed te only
the half-way depth, the velocity of flow through the tank
- will be doubled, and allbparticles settling in thie.tank

will have one-~half the slope of corresponding'paths for

pérticles settling in the original settling basin. The |
removal ratio for the tank with twice the velocity and only
half the depth is exactly the same as the original tank with
the unaltered depth and velocity. It can be seen that.the‘
change in depth does not affect the removai ratio. Only
changes in the surfaee or floor area and the settling

velocity affect the removal ratio.

2.3. Type II - Flocculent Settling
The settllng of partlcles, which are not discrete

but w1ll coalesce or flooculate durlng settling, have vary-

ing settling rates due to the increase in mass of the solids
from flocculation. The degree of flocculation occuring is’

dependent on the overflow rate, the depth of the basin,

the velocity gredients'in the system, the concentration‘b
of particles, and the range of particle sizes (4). The
overflow rate is "the unit volume of flow per unit of time

divided by the unit tank area" (10). In effect it is the

- 12 -



average upflow velocity of the fluid through the set%ling
solids. |

The determination of the settling character-
istics for a suspension of flocculent particles can only
"be obtained through a settling column analysis. The
column may be of any reasonable diameter but the depth
should be equal to or greater than the depth of the pro-
posed design. A settling column analysis is conducted by
allowing the sﬁspeﬁsion to settle under quiescent conditidns."
vSamples»aré.withdrawn at different time intervals at
various depths and the concentration of particles is de-
’términed for each sample. The percent removals, of |
particles based on the original concentration, ére calcu-
lated and plotted on a gfid of depth versus time of settl-
iﬁg. Isoconcentration lines connecting points of equal
percent removal are drawn. These lines represent a
"depth-time ratio equal fo the minimum- average settling
velocity of the fraction of particles indicated” (3). The
cﬁrvature of the lines represents the flbcculating nature
of the particles. Non-flqcculating particles would plot'
as linear lines (3). |

In conducting a éettling column analysis, care
muét be exercised to ensure fhe original suspensibn is
'répresentative of the acfual suspension being designed for,
' that a homogeneous mixfure exists at the start of the test,
and that the temperature of the suspension and the sur-

rounding air are approximately equal (3,4). Temperature

- 13-
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variations willAdevelop convection currents which disrupt
settling.

In figure 6, the percent removal of solids at

time, t2, for a basin of depth, hg, at a clarification ' e

rate,.qo, is determined from the plotted grid.

_ hzA _ | )
qo - 5 - u-tOA s s 02030 (11) »
where Eé_ = the average settling velocity of the |
‘ N particles during time, to.
2

The overall percent removal, considering

particles with settling velocities greater than Eé can
t2
be calculated by (3):

Overall Percent Removal = Ahy (RIXRQ)-+ 'Ah2. (R2XR%)
o hg 2 hg 2

"~ Ah R.xR Ah Ry xR . o o
+ Ang (BX 4) v Ohy (”X 5) e (12)
hg 2 hy 2 '

Metcalf and Eddy suggest that to achieve the

desired removals indicated by settling tests, design

settling velocities or overflow rate should be multiplied
by a factor of 0.65 and that the detention times should
be multiplied by a factor of 1.75 or 2.0 (4).

In clarification of particles which are of a

..15 -



 flocculent nature, the removal ratio is dependent on depth

as well as the properties of the fluid and the particles.

2.4, Zone Settling

Zone settling occurs in solutions of concentrated

suspensions where during settling the particles aggregate,
forming a mass. The settling of the mass of particles is
obstructed by the flow of upwardrdisplaced fluid and
hindered settling 6ccurs. The mass of particleé séttle'

- as a blanket maintalning the same relative positions With
respect %o each other (4).

Digtinct zones appear as the settling process
proceeds. At the uppermost surface a clarified zone of
clear water develops. Gradually, the clarified zone in-
creases in depth and an‘individual particle seftling zZone
develops beneath. The individual settling extends uhtil |
the particles become hindered by the mass of solids below.
A division, characterized by a water-solids interface,
sépafates the individual particle settling zone from‘the'
hindered zone. The division appears as a "blanket" of
solids. In the hindered Zone, the particleé settle at é |
reduced rate and no individual particle movement is

observed (3). Eventually, the lower solids of the hin-

dered zone begin to collect and collide with other particles

already settled on the bottom of the basin.. These collid-

- ing particles cause particles above to suffer a reduction

in their downward settling velocity. This area of changing

- 16 -
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Figure 7: Settling zones.

(Eckenfelder, W.W. Jr., Water Quality
for Practicing Engineers, Barnes and
Noble, Inc., New York, N.Y., 1970.

p. 118) :
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settling velocity is referred to as a transifion'zone. The
collected particles on the bottom of the basin re?resent
an area where compaction or compression of the solids is
continuing. The solids structure is compacted due to the
increasing weight of solids coilecting above and ig fe—
ferred to as a dompression zone (4).

The overflow rate déterminafion for zohe settling
particles should be based on three factors, as Qutlined by
Metcalf and Eddy: 1) the area needed for free settling in‘
the discrete settling region§ 2) the afea needed bn the
basis of the rate of settling of the interface.between the 
discrete settling region and the zone séttling'region ahd
3) the fate of sludge withdrawal from the compresSion
regiqn;v Generally, the rate of zone settling'is usually
less than the rate for free settling. Hence, the free settl-
ing rate is rarely the controlling factor (4).

