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ABSTRACT 

M.ENG. CIVIL 

JOHN W. K. DUNCAN 

SLUDGE CONDITIONING PRIOR TO ATOMIZED SUSPENSION TECHNIQUE 

The investigations were carried out at the Prima.ry 

Waste Water Treatment Plant in Beaconsfield, Quebec, and the plant 

performance and efficiency deter.mined. 

The removal values of Swspended Solids and Chemical 

();cygen Demand deter.mined., compared f'avourably with expected. values 

for prima.ry treatment processes, found elsewhere. 

Results of experimental tests ade at the plant showed 

that over lo% of solids in the prima.ry sludge could be obtained 

by mainta.ining a sludge blanket depth in the thickener of over 3 feet. 

Thickening of sludge was controlled by wsing the concept 

of Sludge Volume Ratio S.V.R., defined as the volume of sludge 

blanket he1d in the thickener, divided by the volume of sludge pumped 

per day from the thickener. 
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CHAPTER I 

INTRODUCTION 

Before World War II most sewera.ge systems in Canada were paid 

for and opera.ted by municipa.lities for the benefit or the residents or the 

city. Rising costs and grea.tly increa.sed residentia.l construction following 

the war ca.used many cities to refuse to ta.x their old residents to supply 

water and sewer extensions tor new sub-divisions, especia.lly beyond the city 

limita. 

The Town of Bea.consfield in the Province of Quebec was one auch 

town, fa.ced in 1955 with a population growing a.t an average rate or increa.se 

or about 10 per cent annua.lly, and consequently fa.ced with the problems or 

providing water supply and sewera.ge systems for the residents or the town. 

In 1956 H.W. Lea, Consulting Engineer, Montreal, (~6} submitted 

a report. on sanitary sewerage systems to the town. On the basis or his 

design, the first 8 million gallons per day primary waste treatment plant was 

built in 1958, capable or treating one-third or the ultimate flow or 24 m.g.d. 

Waste water is conveyed to the plant by one trunk sever having a di.a.m.eter 

or .36 inches. The waste is treated by sedimentation only, and the effluent 

is chlorinated betore being discharged into Lake St. Louis. Sludge is pumped 

from the sedimentation tank into a thickener where it is concentrated. 

In the conventiona.l primary treatment plant the sludge will be 

pumped f'rom the thickener to the digester. At the Beaconsf'ield plant 

* Bibliography Reference 
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this unit was modif'ied by introducing .f'or the f'irst time in the world, 

the Atomized Suspension Technique process. 

This method was invented and subsequently patented by Dr. W .H. 

Gauvin in 1952 at the Pulp and Paper Research Institute of' Canada(*l5). 

The A.S.T. process permits the evaporation and drying of' a liquor or 

settled sludge of' any initial concentration. In 1958 a tull-scale A.S.T. 

unit was installed at the Beaconsf'ield plant and was put into operation 

in 1959. Af'ter a f'ew months of operation the unit broke dawn. It was 

claimed that the initial operation of' the unit did not produce satisfactory 

resulta due to, among other factors, underdesign of' the system and fusion 

of the pressure nozzles. 

In the spring of 1963, the Pulp and Paper Research Institute 

of' Canada approached the Chairman of Civil Engineering and Applied Mechanics, 

MCGill University and requested assistance in the rehabilitation of the A.S.T. 

unit. Since sludge concentration prior to A.S.T. has not been investigated, 

it was decided that research work should be done concerning the sludge 

itself. Additionally, a plant performance study was to be carried out to 

determine the plant efficiency and, if possible, improve it. 

This thesis is, theref'ore, primarily concerned with these 

experimental investigations. The f'ollowing three chapters of the text 

represent an attempt by the author to present the known principles of' waste 

treatment essential to the experimental work. MUch of' the subject matter is 

the work of others and due credit is given by means of references given in 

'Sibliograp., at the end of this thesis. The remaining chapters present a 

report on the experimental investigations carried out at the Primary Waste 

Treatment Plant in Beaconsfield. 



CHAPTER II 

General Considerations. 

The physical conditions in Canada are unlike those of many 

other co\Ultries. Nature bas prorlded an unusually large number of lakes 

and strea.ms and it is along these that much or the population or the 

country is located. 

In 1960 there vere 1,010 sewera.ge systems in Canada serving 

9,059,000 or about 51.2% of the total population. 683 ot these systems 

have waste water treatment installations divided into the rollowing(*S): 

346 partial treatment plants 
192 vaste wa.tef ponds or la.goons 
145 secondar,y treatment plants 

Since the highest concentrations or population occur in the provinces or 

Quebec and Ontario, it is not surprising that 7r:JI. or the sewerage systems 

vere located in these two provinces. 

It may be concluded theretore that little effort bas been made 

in some provinces to construct vaste wa.ter treatment plants, and either that 

undue advantage is being taken or these natural conditions or that proper 

recognition bas not yet been given to this problem or vaste treatment. 

It would seem reasonable to ascribe this limitation in vaste 

water treatment to some or the tollowing causes: 

i) The early waste vater treatment methode emplo;red vere based 

on Fhglish experience and some or them were not suitable under 

local climatological conditions. 

ii) Large bodies or diluting water and absence or water intakes 

and bathing beaches. 
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iii) Many sewerage systems built be.f'ore waste water treatment 

was well developed have been allowed to continue operations 

without any improvements. 

iv) La.ck o.f' public interest in waste water treatm.ent and disposal. 

A general review of Canadian practice in the field o.f' waste 

water treatment bas shawn that in m.ost cases American m.ethods have been 

f'ollowed very closely o !nf' act it may be said that Canadian technique 

relating to waste treatment is very much indebted to the scientific studies 

emanating from the United States. 

Three kinds of wastes are coJD1110nl.7 defined, namely: 

1. Dom.estic waste, consista of discharges o.f' spent water from 

bathrooms, lavatories and kitchens. It is a complex mixture 

of organic and inorganic matter in many for.ms including, 

suspended matter, colloidal and pseudo-colloidal matter, and 

dissolved matter. 

Dom.estic waste also contains bacteria, viruaes and protozoa, 

som.e of which are pa tho genie in nature. 

2. Storm water, representa drainage waters .from the land and 

streets, and may have biochemical ox;rgen demand, and carry 

suspended and dissolved matter, and bacteria. Ground water 

leaking into the sewel"$ and surface water from streets, 

roofs and paved areas may carry a lot of' silt. 

3. Industrial wastes, contribute a variety of' complu: organic 

and inorganic compounds, such, as for instance, would originate 

in textile mills, chemical works, gas works, tanneries, slaughter 

bouses, pulp and paper mills, and others. 
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The problems of waste water treatment are, 

i) to rem.ove within economical limitations, the fioating and 

suspended matter. 

ii) to remove the rema.ining fine suspended, colloidal and 

dissolved matter to levels which would be compatible with 

the final disposal conditions, and 

iii) to disintect eftluent in order to remove bacteria prior 

to final disposal of plant eftluent. 

The methods employed for waste wa.ter treatment toda.y were 

introduced on the basis of empirical experimenting. The choice of methods 

depends on a number of factors which may be listed as follaws:-

a) The requirements of local health authorities. 

b) The character of wastes. 

c) Skill and quality of operation required. 

d) Head available for gravity tlaw through plant and in 

the final disposal. 

e) First cost, and the cost of operation. 

t) Ease of increasing capacity. 

Basicall;y, the m.ethods or combination of methods employed 

:may be classified as follows: 

Prim§ry treatment, removes floating and settleable matter only, 

while B.O.D. removal is relativel;y law. The principles employed are basically 

hydraulic separation and flotation. 

Typical units of primar;r treatment plant would be grit separators, 

ski ming tanks, screens, sedimentation, sludge digestion, and disinfection. 
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Primary trea.tment can usually be expected to remove 40 to 7(1/, 

suspended solide, 25 to 40% B.O.D. and 25-75% ba.cteria.. The removed 

settlea.ble matter is ca.lled ra.w sludge. 

Intermedia.te Trea.tment. If remova.l by plain sedimentation does 

not sa.tis.ty the final disposa.l conditions, chemica.l trea.tment is introduced. 

The process is ana.logous to pla.in sedimentation, but the volume of chemica.l 

sludge obta.ined is larger and hea.vier tha.n primary sludge. 

Remova.ls, of 70-9(1/, of the suspended matter, 50-80% of B.O.D. 

and 40-80% of ba.cteria. may be expected by the use of this method. 

Seconda.ry Trea.tment. This is an a.dditiona.l trea.tment of wa.ste 

by biological methode a.fter primary trea.tment. The ra.w waste contains high 

energy orga.nic matter which is a. rich food source for microorganisme auch 

a.s ba.cteria., protozoa. and others which are round in the waste. 

The biologica.l destruction of the orga.nic waste ma.terials is 

fa.stest when sufficient of free or dissolved axygen is a.vaila.ble to these 

microorga.nisms. The trea.tment unite are trickling filters, a.ctiva.ted 

sludge process, super-aeration, intermittent sand filters and oxida.tion 

ponds. Seconda.ry trea.tment ma.y be expected to remove S0-98% suspended 

matter, 80-95% B.O.D. and 90-99% ba.cteria. in the wa.ste a.fter prima.ry" 

trea.tment. 

From the sta.tistics of sewera.ge systems in Canada., it will 

be seen tha.t ra.w sewage is still discharged into the great strea.ms, la.kes 

a.nd tidal waters without trea.tment. Disposa.l methods of this kind will 

interfere in the long run with other legitimate wa.ter uses. 



Disposal of waste waters on land b7 surface or subsurface 

irrigation is practiced in some arid and semi a.rid regions of the world. 

In most cases the waste water is disintected betore disposa!. 

Sludge Treatment and Disposa! 

The ra.w primary sludge conta.ins a. large amount of water and, 

because of the bulkiness ot the sludge, and the tact that it is putre­

scible, it is necessary to reduce the vater content and stabilize the 

orga.nic matter. 

The methode employed. are e:x:trem.ely Ta.ried and Chart No. 1 

shows the trea.tment methode ot primary sludge. A deta.iled discussion of 

sludge disposa! methods is given in Cha.pter III. 

DIS INFECTION OF WASTE WA 'l'ERS 

8 

The objectives of waste water disintection is to destroy the 

waterborne pathogenic organisms tha.t .ma.y be present in order to ma.ke the 

receiving body of wa.ter sare tor the va.rious uses t9 which it may be put. 

Among the pathogenic orga.nisms which may be round in wa.ste waters are 

cholera, typhoid and pa.ratyphoid, dy&entery, am.oebic dysentery, and 

tuberculosis bacteria as well as viruses causing intectious hepatitis 

and poliomyelitis, and pa.ra.sitic worms. 

The n'Wilber of the ha.rmless bacteria. Eschericia. Coli is used 

as an indication ot the etficiency of disintection and the elimination of 

pathogenic bacterie.. In practice very rew plants control their disintection 

by the count or colitorm orga.nisms. 
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The ef!iciency of disintection can be determined by analysis 

ot colitorm bacteria in the eff1uent to determine comp1iance with standards 

set by some of the regulatory bodies, or by prescribing a de!inite ch1orine 

residual atter a given contact period. 



General 

CHAPTER III 

SEDIMENTATION 

10 

In waste treatment the purpose of sedimentation is to remove 

settleable solids from the waste water. This separation is accomplished 

in primary settling tanks by gravitation and by natural flocculation or 

aggregation of the settleable particles. 

Removal accomplished by this process is intluenced by a 

large number of factors. These factors may be generalized as follows: 

i) The characteristics of the liquid, tmder which can be 

included the specifie gravity and the viscosity. 

ii) The characteristics of the solids which include size, 

shape, specifie gravity, concentration, coagulation, and 

flocculation. 

iii) The characteristics of the design, such as detention 
,, 

period provided, velocity of flow, depth an~ ratio of 

length to depth, inlets and outlets, and baftling. 

iv) Miscellaneous affects such as currents caused by wind, 

thermal currents, short-circuiting and others. 

A variety of materials that are encotmtered in waste treat-

ment vary from discrete partiel es to highly floc culent solids. Wh en a 

particle is allowed to fall vertically in a still tluid, it is subjected 

to a viscous drag by the surrounding liquid, which opposes the force of 

gravity. In addition, the particle continuously displacea the liquid 
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be1ow it, the disp1aced liquid flows upwards and around it, and by its 

upward ve1ocity increases the viscous drag. As the partic1e acce1erates 

and its velocity or !ali increases, the drag also increases until it 

balances the torce or gravity, atter which the partic1e sett1es w.ith 

a constant terminal velooity. 

Many authors agreed that only disorete particles will maintain 

their individuality during settling whilst tlocculent partic1es will 

sett1e at varying settling rates. 'l'hus two classes or partic1es may be 

detined. 

Class I Partic1es or tloccules which maintain their individ­

uality throughout the settling period, hence sett1e essentially at a 

constant rate w.ith respect to the suspending tluid, e.g., sand, 

silt and tine clay. The density or the particles will range 

from about 2.65 .tor fine sand grains down to about 1.0.3 .tor mud 

partiel es. The aize will range !rom 1 -..or JŒ>re for sand to 

submicroscopic !or silt and clay particles. 

Class II Particles or f1occules which continue to coagulate 

or .tloccu1ate during the settling process with consequent changes 

in settling rate. These contain proteine and rats w.ith some 

cellulose and varying a.mounts of entrained water and some gases. 

'l'hus the net density of these particles will var,y from lesa than 

1.0 to perhaps 1.2. Their sizes will range from colloidal to 

several centimeters. 

One o.t the earliest and most widely knmm attempts to set up 

a ma.thematical theor;r for settling in a sedimentation basin was made by 
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Allen Hazen in 1904. (*l8 ) He distinguished between quiescent and turbulent 

flow and restricted his analysis to suspension of Class I particles having 

a single settling velocity. 

According to Hazen, the rate of sett1ement of partic1es.of 

sand and sUt in still water is approximately as follows:-

Material 

Coarse sand 
Fine sand 
SUt 
Fine clay 

Diam.eter 

1.0 - 0.5 
0.25 - 0.10 
0.05 - 0.005 

0.001 - 0.0001 

g&te of Sett1emsnt tt/hr. 

1200 - 6.36 
.320 - 96 

.35 - 0.46 
0.018 - 0.00018 

The principal contribution made was to demonstrate that the 

e:x:t.ent of the removal of discrete pa.rticles in a quiescent basin is inde­

pendent of the depth of the basin and should be a fu:nction of overflow 

rate and not of the detention time. In 19.36 Camp ( *7) postulated tha.t 

essentially the same principle would apply also to Glass II partic1es. 

For the following two decades, the overflow rate princip1e was largely 

accepted for the case of suspension of Glass I particles, but there is 

no complete agreement on the postulates from which Camp derived his 

conclusion concer.ning Class II partic1es. 

In 1956 Fitch ( *l4) presented theoretical and experimental 

evidence indicating that for class II partic1es, depth and detention 

time can be of èonsiderably greater signiticance than overflov rate in 

the matter of sedimentation. 

A discussion of the subject of sedimentation from a theoretical 

standpoint may perhaps prove of assistance in this respect. 



Glass l - Clarification 

Here the classical laws of sedimentation apply, and the 

settling is assumed to be unhindered by the presence of other 

aettling pa.rt;icles. From prerlous discussion the forces acting 

on a discrete particle in suspension in a quiescent f'luid are 

gra'f'ity, Yiscous drag, and buoyancy. 

13 

When a particle mves through a f'luid, the resultant force 

acting. 

e:x:ternal torce minus buoyant force minus frictional 
drag torce, all expressed in lb. force. 

'l'he e:x:ternal torce, impelling the particle to mare is its 

mm weight, and as it is suspended in f'luid, the external force 

must be reduced by buoyancy, or 

in which p 
8 

= .mass density of pa.rticle 
p = maas denaity of f'luid 
g = gra'f'ity constant 
V = volume of' particle 

(l) 

In 1910 Newton ( *2S) propoaed the law of' drag on the asaumption 

that the drag is due to inertia only and hence proportional to the 

square of the velocity. Newton' s Law is generally written as, 

(2) 



in which CD = Newton 'a drag coefficient which in tum~ 
1a f'unction of' Reynolds Number R 

Ac = the projectecl area of the body in the 
direction of mction 

v5 =the relative velocity between the body 
and the f'luid 

The maxinmm or terminal aettling velocity will be reached when the 

external force minus the buoyancy equals drag torce, 

i e. F - F = F • ' E B D, bence equating equations 

(1) and (2} 

in which S5 = specif'ic graTity of' particle 

For spherea, equation (.3) becomes 

J!:i . ...& • (S - 1) ;. D 
T$ = .3 CD s 

in which D = particle diameter. 

'l'he drag f'or a small sphere in an incompressible Tiscoœ 

fiuid was developecl by Stokes ( *'37) in 1880 co~~pletely neglecting 

the inertia forces as f'ollows 

(.3) 

(4) 

(5) 

in which JAis the dyna.m:i.c Tiacosity of the fiuid. 

The corresponding settling velocity is given by Stoke 1s Law as 
..& . D2p 

vs = 18 • (ss - 1) • fl (6) 



It ma.y be noted. in both equations (4) and (6) that particle 

size and shape as well u density are predominant variables wben 

dealing with sett1em.ent o.t' solids in a still tluid. 

Table I.showa settling velocities in inches per minute or 

partic1ea o.t' different size, in mm. and specifie graTity at SO•F. 

Table No. I according to Imho.t'.t' & Fair ( *20) 

Diameter 1.0 0.5 0.2 0.1 0.05 0.01 0.005 

Quartz sand .3.30 170 54 16 4 0.2 0.04 
Co al 100 50 17 5 1 o.os 0.001 
Sewage solid.s 1-SO 0.2-40 0.01-12 0.01-2 0.5 0.02 o.oos 
Specifie gravity o.t' quartz sand = 2.65 

that o.t' coal = 1.5 
and that o.t' sett1eable 
fresh sewage solids between 1.01 and 1.2 
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From the above discussion it can be seen that, in a suspension 

or Class I particles auch as grit, silt or sand, ea.ch particle 

maintains its ind1Tiduality and chara.cteristic .settling Yelocity 

during sed.imenta.tion, and a.n ana.l.y1sis of the suspension in tel"JD8 

ot settling velocities may be used to predict remova.l and design 

of settling basins. In order to discuss removal, a number ot 

a.ssumptions JmlSt be made. 

Notable a.mong these assumptions are the .t'ollowing: 

1. The direction or tlow in an ideal rectangular continuous 

tlow basin, is horizontal at ail times and the velocity ot tlow 

is the 118.111.8 in all parts o.t' the settling zone. There.t'ore each 

particle or water is assumed to rema1n in the settling zone for 



a time equal to the detention period - ~~ the volume of the 

settling zone d1Ti.ded by the discharge rate. 

2. The concentration of su:spended particles of each size 

1s the same at ail points in the vertical cross-section at the 

inlet end of the settling zone. 

3. Particles are assumed to settle with tmitorm velocity, 

without change in aize or shape and without interference or 

coalescence. 

4. Particles are reur:>ved from suspension when they reach 

the bottom of the b&ain or the top of the sludge blanket within 

the settllng zone. The particles once removed cannat be 

reauspended. 

In real recta.ngular continuoua now basin the above assump­

tions are subject to contradictions in va.rying degrees by factual 

conditions of fiocculation1 turbulence scour1 density currents, 

inlet and outlet disturbances givi.ng rise to mixing and short­

circuiting. 

16 

In studying the clarification theory four zones for a continuoua 

settling basin may be considered, 

i) An inlet zone in which suspension is dispersed unitormly 

over the cross-section of the basin. 

11) The settling zone in which ali settling talees place. 

111) An outlet zone 1n wtd.ch the claritied llquid 1s collected 

unitol"DÙ.7 over the cross-section ot the basin and directed to 

an outlet conduit and, 

iv) A sludge zone at the botto:m.. 
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It is easily seen from Fig. 2 that if v5 > v
0 

all partic1es 

will be removed and the removal Y/Y
0 

is unity. On the other band 

if v5 < v 
0 

only those partic1es entering below ab. will be removed. 