The area required to separate concentrated sus-
vpensions is dependent on the clarifigation and thickening
capacities. The clarifiéation cépacity can be taken from
the initial rate at which the solids-liquid interface éub—
sides (see figure 7) and is related to the settling velocity
of the sludge. The settling velocity of the sludge inter-
face must be greater than the vertical rise velocity of-
the liquid (3,11). The thickening capacity can be calcu-
lated from an analysis of the behaviour of a suspension
iundergoing batch sedimentation. Thickening capacity is

related to the depth of sludge in the basin and the time

- 18 -




the sludge is in the compression zone (3,11).

where

The critical area for thickening is given by (4):

A = Qtu

Ho

Il

area required for sludge thickening, sq.ft.
= flowrate into tank, cu.ft./sec. '
= initial height of interface in column, ft.

= time to reach desgsired underflow concen-—
tration, sec.

The critical concentration controlling the sludge

handling capability of the tank is at height Hp, when the

concentration is Co.

A means of graphically determining the critical

concentration and time for desired underflow concentration

fis (4):

~a) Critical concentration, Cj

1) Extend tangents from the free settling

- and- compression regions of the curve until inter-

section, 2) bisect the angle formed, and 3) pro-
ject the biéector to the curve. The point on the
curve indicated by the bisector is the critical
concentration, Co. |
b) Settiihg time, 1ty

1) A horizontal line corresponding to the
height of the solids at the desired underflow

concentration, Cy, is drawn at height, Hy.

- 19 -
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(Metcalf and Eddy Inc., Wastewater:
Engineering: collection, treatment,
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York, N.Y., 1972. p. 292) »
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H. = Yoo cresesnses (14)

2) At the critical concentration, C», a
tangent is constructed and 3) where the tangent
and the horizontal line at height, Hy, intersect,
‘a vertical line is drawn to the time axis_deter—
mining ty, The value of t,; is the time required

to reach the desired‘underflow concentration.

2.5. Compression Settling

Compression is the consolidation of partiCles'in

“the zone of compression. The consolidation of the layers
of particles is a slow process with the rate of consolida-~"

tion being approximated as (3):

4z

i1 = K(Z-—Zoo) : | svesnss e (15)

where Z = height of sludge line, ft. _
Zow = final height of sludge line, ft.
K = constant for a given suspension, SecA.’1

Compaction is generally aided by gentle stirring.
This tends to break up the floc permitting water to

~escape (4).

2.6. 'Scour'Velocity
In horizontal flow clarifiers, forces on settled .

particles are caused by the force of the water flowing over
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them. In settling basins, the horizontal velocity should
be kept low so that settled particles are not scoured from
the bottom of the basin. An equation developed by Camp

for the critical Velocify is (9):

[k(s 1>gj creeaees (16)

~where Vg = horizontal velocity that will Just produce
: : . scour, ft. per sec. v _
s = specific gravity of particles, lb. per cu. ft.
d = diameter of particles, ft.
k = constant which depends on type of materlal
being scoured
f = Darcy-Weisbach friction factor

Typical values of k are 0.04 for unigranular -
sand and 0.06 or more for sticky interlocking matter with

typical values of f being 0.02 to 0.03 (4).

2.7. Application of»Sedimentation Theory

The application of sedimentation theory to actual
design may seem a bit obscure. The majority of the theory
‘preSented is in a simplified form with settling occuring
under ideal conditions. This was done to unéomplicate the

problem and allow for a better explanation of the process

being considered. A better look at the'operation of a con~

tinuous flow basin aids in applying the theory.

A continuous horizontal flow sedimentation basin
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of rectangular design may be divided into four distinct
zones, asvillustrated in figure 3. |

The inlet zone is assumed to disperse the incom-
ing fluid uniformly over the entire cross-section of the

tank. The flow should be dispersed such that the motion of

the fluid is in a horizontal direction for the entire cross-

section and travels horizontally through the settling zone.
. In the settling zone, the suspended particles settle as if
‘“they were settling in a tranquil water with the exception
of thé norizontal motion. The settled solids are collected
below the_settling zone in a sludge zone. The sludge zone
is provided fo enéure that the collected solids do not
reduce‘the.size of the settling zone énd»is designed large
,enoughAto ensure that the settling éolids are not disturbed
by mechanical sludge removal equipment. The outlet zone,
where the clarified effluent is collected and diséharged,
is regulated by an outlet weir (5).

The relationship of continuous flow operation to
batch sedimentétion, using theory developed for an ideai
basin, would be to assume a rectangular basin of depth
equal to that of a settling column analysis. The sedimen- .
tation process observed iqbthe column would be the same in.
the basin, except that the settling would occur along the
length of the tank, as if the column were moving horizon—A
tally. The sediment would settle at the bottom, collect-

ing along the horizontal length instead of in a mass under

- 23 =




—— OVERFLOW = LEVEL

CLARIFICATION
ZONE

x
= . .
o HINDERED
g SETTLING DEPTH OF
_ SLUDGE
: BLANKET

COMPRESSION
ZONE

 RAKE ACTIO

SLUDGE CONCENTRATION

Figure 9: Sedimentation in a secondary settling
'tal’lk . ' ‘ .

(Eckenfelder, W.W. Jr., Melbinger, N.,
"Settling and Compaction Characteristics
of Biological Sludges 1. General Consid-
erations", Sewage and Industrial Wastes,
Vol. 29, 10, 111L. p. 115)
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the coiumn height. This similar pattern of sedimentation
may be observed in a circular horizontal flow basin moving
from the center well to the outer wall (3). |

A schematic representation of the activity taking
place in a secondary clarifier enhanced by the hydraulic
movement of sludge‘collection rakes is illustrated in
figure 9. Note the zones required for settling and the
appropriate depth of each zone. : |

In the proper design of a final clarifier three
cfiteria must be satisfied, as outlined by Clark, Viessman
and Hammer: "a) the clarification capacity required by the
hindered settling rate, b) thickening capacityvneeded to |
remove material in the transition and sludge zones |
(compression zone), and c) the detention period cannot be

excessive, otherwise the bottom may become anaerobic" (6).

2.8. Short-circuiting

The efficiency of settling basins is reduced by
currents (3,4,5,6). Currents can be created by a) the
inertia of incoming fluid, b) wind action, c) thermal in-
duction, and d) introduction of fluid of a different temﬁer~
ature than the fluid of the basin. These currents are
referred to as eddy, surface, vertical convection, and
density currents, respectively (8). | |

The effect of currents on a settling basin,
causing reduced efficiency for solids removal, is called

shortécirouiting. Short-circuiting is the interruption of
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+the flbW»paftern due to extraneous ourrehts, or as defined

by Clark, Viessman and Hammer is "the deviation from plug

flow which is exhibited by fluid particles passing through

a reaction vessel" (5). Plug flow under ideal conditions

occurs when fluid particles entering a basin, flow the

length of the tank in the designed detention time,

to = V/Q. If short-circuiting occurs, the flow through

time will be some time less than to

and the flow will not

utilize the entire volume of the tank.

The degree of short-circuiting can be determlned'

by u31ng tracer studies on a model o]

f the settling basin.

Some tracers which may be used are dyes,,electrolytes,

radioactive isotopes or other suitable material which does

not settle or stratify (12). The tracer solutlon is intro-

duced as a slug through the inlet and the conoentratlon is

measured at the outlet as a function of time. The results

of a ba31n test are plotted as dlmen81onless figures with

the vertical axis being the relative
tracer, C/Co, and the horizontal axi
time ratio t/T. The term C = the co
at outlet time, t; C; = the weight o

the tank volume; t = the time; and T =

. detention time (volume of tank divid

An evaluation of a plot fo
versus time of flow, a flow curve, c
of dead spaces in a basin and allow

the variances and flow tendencies.
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Figure 10: Dead spaces and short-01rcult1ng in a
settling basin are reflected in the concen-
~tration and time of recovery of tracer
substances.

(Fair, G.M., Geyer, J.C., Okun, D.A., Water

and Wastewater Engineering Vol. 2 Water Puri- .
fication and Wastewater Treatment and Disposal,
John Wiley and Sons Inc., New York, N.Y., 1968

p. 25 - 15)
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a typical curve and illustrates the information which can
be collected.

The mode time corresponds to a maximum tracer
concentration, C/CO. The median is the time at which one-
half of the area is confined by the flow curve, ty/T, where
ty, = median time. In a basin with no dead spaces; the
average detention time would correspond to the theoretical
detention time, t,/T = 1, where t, = mean detention time.
Dead spaces are chafacterized by values of fa/T being less
than 1;~ If a tracer diffuses into dead spaces early in the
teéf and slowly diffuse out later, the curve will have a
characteristic "long tail". This elongation of the curve
woﬁld create misleadingly high values of t5/T. High values
of tM/T'indicate good hydraulic efficiencj, Where ty = mode
time., Additiohal information may be obtained through a
.calculation of the 10 and 90 percentiles; A ratio of the
percentiles called the dispersion index or Merril index,
t9o/t10, indicates the degree of mixing in the basin. The
larger the value, the more mixing hasvoccurred. ‘The re-.».
ciprocal of the dispersion index is the volumetric effi-
,cienoy. Very low values indicate that the total volume of
the basin is not being utilizéd. If after repeéted testé,
the time-concentration curve cannot be reasonably repro—b
’duced, the flow throughkthe basin is considered. unstable
(8,13). |

Typical dispersion curves for tanks are illus-

trated in figure 11. Curve A represents the theoretical
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curve for an ideal_dispersion in which the tracer slug is
mixed instantaneously with the tank contents. Some dégree
of short-circuiting is associated with curve A due to fhe
appearance of tracer very quickly at the outlef end. _
Curve Bvis characteristic of a radial flow circular tank
under unstable conditions. Curve C is characteristic of

a wide rectangular basin with a relatively shallow depth
‘and curve D is characteristic of a long narrow rectangular
tank. Curve E is characteristic of a round-the-end |
baffled mixing chamber, véry long as compared to width énd
depth. Curve F is representative of an idealized tank as

illustrated in figure 3 (2).