The remon.1 over 1ength "L" of the settling tank is, 

.! % = h = y H 
0 

in which Q = the rate of t.low 
A = surface area of settling zone 
v = overt.low rate 
t 0 = detention time 

yO 
y = removal ratio ot partic1es having 

o a settling ve1ocity v5 • 

The above equation states the following tor removal of 

d.iscrete partic1es, and, unhindered sett1ing. 

1. The efficiency of basin is so1e1y the function of the 

settling ve1ocity of the partic1es. 

2. The efficiency is function of the surface area of the 

(7) 

tank and the rate of t.low of the basin. These two combined 

constitute the surface 1oading or overt.low velocity • 

.3. The efficle ney does not depend on the depth of basin 

and the displacement time or detention period. 

4. All partic1es vith ve1ocity v5 ) T
0 

are removed, and 

partic1es with v
5 

<. v 
0 

can be tully captured if false 

bottoms or trays are inserted in the tank at intervals 

h = v
5 

x t ideally. The greater the number of trays, the 
0 . 

smaller may be the settling velocity. 

One factor in sedimentation is the siz~eight composition 

ot a suspension. This term may be expressed as frequency distri-

17 
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bution of the settling velocities. Camp('*?) showed that if settling 

velocity analysis of a suspension is ca.rried out, a cumulative fre­

quency distribution curve ma.y be drawn and from this curve the 

remova.l of ali pa.rticles is 

I
,p 

p = (1 - p 0) + l ~ dp 
Vo 

0 

in
in wthiermsch 

0
(fl t.-hPe0 ) is the removal of particles ha.ving v~ > v0 total suspension. 

{8) 

~ ~sdp 1a the removal o! parlicleo ha"Vizlg vs< v
0 

in 
oJ ... ~ terms of total suspension. 

0 

In vertical tanks only (1 - P 
0

) is removed. 

The foregoing theory will also apply to the settling of discrete 

pa.rticles in ideal radial flow basins, if the assumptions were made 

that tlow is truly horizontal and radial at ali points in the basin, 

and that the velocity is the same at all points equi-distant from 

the center of the basin. The velocity will decrease however, as the 

distance from the centre increasea and all particles will aettle 

along curved paths. 

Class II - Clarification 

In eatablishing the theory of settling of Class I particles, 

Hazen ( *18) applied the beha.vior of one partie le aize to a.n entire 

material in suspension. Obviously, this application can not be 

justitie9, when applied to suspension of Class II pa.rticles because 

these pa.rticles have varying hydra.ulic values and their aettling 



velocities are changing continuously. Particl.es r.ollidu when 

the fast-settl.ing particl.e~ col.lide with the slower one~ or when 

turbulence moves the particles together. 

19 

The important factor here becom.es contact or possible contact 

between particles. The number of contacts N per unit volume and 

tim.e may be estimated. Assume a particl.e with d:iam.eter d' and 

v5 
1 com.ing into contact with particle d" and vs n. This may take 

place in a cylinder or diam.eter d' + d 11 and height of vs' - vs". 

The height is derived so that one particle wil.l contact the other 

in a unit time t. It a unit volume contains total of n r partiales 

with d' and n'1 particles with d", the num.ber of contacts per unit 

volume and tim.e .may be expressed as fol.lows: 

(9) 

It these particl.es are of equa.l density, Stokes Law may be applied 

and the final expression for N or number of contacts becomes 

From. the above equation it can be seen that the number of contacts 

per unit volume and time is greater for la.rger concentration of 

particles of large aize, lar~e relative weight and large sise­

difference in a tluid of smal.l viscosity, or high temperature. 

The above considerations therefore showed that the removal 

(10) 

depends on both the clarification rate and the depth. As no satis­

factor.y formnlation of this type of cla.ritication exiats as yet 

the settling rate of thia cla.ss of pa.rticle sise may be determinee! 



by the ba.tch type settllng test. The suspension is pla.ced in a. 

settling column and a.llowed to settle, forming a distinct solid­

llquid interface. The initial rate of subsidence of this inter-

20 

face may then be used as the design settling. The !orm of ana.lysis 

may be va.ried. Sla.de ("*:34) for example, chose to sta.te his distribu-

tion tun.ction in ter.ms of the time of settllng of ea.ch pa.rticle 

from. top to bottom of the settling tank, whilst Camp(-PT), preferred 

to state the distribution tunction in ter.œs of a. ma.ss curve. The 

concentration of the suspended matter may be mea.sured in terms of 

suspended solids, turbidity, iron, alumina., calcium, ha.rdness, 

color, or a.n:y- other index tha.t is reduced by settling. 

The initial concentration of liquor in the settling tank 

must be very small, if free settllng of Glass II pa.rticles is to 

be considered without appreciable error. 

Camp (-PT) in hia study sta.ted tha.t: 

"The volumetrie concentration of auspended solids must 
exceed about 0.5% betore there is an appreciable 
reduction in settling velocity due to hindered settling. 
This is comparable to about 1000 ppm of sewage suspended 
solide." 

According to Kal inske( *21.), settling coDIItences to be hindered 

wben the solids in suspension occupy about 1% of the original volume 

of the mixture by weight. This point is rea.ched when there are 

about 1000 ppm of ailt in a suspension of wa.ter. 

Fair ( *1.3) states tha.t hindered fiow persista in sand a.s long 

as the volumetrie concentration ot the sand grains exceeds 4.8%. 



Owing to the va.rying views expressed by other authon, it would 

appear that it is probably not quite correct to say that there ia a.rrr 

detinite minimum value of the concentration at which hindered settling 

in Class II particlea commences. 

Settling basin performance and design. The previous discussion on 

the theoretical aspects o! sedimentation have been related to condi­

tions that exiat in an ideal settling basin. 

In actœl. settling basins, however, the theor,y Jllt1St be moditied 

by ettects or nocculation, turbulence, scour, currents, inlet and 

outlet disturbances giving rise to m1:x:ing and short-circuiting, and 

the movement ot cleaning mechanisms. In describing and evalœting 

these ettects and in prescribing tor their a:Dtelioration, Camp (if'!) 

has indicated that, 

i) Settling tanks should be designed on the basis ot the 

over!low rate, that is the settling velocity ot a particle ot sedi­

ment ot the smallest size theoretically to be loo% removed. 

ii) Detention periods are of themselves imma.terial; in tact 

tor vaste treatment long detention periods may be deleterious. 

From accumulated data obtained in the u.s., tour hours 

detention period is ~ and most common is two to three 

hours. 

iii) Tank should be no deeper than will be required to prevent 

sc our, and to accommoda te cleaning mechanisms. 

iv) Tanks should be long and na.rrow in order to mini.mi.ze the 

etfects ot inlet and outlet disturbances, cross winds, density 

currents and longitudinal mixing. 
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A brie! discussion of some of the factors mentioned above will 

be made in order to determine in what ways they affect the removal etficiency 

ot a settling tank. 

Flocculation in a sedimentation basin is due to two causes, 

namely, differences in settling velocitiea of the particles whereby 

taster settling particles overtake those which settle more slowly and 

coalesce with them, and velocity gradients in the liquid which cause 

particles in a region of higher velocity to overtake those in 

adjacent stream paths moving at lower velocity. 

It ia evident that removal of suspended matter will be increased by 

flocculation. 

In an actual settling basin, the velocity is not uniform over a 

cross-section, even though unitorm velocity at inlet and outlet is 

effected. Velocity at walls and floor of tank is zero because of 

frictional drag. Henee in most settling tanks the flow will be 

turbulent. From the resulta of experimenta by Camp, ( Wl) Dobbins ( *ll) 

and others, it was shawn in every case that the eftect of turbulence 

on settling of material in suspension is independant of seour and 

may or may not be aceompanied by bed load movement. Thus, if sc our 

and bed load movement are reduced to the minimum/ turbulence effeet 

will not affect removal efficiency. 

Currents in a settling basin contribute to short-circuiting of 
t • ' 

flow, e.g., 

i) Eddy currents wbich are set up by the inertia of the incoming 
.,. 

fiuid. 



ii) Wind induced currents when basins are not covered. 

iii) Convection currents that are thermal. in origin. 

iv) Density currents tha.t cause cold or heavy water to 

underrtm a basin and warm or light water to now across 

its surface. 

It is known from experimenta that some fiuids pass through the 

settling zone of a tank in less time than the detention period. This 

short-circuiting is due to dif'.terences in the velocities and lengths 

o.t stream paths. Short-circuiting is accentuated by mi:rl.ng of the 

tank contents, movement of cleaning mechanisms, high inlet velocities 

and by density currents. 

The etfect of short-circui ting on removal e.tticiency of a tank 

may be adverse i..t strong currents travel along the bottom of the tank 

at such a rate that the tractive torce wUl dislodge the particles 

a.lready settled or will carry the particle along as part of the bed 

load. It is thus necessa.ry to prevent or minimize the differences in 

the velocities at inlet. One way of eftecting uni..torm velocities in 

the tank is by introducing endless cella at the inlet to damp out the 

inlet disturbances. 

Types of Settling Tank 

The settling basins in most prevalent use toda.y are either 

rectangular or circular in shape. Settling tanks ditter in size, in 

arrangement of inlets and outlets and in method or sludge removal. 



It may be said that the methode ot sludge removal otten esta.blish 

the kinds ot settling tanks. The following categories can be ma.de:-

1) Tanks tha.t are emptied for sludge removal. These are genera.lly 

rectangula.r in plan and cross section with gently sloping bottom. 

Sludge is genera.lly a.llowed to accumula.te until anaerobie decompo­

sition starts. The basin is then put out ot service, the super­

na. tant is drawn ott and the sludge is pumped out or withdra.wn by 

gra.vity tor treatment or disposa.!. 

ii) Tanks with sludge scraper mecha.nisms. The scraper or plows 

push the sludge along the tank bottom to the sludge sump from 

where the sludge is withdrawn by pumping or by gra.vity tor 

trea.tment or disposa.!. 

iii) Tank with hydrostatic sludge removal. The bottom of the 

tank is for.med into one or more hoppers. Sludge is withdrawn 

da.ily from the hoppers without interrupting tank operation. 

In the treatment of wa.ste, the quantity ot sludgea to be ha.ndled 

are genera.lly so great tha.t continuous remova.l of sludge from 

the tank is wa.rranted. 

Rectangula.r tanks may be in single units or in a series of units. 

The length ot the tank is usually severa.l times the width. The inlet 

to the basin is a single pipe or series of pa.ra.llel inlet pipes. A 

portion of inlet velocity is dissipa.ted and some horizontal and 

vertical distribution ot now is accomplished by mea.ns of vertical 

baffie. A conventiona.l rectangula.r settling tank is shown in Fig. 3. 

The deposited sludge is moved to a hopper at one end by bottom scrapers 
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mounted on a car.riage moving on rails tastened to the tank walls. 

Floating ma.terial is moved to the sldmmer by the retuming scrapers. 

The scum is removed from the tank through a screen draw-ot.t channel or 

pipe. 

Circular tanks. The term clarifier otten is uaed to describe a 

circular sedimentation tank • The most common type is a single 

circular structure in which the .tlow is introduced at the center into 

a teed well which dissipa tes inlet velocities. The sewage moves 

radially from the teed well to the weir and overtlows through at the 

outside periphery of the tank. The settled solids are raked to the 

hopper near the tank center by scrapers attached to a drive unit at the 

center o.t the tank. The scraper mechanism also carries a skimndng 

deviee tor collecting the tloating ma.terials. Fig. 4 shows a con­

ventional circular clarifier. 

CHEMICAL PRECIPITATION 

In the above discussion, it was stated that .tlocculation increases 

the removal e.tficiency ar a settling tank. It is thus only pertinent to 

discuss brietl.y the methods used .tor .tlocculation and the chemicals most 

trequently applied. 

In 1740 chemical precipitation was tried in Paris, France. Between 

1857 and 1880 various methods were tried in England. In 1887 and 189.3 

chemical precipitation was used in the United States. Interest in this pro­

cess in the u.s. waned atter 1910. In 1929 a revival of interest appeared 

in the U .s. and by 1956 about twenty municipallties in Canada vere known to 

be using chemical precipitation process. 



Chemical. treatment or waste water is essentia.lly simi.lar to the 

chemical. treatm.ent or water. In some cases the chemicals are introduced 

into the suction Unes ot the pumps. It close control is required the 

chemical.s are added in a mix1ng cha.mber which 1s either constructed with 

battled sections to main tain a high degree of turbulence or, preterably, 

the basin 1s equipped w:i.th a mechanical. a.gitator to insure rapid and unitorm 

mixing regardless of the through put rate through the plant. Atter addition 

ot chemicals, a period o:t slow stirring is necessa.ry tor build-up ot floc 

pa.rticles so that sedimentation can be effective. The detention time will 

normally range from two to six hours tor a rectangular sedimentation basin. 

Modern developm.ents have been made to combine mi:x:ing, f'loccula.tion 

and sedimentation in one single basin. A single agita.tor mixes the chemica.ls 

and ra.w wa.ste with previously f'ormed sludge. This a.ids in more rapid tloc 

formation and greater reduction in detention period required tor treatment. 

Among units used toda.y are Accelator, Precipitator and Reactiva.tor. 

Clarification of' wa.ste is inetf'ective unless good floc 

formation ca.n be obta.ined. Chemica.ls used include terrie chloride, :terroua 

sulphate, alumina. sulpha.te, terrie sulpha.te, chlorina.ted copperas, cal.cium 

hydrate, calci'Wil oxide, sulphuric acid, sulphur dioxide, calcium hypochlorite, 

magnesium sulpha.te and liquid chlorine. 

Alum, technica.lly lmown as aluminum sulpha.te, is not col'DDIOnly 

used in the straight coagulation of' waste, but e:x::t.ensively used tor 

the clarification or certain industria.l wa.stes. Alum and a.ctiva.ted 

silica are trequently effective although the dosage required may be 

much hi&her tha.n norms.lly used in wa.ter treatment. 



Ferric chloride is possib~ more extensive~ used than a.ny 

other chemical tor precipitation. It is highly corrosive and is 

supplied. in liquid or cr:ystal rorm or it can be made loc~ by 

the Scott-Darcy process which involves the treatment ot scrap iron 

with a solution or chlorine. 
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Chlorinated copperas is usually made at the works by treating 

terrous sulphate with chlorine. It is invari&bly used in conjunction 

with lime. 

Calcium hydrate is employed tor a variety or reasons and is 

usuall.y used with the terrous salt to combine with tb.e excess 

mineral or acid salta. Occasionally it is used tor straight precipi­

tation in which the carbonates norma.lly present in the sewage are 

precipitated along with much ot the coagulable matter in suspension. 

Epsom salta or other magnesium compounds are trequently 

ettective, particular~ it the wa.ste bas a h1gh pH value. 

Chlorine. The application or chlorine either in the torm ot 

bleaching powder or as chlorine gas has been most consistent~ 

successf'ul in sewage treatment. 

A tew years ago it was thought that chemical treatment would 

outpaee ali other types ot puritica.tion but this prediction did not 

ma.terialize. It seems probable that the high coat or ehemica.la, coupled 

with the tact that etticiency ot sewage treatment is large~ dependent 

upon the correct application or chemicals which normally involves high main­

tenance cost, is one or the big reasons tor the slowing up in straight 

chemical treatment. 



In the .toregoing chapter, plain sedimentation and chemical 

precipitation have been investigated in some detail. Hazen, Camp and ~ 

others in the course or their studies made references to the application 

or their t~eories to sedimentation o.t sewage solids. It mast be said 

that waste water is an extremely variable material cha.nging in quantity 

and quality and in various characteristics which a.t.teet its settleability 

hourly, daily and seasonally. The resulte o.t the application or a purely 

theoretical ba.sis o.t analysis to a particular sewage under certain .tixed 

or assumed conditions is valueless, and even misleading when considered in 

terms o.t a va.eying material under varying external in.tluences. It 1s worth 

quoting the observation made by Proressor Sehroeprer ( *:33) atter his studies 

o.t 30 sedimentation plants scattered througbout the United States. 

11Despite the apparent simplicity or the theories or 
sedimentation and the clear relation or overflow rates to 
removal ratios, attempts to compare the performances or 
settling tanks in sewage works have been disappointing. 
There appears to be little or no correlation in actual 
operating records between removal ei'!iciencies and over.f"l.ow 
rates or detention periods." 
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CHAPTER IV 

SLUDGE TREATMENT & DISPOSAL 

Slud.ge is the settleable suspended solide removed from the 

vaste wa.ter by sedimentation. When regularly reiiDQVed from the sedimentation 

tank the slud.ge is termed tresh since it bas not undergone decomposition. 

Its quality depends upon many factors among which are: 

i) Composition, sta.te, strength, constituents and settle­

ability of the waste wa.ter entering the tank. 

ii) Characteristics and design of the settling tank. 

iii) Methods of settling tank operation. 

Sludge creates a most dittic'Ult problem in waste disposal because 

its polluting potential is greater than that of liquid traction. The a:mount 

ot slud.ge to be treated and disposed ot is great due to its volume. Slud.ge 

torms loose structures of particulate and nocculant matter with included 

wa.ter. The pore stru.cture and space is large, and therefore the water content 

is high, producing many times the volume of the solids actua.lly, torming the 

sludge. 

The observation of Van Kleeck(*'9) on the quality of raw slud.ge 

settled tromwaste largely of damestic origin is summarized in Table II. 
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Table II 

Characteristics ot Raw Sludge troœ Plain Sedimentation Tanks 

Qual.itz 

Physical texture 

Co lor 

Density 

Odor 

pH 

Total alkalinity 

Mineral or non­
volatile solids 
content 

Septicity 

Sludge volume 

Digestibility 

Grease content 

Description 

Non-unitorm, ll.JIDPY 

Brown 

A Yerage solids content 
ot 3 to 8% 

l'lor.ma.lly offensive 

Usually range 5. 5-6.5 
a.Yerage value 6.0 

Range 300-1000 mg/1, 
usually 500-800 iig/1 

Around 30% ot total dry 
solids 

Non-septic 

From 70-700cu.tt/mUl. 
ga.l. of sewage treated. 
Average about 250-350 
cu.tt?mUl. gal. 

Norma.ll.y' easily 
digested. 

Nor.ma.lly 15-20 mg/1. 

Dra.ina.bility on Poor 
sand beds • 

Remarks 

Dyes from industrial waste 
may color the sludge or it 
may be dark gray or black 
in c olor 1t septic. 

A good quality for drawing 
should average 5 to 7% solids. 

May have little or no odor in 
presence ot such industrial 
wast es as meta.llic sal ts. 

Aftected by industrial wastes 
and septicity ot sludge. 

If a.ppreciably more tha.n 30% 
presence ot grit should be 
suspected. 

Septic ra.w sludge is, however, 
rather co.mmon. 

High volumes indica.te too thin 
a sludge is being drawn. Low 
volumes :iildicate weak sewage, 
poor tank etticiency or sludge 
building up in tank. 

Non-digesting ra.w solids indi­
ca.te harmtul industria.l wa.stes. 

Appreciably higher figures are · 
indicative or industrial wastes. 
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Characteristics and guantity 

Standard Methods ( *1 ) tor the e:xamination o! water and waste 

wa.ter prescribe a n:um.ber or test procedures for s1udge analyses. The min 

items or interest here are specifie gravity, mois ture and solids contents 1 

solids ch&racteristics, acidity, alJœ_J inity, nitrogen, digesta.bility and 

volatile ac ids. N'UJD.erous investigations have supplied. enough ot genera.lized 

data for estimates ot qua.ntity and quality applicable to domestic waste. 

Certain properties ot sludge deserve a special consideration. 

From. the engineering viewpoint the m.oisture content ot sludge is 

its most important characteli stic. The so1ids trom the settling tank rorm 

liquid sludge with a 97% to 99.5% moisture content. It is obviously desir-

able to reduce the moisture content to tacilita.te handling and disposal or 

the sludge. 