3. PREVIOUS EXPERIENCE OF TRAY SEDIMENTATION

Tray sedimentation, as presentéd_by Camp (9),
was used in the chemical and metallurgical industrieé»
prior to its proposed use in sanitary engineering (14).
The only difference in the two‘applications was.in the - -
hature of the'solids being removed. |

An early attempt at the applicafion of tray
settling was made in 1915. A series of conical, circular
trays wefe placed one above the otherAto form several
shallow settling compartments. The solids collected on
each tray and wére scraped into a centrally located.
collection tube. The tube carried the solids to the.

bottom of the tank where they were removed (15).
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In 1940, at Springfield, Missouri, an application
.of a rectangular basin with trays was attempted. Problems
developed due to the anaerobic digestion of solids which

. were not adequately removed. Rising gas caused some sludge

to float as scum, which further digested. The gases pro-
duced could notvescape due to the presence of the super~“
imposed trays and finally caused the trays to 1ift and |
break (14). V

| Another application was at the'Cambridge, Massa— B
"chusetts watéf treatment plant where a 16 foot deep basin
was modified by the addition of two intermediate traysy

The incomihg pre-flocculated water was to have three passes,
due to the intermediatebleVels, where sedimentation could

- occur. The additionél floor area provided for three times
the previous solids removal capacity and reduced the liquid
overflow rate. The rate of alum Ffloc build-up was quite

low resulting in the trays only requiring cleaning about
every ten days. Settled solids were removed from the trays

by draining the entire basin and washlng each level (1).

In 1953, Camp, re-emphasized the advantages whlch
could be achieved if tray clarification was developed. He

further stated that....

"It is not now practicable to use such a settl-
ing basin, because no satisfactory sludge removal
equipment has yet been developed for basins of
this type." 2¥

Camp did suggest that in water treatment plants

~which did not réquire a large amount of sludge collection,
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tray clarification could be utilized. Cleaning could be
done by taking the basin out of service and dewatering
it, with the collected solids being flushed to drains with
‘hand hose or by monitor nozzles. (2) |
Another design of a circular sedimentation basin
with trays superimposed one above the other around the}
outer wall was tried.- Sludge removal was mechanical, with
- a revolving arm scraping the sludge to a central point,"
'"Appérently the combination of cost‘and perform-
ance has not justified the adoptlon of such a
devise in practice." (16)
The early applications of tray sedimentation
Wére all limited by sludge clearing or removal problems.
The basins were either rendered useless or were required
to be taken out of service to be cleaned."The practicality

‘and/or expense of any reasonable design, placed limits on

the further development of tray sedimentation.

b, ‘ - ADVANTAGES OF TRAY CLARIFICATION

The‘advantages offered by the use of tray clari-
fication, applied to the extended aeration_prOcesS, can be
readily seen from the theoretical conéepts of sedimentation.
Rectangular trayed settling basins do not have to provide
- additional length required to remove the slower‘settling-
particles and the slower settling particles are more
readily removed in trays because of the shallower settling
depth. | |

The necessary detention time of 1 - 4 hours

- 32 -




required for the conventional procesg of sgettling can be
reduced to a few minutes based on the theoretical concepts
of settling. The reduced depth, because of the trays,
provides for quicker settling of the sludge.

The superimposihglof trays one above the other
provides a much greater floor area for the collectionvof
solids causing a reduction of the overflow rate of the
basin. The more practicai means of désigning a'settling
basin for the removal of flocculent solids is by'consider—
ing the overflow rate. - v'

The problems of sludge removal frbm the early Av
designs of tray clarifiers and the 1a¢k of an adequate,
atfempt to develop a means of effectively removihg col-
iected sludge resulted in the abandonment of the tray-
gettler concept. However, the theoretical advantage'of;.,
longitudinal flow through a shallow dépth to provide_‘
hydraulically optimum conditions for sedimentation was‘not
forgotten. The idea was applied to small diémeter-tubes’
in order o meet the requirements of shallow depth at  |
reasonable overflow rates. Initial<étudiés indicéted that
settled sludge could be readily removed by périodically
draining the fubes. An inclination of 59 in the direction
_bf flow was found to be adequate for Slﬁdge removal by
gravity. At an inclination of 60° the tubes aré self-
cleaning and do not even require periodic draining (15).
The applicafion of tubes overcomes the former sludge |

"removal problems of trays and still benefits from the
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application of shallow depth sedimentafion;

An application of tray sedimentation with abmeansv
of effective sludge removal will be even more advaﬁtageous
than tube séttlers. A fairly deep basin is required for
tube settlers into which the’tﬁbe modules must be installed..
The tube modules provide the required solids remdvél capa~
bility of the basin. Tray clarifiers could be constructed
without the need of deep basins, possibly saving on some of
the capital investment necessary. Effective sludge removal
is provided by controlling the flow through the clarifier
in a manner that during predetermined times, a portion of
the clarifier is being washed of the collected solids. The
solids are washed to a mixing ténk and later returned to thé
- aeration tank as required in the extended aeration process.
The flow in each channelled portion of the clarifier is
.controlled by a horizontal flow control syphon. Small
effluent syphons provide fpr effluent draw-off from each -

gsection of the clarifier.

5. _CONCEPT OF SYPHONS

| The use of syphons to control flow in horizontal
channels is dquite unique. The concept of syphoning fluid
from one level to another due to differences in elevation,
in this application, is abtually slightly eiaggerated.’ A
difference in elevation does exist through the syphon and

the flow is stopped when air is introduced. Although,
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the conditions of flow more closelyvresemble flow in a
conduit to a lower point rather than a syphon. The syphonv'
action begins when the flow has been stopped in a particular'
channel and is then restarted. Thé syphoning causes the
fluid to be drawn through the conduit, from the upper
~level near the trays to the mixing tank.

The effluent draw-off is a more true use of a
-syphon,. The effluenf is drawn from a lower level upwards,

- due to the weight of the fluid, into a trough for discharge.

6. - DESCRIPTION OF BRANDON'S CLARIFIER AND SYPHON \;
: CONTROLS : ' ’

"The clarifier, at the city of Brandon, is curved,
being constructed along the side of a circular aeration
tank (17,18). The inlet and trayed section are 6'5" deep,

32" wide and 124' long. The syphon controls,'following"

the trayed section, are 28° along the horizontal distance
~and as wide as the channels. The flow from the horizontal
- syphons is into a mixing tank which is 12' wide by 45° léng

with one end beihg 6'6# deep and the other 19' deep.

The clarifier inlet is a slot, 18" deep by 26'9"
long, followed by a sloping ramp which opens to an area

8* wide across the front of the chanﬂelled section.

The channelled area, where sedimentation occurs,
consists of eight 3'6" wide, 6'5" deep and 116' long
channels. Fach channel has three trays providihg four 14v

settling levels. The total clarifier operating depth is 5%
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The syphon controls are horizontal syphons
Lrge déep and 3'6" wide with an upper arched portion
enabling the introduction of an air lock for flow stoppage
and smaller syphons controlling effluent draw-off, located.
just prior to the arch for flow control.v The effluenf
syphon pipe is 12" in diameter, with an orifice plate on
the discharge sidé. Effluent ié syphoned into an’effluent
trough above the hdrizontal syphon. The flow through bdth"
syphons is controlled by air iocks, with the disdharge from
the effluent trough being further regulated by a weir.

In the mixing tank; following the syphon controls,
is an-air—lift channel with circulation pumps which_return
solids mixed with raw sewage fo the aeratibn tank. The
1 wide air—liff channel with ad justable walls is on the -
deeper end of the tank beside the aeration tank. An 18"
opening is provided along the bottom length of the air-1ift
éhannel to act as an inlet for solids and sewage which are
displaced into the aeration tank. The air for fhé‘air-lift
is supplied fhrough two pérforated 3" diameter pipes‘aéross

the length of the channel.

6.1. Operation of the Clafifief

The operation of the clarifier at.Braﬁdon is
relatively simple and may best be described and undérstood
by discussing one channel and then describing how all eight

channels are used simultaneously.

The operation begins with the channel having the
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mixed liquor flowing through, ét a velocity which does not
- permit settling. The horizontal flow is stopped by the |
introduction of an air lock in the arched section of the
large horizontal syphon. All flow in the‘channel is
stopped for a 20 minute settling period. v

After the settling period, the small effluent
syphon is opened, creating a channel velocity of O.i ft./sec.
and effluent is Withdrawn for a 3% hour effluent draw—off_
period. o : .

At the end of the effluent draw-off period, the
small effluent syphon is closed, by the introduction of an.
air lock, and the large syphon air lock is released. The
release of the large flow-control syphon is done simul—‘
taneously with the start-up of the air—lift,chanhel in the
mixing tank. These simultaneous actions cause the flow to
be re-established through the channel with a velocity
sufficient to scour the settled solids from the trayed |
levels and channel entrance area. 'Chénnel flushing is
maintained for a 10 minute period followed by another 20
minute settling period.

| The operation of one channei requires the stop—‘
page of flow of settled sewage fof one~half hour out of
four. In order to accept the continuousvflow of raw sewage,
the treatment plant must be able to discharge treated
bsewage on the same basis. To maintain a continuous flow
of effluent of sufficient capacity, the addition of the

other channels is required. The full operatioﬁ of all
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eight channels is for a careful sequencing of flushing,
settling and effluent draw-off maintaining a continuous

flow of treated sewage.

7. DESIGN OF A TRAY CLARIFIER
7.1. General Features

S 7.1.1. Inlet

The slot inlet is designed to allow only
the mixed liquor from the surface of the aeration tank to
enter the clarifier. The inlet désign must‘be adequate
to allow for the ultimate flow demand, based on4channel
~Sequenciﬁg‘to be used.
| The iniet ramp and distribution area aré desigﬁed
to distribute the flow to any channel which requires the
addltlonal volume of mixed liquor for flushlng. The dis-
tribution area is designed with a sufficient width to
“minimize and dissipate eddy currents, although not of such
width as to permit collection of settliﬁg solids. The
distribution area is designed to permiﬁ the development of
sufficient flushing velocity to adequately flush the |
settied solids from the trayed channel and distribution

area.

7.1.2. Channels
The channel entrance is designed to ensure

that excessive currents are not developed during the oper-
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ation of-adjacent channels.

The channel width must be designed to prevent
undesirable turbulence and velocity gradients from develop-
ing during operation.