It sludge contains a weight or W 
8 

solids and weight ot W ot water, 

then the percentage moisture content 

w 
P% = w+w xlOO 

a 

Sludge solids content then is 

w 
(lOO - P) %= W +sW x lOO 

s 

Specifie gravity ot dr,y sludge is gi ven as 

100 st sv 
s. = lOOS + P (st - s ) 

v v v 

(11) 

(12) 

(lJ) 



in which Ss = 
sf = 

specitic gra:rlty at dry sludge 
specifie gravity of fixed solids, 
usua.lly 2. 5 

S = specitic gra.vity of volatile solids, 
v usually 1.0 

P v = % of volatile solide in sludge 

With the above values, equation (1.3) becomes 

s s = 250 

Specitic gravity of wet sludge may be given as follows: 

100 sw 55 
s = P 55+ (lOO - P)Sw 

and as Sw = 1, usU&lly, hence equation (14) becomes 

s 25.000 
= 250P+ (lOO - P){lOO + 1.5Pv) 

Volume of wet sludge is given as 

W lOOS + P(S - S ) s 0 w s w 
V = W (lOO - P) S S 

s w 

Dewatering of sludge will reduce its volume, and a.dding 
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(13&) 

(14) 

{14a) 

{15) 

subscript zero to the designation values above, the volume of 

pa.rtiallY dewa.tered sludge V, may be expressed as follows: 

v =v 
0 

lOOS + P(S - S ) (lOO - P ) 
8 s w • 0 

lOOSw + P
0

(Ss - sWJ (lOO- P) 

When specifie gravity of total sludge solids is close to 

specifie gra.vity of water, or un.ity, 

{16) 
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100- p 
0 

v = vo 100- p (16a) 

The equation (16a) indicates that "the loss ot water from 

sludge changes its volume approX:imately' in the ratio of ita 

solids œoncentration. It ia thus advantageous to red:tlce the 

moiature content as much as possible in order to reduce sludge 

volume and etfect econo1111 in sludge handling. 

Measurement of the quantitiea of sludge that are produced by 

different treatment processes is a routine undertaking of waste water 

treatment works; Estima. tes ot expected quantities may be made by analyses 

ot the wa.ste water and from a knowledge of the removals ot solids eftected 

by different treatme:ut processes and the changes produced by different 

sludge-treatment methode. 

Estima.tes ot the associated volumes must depend upon general 

information relating to the water or solids content ot the sludge and to 

the proportions and specifie gravities of the constituent volatUe and 

tixed solids. 

Ca.lculation of actual quantities of sludge rests tundamentally on 

the base values tor the composition of domestic waste water given in Table XXVI 

p. l<.D and the etticiency ot removals mentioned earlier in Chapter II. 

The commonly observed weights and volumes of domestic waste water 

sludge are shown in Table III. 

Sludge treatment methods 

The basic methods employed in sludge treatment are varied and 

discussion of some ot them will be given. 
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TABLE III 

Weight and Vol'IDD.es ot Domestic Waste Water Sludge from Plain Sedimentation ( *20) 

Waste water tlow = 100 gals. per capita per day. 

DRY SOLIDS WET SLUOOE fuel value M lb/lOO lb/mg Solids cu • .tt/1000 gal./mg. BTU/lb ot 
pers on sewage % persona sewage dry solids 
per dq dail7 

(a) (b) (c) (d) (e) (t) {g) (h) 

1. Wet primar;y thin 54 119 1190 2.5 76 4,700 8,000 
2. Wet prima.r;r thick 54 119 1190 5 .38 2,.360 8,000 

.3 .. Wet digested .34 75 750 13 9 584 4,000 
4. Air dried digested .34 75 750 45 4-5 250 4,000 

( ) = 1000 x (b) 
c 454 . (d) =lOx (c). {e) Common values. (t) Closely o.i~\eJ 

(g) = 6.25 x lO(t) (h) CoDDDOiùy observed volatile matter content .. 

In checking the sewage sludge at Beaconstield tor the present population ot 12,000, 

values tor wet digested sludge were taken, giYing:-

wt. ot sludge on dry basis = 900 lbs. 

wt.. ot wet sludge = 674 gallons 

e 

The calculated weight of wet sludge compares tavourably with pumping test* carried. out in August 196.3. 

Fuel value = 4,000 x 900 = .3,600,000 BTU. 

* Table No.Xm shows pumping periods investigated .. 

~ 
Vf· 
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1. Slugge Thickening. 

Means of sludge tbickening are otten used. to red.uce the cost of 

handling and disposing of voluminous quantities of slud.ge. The water content 

in the fiocculent ma.ss is hard to remove, and even atter thickening it is 

very high. The ultima.te concentration obtained is effected by various factors 

a.mong which are, 

i) Nature of settleable solids, their density, shape, fiocculent 

structures, electrostatic charges and other surface characteristics. 

ii) The concentration of settleable solids in the original 

suspension. 

iii) The dissolved substances in the intersticial blanket. 

iv) Temperature 

v) Depth of the sludge blanket. 

vi) Surface area of the blanket. 

vii) Time allowed for compaction of sludge. 

viii) Structural modification by ~hanical action. 

a) Settl.in& may be defined as the reduction of moisture content of 

a semi-liquid. maas by gravity sedimentation. This process is carried 

on in a thiekener unit. 

A thickener nor.mally operates as a continuous process unit with a 

slud.ge innow near the top, a thiekened undernow at the bottom and a 

clarified flow a short distance above the inlet. The depth of the 

thickener may be considered to be divided into four horizontal zones, 

located one above the other as shown in Fig. 5. 
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Zone A extends from the feed level to the overnow level and is 

called the clarification zone. During steady state operation 

the larger part of the liquid in the feed rises through the 

clarification zone and overnows the weir. The rest of the 

liquid and the solids move downward and are discharged through 

the bottom. 

Zone B extends from the level where the feed is introduced at 

the bottom of feed well to the top of the transition zone. 

The feed weil may be said to permit dilution of the feed 

slurry with the clarified liquid in Zone A. Zone B may be 

called the zone of uniform settling rate. The solide in the 

feed slurr.y settle through this zone to the transition and 

compression zone. 

Zone C 1s the transition zone, and it is the zone in which 

the particle concentration changes from hindered settling to 

compression zone settling. 

Zone D is the region of compression, generally the concentrated 

slurry in this zone is moved to a central discharge by the 

gentle action of a rake mechanism. 

The solids content of the sludge influent into the thickener will 

genera.lly range from about 800 to 5000 parts per million, and the 

volumetrie concentration of the particles is so great that the 

initial subsidence representa a process of hindered settling. 

A discussion of the mechanism of settling was first described in 1917 

by Coe and Clevenger( ~-9). They ~;~tated that when a suspension is 
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allowed to settle quiescently in a container the interface between 

liquid and solide falls at a uniform rate. At the same time the 

compression zone builds up from the bottom of the container. Atter 

a period of time, the rate begins to diminish, indicating that the 

interface has reached the top of the transition zone of variable 

composition. The decline in settling rate continues, and when the 

interface reaches the top of the compression zone, further fall 

resulta from a consolidation of the suspension. Application of 

rake to improve thickening in the compression zone was later demon­

strated by Bull and Darby(*6) in 1926, and subsequently veritied by 

ethers including Kanmermeyer(*22) in 1941 and Commings(*lO) in 1954. 

In 1952, Kynch ( *25) presented a theoretical analysis of the 

thickening process based on the assumption that the velocity of a 

settling particle is a function solely of the concentration of 

particles in the immediate locallty. 

Talmage and Fitch(*jS) later in 1956 applied the resulta of 

K'ynch analysis to the design of thickener and developed msthod for 

determining the required cross-sectional area. 

In order to understa.nd the mecha.nism of th.ickening process the 

zones B and D in Figure 5 will be considered separately under the 

headings:-
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Hindered settl.ing. In the settling of particles in a sedimentation 

tank, Stokes ( '*:3?), Camp ( '*7) and ethers based their work on free settllng, 

but in the thickening process, settling of particles cannot be called 
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free settling. Glose proximity of particles in the interface leads 

to a rate of settling lesa than that predicted by Stokes(*.37) Law. 

Settling is theref'ore considered as hindered. Empirical relationships 

for this phase of settling process were developed b;y Kermack, 

McKendrick and Ponder(*23) while ethers like Egolf(*l2) and 

Robinson ( *3l) developed semi-empirical formula.e b;y simply modif'ying 

Stokes'(*37) Law for the settling velocity of a particle. 

Robinson ( *.31 ) proposed:-

in which H = height of sludge co1tmlll, s1urry interface 
t = ti.me 
Kr = constant 
~c = density of suspension 
# = viscosit;y of suspension 

The above equation merely altera Stokes' Law in its final fo:rm 

and when dealing with waste water, both values of 11d" and (p
8 

- pc) 

are questionab1e entities. 

The work of other researchers frequently is presented in the 

following form. 

:! = f(e) ve 
in which v =the hindered velocit;y and 

f(e) = ca function of e the fractional volume 
of dispersion medium (dimensionless) 

Steinour(*.36) for examp1e, :round f(e) = e2lo-1 •82(1 - e) 

(18) 

Fair and Ga.yer(*l3) suggested :r(e) = e4•5 for suspension 

of discrete partic1es. 



(*10) Comings utilized the relationship 

!. 
v c 

derived from Robinson's(*.3l) equation and Stokes 1 (*.37) 

Law. p. from above is the viscosity of the dispersing e 

medium. 

A study of the experim.ents made by Rudolfs ( *.32) and Camp ( *7) 

indicated that for a mixed liquor of 10,000 ppm, hindered settling 
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persisted between velocities of 0.008 to 0.15 centimeters per second 

whereas for mixed liquor of 2,000 p.p.m., free settling persisted 

in the range of 0.14 to 0.27 cm. p.sec.. In a later experiment by 

McNown(*27), he showed that settling velocity in suspension of 1,000 

p.p.m. by volume is decreased by as much as 1.3% wbereas at a 

volumetrie concentration of 10,000 p.p.m. the settling velocity is 

decreased by as much as 25%. 

A review of K'nych ( *25) analysis will perhaps help in understanding 

the quantitative mechanism of settling of particles in zone B. 

It one considere a thin layer in the transition zone of 

Figure 5 with concentration C moTing up with velocity U ft/sec., 

it follows that the particle settling into this layer will have 

a concentration of (C - de) lb/cu.tt. and a settling velocity of 

(v + dv + Ü) ft/sec. with respect to the layer. The concentration 

of solids settling out of this layer will be C with settling 

velocity (v + Ü) ft/sec. with respect to the layer. 



Since the concentration of the layer is constant, the quantity 

of solids settling into the layer must be equal to the quantity 

of sollds settling out of the layer and. a material balance can 

there!ore be made. 

(C - de) A • t (v + dv + Ü) = C • A • t (v + Ü) 

in which 

A = area o! transition layer at time t. 

Simplity:lng and solving for ii (neglecting second order terms 

(19) 

u = c dv - v (20) 
de 

According to Kynch 's postulate v= f(concentr. C) and now 

through substitution 

Ü = Cf'(C) - f(C) 

From above, the concentration of the layer, C = constant, 

and, since f(C) and f' (C) have fixed values, Ü also must remain 

constant. It is a fact tha.t U, or the rate at which the layer 

of concentration C travels up through the suspension, remains 

constant. This tact can be used to detemine the sollds concen-

(21) 

tration of the layer at the upper boundar.f of a settling suspension. 

Suppose H
0 

and C
0 

are the initial height and concentration of 

a slurr:y in a batch settling. The total weight of the suspended 

solids in the slurr:y is H • A • C • If c2 is the concentrS.tion 
0 0 

of the layer reaching the liquid solid interface at time t 2, 

then the quantity of solids that has passed through this layer is 

C
2

A.t2(v2 + ü2). This must equal the total weight of solids in the 

column, 



(22) 

The rate at which any l.ayer propa.gates upwa.rd has been !otmd 

to be constant. There!ore, 1! the interface at the ti:me t 
2 

is 

at a height H , 
2. 

U t = H 
2 2 2 

Substituting this in the equation (22) 

CH 
c = 0 0 

2 H2 + v
2
t

2 
(2.3) 

It the initial concentration or a batch settling rate is know.n, 

curve can be constructed showing height or solid-liquid interrace 

versus time and rl:'Om the graph the economie height H 1 can be round. 

This is the height the slurry would occupy 1! all the solids 

present were at the same concentration as the layer or solid-

liquid interface. 

Equation (2.3) becomea 

CH 
c - -::=--~0~0!;--~=-

2 - H
2 

+ H1 - H
2 

CH =CH 
2. • 0 0 

bence, 

Tal.mage and Fitch ( *.3S) tollowed up Kynch' s theoey ( *25) and 

utilimed equation (24) to obtain 

(24) 
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A == 
t ___y_ 

CH 
0 0 

in which 

A = the unit area of a layer in a continuows tlow 
thickener required to pass one ton of solids 
ot concentration c2 in one day-. tu. is the 
critical time taken tor the quantity or solids 
in a batch test to subside past the layer of 
concentration c2 in a continuous tlow thickener. 

In 196:3 Behn and Liebman ( *4) also applied equation (24) to 

the design or thickeners and obtained 

in which 

(25) 

(26) 

Q
0 

=the volumetrie reed rate in the continuous tlow 
thickener. 

C = the underflow solids weight concentration. 
u 

Compression zone. When hindered settling progresses to the stage 

wh en the particles in suspension are in mutual contact, turther 

settling bears little relationship to Stokes•(*J7) Law. 

Roberts (*JO) developed an empirical formula for analyzing 

the compression zone as follows, 

in whieh 

D = dilution factor at time t, weight ot tluids 
di vided by weight of solide 

(27) 

D0 and D co are dilution factors at time zero and infinity. 
K = constant • 

4:3 
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In 1953 Behn(*4) obtained the equation 

log (D - DOO') = Kt log (D
0 

- D
00

) (28) 

in which the constant 

K = 
K•(p - p)g 

s 
HW 

c 
• where K == permeability constant 

From the foregoing discussion a qualitative and quantitative 

(29) 

mechanism of suspension thickening has been presented. The behaviour 

of solids during settling is considered to be hindered due to high 

solids concentration in the liquor, the rate of settling being less 

than Stokes' terminal velocity(*J7) of a single particle. 

Hinderance is deemed due to mutual interference of the particles. 

The ratio of free to hindered settling velocity has generally been 

taken as a function or the fractional volume o! dispersion medium. 

From the hindered zone the particles settle through the- transition 

zone to the compression zone. Theoretical analysis of the zone 

mechanism based on works b,y Kynch ( *25), Talm&ge ( *38) and others 

have been used in the fiEÛ.d of thickener design, although in actual 

thickener operation the four zones are not distinct. Experimenta on 

actual thickeners have shawn that the passage from the hindered 

settling zone through the transition zone to the compression zone is 

not well defined. 

A detailed discussion of the thickening process has been made 

because of its relevant bearing on the experimental investigation 

carried out in this work. 
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(b) Pressurized notation. The process emplo;ys the use ot pressurized. 

air tor separation ot sollds from sludge with or without the use ot 

coagula ting chemicals. When chemicals are used these react with 

alkaJ ine substances in the slud.ge to produce numerous small gas bubbles 

which cause the sludge partiel es to rise. Up to date there ha s not been 

enough investigations and operational experience tor effective evaluation 

ot this process. 

2. Sludge Conditioning. 

The term. sludge conditioning as commonly used in vaste wa.ter 

treatment relates to a process bywhich waste slud.ge is conditioned. 

Two methode ot sludge conditioning are generally recognized: 

a) Chemical coagulation. When certain chemicals are added to raw 

sludge they torm. relatively insoluble tlocs which coalesce suspended 

and colloidal particles in the sludge. This action tacilitates the 

extraction of moisture from the sludge by filtration. The chemicals 

used are the same as th ose described previously in chapter III. 

Ferric chloride is, however, the most widely used coagulant for 

chemical sludge conditioning. 

b) Elutriation. This process was tirst studied by Genter(*l6) and 

comprises essentially the rem.oval of soluble decomposition products 

normally present in sludge by washing with water comparatively tree 

of auch compounds. In aome cases washing ot the slud.ge is done with 

plant etfiuent using mechanical or diffuaed air agitation. There 

are tour steps in the process, 

.,.. 
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i) 'l'he sludge is diluted with water. 

ii) The water and sludge are mixed thoroughly and rapidly to 

.:forma weaker solution o.:f the dissolved decomposition products. 

iii) The wa.shed sludge is removed .:fro• the mixture by sedimen­

tation. 

iv) The weaker solution is decanted and usually returned to the 

primary settling tank. 

Elutriation may reduce the alkalinity o:r the sludge and there.:fore 

less coagulant would be required :for .:further conditioning. 

3. Digestion 

The most common method o:r processing sludge is by digestion o:r 

the organic solids resulting in stable matter vhich can be econolllically 

disposed o:r by d.rying or burning without creating a nuisance. 

Digestion is accomplished in covered heated or unheated digesters. 

The ear liest large sc ale ta.nks :for digestion o:r slu.dge were 

built of earth at Birmingham, England in 1913. Open masonry ~anks 

without m.echanical equipm.ent were built in Baltimore, United States 

o.t America, in 1910. A.:fter World War I experimenta were made in the 

United States with .mechanically cleaned digestion tanks; .:first 

uncovered and then with .tixed covers :for the collection of gas. Since 

the .:first heated digestion tanks went into operation in the United 

States about 1926, the process has grown in popularity and is in 

use in most waste treatm.ent plants in North America. 
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A brie.t resllDI.e of the mechanism of digestion may perhapa prove of 

assistance in this respect. 

Raw or concentrated sludge contains abundant food for bacteria 

and other microorganisms wbich are already present in the waste. 

These living microorganisms break dawn complex organic matter into 

simple, more stable substances. In the absence of axygen within 

the closed digester, only the facultative microorganisms survive and 

multipl;y. In raw domestic sludge the volatile content is about 7($ 

and the inorganic content is 30%. Much of the water in the sludge 

is "bound" water wbich will not separate from the sludge solids. 

The facultative microorganisms break dawn the complex: molecular 

structure of these solids, setting free the "bound" water and 

obtaining axygen and food .tor their lite existence. 

The initial attack is brougbt about b;y extracellular enzymes 

elaborated by the bacteria. T.bese enzymes hydrol;yze the organic 

matter to simple soluble compounds which are utilized in the synthesis 

ot protoplasm of the bacteria. The cellulose and starches are 

hyd.rol,.-zed to the simple sugars, while the proteins are broken to the 

amino acids. Only the tatty acids are not attacked by the extra-

cellular enzymes. 

In the anaerobie environment the bacteria do not bave an unlimited 

bydrogen acceptor and the extent of metabolism is definitely limited. 

The final hydrogen acceptors are carbon, sulphur, nitrogen and phos­

phorous. The pattern of metabolism leads to the formation of ac ids, 

which resul ts in lowering of the pH as the concentration becomes 



sufficiently high. The build-up of acid end products has resulted 

in the first phase of the digestion process to be known as the acid 

phase. 
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The high acid concentration retards further bacterial metabolism 

because of the low pH and the build-up of an end product in the system. 

Essentially the biological system approaches equilibrium. A second 

group ot bacteria. develops which can utilize the organic acids. As 

this group increases, the acids are metabolized to carbon dioxide and 

methane. Metabolism of the amino acids resulta in liberation of 

ammonia, which in turn neutralizes a portion of the remaining acids. 

In this way the pH rises thus creating favorable living conditions for 

bacterial growth. This second phase of digestion is lmown as the 

methane phase. 

The methane fermentation quickly lowers the excess acids and 

permits further degradation of the more complex organics. The methane 

bacteria break dawn the fatty acids, using carbon diaxide as their 

hydrogen acceptor and water as the ~gen donor. The acetic acid is 

also broken down to methane and carbon dioxide by direct metabolism. 

The third phase of digestion is a period of intensive digestion, 

stabilization and gasification. In this phase the more resistant 

nitrogenous materials such as higher proteins and amino acids are 

attacked by the bacteria given off methane and carbon dioxide. 

As long as the digester is able to maintain a balanced bacterial 

population of acid formera and methane formera, there are few operating 

problems. The organic matter added to the digester would be quickly 



converted to methane and carbon dioxide. Unf'ortunately a sudden 

addition of a large quantity of readily degradable organic matter 

quickly resulte in the formation of excess acids with its resultant 

depression of pH and bacterial activity. 

The microorganisms are highly speciàlized bacteria. The most 

active bacteria are the facultative bacteria and the obligate 

anaerobie bacteria. The acid formera are .mostly the facultative 

bacteria. The methane formera are a small specialized group of 

bacteria that are obligate anaerobes. There is a third group of 

bacteria which occurs in anaerobie digestion, the sulphur bacteria. 

These bacteria utilize sulphates as their hydrogen acceptor with the 

production of hydrogen sulphide as the reduced end product. 

Once the microorganisme have finished digesting the organic 

solids, the sludge is removed from the digester and dewatered by 

gravity or vacuum filtration. The dried sludge can then be disposed 

of on the land where microorganisms break down the small quantity of 

organic material lett. 
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Consid~ring the microbiology of anaerobie digesters and the 

biochemical reactions they bring about, it should be possible to 

postula te how a digest er should be constructed to yield the maxi umm 

stabilization for the least effort. The few changes in anaerobie 

digesters in the past few years have shown that by making the environ­

ment mere favorable it has been possible to reduce the digestion 

period dawn to as law as sU: daye. 



The anaerobie digester should be operated as a complete mixing 

type of treatm.ent tmit in order that microbial population could be 

kept relatively uni.t.'orm, both in total maas and in species. This 

means uni.t.'orm feeding and complete mix:f.ng a.t a.ll times in a.ll points 

ot the, tank. Constant teeding helps to elimina. te shock loa.dings and 

bence sudden increases in volatile a.cids. Once the orga.nic matter 

bas been added to the digester, it DltlSt be completely dispersed to 
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a.1l points in the tank. This ca.n be accomplished only with high-speed 

The rate of biological reaction is clea.rly a .flmction of 

temperature. This has been shotm in anaerobie digestion where beat 

is added to elevate the tank temperature to between 33• and 37•c. 

One of the most important advances in hea.tin.g digesters bas been the 

development of the externa.l heat exchanger to replace the intemal 

hot-water coils. One of the thin.gs that extemal beat exchangers 

opened up for reconsideration is the case of ther.mophilic digestion. 

Ea.rl.y resea.rch had shotm tha.t thermophilic digestion at 55•c was lllllCh 

more rapid tha.n at 35•0, but it was not practical beca-qse of the high 

rate or sludge drying on the hea.ting pipes. With externa.l beat exchqers 

a.nd high sludge recycle rates it is possible to raise the temperature 

of the digester to 55•0. 

The resulta of a yea.r 's operation as reported by Anderson ( *3) 

indica.ted that the high-rate digester would digest raw sludge at 

loa.d:ing rates in excess of three times those possible with conventional 

digesters. 



4. Sludge Dewateri.ng 

The concentrated. sludge obtained. by utill.zillg thickening, 

conditioning and digestion method.s, con tains too .much water to permit 

econODi.cal and convenient f'inal disposal. Moisture may be turther 

removed by employing mechanical method.s. 

Some or the dewa.tering processes presently in use will be 

described. below: 

a) Vacuum filtration. The process is essentially the removal 
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or moisture from a layer of' sludge. The sludge is drawn by suction 

onto a porous medium usually a cloth of cotton wool, S1llthetic f'ibres, 

plastic or a stainless steel mesh, or, a double layer of stainless 

steel coil springs. A spadable, friable slud.ge cake is finaJJy 

produced. and this can be beat dried., incinerated. or used. as fill. 

The successf'ul dewatering of' sludge by this process requires 

proper conditioning of the sludge prior to filtration. The choice of 

conditioning method.s and amounts of chemicals is generally predicted. 

by perf'orming filtration tests in the laborator.y. 

The rotar.y continuous vacuum filters are generally classif'ied 

into the drum type and the horizontal belt type. 

The drom type is essential.ly a drum over which is laid the 

f'iltering medium.. The filter:ing medium. is cotton or woolen cloth of 

suitable weight and weave. The cloth is stretched and wired. over a 

support.ing layer of copper mesh which covers the sidas of the drum 

and overlies a series of cella running the lellgth of the drum. These 

cella can be pl.aced under vacuum or pressure. 



The d.rœli is suspended horizontally so that about one quarter 

of its diameter is immersed in a trough containing sludge slurry. 

A vacuum of sut.ficient ~tude is applied to the submerged celle 

to attach a mat of sludge of sui table thickness to the cloth. The 

em.erging mat is placed under a drying 'Vacuum and the sludge liquor 

is drawn into the 'Vacuum cells and drained from them for treatm.ent 

and disposa! with other sludge liquors. 

The dried .cake is remoYed tram the c:lrum by a scraper just 

before it entera the sludge trough again. 
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The horizontal belt type is manutactured in Canada and closely 

resembles a conYeyor belt. At the wet end, coagul.a.ted sludge with a 

moisture content of 95% to 96% is introduced. This sludge is retained 

on an endless belt of woolen filter cloth. The filter medium bearing 

its sludge load and supported by a rubber suction mat moves across a 

battery of vacuum axb.aust port.s. These ports are of equal wi.dth to 

the filter cloth and suction mat. They are joined to a colliDIOn 'Vacuum 

and tiltrate liquor manifold. 

b) Centntuging. ·This is a liquid-solid separating process which 

has long been widely accepted by industries for sludge dewa.tering. Up 

to the present time there are about 20 waste water treatment plants in 

North America employing centrifuges. It can therefore be said that 

sludge dewatering by this process is still ~ the experimental stage. 

There are a .few lmown types of centrifuges nov in operation, among 

which are solid bowl centrifuge and sonic screens .. 



'l'he Bird continuous solid bowl centrifuge consista essentially 

of two rota ting elements. The bowl is dri ven by a motor and the 

conYeyor is driven through a gear system that revol~ the conveyor 

at slightly lower speed than the bowl. Slud.ge is ted through a teed 

pipe inside the conveyor from where it passes through ports into 
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the pool of liquid ma.intained in the bowl. Solids are settleq against 

the wall of the bowl by centrifugal torce and picked up by the screw 

conveyor which maves it across to the discharge end. 'l'he clarified 

liquid leaves by vay or effiuent ports in the bowl. White ( *40) 

in his ex:perim.ent of this type or centrifuge showed that a concentrated 

sludge of 28 to 32% solids contents vere obtained. 

'l'he sonic screens method or dewaterl.ng or sludge is relatively 

new and is in the experimental stage. When rav sludge is passed through 

a sonic screen apparat us, dewatering resul ts from longitudinal and 

transverse electromagnetic vibrations in the sonic range. 'nle transverse 

wa.ves produce an extrem.ely rapiddel.etering rate while the longitudinal 

vaves a.gglom.erate and concentra te the solids. The basic unit consista 

of screens rlbrating in several planes sim:u.ltaneously. One installation 

used in the Wuppertal-Buchenhofen plant in West Gel"!!laalY(*24) consista 

of the tollowing separate pieces or apparatus: 

i) Coarse screen w:ith 8 x 24 m.. mesh. 

ii) Sonic vet screen with mesh varying as selected from 2 to 12 •· 

iii) Three sonic screens with square mesh varying betveen 

0.5 mm to 0.1 mm.. 

iv) Roll press with recirculation system of the press water. 



Keiss ( *24.) reported that .from tests carried out on the 

installation, the coarse screen removed 2% of the total solide; the 

sonic wet screen removed 2.3% of the total solids, while the sonic 

screens rem.oved 55% of the total solids. The discharged sludge 

contained approximately 75% to 80% water and this vas turther 

pres5ed to produce a turther reduction in moisture content to about 

6cJ% to 65%. 
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The resulta of many experimenta carried out on the above mentioned 

centrifuges have shawn that moisture content may be reduced to a point 

where the total solids content of the dewatered sludge is in the range 

of 65 to 70%. Frequently however the concentrates from these processes 

have relatively high solids content compared vith the .f'iltrate from 

vacuum .f'Uters. 

c) Freez;!.ng. The freezing of sludge to facilitate turther 

dewatering has not been practised in North America. Nevertheless, 

many a vaste treatment plant operator has observed that trozen sludge 

dewaters very quickly and atter thawing the solids make humus, having 

lost the sticky characteristic o.f' partially dried sludge. It has been 

speculatecl that the treezing action breaks the c ell walls that retain the 

interna! moisture in sludge. 

5. §ludge Dryisg and Incineration 

The principal bases of design for units devoted to sludge drying 

and incineration are as follows: The quantity and characteristics of the 

sludge, the fuel available, the scheclule of operation, and the proposed 
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method of handling and storing :materials and disposing of the end products. 

Among the methods used today for sl.udge drying and incineration are the foL­

lowing. 

a) Air dr;ving. This is a process whereby' sl.udge is air-dried Ôn 

beds of sand or other granul.ar :material.s. The sludge depth depends 

on the kind and character of the sl.udge. As the J.iquor percolates 

through the sand, evaporation becom.es an important part of the 

dewatering process and helps to dry up the sludge. The dried sludge 

reaches a moisture content of 50% to 6rJI,, shrinlœ about 65% in bulle, 

and .may be removed for final disposal. atter ten da.ys to three weeks. 

The beds usual.ly consist of a bottom J.ayer of gravel of uniform 

size about one foot deep, over which is laid, 6 to 9 inches of clean 

sand. Farm tUe mderdrains are J.aid in the gravel. layer in a ma.nner 

which provides positive drainage. Most sand drying beds are used in 

conjmction with s:mal.l waste water treatm.ent plants where mechanical 

dewatering processes are too expensive, and adequate economie and soil 

conditions exist. 

b) Heat drxing. Sludge mostl.y used for commercial fertil.izers 

are otten dried by heat in a drier. A concentration of 50% to 90% 
,1 

sol.ids content :may be obtained. There are two types of driers used, 

the kiln 4,rier common to the l.ime and cement industry, and the flash 

drier or cage mill system. Drying in ali cases is promoted by adding 

a sufficient amomt of previousl.y dried sl.udge to the incoming cake 

in order to reduce the concentration of the mixture to about 50%. 
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The purpose of heat drying of sludge may be s'Ulllll&l'ized as follows: 

i) To reduce the moisture content of the dewatered sludge so 

that its volume is reduced to a practical ~ for economical 

disposa!. 

ii) To retain the fertilizing properties of the dewatered sludge. 

iii) To destroy microorganisms capable of producing diseases. 

iv) To retain and improve its soil conditioning properUes, and 

v) To reduce odors. 

The rotary kiln drier consista of rotating cylinder revolving at 

speeds of 4 to S r .. p.m., with heated gases entering at one end with 

the eludge cake. Baffles or fiights help break up and mix the drying 

sludge as it passes from inlet to outlet of the kiln. The dried sludge 

is granular in shape and may conta.in clinker-llke masses which are 

ground before use as a soil conditionero 

The nash drier subjects the cake to high temperatures for a 

short period of time. The cake ie then mixed with som.e m.,- sludge and 

fed into the drying system. Here the mixture ie moved at a velocity of 

severa.l thousand feet per minute in a stream of gas having a temperature 

of about l000°F. The passage through this high temperature zone takes 

a few seconds. During this tim.e the moisture is reduced to about 10%. 

The most widely used meane of collecting dried sludge from the system 

are high-efficiency centrifuga! dust collectors. 'lbese units usually 

consist of a large number of small diam.eter cyclones which gi ve high 

efficiencies even on the fine duet obtained from the combustion • 
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Stacks are used to disperse the gases given off from the system. The 

exit temperature ia about lOO•F and none of the fertilizing properties 

in the original cake are known to be destroyed. The dried sludge may 
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be diapoaed of as soU conditioner or incinerated for conversion to ash. 

Some recent innovations of heat treatment of sludge are spray 

drying, and the Porteoua proceaa. (*5) 

Spray drying of wet sludge in a heated tower has been tried with 

indifferent suc cess. The procesa described by Dr. Gauvin ( *15), consista 

of a spray evaporator 5 feet interna! diameter by 7 feet 6 inchea high. 

Hot gases at l000°F and a 4% aludge injected at the throat of a venturi, 

enter at the top of the evapora.tor. Water ia eva.porated from the 

a.tomized particles and passes off with the hot gasea. 'l'he exit tempera­

ture of the apent gasea ia about JOO•F. The dried sludge dropping to 

the bottom of the tower have about 11% aolids concentration and this 

may be turther incinerated or used as a fertilizer. 

The Porteoua process ia an Engliah development that bas met with 

considerable succeaa in England. The procesa takes it name from W.K. 

Porteoua, the inventor, and essentia.lly depends on stea.m hea.ting the 

sludge about 15 minutes. This action a.lters the gel-like structure 

of the sludge, thereby reducing hydra ti on and water affinity of the 

solide. The heated sludge mixture can therefore be separated veey 

easily by simple settlement and decantation. The thickened residus 

can be further dewatered. by fil ter-press methode. Among the a.dvantages 

attributed to the procesa are:-
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i) Freedom from weather conditions. 

ii) Freedom from waste sludge smells. 

iii) Low plant and operation costs. 

iv) No chemicals required for sludge conditioning. 

v) Elimination of drying bede. 

v.i) Complete sterilization of all sludge. 

c) Incinerjàtion. Attempts to burn air-dried sludge out of doors 

have been ca.rried on for over 60 years but have met with limited 

success only,due to problems encountered with respect to smoke, odor, 

and weather conditions. Arter the First World War attempts were made 

to burn waste sludge in combination with other wastes or combustible 

ma.terials. The first few years prior to 1935 saw the tiret effective 

and practical work done to burn sludge in an incinerator. After 1935 

some municipalities in North America used incineration proeess as the 

method of final sludge disposa!. In tact there is no knatm praetical 

method today that so nearly approaches the ultima.te in waste solide 

reduction as incineration. 

The purpose of incineration may be summarized as follows : 

i) Couplete destruction of ail organic materials, k~lling of all 

microorganisme and reduction of the volume of the sludge to a 

minimum. 

ii) Control by burning ail gases released from the slud.ge, and, 

iii) Production of inert ma.terial which can be disposed of 

readily and economically • 
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Incineration is done by burn1ng dewatered sludge to ash at 

temperatures between 1,250° to 1600°F. This may be accomp1ished in 

a cyclone or flash type rurnace installed in connection with either 
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a rlash drier or a kiln; the multiple hearth turnace, or an evaporator. 

In most cases heat dr,y1ng precedes incineration as in rotary 

driers and multiple-hearth .furnace. When heat d.ry1ng is separated rrom 

incineration, the preheated sludge is burnt in suspension in a reactor 

at a higher temperature as in the Zimmer.man process. ( *42) A recent 

innovation is the Atomized Suspension Technique(*l5) .for complete 

combustion o.f dewatered sludge. 

In the nash drier, the sludge is rirst predried with the hot 

gases retumed rrom the combustion chamber. The pre-dried sludge is 

trans.ferred into the f'ire box of' the .flash incinerator where the sludge 

is reduced to ash. A portion o.f the dried material has to be retumed 

to the .filter cake so that the wet .filter cake can be properly handled 

in the nash drier .. 

The Herreshorr Multiple-Hearth Incinerat.or ( *4l) was .tirst used 

in the chemical industry in 1885 .tor the roasting or pyrites in 

sulphuric acid plants. Little change wa.s required in this type of 

unit to adopt it ror sludge buming. In the multiple hearth turnaces 

the wet filter cake is introduced at the top hearth and by means of 

rabble arma, the sludge is moved to each successive next lower hearth. 

Combustion takes place in the third or fourth hearth from the top. 

Ash is removed rrom the lowest hea.rth. The temperatures in the various 

hea.rths range between 800°F at the top hea.rth to 1600°F in the middle 
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hearth and falling dawn to about 6oo•F on the bottom hearth. The 

exhaust gases are used to preheat air returned to the top of the 

hearth. 

Ash which is one of the by-products of incineration is dis-
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posed of in many cases as till. Average ash a.mounts to 0.05 lb/cap/day, 

and its weight is about 40 to 50 lbs. per cu.tt. 

The Zimmerman Process consista of preheating the sludge to l80°F 

at pressure of about 1200 pounds per square inch. The organic matter 

of the sludge is chemically axidised to carbon diaxide in aqueous 

phase by dissolved ~gen in a specially designed reactor. The 

effluent, containing chiefly mineral matter, is withdrawn continuously 

and can be lagooned or used as a till ma.terial. Up to date only one 

pilot plant using this process is in operation in Greater Chicago. 

It may be concluded that sufficient data and information are not 

available to allow detailed design or economie analyses of the process 

by consulting engineers. 

The Atomized Suspension Technique was invented by Dr. W. Gauvin (l5) 

in 1952 at the Pulp and Paper Research Institute of Canada, and subse­

quently patented. The process per.mits the evaporation and drying of a 

liquor or sludge of all,'1 initial concentration. This is followed, if 

so required, by chemical treatment of the dried solids in the form. of 

suspended particles, through a reactor tower. Since this technique is 

used for incinerating thickened sludge obtained from Beaconsfield 

treatment plant, Quebec, a brier review of the essential characteristics 

of the process will be made • 
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Fig. 6 shows a diagra.mma.tic sketch of the A .. S. T. The technique 

consista of atomizing the concentrated sludge into the top of a reactor, 

the walls of which are ma.intained at temperature of about l4009 F by 

hot gases circulating through a jacket. 

In the nozzle range, the finely divided droplets, of an average 

diameter of about 20 to 25 microns, quickly decelerate from a high 

initial velocity impa.rted by the atomizer to their terminal settling 

velocity, at which point the fall range begins. The droplets then 

become dispersed in the water vapor produced by their own evaporation, 

and the suspension thus created now down the reactor in very nearly 

streamline motion. Evaporation of the dispersed droplets is completed 

in a short time because of the large surface area available for the 

beat and maas trans fer. Evaporation is followed by drying while the 

cloud of the dispersed sludge droplets moves dawn the upper portion of 

the reactor. 

At about mid.height of the reactor tower air or axygen is admitted 

and combustion reduces the organic matter to a har.mless ash. Leaving 

the reactor at the bottom, the suspension consista in general of a solid 

residue which is recovered in cyclone collectors, a large quantity of 

steam which is condensed and utUized, and by-product gases which can 

be further processed for recovery or led away for disposal. The wbole 

process takes only 15 seconds and is claimed superior to conventional 

methode of sludge disposa! • 
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6. Sludge Dispos al 

The disposal of sludge by removal in liquid for.m to far.ms for 

use as a fertilizer and soil conditioner is an ancient practice which accor~ 

ding to history had its birth in the Orient and in later years was praetised 

in England and in Germany o 

The final disposal of either liquid or partly dewatered sludge 

is influenced by: 

made below. 

i) Available land areas for dumping sludge cake or lagooning 

wet sludgeo 

ii) Local market possibilities for use of sludge as a soil 

conditionero These possibilities include more than praximity 

to local far.ms o 

iii) Suitability for discharge of wet digested or raw sludge 

into nearby bodies of watero 

iv) The character and composition of the sludge, whether raw 

or digestedo 

A review of the principal methods of sludge disposal will be 

The use as fertilizer or solid conditioner is the commonest 

method of disposal for all classes of sludge for agricultural purposes. 

Sludge contains so much water that liquid sludge disposal 

requires the handling of excessive quantitieso The manpower required 

in handling the liquid sludge is however much less than that required 

in handling the dry sludge in the drying beds o When used as .fertilizers 

the sludge is generally transported to land in trucks fitted with 

watertight boxes. 
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6.3 

Soma authors have made continued references to the neglect of 

wa.ste sludge in the field of agriculture. As long as waste sludge 

continues to be viewed as a relatively dangerous substance, its final 

deposition will be presumsd to be accompanied with great risk, unless, 

prior to final disposal, it is rendered completely innocuous by the 

destruction of all its original, dangerous characteristics. 