The channel length and tray spacing are designed
to consider the type of solids to be settled, the volume"
of solids to be settled and the settling velocities of the
particles. The design’must take into account the amount of’
flushing that will be required and the effectiveness of

flushing, considering the length of channel.
7.1.3. Syphdn Controls

7.1.3.1. Channel Flow‘Coﬁtrol :
The horizontal flow control syphon
is designed to provide a head differential from the syphon
inlet to the outlet. The head differential must be ade-
quate to enable the re-start of channel flow, after re-
leasing the channel air lock, yet not be foo great to
Aprevent the stoppage of flow by meansaof the air lock. A
| The curvature of the syphon is designed so that’;
the shape does not create too great a head loss. The
amount of head loss is significant in designing the size of
‘the air-1ift which is required to create adequate flushing
velocity. |
| The horizontal flow control syphon is designed
with an arched portion which is adequate to stop flow by

the introduction of air to form a lock. The designvelevaA
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tions on both sides of the arched portion‘and in the center
"hump" are important to insure the stoppage of horizontal
flow yet should not hinder the re-establishment of flow.
The outlet elevation must be designed to release any
lexcess air pressure in a manner which will not disrupt
settlihg. The area near the effluent draw-off point is
designed to ensure that scour velocities do not develép

- during periods of effluent draw-off.

7.1.3;2. Effluent Flow Control - -

The effluent draw-off syphons are
designed to ensure equal.flow from each charmel. The
syphon includes an orifice plate designed to pfoVide suffi-
cient hydraulic loss to ensure a flow in the channel that
does not affect settling. The hydraulic loss calculation
must consider the effluent trough weir elevétion for
control of effluent draw-off and preventing any flOw}from'
‘excess pressure during channel flushing. The effluent

syphon must completely stop flow. .

7.1.4.. Mixing Tank

The mixing tank is designed to provide an
adequate area for the mixing of the incoming faw sewage
and the returned solids from the clarifier. The design
must inélude the size of an effective air-1lift which is
required to create an adequate head for flushing veloci-
ties. Provision must be made in the tank to ensure that

solids are moved towards the air-l1ift channel. The'leVel
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of the incoming raw sewage and returned solids in thé mix-
ing tank is kept at the same elevation as the aeration
tank. This is done by having the wall of the mixing tank
at the aeration tank side adjusted to be lower than the

elevation of the mixed liquor.

7.1.5. Air-1ift Channel

The air-1lift channel is designed to effec-
tively displaée the returned solids and raw sewagé_into»'

the aeration tank and to provide an addifional head differ-

ential from the trayed channels to the air-lift. The head

differential must be sufficient to oVercome any frictional

loss énd to create an adequate flushing velocity. The

head differential must not be so great that an excessively

large horizontal flow air-lock is required in channels not

flushing.

thé air—liff are non-clog due to short tubes that exfend
from each hole. The tubes are slightly larger than the
air hole. A small continuous disCharge‘of air is main- .
tained through the holes at all times to further aid in

preventing clogging.

7.1.6. Air Piping and Controls
The air supply piping for the effluent

syphon air-locks are designed with a minimum number of flat

and curved sections that might collect solids which will

- 43 -
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foul the operation. The outlets for the effluent syphon
air-lock pressure releése are designed to discharge the
air away from any area Where personal injury, from the
pressurized air; may be suffered.

The air valve controls must be of the type which
ensure shut-off for air flow without any léakage. The
p0831b111ty of solids entering the valve and fouling thelr

operation must be taken into account.J
7.2. Detention Periods

7.2.1. Channel Detention Periods

The detention periods of a channel are -
based on the type of solids, the.settling velocity, and the
volume of solids that are to be collected. The detention
period for a channel must be sufficiently long to allow the
settling of solids prior to effluent removal. The.settling'
and effluent draw-off periods must be tlmed to insure that
an excessive amount of solids does not collect on the
trays, requiring a larger air-1ift to aid in flushing the

channel.

7.2.2., Channel Scheduling

In instances where additional removal
capacity, without excessively long channelé is needed, or
expansion of existing facilities is required, the schedu- .
ling of channels may be such that more fhah one channel

can be operated in parallel. If the unit operation of two
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or more channels is to occur simultaneously, the design of
the system must include provision for an adequate flushing
velocity, and the velocity of flushing of adjacent channels

does not interrupt the settling processes of nearby channels.
7.3. Hydraulic Factors

7.3.1. Inlet

The slot inlet is not designed;to regulate
incoming flow. The inlet must only be capable of allowing
a sufficient volume of mixed liquor to enter from the sur-
face of the aeration tank. Predicting the flow through -
the slot cannot be done accurately, since the flow is ovef
a submerged weir and does not form upper and lower éefated
nappes (7,19). The design must be approximated to provide
the necessary capacity. | |

The inlét ramp and distribution area are-deSighedb

to direct the flow and allow for its distribution to the -
trayed channels in a simple manner. The velodity of the
incbmihg fiuid varies inversely with'thé area,.sinceyQ =
AqV1 = A2V2 where Q = discharge, A = area and V = velocity.
Consideration must be given to friction losses from the

side walls and channel bottom.