Many far.mers neglect the use of sludge as fertilizer or soil 

conditioner chiefly as the resul.t of the habit of rating the value of 

a manure in ter.ms of the constituent elements. The principal objections 

to the use of sludge may be summa.rized as follows: 

i) Large quantity of fiuid bulk must be transported unless 

pipelines can be laid to nearby agricul.tural fields. 

ii) Di.fficulties often arase in the tmitorm application of 

sludge to the area to be fertUized. 

iii) There is greater likelihood of objectionabl.e odors, and 

iv) there is a possibility of pathogens being present in the 

sludge •. 

In spi te of these objections, sludge is used as fert.ilizers and 

soil conditioner. The treatment plant at Beaconsfield, Quebec, pro­

duces thickened sludge which is removed periodically from the thickener 

by trucks and sold as i'ertilizer to farmers in the Laurentians. 

Sludge is particularly ad.apted to lawns, golf courses, pastures 

and meadows as well as to nower and vegetable gard ens • 



• 

• 

Raw.n(*29) reported that trees fertilised with sludge had a 

healthier foliage both in amount and color and retained their leaves 

for a longer time in the fall than nearby unf'ertilised trees. Sludge 

has been used as fertiliser for citrus greves for about 13 years with 

convincing resulta. Sludge deepens the green color of grass and 

stim.ula.tes a luxuriant growth. For nower beda it provides a much 

needed humus for the summ.er :months as well as a :moderate but long­

yielding amount of nitrogen. In vegetable gardens, sludge is bene­

ficia! for corn, potatoes, beans, spinach, asparagus and vine crops. 

From the foregoing, it ma.y be said that sludge has not been 

more widely used as fertiliser or soil conditioner, because of its 

source and the fear of producing offensive odors. Since properly 

digested, dried and stored prima.ry sludge bas been established as 

safe, hygienica.lly, !or application to the soil, there appears little 

room !or argument !rom the standpoint of health. With regard to odor, 

ma.ny of the more common animal ma.nures including, cow, pig and sheep 

wastes have as much or more odor than sludge especially if applied 

be! ore thoroughly rotted or composited. Finally, since the method 

of disposa! is not without potential dangers, it is necessary to make 

a very thorough stud.y whenever it is considered as a method of disposa!. 

Incineration of raw or digested sludge is ex.tensively used by 

large :municipalities as it proves to be the most economical method of 

sludge disposa!. The ash produced is inert and tree from pathogens. 

The ash may be used tor till or merely sluiced to the ground surface 

nearby. It bas little value as a fertiliser • 
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The barging of sludge to sea has been practiced for several 

years by large coastal cities in the United States. New York, 

Los Angeles and Miami are but a few of these cities which are using 

this method of sludge disposal. 

Burial of sludge is not feasible in most circumstances. Where 

large and isolated areas are available, burial may be accomplished by 

discharging raw sludge into trenches. To control odor, the se tranches 

are generally covered with earth as the sludge is placed into them. 

Lagooning of sludge is used extensively in the southwest section 

of the United States where the monthly temperatures average about 60°F. 

Very few municipalities in Canada have used lagoons for sludge disposal. 

Lagoons receiving sludge may act as storage basins, and in this respect 

soma local odor nuisance is likely. Lagooning is obviously the easiest 

and cheapest method of digested sludge disposal where its use is 

practicable. 

Raw sludge, either wet or dewatered is used for !ill only where 

it is controlled as a sanitary land !ill. In most cases the sludge is 

covered promptly with earth or other sui table materials. The need for 

covering with earth or other sui table materials, however, depends on 

location and the odor problems anticipated. 

In conclusion it is pertinent to quota the ramous expression 

of R.H. Gould(*l7) that, 

"The ultimate disposal of solids removed from waste water 
is the tail that wags the dog as far as most treatment 
plants are concerned. n 



It is encouraging to note tbat since the above statement was 

made, (1942) the various m.ethods tound and ma.D.3" researches carried o'~"t 

have added enough of experience and knowledge to the subject of sludge 

disposal to enable sa.nitary engineers to apply more rational m.ethods. 
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CHAPTER V 

THE SCOPE AND OBJECTIVES OF THE EXPERIMENTAL INVESTIGATIONS 

As stated earlier in Chapter I, the Pulp and Paper Research 

Institute of Canada approached the Chairman of Civil Engineering and 

Applied :Mechanics, McGill University, and requested assistance in the 

rehabilitation of the A.S.T. unit at the Waste Water Treatment Plant in 

Beaconsfield, Quebec. The main research work carried out in 1963 was the 

investigation concerning sludge conditioning. In 1964 the research work 

was expanded to cover the overall plant performance. Theoretical basis 

in connection with the research work have been given in Chapters III and IV. 

The waste water treatment plant at Beaconsfield has been in 

operation for the past six years. Primary treatment of waste is provided, 

consisting of plain sedimentation, follawed by chlorination of the plant 

effluent. The prima.ry sludge removed from the clarifier is concentrated 

before final disposal. 

The units installed to accomplish prima.ry treatment of wastes 

and sludge treatment and disposal are of sufficient capa.cities to serve a 

population of 15,000~*26 ) It was assumed that this figure would be 

reached by 1966, when additional units could be added. 

In Janua.ry 1964 it was estimated that the population now served 

by the plant is approximately 12,000. The average flow of waste water 

entering the plant is 1.75 m.g.d. with a maximum daily flow of 3.5 m.g.d. 
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A flow diagram of the plant is shown in Fig. 8. The 36-inch 

influent sewer carries the wa.ste wa.ter into a. sump situated in the ba.sem.ent 

of' the Control Building. The ba.sement is divided into the wet aide and the 

dry aide. The wa.ste wa.ter passes from the sump through a. ba.rminutor into 

the wet well. An emergency bypass for the barminutor has been provided, 

consisting of a. manually cleaned ba.r screen. 

From the wet well the waste water is lifted b,y two electrically 

driven pumps with capacity of 1250 g.p.m. each, and one large gasoline 

driven sta.ndby pump with capacity of 2500 g.p.m. The discharge header of 

the pumps con veys the flow to the clarifier. 
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The clarifier effluent is discharged over a circular weir on the 

periphery of the clarifier and is collected in a central sump. From the 

sump, the effluent flows b,y gravity through a 16-inch pipe into the chlorine 

contact chamber. The effluent is chlorinated and a contact time of about 15 

minutes is provided in the contact chamber. The chlorinated effluent is then 

discharged into Lake St. Louis through a 36-inch outfall sewer. 

The raw sludge removed from the clarifier is pumped to the grit 

wa.sher by a centrifuga! sludge transfer pump located in the basement of the 

control building. After separation of grit, the rema.ining sludge flows from 

the grit wa.sher b.y gravity into the thickener. 

The liquid separa.ted from the thickened sludge overflows a 

circular weir on the periphery of the thickener and is returned by gravity 

through a 6-inch pipe to the clarifier. The thickened sludge is first pumped 

into a storage tank fromwhere the sludge is drawn by suction bose into trucks 



and then removed tor final disposal. The present method of disposal of the 

thickened s~udge will be changed as soon as the A.S.T. unit is put into 

operation. 

The application ot the A. S. T. method requires the provision ot 

a control b~ing adjacent to the reactor where the actual burning ot 

s~udge takes place. In the A.S.T. building are located the sludge p~unger 

pump, small aboratory tor sludge examination and other A.S.T. equipment. 

The investigation concerning sludge conditioning was started in 
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May ~96.3. The tollowing three months constituted a trial period during which 

the equipment was tested and procedures developed tor handling the concentrated 

s~udge obtained from the thickener. 

At the start of the investigation it became apparent that there 

would be a number ot problems to be solved prior to the actual research work. 

The pumping of sludge from the thickener through the sludge 

plunger pump had been stopped in 1960 when the A.S.T. unit was taken 

out ot operation. Removal of s~udge was ca.rried out after 1960 by 

stopping the operation of the thickener and then pumping the 

sludge into trucks. This operation was carried out on the average 

once in three weeks, when the sludge depth in the thickener was around 

8 feet. 

It was obvious that in order to obtain normal operating 

conditions during the future operation of A .s. T. unit this method of 

removal of s~udge would have to be changed. Arrangements were therefore 



made to put the sludge plln'l88r pump into service and to o btain a 

storage tank wbich would bold the sludge pumped from the tbickener. 

Final removal of the sludge from the storage tank would be made by 

the Sanitank Company, Quebec, on the average four times a week. 

During the initial operation of the plunger pump, it 

became evident that the concentration of sludge in the thickener 

would be limited by possible mechanical difficulties in sludge 

handling. With sludge concentration of about la% solids and with 

discharge pressures above tbose provided for in the design, the 

sbear pin of the sludge pump failed. It was therefore concluded 

tbat the pump would be inadequate for thickener operation at bigber 

sludge concentration of over 18% solids. The experimental work 

therefore bad to be modified so tbat the ma.ximmn depth of sludge 

blanket ma.intained in the thickener would yield a solid concentration 

of the sludge below la%. Pumping of sludge was carried out on a 

2 hour cycle, with the rate of sludge withdrawal being proportional 

to the volume of the sludge blanket. Pumping rate on the average 

was 10 g.p.m. 

The pumping of sludge from the clarifier to the thickener 

was practiced intermittently during the day. Cross-section sampling 
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of the sludge blanket in the thickener with respect to solide-concentration 

revealed deposition of altemate light and heavy layers of solids. 



In order to provide for more uniform concentration 

throughout the sludge blanket in the thickener, it was decided to 

operate the sludge transfer pump continuously during a 12-hour or 

24-hour pumping schedtùe. Under each of these conditions the sludge 

blanket was sectioned and it was found that the alternate layers of 

light and heavy sludge had practically been eliminated. 

Another reason for continuous primary sludge pumping 

was to maintain a steady fiow of fresh primary solids to the 

thickener. 

During and following the storms that occurred in a 

12-hour trial pumping, it was found necessary to maintain continuous 

pumping from the clarifier to prevent accumulation of silt carried 

into the plant from the sewer system, and consequent damage to the 

primary collector mechanism. The silt load, on entering the 

thickener dropped rapidly near the center of the tank and did not 

impose excessive torsional stress on the thickener mechanism, 

provided that the sludge was withdrawn to prevent accumulations. 
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The effect of silt load on the sludge was known to increase 

the solids content of the sludge by as much as .3% and to decrease 

the volatile content of the sludge by about 15%. Another effect of 

excessive accumulation of sludge blanket was the rising of portions 

of dense sludge to the surface of the thickener, especially during 

the war.mer weather. 

On the basis of the above observations it was decided to maintain 

a 6 foot depth of sludge blanket in the thickener, in order to minimize 

the amount of solide carried by the thickener effluent, and also to 

obtain an underfiow sludge concentration of below la% solids. 



At the start of the investigation it was found that there 

was no sl.udge measuring deviee at the pl.ant. Attempts were made to 

obtain quotations for install.ing either a Parshal tlume, a Venturi 

meter, or a ma.gnetic fl.ow meter on the dis charge side of the sludge 

transfer pump. The high cost of any of the equipment mentioned above 

made it impossible to continue :turther investigation. 
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The possibility of determining the flow into the thickener 

at the overflow weir of the grit washer was considered. This was foœd 

not to be feasible ow1ng to the fluctuations of flow caused by the 

reciprocating action of the rakes of the washer. It was therefore 

decided to fasten aluminum metal strips 6 inches high to the existing 

weir aroœd the thickener. The overflow from the thickener was dis­

charged through a rectangular weir eut in the strip. A stUling weil 

which consisted of a piece of pipe was provided for head measurements. 

One basic assumption was made that the quantity of influent 

into the thickener was equal to the quantity of effluent. The under­

flow was so small that this coul.d be neglected. This was confirmed by 

test during the month of August 196.3 when the total underflow from the 

thickener was 171.335 gallons or 559 g.p.d. average compared with 

thickener overflow of 6o975 m.g. or 225 1 000 g.p.d. avgr., measured over 

the rectangul.ar weir. 

It was found that the ca.lcul.ated flow of effluent from the 

thickener a.t normal operating condition of the plant was 157 g.p.m. 

Attempts were made to throttle the delivery valve of the sludge transfer 

pump in order to reduce the pumping rate to 60 g.p.m. The minimum flow 

obtained was still considerably above 60 g.p.m. 



Since the design figure for the thickener was given as 

60 g.p.m. with surface loading of 560 g.p.d .. /sq.ft., it was evident 

that the sludge trans.fer pump was being operated at very low pumping 

e.f.ficiency. After discussion with the Town Engineer, it was agreed 

that this condition of h1gh rate o.f pumping started in 1960 a.fter 

the installation of the grit washer mechanism. Because of the high 

nowa into the thickener it was necessary to change the electric motor 

of the pump, since the old one was running at a current of 5 amperes 

instead o.f the rated 3 amperes. 

Three suggestions were made in order to achieve the 

design thickener loading: 

1) Recirculate part o.f the sludge and allow only 60 g.p.m. into 

the thickener. The cutting down of the new could be done at 

the grit washer. 

2) Introduce a belt drive on the electric motor, thereby 

reducing the speed of the pump and thus reducing the pumping 

rate to about 60 g.p.m. 

3) Introduce a variable speed drive on the mater which will 

make it possible to vary the thickener loading and thus 

provide more variables for the experimental work. 

The investigation to eetablish overall efficiency for the plant 

was started in May 1963, till October o.f the same year.. The research work 

was recommenced in April 1964. 
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From records availabl.e, cal.cula.tions were made to find out the 

min:i rmun and peak loadings of the clarifier during the past four years. 

The pertinent da.ily variations were as follows: 

Table IV. 

Sewage * Surface 
flow Flow J.oading · 

Yea:r; m.g.d. c.r.s. gpd/sg.rt. 

1960 min. flow Sept. loth 0.83 1.54 250 

max. flow M'ar. 20th 

1961 min. flow Jan. 2nd 

max. flow Apr. 17th 

1962 min. flow Oct. 5th 

max. flow Apr. lOth 

1963 min. flow Feb. 3rd 

max. flow Apr. 8th 

2.20 4.09 

J..lO 2.04 

2.69 5.00 

0.756 1.404 

3.17 

0.66 

2.16 

662 

331 

810 

228 

955 

198 

650 

**Detention 
period 
hours 

2.2 

2.8 

* Surface loading = Flow, g.p.d. 
g.p.d./sq.ft Area of tank, sq.rt. 

= Flow, g .• p.d. 

1T x 32.52 

*** 
Remo val. 

% 

68 

60 

67 

57-5 

68 

55 

68 

6J. 

** Detention period hrs. = Volume of tank, rt.3 _ TT x 32.0 x 12· 
Flow, c.r.s. - 3600 x Flow, c.r.s. 

*** Removai figures obtained by :interpol.ating gra.ph 1· Removal % versus Detention 
time, hrs., after Fair & Geyer. Fig. 22-12 ( *13). 

The graph No. 2 shows surface J.oa.dings g.p.d./sq.rt. against 

removal % (cal.cula.ted) of settlea.ble suspended matter of the clarifier. 

This investigation is of little value because the removals were not repre-

sentative of actual. clarifier operation, and a general picture only may be 

obtained from the above work. This sbowed tha.t the average removal of the 
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clarifier at maximum loading in the past four years was about 58%. During 

periods of heavy storms, the clarifier was bypassed and waste water was 

chlorinated before discharge into the Lake St. Louis. 

The clarifier loading was controlled by the waste water lift 

pumps and these in turn were switched in and out by depth electrodes in 

the wet well. Thus the clarifier loading was directly controlled by the 

amount of waste water coming into the plant. Furthermore, since there was 

no holding or storm storage unit at the plant, it was imperative that the 

clarifier loading could not be regulated. Experimental work would therefore 

be carried out and flow measurements taken over 24 hours on the specifie 

days of testing. 
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During the month of December 1963 the town installed a belt drive 

on the m.otor of the sludge transfer pump. This reduction of motor speed 

produced a sludge pumping rate of 80 g.p.m. and thickener surface loading of 

745 g.p.d./sq.tt. It was agreed that this would be the only loading rate that 

would be used for future tests. 

Seven sampling points were to be decided upon and samples would 

be taken hourly over a 24 hour testing period. Analyses of the samples were 

to be made in order to determine not only the efficiency of the separate 

treatment units but also the overall efficiency of the treatment plant. 



• 

From the foregoing, the factors to be evaluated are as follaws: 

1. Organic and mineral components as well as the solids 

content of the thickened sludge. 

2. The effect of the thiclmess of sludge blanket main­

tained in the thickener on the solids concentration of the 

sludge. 

3. The effect of the solids concentration on the volatile 

content. 

4. The effect of consolidation time on the sludge removed 

in the clarifier. 

5. The effect of the sludge volume ratio on the solids 

concentration. 

6. Establishing unit efficiency 1 and 

7. Establishing overall efficiency of the plant and 

investigation conceming improvement of it • 
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CHAPTER VI 

APPARATUS 
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Description of units at Beaconsfield waste water treatment plant 

are as follows: 

Control Building. The following are housed in the control building:­

(a) The general office. 

(b) Small laboratory 

( c) Lockers and washrooms. 

(d) Storeroom and repair shop. 

( e) Barminutor and bypass screens. 

(f) Waste water lift pumps. 

(g) Sludge transfer pump. 

(h) Chlorination unit. 

(j) Kennison nozzle metering unit. 

Barminutor. This unit provides continuous and automatic 

screening and c<;>mminuting of coarse suspended matter without their 

removal from the .flow. The barminutor installed at the plant is a 

model "B" type manufactured by Chicago Pump Compa.n,y. It has a screen 

with 3/8" openings and is periodically cleaned by electrically powered 

mechanism. A bypass bar screen is provided which can be ma.nually cleaned. 

Pumps. Three high lift pumps are now in operation which lift 

influent from the wet well to the clarifier. These pumps are of centri-



fugal type and manufactured by the Smart-Turner Machine Co. Ltd., 

Hamilton, Canada. The pumps are installed in the dry weil of the 

control building. Two small pumps have a rated capacity of 1250 g.p.m. 

at total d:ynamic head of 60 feet, and the large gasoline driven standby 

pump bas a rated capacity ar 2500 g.p.m. at T .D.H. of 60 ft. 

The sludge transfer pump is of side suction, centri.f'ugal type 

manufactured by The Smart-Turner Machine Co. Ltd. and this is located 

in the store room in the basement of the control building. The pump 

bas a rated capacity of 60 g.p.m. at T.D.H. of 25 tt. 

The sludge pump is located in a pump pit in the A.S. T. building. 
' ' 

It is of a piston plungertype and manu.f'actured by Ralph B. Carter Co., 

Hackensack, N.J., U.S.A. It bas capacity ranging with stroke len~h 

of the piston. The maximum rated capacity is 75 g.p.m. at T .D.H. ot 

30 ft. 

AU pumps in use at the plant are motor driven while intemal 

combustion standby unit is provided for the large raw waste water pump. 

Meters. The plant effluent is measured at the end of the pipe 

carrying the effluent from the clarifier into the chlorine contact 

chamber. The m~t~ring unit consista of a 20-inch Kennison nozzle with range 

of 0.2 to 3.5 m.g.d. and an indicating and totalizing now recorder 

with a range of 0.2 to 3.5 m.g.d. The Kennison nozzle and recorder 

were manutactured by B-I-F Industries, Inc., Providence, Rhode Island, 
. ' 

U. S. A. 



Influent to the thickener is measured by blocking off the 

ex:isting weir and installing a temporary recta.ngular weir on the 

periphery of the thickener. The weir dimension being 12-inch long 

by 4-inch high. A stilling weil is provided for head measurements. 

Chlorinators. One visible flow chlorinizer is installed in the 

chlorine room. The unit was ma.nutactured by B-I-F. Industries, Inc. 

It accurately controls and meters chlorine gas under vacuum. in the 

dry, non-corrosive state, producing and deliverying chlorine-water 

solution to the effiuent in the contact chamber. The feed is from 

0.4 to 500 lbs. per 24 hours. 
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The Claritier. No. DOL-547-1 was ma.nutactured by Dorr-Oliver-Long 

Ltd., Orillia, Ontario, Canada. It is a concrete structure 65 reet 

diameter by 12 teet aide water depth. The center column carries a 

rota ting scraper and scum removal mechanisms. A steel walkway bridge 

is provided which extends from one sida of the clarifier to the drive 

plattorm. The waste water enters the clarifier at the feed well and 

flow is horizontal and radial toward the periphery of the tank. 

The thickener is a Dorr Densludge thickener No. DOL-547-2 and is 

a concrete structure 14 f't. diameter by 10 ft. sida water depth. The 

center column carrying a rotating scraper mechanism. A steel walkway 

bridge is provided 'Wbich extends from. one side of the thickener to the 

drive plattorm. 
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The grit washer is a Dorrco Grit Washer No. DOL-1339-1. It 

consista of a set of mechanically operated reciprocating blades 

installed in an inclined rectangular settling box. Sludge is fed 

continuously about midway in the grit washer pool. The coarse 

suspended matter auch as sand and gravel settle to the bottom of 

the tank and are removed up the slope by successive passes of the 

blades and discharged in a drained condition. Fine solids kept 

in suspension by the motion of the mechanism, overfiow the end 

or the tank into the infiuent pipe to the thickener. 
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CHAPTER VII 

PROCEDURE 

The experimental work concerning the sludge conditioning was 

started in August 196.3. The Tariables considered were as follows: 

1. Ramoval of sludge from the clarifier. This consiste of the 

follawing, 

a) Continuous pumping of sludge for 24 hours, with thickener 

influent at 157 g.p.m. 

b) Continuous pumping of sludge for 24 hours, recirculating 

part of sludge pumped, at the grit washer and allowing only 

60 g. p .m.. into thickener. 

c) Continuous pumping of sludge tor 12 hours ( 8 a .m. - 8 p .m.) 

with thickener influent at 157 g.p.m. 

2 • .Maintenance ot sludge level in the thickener. This consista of 

opera ting the thickener at sludge depths of .3 reet and 6 reet. 

8.3 

Depending on the variables above, mois ture content and mineral 

and volatile contents of the thickened sludge ay vary. Laborator.y a.nalyses 

were therefore required. 

In sUJII.II8.l7, there were three operating conditions of the clarifier, 

and for each of these conditions there were two sludge blanket depths main­

tained in the thickener - making in all 6 test rune. 

The conditioning of sludge in the thickener was carried on for 

6 daye during each test ru:n. The daye were made up of 2 daye preparator.y work 

bef ore test, 2 d.qs testing and collection of saçles, and 2 daye alter 

testing for checking of experimenta. Resulta of each day of test were to be 

c omputed separately. 



For any given set of conditions of the variables aentionecl aboYe, 

the s1udge plunger pump was operatecl tor 10 minutes at intenals of 2 hours 

during the day of testing. Test period was from 8 a .m. to 10 p.m. 

Catch samp1es ot thickened s1udge pumped. were collected in 

COJIIIIOn galvanizect steel pails at 2, 4 and 8 minutes of each 10 minutes pumping. 

Two other samp1es were obtained by compositing part of the 3 samp1es taken 

above. The catch samp1es were analyzed on site to determine the moisture 

content. The two compositect samp1es were analyzed in the laboratory. Ash 

analyses were la ter carriect out, on a11 5 dried samp1es. 

The thickener 1oading was determined by' :measuring the depth of 

ettluent over the rectangular weir of the thickener. Measurements to obtain 

the depth ot now were carried out by means of an engineer' s 1eve1 and staff .. 

The depth of tlow was taken betore each pumping of s1udge from the 

thickener. A :mean ot ail depth read.ings was used tor calcula ting the 

thickener 1oading. 

The waste water tlow measurements were taken hour1y onr the day 

ot test in order to tind the hourly and d.ail7 flows into the Treatment Plant. 

The experimental work concerning the Plant 'a etticiency was 

started in April 1964. The tm.its to be innstigatecl were the claritier, 

the thickener and chlorination units. Seven saçling points were establishecl 

and sample s of waste water and sl.udge were drawn tram these points for 

laboratory analyses. 

The intluent samples were taken from Station 1 which was a point 

in the wet weil immediately atter the barminutor. 
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The clarifier effluent samples were talœn at the ettluent sump 

ot the cl&ritier. This sump was talten as Station 2. 

s& 

The chlorin.a.ted ettluent samples were dralfll trom Station 3, which 

was the manhole leading to the trank mains ca.rrying the chlorin.a.ted ettluent 

trom the contact chamber to the outtall. 

Station 4 was a point on the delivery aide of the slud.ge transfer 

pump and the samples taken were called the clarifier sludge. 

Station 5 was located at the overtlow weir of the grit washer and 

samples collected were considered as intluen.t samples to the thickener. 

The thicken.ed sludge samples were obt&ined trom. station 6 which 

was a 2 inch valve coJ:mected to the delivery pipe ot the sludge plunger pamp. 

Station 7 wae at the recta.ngW.ar weir of the thickener. The 

thickener ettluen.t samples were collected at this point. 

Eight tests were to be carried out at normal operating conditions 

ot the plant. Each test vas to be carried out tor one day. 'l'bree days were 

allowed betore each test to condition the plant and especially to establish 

a detinite sludge depth in the thiCkener. 

Durin& the period of testing, the thickener loading was maint&ined 

at about 745 gaJ.s/sq.tt./day or 80 g.p.m. This value was established by 

mea.s~t ot thickener overtlow at the rect&DgUla.r weir. As mantioned 

previousl.y, the sludge transter pump was titted with a belt drive m.otor and 

this ettect produced a reduction ot pumping rate. The in.tluent tlow m.eaeure­

m.ents were taken eveey hour over a 24 hour test period. Samples ot waste 

water and sludge vere collected ever.r hour at each ot the 7 sampling stations 
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and composited at tbe end ot each test. The composite samples vere then 

anal:Yzed to detel'lline tbe settleable suapended matter, tb.e total solide 

content, the suspended solids content, the C.O.D. and pH Talues. In addition, 

the organic and mineral contents ot total and suspended solids were deter­

m:l.ned. Oliller physical examinations ot the wa.ste water and sludge samples 

were made during each test. 



CHAPTER VIII 

OBSERVATIONS 

The observations tor slud.ge cond.itioning have been claasitied 

according to the test number and onl7 the summar.y observations, rather 
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than the complete wei.ghing reports are tab\ll.ated. The S'UJIIII&1"7 observations 

are included in Appendix B • 

Samples ot the actual observation tor.œs together with sample 

calcula.tiou are shcnm in the tabulations which tollow in pages 89 to ll6. 

The :mean ot the Talues tor solids content as well as tor inorganic 

content ot the samples vere tolmd by œing the method ot moving averages. 

The standard. fluctuation and coefficient ot nuctua.tion of each sample taken 

during a single pw~~ping are shcnm. 

The mean, standard nuctua.tion and coefficient ot f'l.uctua.tion ot 

an average sample taken over one dq's test have been computed and are shcnm 

at the bot tom ot each set of observations. 

The resul ts of tests Nos • 1 to 6 are shcnm in 'l'able No. V. The 

Tariations ot waste water f'l.ow, Tolatile matter and solids content ha Te been 

plotted tor 'l'esta Nos. l to 6 and are shawn in graphe Nos. 2l to 30. 

Froa series ot tests carried out on thickeer operation, a table 

ot observations ot slud.ge blanket depths and corresponding solids and TOlatile 

content together with the sludge TOlume ratio has been obtained. The tabulated 

observations are shawn in 'l'able X .. 

The observations taken during the tests on the lmits ot the 

'l'reatment Plant are included in Appendix E • The Tariations ot wa.ste water 

now during these tests are show in graphs Nos • .31 to .38. The resulta of 

remoTal etticiencies ot the lmits ot the Treatment Plant are shawn in Table 

No. vn. 
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• TEST No. ·4 Oct.ober 23, 1963 

Wast.e wat.er fiow 1.09 m.g.d. Thickener underfiow 530 g.p.d. 

S1udge pumping 12 hours Dept.h of s1udge in 6 feet. 
int.o t.hickener t.hickener 

Thickener loading 850 gala/sq.ft./d. Specifie gravi.t.y 1.033 

SOLIDS CONTENT - First. day. 

Mark Solids Mean Standard Coefficient. of 
Content M Fluctuations Fluctuations 

% % ± F C,= ± F/M %. 

8 a.m. A-l 17.4 

A-2 15.8 

A-3 15.6 15.79 0.823 5.22 

A-4 15.65 

A-5 15.81 

10 a.m. B-1 14.4 

B-2 i4.6 

. B-3 14.6 14-57 0.222 1.52 

B-4 14-49 

B-5 14.69 

12 noon C-l 12.8 

C-2 13.6 

C-3 13.6 13-72 0.544 3.95 

C-4 14.00 

C-5 14-69 



2 p.m. D-l 

D-2 

D-.3 

D-4 

D-5 

4 p.m. E-l 

E-2 

E-.3 

E-4 

E-5 

6 p.m. F-1 

F-2 

F-.3 

F-4 

F-5 

8 p.m. G-1 
\ 
1 

G-2 

G-3 

G-4 

G-5 

Solids Mean 
Content M 

% % 

1.3 .. 2 

1.,3.4 

14.0 13.84.3 

14.2 

13.88 

1.,3.8 

1;3.6 

1.3.6 1.3.641 

1.3.65 

1.,3.88 

1.,3.4 

1.,3.6 

1.3.4 1.,3.6.34 

13.96 

14.10 

1.3.2 

1.,3.2 

1.,3.58 13.5.39 

1.,3.88 

1;;.61 

Standard 
Fluctuations 

±F 

0.44 

0.158 

0 • .394 

0.398 

Coefficient of 
Fluctuations 
C = ± F/M %. 

;;.2 

1.16 

2.89. 

2.94 

90 



Observations (continued) 

Time Mark 

10 p.m. H-1 

H-2 

H-3 

H-4 

H-5 

Solids 
Content 

% 

13.46 

13.65 

13.75 

13.68 

13.62 

Average for the day 

Mean 
M 
% 

1.3.683 

13.771 

Standard 
Fluctuations 

±F 

0.11 

0.465 

Coefficient of' 
Fluctuations 
C = ± F/M %. 

0.8 

~ 
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In the test itself', single observations of' solids content showed 

a coefficient of' f'lo.ctuat.ion .from± 0.8% to ± 5.2%. These are the result of' 

accidental errors in solids content determination. While it is impossible 

to establish a correction for any one observation which is subject to 

accidental error, a series of' auch observations taken collectively tend to 

obey the law of' probability. 

The coefficient of' fluctuation of' an average SSJiple taken from 

al1 samples collected over the day 1s ± 3.38%. It may be concluded that 

this coefficient of' fluctuation in solids content depended on the precision 

of' measurement and it would seem reasonable to assume that a11 other observa-

tions of' solids content carried out under the given set of' conditions would 

have about the same range of' coefficient of' fluctuation. 

As mentioned earlier, equivalent determinations of' coefficient 

of' fluctuations have been made for a11 tests 1-6 and the resulta have been 

presented in a summa.rized f'orm in the observations pertaining to _each of' 

these tests. (Appendix E). 
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INORGANIC CONTENT - First Da.z 

Time Mark Inorganic Mean Standard Coefficient of 
Content M Fluctuation Fluctuation 

% % ±F C = ± F/M %. 

8 a.m. A-1 J4.,57 

A-2 31.54 

A .... J J1.81 32.04 2.35 ?.JO 

A-4 J2.5J 

A-5 J0.90 

10 a.m. B-1 J1.72 

B-2 J0.9J 

B-J J0.8J J0.49 1.75 5-74 

B-4 29.28 

B-5 JO .. JO 

12 noon C-1 29.56 

C-2 31.24 

C-J 29 .. 96 J0.04 1.79 5.97 

C-4 29.26 

C-5 29 .. J2 

2 p.m. D-1 27-29 

D-2 J0.54 

D-J 28.57 29-14 J.J3 11.42 

D-4 29.03 

D-5 29.28 
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Observations ( continued.) 

Tim.e Mark Inorganic Mean Standard Coefficient of 
Content M Fluctuation Fluctuation 

% % ±F C = ± F/M %. 

4 p.m. E-1 28.32 

E-2 28.87 

E-3 29.65 29.31 0.555 1.89 

E-4 29.53 

E-5 29.17 

6 p.m. F-1 29.28 

F-2 28.46 

F-3 30 .. 56 29.53 3.01 10.02 

F-4 29.04 

F-5 29.88 

8 p.m. G-1 29.27 

G-2 29.51 

G-3 28.85 29.37 1.14 3.88 

G-4 29.83 

G-5 30.19 

10 p.m.. H-1 28.45 

H-2 29 .. 31 

H-3 28.07 28.62 1.88 6.56 

H-4 28.89 

H-5 ;B .31 

ATe~e for the day ~ 0.632 2.12 
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SAMPLE CALCTJLA. TION 

TEST No. 4 October 23, 196.3 

a) So1ids Content - Calculations ot Moying Averages 

Magnitude First Reduction Second Reduction 

(1) (2) (.3) (4) (5) (6) (7) 

8 a.m. 

17.4 

15 .. 8 .3.3.2 

15.6 ,31.4 64.6 16.15 

15.65 J1.25 62.65 15.66 .31.81 

15.81 .31.46 62.71 15.68 ,31 • .34 6,3.15 15.79 

10 a .. m .. 

14.4 

14 .. 6 29.0 

14 .. 6 29.2 58.2 14-55 

14-49 29.08 58.29 14~57 29.12 

14.69 29.18 58.27 14·57 29.14 58.26 14.57 

12 noon 

12.8 

1,3.6 26.4 

1,3.6 27.2 5.3.6 1.3.4 

14.0 27.6 54.8 1.3.7 27.1 

14.69 28.69 56.29 14.07 27.77 54-87 1,3.72 
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Observations {continued} 

Magnitude First Reduction Second Reduction 

(1} (2) (3) (4) (5) (6) (7) 

2 p.m. 

1,3.2 

1.3 .. 4 26.6 

14 .. 0 27.4 54.0 1,3.5 

14.2 28.2 55.6 1.3.9 27-4 

1,3 .. 88 28.08 56.28 14.07 27·97 55 • .37 13.84.3 

4 p .. m. 

1,3.8 

1.3.6 27.4 

1,3 .. 6 27.2 54.6 1.3.65 

1.3 .. 65 27.25 54.45 1.3.61 27.26 

1,3.88 27 .5.3 54.78 1,3. 70 27 .,31 54.57 1.3.641 

6 p.m .. 

1.3.4 

1.3.6 27.0 

1,3.4 27.0 54.0 1,3.50 

1.3.96 27 • .36 54 • .36 1.3.59 27.09 

14.10 28.06 55.42 1.3.855 27.445 54.5.35 1.3.6;4 

8 p.m. 

1,3 .. 2 

1.3 .. 2 26.4 

1.3.58 26.78 5.3.18 1.3.295 

- 1.3.88 27.46 54.24 13.56 26.855 

1,3.61 27.49 54.95 1.3.74 27 • .30 54.155 1.3-5.39 
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Observations (continued) 

Magnitude First Reduction Second Re4uction 

(1) (2) (3) (4) (5) (6) (7) 
" 

10 p.m. 

13 .. 46 

13.65 27.11 

13o75 27.40 54.51 13.63 

13.68 27.43 54.83 13.71 27-34 

13.62 27.30 54.73 13.68 27.39 54.73 13.683 

Aver§ge for the daX· 

15.79 

14.57 30.36 

13o72 28.29 58 .. 65 14 .. 662 

13 .. 843 27 .. 563 55.853 13.96.3 28.625 

13.641 27 .. 484 55 .. 047 13.762 27,.725 56.35 14 .. 09 

13 .. 634 27.275 54.759 13.689 27 ... 451 55 .. 176 13 .. 794 

13 .. 53-9 27 .. 173 54 .. 448 13.612 27.301 54.752 13.688 

13.683 27.222 54.,395 13 .. 599 27.211 54.512 13.628 

14.09 

13.794 27.884 

13 .. 688 27.482 55 .. 366 13 .. 842 

13 .. 628 27 .. 316 54.798 13.699 27.541 
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b) Inorga.nic Content - Calculations of Mo~ Aver&ges . . 

Magnitude First Reduction Second Reduction 

(1) (2) (3) (4) (5) (6) (7) 

8 a .. m .. 

34 .. 57 

31 .. 54 66 .. 11 

31..84 63 .. 35 129.46 32.365 

32.53 64.34 127.69 31 .. 922 64.287 

30.90 63.43 127.77 31.942 63.864 128.151 32 .. 04 

10 a..m. 

31.72 

30 .. 93 62 .. 65 

30.83 61.76 124.41 31..102 

29.28 60.11 121.87 30.47 61..572 

30 .. 30 59.58 119.69 29.922 60.392 121.964 30.49 

12 noon 

29.56 

31.24 60.80 

29.96 61.20 122 .. 00 30.50 

29.26 59.22 120.42 30 .. 105 60.605 

29.32 58.58 117.80 29.45 59.555 120.16 30.04 

2 p.m .. 

27.29 

30.54 57.83 

28.57 59.11 116.94 29.235 

29.03 57.60 116 .. 71 29 .. 18 58 .. 415 

29.28 58 .. 31 115.91 28.98 58.16 116.575 29.144 
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Observations (continued) 

.Magnitude First Reduction Second Reduction 

(1) (2) (.3) (4) {5) (6) (7) 

4 p.,m., 

28 • .32 

28.87 57.1.9 

29.65 .. 58.52 115.71 28 .. 93 

29.53 59.18 117 .. 70 29.425 58 .. .355 

29 .. 17 58 .. 70 117.88 29.47 58.895 117.25 29 .. 31 

6 p .. m. 

29 .. 28 

28.46 57 .. 74 

.30 .. 56 59.02 116 .. 76 29 .. 19 

29.04 59.60 118.62 29 .. 655 58 .. 845 

29o88 58 .. 92 118.52 29.6.3 59 .. 285 118 .. 1.3 29.53 

8 p .. m. 

29 .. 27 

29.51 58.78 

28.85 58.36 117.14 29 .. 285 

29.8.3 58.68 117.04 29.26 58.545 

.)).19 60.02 118.70 29.675 58.9.35 117.48 29 • .37 

10 p.m. 

28.45 

29.31 57.76 

28.,07 57 • .38 115 .. 14 28 .. 785 

28 .. 89 59.96 114.34 28.585 57.37 

28.31 57 .. 20 114.16 28.54 57.125 114.495 28.624 
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e Observations (continued) 

Magnitude First Reduction Second Reduction 

(1) (2) (.3) (4) (5) (6) (7) 

Average tor the da.y 

.32.04 

.30 .. 49 62.5.3 

.30.04 60 .. 5.3 12.3.06 ,30 .. 765 

29.144 59.184 119;714 29.929 60 .. 694 

29 • .31 58.454 117 .. 6.38 29 .. 410 59 .. .3.39 120.0.3.3 .30.008 

29.5.3 58.84 117 .. 294 29 • .324 58.7.34 118.07.3 29 .. 518 

29 • .37 58.90 117-74 29 .. 4.35 58.759 117.49.3 29 • .37.3 

28.624 57 .. 994 116 .. 894 29.224 58.659 117.418 29.355 

30.008 

29.518 59.526 

29~.37.3 58.891 118.417 29 .. 604 

29 • .355 58.728 117.619 29.405 59.009 29.505 
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SAMPLE CALCUlA TI ONS 

Test No. 4 First Day 

a) Sollds Content - Calcul.ations of Standard Fluctuation, F, and 
Coefficient of Fluct3:!êtion1 C. 

Magnitude Difference Difference F c 
!!.' tl.' 112. 2 + j.tt.·•2 ± F/M ~A" - n-2. 