7.3.2, Channels
The design for channel velocity must be
done considering two separate conditions, channel flushing

and effluent draw-off. In each channel the trays alter
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the normal fiow patterns expected for a rectangular channel.
The flow patterns actually approach conditions. of cloged
rectangular shaped full flowing conduits for the lower
levels with the uppermost level being a shallowlopen
channel. The alteration in flow patterns affects’the con-
ditions which must be considered to design for the desired
channel velocity. The conditions of flow in a channel
may be made more similar by making the resistance to flow
of the different levels‘approximétely equal. The depth
of the uppermost level may be reduced, inducing a propor-
tionately greater amount of drag per unit of flow and at a_
lower energy‘level. If the conditions of flow for the
trayed levels are almost the same, the operation of the
channels will be more saﬁisfactory._

»_The velocity to be developed within a flushing |
- channel has only one requirement, that it be,greet enough
to scouf the settled solids from the trays. The flow
pattern which Wlll be most critical is the flow in the
lower levels, if the conditions of flow are not des1gned
similar. The lower levels provide more'resistanee to flow
than does the uppermost. Therefore, if the lower levels
meet.the necessary conditions for flushing, the upper level
will also. The velocity of flow necessary in the closed -
conduits may be approximated using the Meedy Resistance
Diagram after correcting for the difference in the hydraulic
radlus of the rectangular conduit, by using R = A/P D/hv

for a circular pipe where R =‘hydraullc radius, ft.; A =
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area, sq. ft.; P = wetted perimeter, ft.; D = diameter of

LRV

pipe, ft., calculating the Reynold's number as Re =

where Re = Reynold's number; V = velocity, ft. per sec.;

and V = Kinematic ViScosity,_sq. ft. per sec. The head

loss equation becomes (7):

L V?

4R 24

hf = f ..a.....f (17)

~ where f = resistant coefficient
length of conduit, ft.
gravitational acceleration, ft. per sec. 2

T w
I

The velocity during effluent draw-off periods
mﬁst not fesuspehd settled solids. Solids that are ré—_
suspended may be carriéd along the level and be syphohed
out wifh the effluent. ‘The maximum velocity that.can.be_
‘allowed during effluent draw-off must therefore be less
 than the scour velocity along any'point in a channel. The
velocity must also be ldw enough to allow fér a suffiéiénf»
settling period for the incoming mixed liquor. The flow -
pattern which will be most critical is the flow in the.
uppermost level. The velocity of flow may be approximafed

by Manning's Formula for opén channel flow (7,19):

v = lﬁ%ﬁ r2/3 gl/2 e, (18)

where V = velocity, ft. per sec.

Manning roughness coefficient, £t.1/6

o]
I
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hydraulic radius, ft.

wn
i

slope of channel

7.3.3. Syphon Controls

7.3.3.1. Channel Flow Conﬁrél

The head differential designed into
the horizontal flow control syphon is provided to aid in
- overcoming frictional and energy losses encountered by
tﬁe flow through the syphon during.periods of channel
.flushing.” The prediction of the'hydraulic lossesvthrough
the syphon can only be approximated. The nearest estima-
tion for the losses may be calculated by'assuming the flow
to be through a rectangular conduit and adding a safety |

factor to the calculation.

7.3.3.2. Effluent Flow Control
The rate of flow through the efflu-
ent syphon is regulated by an orifice plate. The flow
through therrificevmay be calculated byAutiiizing" |
Bernoulli's equation to develop (7):

Co Cy As

- VZgAh‘ ser s (19)

o7

where C, = contraction coefficient

Cyv = velocity coefficient
Ap = area of the orifice, sq. ft.
Dy = diameter of the pipe, ft.
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D, = diameter of the orifice, ft.
Ah

Il

change in piezometric head, ft.

The discharge equation may be expressed more

‘simply as (7):

Q = Cd A2 v Zg Ah ll.ll.‘llvl (20)

]

where Cg = discharge coefficient

The effluent trough welr elevation is designed
to regulate the pressure head on the'discharge gide of the

effluent draw-off syphon.

7.3.4., Air-1ift Channel

The entrance to the air—lift.chanhel does
not control the rate of flow from the mixing tank. The
boftom entrance is used to ensure that solids and sewage

are taken from the bottom of the mixing tank and displaced

“into the aeration tank. The head differential, developed

by the air-1ift channel, is created inside the channel

section causing solids and liquid to enter from the bottom'
and further be displaced into the aeration tank. The air-
iift channel inlet should not restrict the volume of flow.
The capacity may be approximated by assuming the situation

to be flow under a sluice gate (7,19).
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Co Cy D

= % — (Co 5%)2

Yy 2g (yq1 - yz) ceeess (21)

where b = height of gate from bottom, ft.
yq = height of fluid before the gate, ft.
height of fluid after the gate, ft.

O
o
1l

The flow created by the air-1ift channel is

regulated by the quantity of air supplied‘to the channel.

7.4; Safety Factors

Safety factors in the design, capable of adjust-
ing for the many approximations that must be made for
channel flow, losses in the horizontal flow syphdn, and
clarifier operating depth are incorporated into the design :
- of the air-1ift channel. The channel is designed with
adjustable walls. One wall allows for the adjustment in
the opening'into the air-lift channel. The oﬁher wail
.élloWS for'thé elevation of the head differential created
by the.éir—lift to be adjﬁstable. The cdntrol of air
being supplied to the air-1lift and seleéfing the elevation
of the wall, separating the air-1ift from the aeration
tank, make the head differential adjustable. The contfol
of the head differential developed by the air-1ift:
channel allows for further adjustments after construction.

to ensure proper operation.
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8. CONCLUSIONS
Based on theoretical considerations from the -
theory sited in fhis work and observations of an actual
operating clarifier, the following conclusionsvhave been
arrived at: | |
1) A clarifier with a shallow sedimentation

dépth, provided by trayed levels superimposed one above

the other and with an effective means of removing settled -

solids, by controlling the horizontal flow provides a -

workable application of settling theory directly applicable-

to the extended aeration process.