8 a.m. Mean= 15.79 

17.4 

15.8 -1.6 

15.6 -0.2 1..4 1.96 

15.65 0.05 0.25 0.063 

15.81 0.16 O.ll 0.012 2.035 0.832 5.22 

10 a.m. Mean= 14.57 

14.4 

14o6 0 .. 2 

14.6 o.o -0.2 0 .. 04 

14.49 -O.ll -0.11 0 .. 012 

41.69 0.20 0.31 0.096 0.148 0.222 1.52 

l.2 noon Mean 13.72 

12.8 

1,3.6 0.8 

13.6 0.0 -0.8 0.64 

14.0 0.4 0.4 0 .. 16 

14.69 0.69 0 .. 29 0.084 0.884 0.544 3.95 
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Observations (oontinued) 

Magnitude Difference Difference F c 
A' A.' t::.••2 I42 ± J!irz 

n-z ±P/M 

'.:,. 

2 p.m. Mean= ]J.84 

]J.2 

]J.4 0.2 

14.0 0.6 0.4 0 .. 16 

14.2 0.2 -0.4 0.16 

J,3.88 -0.,32 -0.52 0.27 0.59 0.444 ,3.2 

4 p.m. Mean= ]J.64 

1,3 .. 8 

]J.6 -0.2 

1.3 .. 6 o.o 0.2 0.04 

]J.65 0.05 0 .. 05 0.00,3 

1.3.88 0 .. 2,3 0.18 0.0,32 0.075 0.158 1.16 

6 p.m. Mean= ]J.64 

1.3.4 

1.3.6 0.2 

]J.4 -0.2 -0.4 0.16 

]J.96 0.56 0.,36 0.1.3 

14.10 0.14 -0.42 0 .. 176 0.466 0 • .394 2 .. 89 



Observations (continued) 

Magnitude Difference Difference 
,'2. 

A 

Mean= 13.54 

13.2 

13.2 0.0 

13.58 

13.88 

0.38 

0.30 

13.61 -0.27 

0.38 

-0.08 

-0.57 

0.144 

0.006 

0.325 0.475 

10 p.m. Mean= 13.68 

13.46 

13.65 0.19 

13.75 0.10 

13.68 -0.07 

13.62 -0.06 

Average for the day 

-0.09 

-0.17 

0.01 

0.008 

0.029 

0.000 0.037 

Mean 13.77 

15.79 

14.57 -1.22 

13.72 -O.~. 0.37 0.137 

13.843 0.123 0.973 0.945 

13.641 -0.202 -0.325 0.106 

13.636 -0.005 0.197 0.039 

13.539 -0.097 -0.092 0.009 

13.683 0.144 0.241 0.058 1.294 

102 

c 

±f/M 

0.398 

0.111 0.8 

0.465 3.38 
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b) ]norganic Content - Calculations of Standard Fluctuation, F, and 
Coefficient of Fluctuation 1 C. 

Magnitude Difference Difference F c. 
A' A' .6."2 L:t1'2 -t- j'2 A" 2 

- n-·z ± r:j.vt 

8 a.m • Mean = .30. 04 

.34-57 

.31.54 -.3.0.3 

.31.81 0.27 .3 • .30 10.9 

.32.5.3 0.72 0.45 0.202 

.30.90 -1.6.3 -2 • .35 5.510 16.612 2 • .35 7.82 

10 a.m • Mean = .30.49 

.31 .. 72 

.30.9.3 -0.79 

.30.8.3 -0.10 0.69 0.476 

29.28 -1.55 -L45 2.100 

.30 • .30 1.02 2.57 6.600 9.176 1.75 5-74 

12 noon Mean = .30. 04 

29.56 

.31.24 1.68 

29.96 -1.28 -2.96 8.75 

29.26 -0.70 0.58 0 • .3.36 

29 • .32 0.06 0.76 0.578 9.664 1.79 5-97 
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Observations (continued) 

Magnitude Difference Difference F c 
1 tl.'' 

JI~ !6!2 ± 
z,;·2 

!. f/M A li 
f'l-2. 

2 p.m. Mean = 2!1 .. 14 

'Z/.29 

30.54 3.25 

28.57 -1.97 -5.22 27.3 

29.03 0.46 2.43 5.9 

29.28 0.25 -0.21 0.044 33.244 3.33 11.42 

4 p .. m. Mean= 29.30 

28.32 

28.87 0.55 

2!).65 0.78 0.23 0.0053 

2!).53 -0.12 -0.90 0.81 

29.17 -0.36 -.24 0.058 0.921 0.56 1.89 

6 p.m. Mean.= 29.53 

29.28 

28.46 -0.82 

30.56 2.10 2.92 8.5 

2!).04 -1.52 -3.62 13.1 

2!).88 0.84 2.36 5.58 .27.18 3.01 10.02 



Observ&tions (continued) 

Magnitude Difference Difference 

8 p .. m. Mean= 29.37 

29.27 

29 .. 51 0.24 

28.85 -0.66 -0.90 0.81 

29.83 0.98 1.64 2.69 

30.19 0.36 -0.62 0.385 3.885 

10 p.m. Mean = 28.85 

28.45 

29.31 0.86 

28.07 -1.24 -2 .. 10 4.4 

28 .. 89 0.82 2.06 4.25 

28.31 -0.58 -1.40 1.96 10 .. 61 

Average for the day Mean = 29.50 

30.04 

30.49 0.45 

30..04 -0.45 -0.90 0.81 

29.14 -0.90 -0.45 0.202 

29.30 0.16 1.06 1.12 

29•53 0.23 0.07 0.005 

29.37 -0.16 -0.39 0.152 

28.85 -0.52 -0.36 0.130 2.419 

1.14 

1.88 

0.635 

c 

± F/M 

3.88 

6.5 

2.15 

105 
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SAMPLE OBSERVATIONS 

Test No. 4 First Day 

Solide Content - usi.ru!: the Cenco Moisture Balance 

Time Mins· Moist.% Time Mins. Moist.% Time Mins. Moist.z; 

SAMPLES: A-1-2-3 

8.20 0 0 9.00 0 0 9.42 0 0 

8.26 6 U.8 9.20 20 64.4 9.47 5 9.8 

8.30 10 26.6 9.25 25 74.2 9.52 10 29.6 

8.35 15 45.2. 9.28 28 77.8 9.57 15 49.0 

8.40 20 61.8 9.30 30 79.6 10.02 20 67.2 

8 .. 45 25 73.2 9 .. 32 32 81.2 10.07 25 76o4 

8.50 30 79 .. 4 9 .. 35 35 83.0 10,.12 30 81.0 

8.52 32 80.8 9 .. 38 38 84.0 10.17 35 83.6 

8.55 35 82.2 9 .. 40 40 84 .. 2 10.20 38 84.2 

SAMPLES: B-1-2-3 

10.24 0 0 ll.05 0 0 ll.50 0 0 

10.29 5 9.0 ll.10 5 10.0 12.05 15 49.4 

10.34 10 27.8 ll.15 10 28.8 12.10 20 65.8 

10.39 15 46.6 ll.20 15 48.0 12.15 25 77.4 
' . 

10.44 20 63.6 11.25 20 64.0 12.18 2B 81.6 

10.49 25 76.2 ll.30 25 75.6 12.20 30 83.0 

10.54 30 82.8 11.35 30 82.0 12.22 32 84.2 

10.56 32 84.0 ll.39 34 84.2 12.24 34 85.0 

10.58 34 85.0 u.u 36 85.0 12.26 36 85.4 

ll.OO 36 85.6 ll .. 46 41 85.4 12.28 38 85.4 
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Observations (continued) 

Time. Mins •. Moist.~ Time Mins.· Moist.~ Time Mins. Moist. % 

SAMPLES: C-1-2-3 

12.30 0 0 1.10 0 0 1.51 0 0 

12.35 5 9.4 1.25 15 51 .. 2 2.01 10 31 .. 2 

12 .. 50 20 66.6 1.30 20 68.6 2 .. 06 15 51.0 

12.55 25 78 .. 6 1.35 25 79.6 2.11 20 68.6 

1.00 30 85.0 1 .. 38 28 82.6 2 .. 16 25 80 .. 2 

1.02 32 86 .. 2 L40 30 84o0 2.21 30 84 .. 8 

1.04 34 86.8 1 .. 43 33 85 .. 8 2.23 32 85.6 . 

1·~06 36 f!rl .. O 1.45 35 86.2 2.25 34 86 .. 2 

1.07 37 f!!7.,2 1 .. 46 37 86 .. 4 2.27 36 86 .. 4 

SAMPLES: D-1-2-3 

2.31 0 0 3.07 0 0 3 .. 43 0 0 

2.36 5 10.6 3.27 20 71.6 3.48 5 10.4 

2.42 11 36.0 3o32 25 81 .. 2 3 .. 58 15 50 .. 8 

2.46 15 52.4 3-35 28 83.8 4.03 20 69.4 

.2.51 .20 71 • .2 3.37 30 85.0 4.08 .25 81 • .2 

.2.56 25 81.6 3.39 3.2 86.0 4.13 30 86.0 

3.00 29 85.2 ).41 34 86.6 4.15 32 86.0 

3.02 31 86.4 3.44 37 86.6 4 .. 18 35 86.0 

--.... ~-.... ~-....... 
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Observations (continued) 

Time Mins. Moist .. ! Time Mins. Moistr.% Time Mins. Moist. % 

SAMPLES: E-1-2-3 

4.18 0 0 4.52 0 0 5-25 0 0 

4-23 5 10.8 5.12 20 72.2 5.46 21 69.6 

4.28 10 32.4 5.17 25 81.2 5.50 25 78.0 

4.33 15 54.0 5.20 28 85.0 5.53 28 81 .. 4 

4.38 20 72.8 5.22 30 86.2 5.55 30 8,3.2 

4.43 25 81.6 5.24 32 86.4 5.59 34 85.6 

4.48 30 86.0 5.26 34 86.4 6 .. 01 36 86.2 

4.50 .'32 86.2 5.28 .'36 86.4 6.03 38 86 .. 2 

SAMPLES: F-1-2-3 

6.06 0 0 6.50 0 0 7.30 0 0 

6 .. ll 5 10.4 7.00 10 30 .. 2 7.50 20 68.0 

6.16 10 31..2 7.05 15 50.2 7.53 23 75 .. 4 

6.21 15 51.4 7.10 20 67.8 7.56 26 79.8 

6.26 20 69.8 7.15 25 79.2 8.00 30 84 .. 0 

6.31 25 79.4 7.18 28 82.8 8.02 32 85 .. 4 

6.36 30 84.0 7.20 30 84.4 8.04 34 86.4 

6.,'38 32 85.2 7.22 32 85.2 8.06 36 86.6 

6.40 34 86.2 7.24 34 86.2 8.08 38 86.6 

6.42 36 86.4 7.26 36 86.4 

N.B. Analyses of samp1es not shown .above were carried out at the Pointe 
Claire Laboratories of PPRIC. 
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SAMPLE OBSERVATIONS 

Test No. ~ First Day 

Solids Content - Usips StiJldard Iaboratog Procedure ( *1) 

Tim.e Samp1e Container Zero wt .. Zero wt .. Wt. of Wt .. of .Moisture So1ids 
ma.rk e..mpty + s1udge +dry s1udge dry content content 

{zero wt) sample s:>1ids samp1e solids % % 
grams grams gra.ms grams grams 

8 a.m .. A-4 1, .. 485.3 24 .• 6649 5.oJ.l24 23 ... 1796 3,.6.2'7]. 84 ... 35 15 .• 65 
' 

A-4 1 ... 4824 24 .• 7493 5 ... 1599 23 .• 2669 3 .• 6775 84 ... 19 15 ... 81 

10 a.m. .8-4 1 ... 4735 .24 ... 3986 4 ... 7974 22 .• 9251 3 ... 3239 85 ... 51 14 .• 49 

.8-4 1 .• 4708 24 . .,7445 4 .• 8.340 23 ... 2737 3 ... 3632 85 .• 31 14 ... 69 

12 noon C-4 1 .• 4664 24.-.9464 4 ... 7524 23 ... 4800 3 ... 2860 86 ... 00 14,.,00 

C-4 1 ... 4688 25,..6256 5,..0164 24,..1568 3 ... 5476 85,..31 14 .• 69 

2 p.m. D-4 1 .• 4718 24 .• 336 4 .• 7178 22 ... 8618 3 ... 2460 85 .• 80 14.-20 

D-4 1 .• 4698 24,..0119 4 ... 5994 22 .• 5421 3 ... 1296 86 .• 12 13 ... 88 

4 p.m. E-4 1 .• 4674 23 .• 0668 4 ... 4162 21 .• 5994 2 .• 9488 86,.35 13.-65 

E-4 1 .• 4670 22 ... 7724 4 ... 4248 21 .• 3054 2.-9578 86 ... 12 13 .• 88 

6 p.m. F-4 1 .• 4712 27 ... 0684 5 ... 0452 25 .• 5972 3 .• 5740 86 .• 04 13 .• 96 

F-4 1 ... 4724 24 .• 8146 4 ... 7640 23.-.3722 3 .• 2916 85 ... 90 14 ... 10 

8 p.m. G-4 1 ... 4850 22 .• 6492 4 ... 4224 21 ... 1642 2 ... 9374 86 ... 12 13 .• 88 

G-4 1 .• 4868 21 .• 9974 4.2779 20 ... 5106 2 .• 7911 86 ... 39 13 .• 61 

10 p.m. H-4 1 .• 4880 25 ... 4480 4 .• 8940 23 .• 9600 3 .• 4060 86 .• 32 13 .• 68 

H-4 1.4879 25.0043 4.6906 23.5164 3.2027 86.38 13.62 

(1) (2) (3) (4) (5) (6) {7) (8) {9) 

Note 

Columns (1) (2) and (3) are se1f-explanatory. 

Co1umns (4) and (5) are the lat and 2nd weighings. respective1y. 

Co1umns {6) and (7) are comput~d and self-evident. 

Column· (8) is 100 - Column (9) .. 

Column {9) is Column (7) divided by Column (6) multiplied by 100% • 

• 
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SAMPLE OffiERVATIONS 

Test No. ft First Day 

Inor.ganic Content - usinA: Standarg La.boratoa Procedure { *1l 
' ' 

Time Sample Container Zero wt. Zero Vleight Weight Vola- * 
mark empty + so1id weight + ot dry ot tUe Inorganic 

(zero wt) sample inorganic solids inorganic content content 
grams grams grams grams grams % % 

8 a.m. A-4 16 .• 7f!79 18 .• 1252 17 .• 20CXJ 1 .• 3373 0 .• 4121 69,.18 30 ... 82 

A-4 16 .• 5439 18 .• 2473 17 .• 0719 1 .• 7034 0 .• 5280 69 .• 01 30 .• 99 

10 a.m. B-4 16 .• 9678 18 .• 6478 17 .• 4775 1 .• 6800 0 .• 5099 69 .• 66 30 .• 34 

B-4 16 .• 0240 17 .• 5202 16 .• 4766 1 .• 4962 0 .• 4526 69 .• 75 30 .• 25 

12 noon C-4 16 .• 3625 18 .• 0055 16 ... 8517 1 .• 6430 0,.;4892 70 .• .2,3 29 .• 77 

C-4 15 .• 5248 17 .• 3868 16..,3468 1 .• 4620 0 .• 4220 71 .• 14 28,.86 

2 p.m. D-4 16 .• 1051 17 .• 4961 16 .• 5103 1 .• 3900 0 .• 4042 70 .• 92 29 ... 08 

D-4 15 .• 6526 17 .• 0353 16 .• 0462 1 .• 3827 0 .• 3936 71 ... 53 28 ... 47 

4 p.m. E-4 15,.9581 17 .• 4523 16 .• 3928 1 .• 4942 0 .• 4347 70 .• 91 29 .• 09 

E-4 16 .• 3633 17 .• 7491 16 .• 7684 1 .• 3858 0 .• 4051 70 .• 76 29 .• 24 

6 p.m. F-4 15 .• 9251 17 .• 3824 16.-3670 1 .• 4573 0,.4419 69 .• 68 30 .• 32 

F-4 16 .• 0451 17 ... 2800 16,..40f!7 1 .• 2349 0 .• 3636 70 .• 56 29 .• 44 
8 p.m. G-4 15 .• 7599 16 .• 9315 16 .• 0966 1 .• 1716 0 .• 3367 71,.26 28,.74 

G-4 15 .• 5016 16 .• 6270 15 ... 8301 1 .• 1254 0 .• 3285 70,..81 29 .• 19 
10 p.m. H-4 15 .. 8946 17 .• ll81 16 ... .2,391 1 .• 2235 0 .• 3445 71 .• 84 28,.16 

H-4 16.8590 18.0789 17.2061 1.2199 0.3471 71.55 28.45 

(1) (2} (3) (4) (5) (6) (7) (8) (9) 

Note -
Co1umns (1), (2) and (3) are selt-explana.tory. 

Co1umns (4) and (5) are the 1st and 2nd weighings. respectively. 

Co1umns (6) and (7) are computed and self-evident. 

Co1umn ( 8) is 100 - Co1umn ( 9) 

Co1umn ( 9) is Co1umn ( 7) di vided by Co1umn ( 6) x 100%. 

N.B. *Average of ash contents to be inc1uded in samp1e calculations tor 
standard fluctuation and coefficient of fluctuation • 

• 



e e 

TABLE V 

RESULTS OF OBSERVATIONS ON SLUDGE CONDITIONING 

Item:- TEST NO. 1 TEST NO. 2 TEST NO • .3 TEST NO. 4 TEST N0.5 TEST NO. 6 

Date: 28.8.63 29.8.6.3 ,3.9.6.3 4.0.6.3 10.10.6.3 11.10.6.3 2,3.10.6.3 24.10.6.3 .24.9.6.3 29.9.63 
Continuous pwaping at 

Pu:m.ping into 12 hours pumping at 150 gpm 60 gpm, part ot primar;y 
thickener Continuous pumping at 150 gpm 8 a..m. - 8 p.m .. sludge recircula.ted. 