2) A design incorporating a clarifier with
trayed channels having the horiZontai flow controlled by
syphons offers conditions ideal for settling, reduced |
overflow rate for‘the effluent, reduced effects from out-
let currents, and minimizes the effects of shortécircuiting
on the clarifier. |

3) ProViding.proper'consideration was given
,Vduring the initial desigh, a clarifier with trayed channeis
may be more simply alfered than a cbnventional deSign,'for
future expansion, by fescheduling the operation of the
channels. A conventional deéign would require equipment
additions or furthér construction.b

L) A treatment plant utilizing a tray clarifier
should be preceeded by flow equalization. The suscepta-
bility of the clarifier to fluctuations in flow, reducing

the removal capability is quite high. The clarifier
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operates best with a constant velocity and head.

5) A clarifier with trayed channels and the
horizontal flow being controlled by syphons offers a
treatment plant operator some control of the clarificatibn
procesé.. The settling period may be lengthened or shor-
tened as required and the rate of effluent draw~off may be
altered by minor changes in the draw-off syphqns.

6) The;superimPOSing of trayé one above the
other reduces the total area necessary for a conventional
clarifiér. This may provide a savings in capital costs.

7) The hydraulic factors involved in the design
of a tray clarifier are not very accurately predictable.

‘Some educated guesses must still be made.
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RECOMMENDATIONS

Additional study should be made on the hydraulic

factors involved in the design of the trayed clarifiers to

determlne the effect of:

the curvature of the horlzontal flow control
syphon tunnel on head loss during channel
flushing

varying the size of the. submerged inlet
and the air-flow rate on the operatlon of
the alr -1ift channel v

the submerged wall at the slot 1nlet for the
flow enterlng the clarifier '

the shape of,the inlet ramp in dispersing the

incoming mixed liquor along the dispersion
area.
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APPENDIX A
PHOTOGRAPHS OF THE CLARIFIER

AT BRANDON, MANITOBA
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PhotographAlz

Slot inlet from aeration tank with entrance ramp
and distribution area just prior to trayed channel area.
(Modifications to channel entrance area atAa later date
provided for larger distribution area and curved wall

sections for channel entrance.)
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Distri

to trayed channel

lo0r

ion area pr

but

o
O]
Y
«

ion tank in back-

th aerat

slot inlet and entrance ramp wi

.)

leted

tions comp

(Modifica

ground.

60




Photograph 3: - c o o

Trayed channel area, without trays, looking from . v

the distribution area. Syphon controls and effluent col- ’ ..é

lection trough are contained in structure in background.
Note the brackets to support the three trays in each

channel.

i
i
i
i
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Photograph 4:

Trayed channel area, looking towards‘distribution
area. The trays are‘being installed. Constrﬁcﬁion is of
cedar planking, anchored on brackets along wall with two

by fours.

- 62 -




Photograph 5:

Effluent trough, contained.in sfructure at end of

. trayed channel area. Some effluent draw-off syphons can be

gseen with air valve controls and piping.
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Photograph 6:
Effluent draw-off syphon;'notice the oriface

plate on discharge side of the pipe. Air-lock is main-

tained in the upper arch of the pipe. (Air supply pipe

was modified at a later date to be a direct connection

as shown in Photograph 5. This modification was done

to prevenf the collection of solids in pipe.)

]
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Photograph 7

Outlets from horizontal flow control'syphons
into the mixing tank. Notice the slope for the bbttom
of the mixing tank, aiding in the movement of solids
towards the air-1ift channel. The air-1ift channel will

be located in the immediate foreground.
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Photograph 8:

Mixing tank, following fhe horizontal flow
control syphons. The bottom of the tank slopes downward
to the aif—lift channel, not yet in place. The guides>
for the wall pieces are in place at the end of fhe wall
dn the right. Notice the spacing for the inlet to the
air-1ift channel. Inlets to the circulation pumps are
on the right, with the aeration tank in the background.

Syphon outlets are on the‘left.
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Photograph 9:

A view of the clarifier facing the inlet and

distribution area. Notice thebliquid level between the

trays and aeration tank.
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Sﬁmmary of Data

The data presented is not representative of the

clarifier's operation.

‘suspended solids and clarified effluent from the treatment

The analyses were of mixed liquor,

plant operating during the winter months of 1974 - '75

and '75 - '76 without an aerobic floc having been de-

veloped. Design changes were made to the dispersion area

and at the channel inlets for the winter of. '75 - 96,

? N.:D. - no data

Mixed Liquor

Date . Suspended Solids
(mg/1)
November 14, 1974 185
21 1440
28 2270
“December 6 N.D,*
iB 1730
22. 1880
January 3, 1975 2220
February 16 = N.D.
19 | 2480
27 N.D.
March v 2050
October 30 1850
January 14, 1976 2000
| 21 2038
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Clarified Effluent
- Suspended Solids

(mg/1)
710
142
170
300

290
L60
337
167
228
225
318
194
135

N.D.