.. ---···-
Sludge depth in 
thickener, tt. .3 .3 6 6 .3 .3 6 6 .3 6 

Sewage now, mgd .. LU. L2.3 1.12 1 .. 21 1.1.3 1 .. 15 1.09 0.91 1.23 1..39 
·--·-« "-··-·-

Sludge 
undernow, gpd. 805 8.30 645 640 820 9.30 530 615 8.35 6.35 

Solids content % 15.18 14.48 15.60 15.69 11.36 10 .. 99 14.08 14.31 11.30 13.43 

Volatile content % 59.24 59~53 60.04 59.,02 59-45 61 .. 42 70.25 70.68 67.40 67.14 

Specitic gra.vity 1.034 1.037 1.048 1.046 1..0.35 1.031 1.033 1.029 1.024 1.059 

Sludge volume 
ratio, da.ys 3.58 3.43 8.95 9.00 3.51 3.10 10.85 9 • .35 .3·45 9.fY7 

Wt. of dry solids 
lb/mg. of sewage l,lfY7 1,01.3 940 870 852 916 707 994 786 650 

Wt. ot orpnics 
lb/mg. of aewage 655 605 563 512 505 562 497 700 530 4.38 

~ 



ll8 
OBSERVATIONS 'l'ABLE VI 

WASTE WATER FI..œ Qu.antitY x 100 gallons 

1 9 6 3 

August September October 

28 29 3 4 24 62 10 ll 23 24 

A.M. 1 468 4.50 400 430 529 563 422 430 507 .:no 
2 430 377 450 356 444 503 365 400 398 340 
3 388 .322 .398 .359 .383 530 .350 440 .320 270 
4 .388 452 295 306 371 572 358 .396 .344 .3.30 
5 409 456 420 318 431 520 375 368 456 290 
6 329 470 400 335 426 388 .370 300 526 285 
7 356 468 .384 288 446 453 423 378 931 285 
8 450 526 .37.3 3.38 540 555 384 3.38 427 .3.39 
9 479 664 488 665 400 499 6.3.3 674 4.30 506 

10 515 5.38 488 586 564 59.3 .399 4.32 470 465 
ll 552 6.36 6.37 6.36 750 5.30 604 48.3 500 46.5 
12 625 566 494 577 442 610 587 479 600 451 

P.M. 1 .510 544 47.3 609 550 588 598 676 450 466 
2 514 5.35 555 621 616 460 378 502 410 498 
.3 468 629 .524 542 567 621 561 468 440 .370 
4 366 395 496 678 477 623 50.3 516 4.58 260 
5 7.36 622 .366 474 510 546 547 567 487 477 
6 .382 503 469 650 .534 517 4.54 .551 .316 .396 
7 44.5 .5.38 399 .51.3 627 6.34 419 .52.3 30.5 40.3 
8 4.35 497 .552 601 500 6.52 470 460 4.39 414 
9 .560 528 473 590 494 7.31 .51.5 54rt 287 452 

10 606 .376 618 .5.58 559 5.30 590 5.39 .546 447 
ll 46.5 .594 4.51 .516 .569 671 .510 4.30 .34.3 406 
12 5.54 6.30 .507 .529 519 961 444 52.3 489 44.5 

• 
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TABLE VII - RESULTS OF OBSERVATIONS ON TREATMENT PlANT UNITS 

Test Test Test Test Test Te"st Test Test 
No. 7 No. 8 No. 9 No. 10 No. 11 No •. l2 No. 13 No. 14 

Da. te 18.5.64 31.5.64 8.6.64 21.6.64 28.6.64 5.7.64 12.7.64 19.7.64 

Wa.ste Wa.ter Flow m.g.d. 1.28 1.18 1.09 1.96 1.02 1.08 1.36 1.03 

CLARIFIER 

Surface loa.ding g.p.d./sq.tt. 385 355 328 286 307 328 410 310 

Detention period, hours 1.94 2.11 2.28 2.59 2.44 2.30 1.82 2.41 

Suspended solids removal % 67 63 47 55 60 (S6 47 60 

c.o.D. remova.l % 18 21 36 20 38 29 18 34 

Sludge - solide content % 0.65 1.94 1.28 1.04 1.14 1.70 1.60 1.70 

THICKENER 

Sludge depth feet 6 4 5 4 4 3 3 5 

Sludge - solide content % 13.2 11.7 12.2 11.8 11.9 14.0 10.3 13.0 

Volatile content % 62.60 67.03 75.0 77-54 73.60 67.07 78.2 67.18 

s.v.a. 8.73 4.85 6.32 4.67 4.26 3.08 2.94 5.25 

CHLORINATION 

C .. O .. D. remova.l % 49 46 65 29 - 32 30 42 

PlANT 

Suspended solids remova.l % 61 66 41 42 - 63 57 59 ~ 
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OBSERVATIONS TABLE VIII 

WASTE WATER FLOW Quantity x lOO gallons 

l 9 6 4 

May June July 

18 31 8 21 28 5 12 19 

A .. M. 1 580 469 454 403 426 451 580 400 
2 535 460 408 352 396 3.30 527 387 
3 515 579 332 318 .381 340 516 363 

4 338 409 390 376 189 320 5.34 .345 
5 442 620 203 299 316 400 409 348 
6 415 360 362 2l4 .33.3 390 376 337 
7 449 294 361 294 216 465 344 310 
8 357 430 418 410 380 473 407 363 

9 5.33 414 475 454 380 406 520 398 
10 S06 466 610 403 380 445 603 459 
li 515 504 610 492 440 620 692 489 
12 5.38 544 595 481 510 420 680 546 

P .. M .. l 713 512 505 525 480 520 595 498 
2 651 560 578 442 .390 470 710 450 

3 477 480 477 439 460 610 660 486 
4 665 510 .345 442 430 363 685 463 
5 481 520 513 430 495 556 660 500 
6 451 545 498 384 335 343 532 410 

7 639 440 440 400 410 429 550 450 
8 514 525 640 460 .367 472 624 480 
9 639 540 .359 450 327 470 634 470 

10 521 460 542 420 562 446 521 410 
li 556 470 376 450 462 431 543 490 
12 525 641 55.3 429 558 629 628 485 

Totala 12,8.35 li,752 10,944 9,667 9 ,62.3 10,799 13,630 10,337 

• 
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CHAPTER II 

DISCUSSION OF BESULTS 

'l'he resulta of three months of thickening primary sludge are 

presented in 'l'able V.. It was !ound that during the 24-hour pumping of 

primary sludge, the thickened sludge removed tram the thickener averaged 

about 6.5 lbs. ot solids per sq.tt. of thickener area per m.g. of wa.ste 

water treated. The hydra.ulic loading rate of the thickener was 1400 g .. p.d. 

per sq.!t. 

During the tests of 12-hour pumping, thickened sludge removal 

averaged about 5 .. 6 lbs. of solids per sq.tt. per m.g. of wa.ste wa.ter trea.ted 

and the liquid loading rate of the thickener wa.s 700 gallons par sq.tt" per 

dq. 

The tests carried out when part ot the primary sludge was 

recirculated gave average sludge removal of a. bout 4. 7 lbs. of solids per 

sq.tt. per m.g. waste wa.ter at hydraulic loading rate into thickener ot 

560 gallons per sq .tt. per day. 

1.35 

In all cases mentioned above the remova.l of organics average about 

6.5% of the total solids removed. 

Because of great variation in the concentration of the slud.ge 

pumped to the thickener, it was agreed that the analyses of influent to the 

thickener would not be ca.rried out during the test runs 1 to 6. 

A !ew settliD.g analyses, however, were made on gra.b samples of 

the primary sludge at the over!low weir of the grit washer and the resulta 

showed that suspended solids content on the average was 1.5,000 p.p.m. 
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A settling test was carried out by allowing 1000 ml.. of pri.mary' 

sludge sampl.e to settle for l hour in a graduatea l liter cylinder.. The 

quantit1 of sludge which settled out at the end of l hour was read and 

recorded as the settleability of prima.ry sluàge in ml/1 .. 

Settleability of primar;y sluàge during test runa l to 6 averaged 

150 ml/l. Other tests carried out in 1964 gave aTerage settleability of 

Pri:mar.T sludge of lOO ml/lo and suspended sol.ids content of 10,000 popom .. 

or 1% of sol.ids. The l.atter tests were carried out b;y compositing samples 

taken hourly over a 24-hour period.. MOre rel.iabil:i:t.1was therefore placed 

on the resulta obtained in 1964. 

The resulta of three months of tests of the waste water treataent 

plant are presented in Table VII and Appendix E. It was found that the 

thickener retained in the concentrated sludge over 99% of the solids pumped 

from primary clarifier. 

Thickener effluent averaged about lo% of the plant influent and 

carried from 60 to llO p .. p .. m .. of suspended solids. Another factor ai"tecting 

the effluent quality was the quantity of sludge held in the thickener. In 

test Bo. 2 it was tound by physic&l examination that the e.f'fluent qualit1was 

adversel1 ai"fected b;y the sludge bl.anket depth of 6 feet. A much clearer 

effluent was obtained during test No.. l lfith sludge blanket depth of .3 .teet .. 

The effluent obtained during test Bo.. 6, when part ot the primary" sludge was 

recirculated, was al.so auch clearer than the effluent obtained during test 

No. 2. 

It J1a7 be said, therefore, that in order to maintain good effluent 

qualit1 in the thickener oTer.tlow, both the liquid loading rates as weil as 

the sludge blanket depth aust be reduced .. 



During tests Nos.. 1 and 2, high aludge concentrations were 

obtained, namel.y, 14 .. 8.3% of aolida at .3 reet and 15 .. 64% of solida at 6 .f'eet 

sludge bl.anket depth.. The rate o.f' aludge pumping was 700 gallons per m.g. 

ot waate water treated tor test No .. 1 and aYeraged 550 gallons per m .. g .. ot 

waate water tor test No. 2 .. 
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The tests Nos .. .3 and 4 indicated that sludge concentration 

averaged 11.17% and 14.20% ot solida at sludge blanket depths ot 3 and 6 teet, 

respectively. 

It waa theretore concluded that the resulta obtained during 

testa Nos. 1 and 2 were greatly at!ected by the storms that occurred dul"ing 

the latter part ot August 1963.. Experimenta made during the aonth of July 

1964 &lao showed sludge concentration ot 14% ot solids at .3 !eet sludge 

bl.anket depth. 

Since the tests Nos. 1 and 2 were made during a ra.iey period, 

resulta of' sludge concentration indicated the intluence of sUt accWIIIllation. 

AYerage Yalue ot inorganic ccmponent ot the sludge was 40.62%, representing 

the conditions which would occur during and atter eTeey rainy period. 

Testa. Nos. 3 and 4 represented two different conditions, 

namel.y a ra.iey period now and the dey weather fiow. Du.e to absence of 

excessive a.mounts ot s1lt or inorganics in general, the Talues ot the organic 

and inorganic component. s ot the sludge in 18st No.. 4 were 70.46% and 29 .. 54% 

respectinl.y. Test No .. 3 indicated that wh1le the organic and inorganic 

components approximated the values obtained in tests Nos. 1 and 2, the higher 

loading ot the clarifier had resulted in lower remoT&l e!ticienc;r .. 
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The s1udge concentrations obtained in tests Nos. 5 and 6 gave 

values of 11.3% of solide at 3 feet s1udge blanket depth and 13.43% of solids 

at 6 feet depth. These values vere comparable with those obtained for tests 

Nos. 3 and 4.. It should be noted that during these test runs, the loading 

of the thickener was kept at 60 g. p .m. , while the rest of the sludge pu~~ped 

vas retu:med to the wet well of the p1ant and, consequentl.y, to the clarifier. 

It is thougbt that the effect of recirculation of part of the primary sludge 

caused re-suspension of previous1y settled-out solide, and may be one of 

factors producing lower solids content of the thickened s1udge. 

In Tab1e n is shown the Sludge Vo1ume Ratio (S. V.R .. ) which is 

defined as the volume of sludge b1anket in the thickener dirlded by the daily 

volume of sludge removed from the thickener. This relationship, which has the 

dimension of days was used as a relative •asure of the average so11ds detention 

period time in the s1udge b1anket. In order to use the true solids detention 

time, an inventor,y of the weight of dry solids in the thickener would have to 

be ade frequently. The weight of dry solids so established di Tided by the 

rate of removal of so1ids from the thickener would constitute the actual solide 

detention time. Such a m.ethod of control would be so laborious as to be 

impractical. Therefore, as a measure of solids detention time, the sludge 

TOlume ratio was used as a practical means of controlling the thickening 

process. The maximum S .. V .R.. used was governed by the mechanical li:mi.tations 

of the equipment and to obtain a satisfactor,y thickener effluent quality • 
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Tabl.e VII shows th&t the clarifier rem.oved trom 4 7% to 67% ot 

the suspended soli<ls while the c.o.D. removals varied trom 18% to 38l. 

Claritier s1ud.ge concentration &Yeraged 1.4-, ot solids. It was tound that 

claritier slud.ge concentration varied considerabl7 reaching even 0.5% t1 

soli<ls when the sludge transter pump was operating at 157 g .. p.m.. A 1ow 

ptm~ping rate and a longer detention period in the c1ar.1tier would. mst 

probably' raise the concentration ot priJD&r.y sludge. 

During the tests made operating the s1udge transter pump 12 hours 

a d.q only', it vas tound that the 12-hour pumping ot clarifier sludge was 

tal1y acceptable and did not cause a:r:J7 ditticult:y in plant operation. 

During 24-hour pumping schedule, it was tound that the primar,y 

slud.ge was very diluted and contained high percentage of water. 

The thickener operation was slso investigated during the tests on 

plant treatm.ent etficiancies. The sludge b1anket depths Jl&intained during 

the tests Nos. 7 to 14 ranged from 3 teet to 6 teet. Sludge concentration 

aYeraged 10% ot soli<ls at 3 teet sludge blaDket depth, li% soli<ls at 4 teet, 

12.5% soli<ls at 4 teet and 14.0% solide at 6 teet sludge blanket depth. 

The cblorination unit increased the etticienc;y ot the plant as 

indicated by the C.O.D. remonls ot trom 29% to 65%. It was, howeYer, tolill1d 

that suspended soli<ls in the chlorinated ettluent sometimes e:x:ceeded the Yalues 

obtained in c1ar.1tier effluent. 

In the course ot plant Jl&intaining operations it was tound. that 

so.- settling took place also in the cblor:l.nation chamber during plant overload 

period. It was thought that surge-removal ot the sediment from the chlor:l.nation 

chamber accounted tor the relatively' high a100unt ot suspended •tter 1n the 

plant ettluent. 
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TABLE NO, IX - OBSERVATIONS ON SLUOOE CONDITIONING 

Sludge Sludge 
Blanket Undertlow Solids Volatile 

~ Depth g.p.d. s,y.R. Content~ Content % 

4.5.64 2'-0" 1060 1.81 5.10 82.85 
5.5.64 2'-0" 980 1.96 5.70 82 .. 20 
7.5.64 2'-.311 920 2.44 6.00 80 • .30 
18.6.64 2'-9'1 865 .3.05 9.81 79.70 
10.10.6.3 .3'-011 820 .3.51 11..36 59.45 
ll.10.6.3 3'-0" 9.30 ,3.10 10.95 61.42 
22.6.64 .3'-0" 850 .3.40 10.00 77.00 

* 5.7.64 .3'-011 9.35 .).08 14.00 67.07 
* 28.8.6.3 .3 1-Qll 805 .3.58 15.18 59.24 
* 29.8.6.3 .3'-011 8.30 .3.4.3 14.48 59.5.3 

24.9.6.3 .3'-0" 8.35 .3.45 ll • .30 67.40 
1.6.64 .3'-911 800 4.50 ll.20 69.2.3 
12.5.64 4'-0u 800 4.80 10.14 70.4 
.31.5.64 4'-011 790 4.85 ll.70 67.0.3 
21.6.64 4'-0" 820 4.67 ll • .30 77·54 
25.6.64 4'-0" 810 4.74 ll.60 77.9.3 
28.6.64 4'-011 900 4.26 ll.90 7.3.60 
.30.5.64 4'-6" 740 5.84 12.70 62.50 
26.6.64 4'-911 685 6.65 12.60 75.02 
14.5.64 5'-011 700 6.85 12.90 6.3.20 
8.6.64 5'-011 760 6.,32 12.20 75.00 
.3.7.64 5'-011 680 7.06 12.80 72.24 
21.5.64 5'-611 700 7-55 12.80 69.90 
18.5.64 6'-0" 660 8.7.3 12.90 62.60 
2,3.10.64 6'-0" 5.30 10.85 1.3-77 70.25 
24.10.64 6'-0" 615 9 • .35 14.ll 70.68 
20.5.64 6'-011 680 8.46 1,3.20 62.60 
29.9.6.3 6'-0" 6.35 9.07 1.3.4.3 67.14 

*Values disregarded because resulta of solide content were high and indicated 
periods of storms. 
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TABLE X - EFFICIENCIES FOR PRIMARY WAS'.Œ WATER ':l'REATMENT PROCESSES 

Suspended Sol1ds % B.O.D. % 

Imhoff & Fair ( *20) 40-70 25 - 40 

Schroeper ( *:33) 65 36 

Fair & Geyer ( *1..3) 40 - 70 25 - 40 

Table X shows removal percentages of suspended matter and B.O.D. 

that maT be expected in Pr1mary Treatment Processes. 

The overall efficiencies or the primar,r treatment plant at 

Beaconsfield gave average removals of 55% or suspended sol1ds and 42% or 

C.O.D. These values compare favourably with e:x:pected values for prima.ry 

treatment processes, obtained from the operational experience of similar 

plants. 

Cune Fittin& 

Graphical methods haTe been used to present the experimental 

data in Table IX. 

lines. 

Three types of cunes were con~idered and their equations are, 

Y = bxn 

y= a+bxand 

y = x 
a+ bx 

The above equations can be transformed to equations of straight 



The straight lines of best fit for the three graphe plotted 

were obtained by employing the method of least squares. 

From the equation of the line of beat fit the value of y .ma.y 

be obtained for any given value of x on the assumption that the least 

squares line is the best representation of the relation between x and y. 

14'2 

In determining a particular curve Which is that of best fit to 

the graph No. .39 - Solids Content YS. Sludge Blanket Depths - the root-mean-

square of the corrections for the three equations were computed and compared. 

For equation y = bxn, the root mean square or the standard 

error of estimate was found to be 0 • .356. 

For the equation y= a+ bx, the standard error of estima.te was 

1.190, and, 

For the equation y= a! bx , the standard error of estimate 

wa.s 0.0.37. 

Since equation y= a +xbx , gave the smallest value for the 

standard error of estimate, it was decided to accept this equation as that 

of curve of best fit to the points plotted in graph No • .39. 

The method of least squares is based upon the law of chance or 

random. sampling and is designed to make the sum of the squares of the differences, 

or residuals between observed and calculated values a ~. 

th Thus if Rn = the residual of the n pair of observations 

(xn' yn) which are to be fitted b7 the equation 

y = a+ bx, then the residual 

R = a+bx-y;. n n 



The term (a+ ~) is the value of y calculated. to be paired 

with the value xn' whereas Yn is the observed. value of y. The parameters 

Il and ~ are to be chosen in such a way that the sums of the squares of the 

residuals are to be a min:hm:tm. 

R2 = L, [(a+ bx)- y]'l =a minimum 

To m.eet this requirem.ent, the first derivatives of E.a-2 with 

respect to Il and ~ are set equal to zero or 

&cl = 2E [R dR) = 2,E (a + bx - y) = 0 da , da 

d[i: R2] = 2~[ R ~:J = 2t (a+ bx- y) = 0 
\.lb 

For n pairs of observed values the following simultaneous 

equations exist. 

I na + bFx - l:y = 0 

II aZx +bix:2 - E.v = o 
Dividing both equations by n we have the two normal equations. 

I a +2~:5 _I.z = 0 
n n 

2 
II~+~-~= 0 

n a n 

'l'hus we have 2 equations and 2 unknowns and the values of Jl. 

and ~ are determined from 

a = Ex:~ilv - Ex E:g: 

x:Elt2 
- [Ix] 2 

To illustrate ~he application of the method more completely, 

the values of sludge blanket depths and corresponding solids content as tabu­

lated in Table II have been used. The equation chosen being y = a +x bx 



TABLE XI - SLUOOE BLANIŒT DEPTH x 
SOI.IIS CONmlT y 

l!~ll 

Obsel"'f'8d "x~ Observed y 

2.0 0.:392 
2.0 0.:351 
2.25 0.:375 
2.75 0.281 
:3 .• 00 0.264 
,3.00 0.274 
,3.00 0.:300 
,3.00 0.266 

:3-75 0.:3:35 
4.00 0.:395 
4.00 0.:342 
4.00 0.:354 
4.00 0.:345 
4.00 0.,3,36 
4.50 0.:355 
4-75 0.:377 
5.00 0.388 
5.00 0.410 
5.00 0.:391 
5.50 0.4:30 
6.00 0.465 
6.00 0.4:36 
6.00 0.425 
6.00 0.455 
6.00 0.446 

VS. SLUDGE BLANKET DEPTH 1 x 

2 x c ~ 
x • y Cal.CJJ] ated Y 

4.00 0.784 0.298 
4.00 0.702 0.298 
5.08 0.844 0.,306 

7-58 0.77:3 0.,322 
9.00 0.792 0.,3,30 
9.00 0.822 O.JJO 

9.00 0.900 0 .. ,3,30 
9.00 0.798 0.,3,30 

14.10 1.256 0.:354 
16.00 1.580 0.:362 
16.00 1.,368 0.,362 
16.00 1.416 0.,362 
16.00 1.,380 0.,362 
16.00 1.:344 0.,362 
20.30 1.598 0.:378 
22.60 1 .. 791 0.,386 
25.00 1.940 0.:394 
25.00 2.050 0.:394 
25.00 1.955 0.:394 
:30.,30 2.:365 0.410 
,36.00 2.790 0.426 
,36.00 2.616 0.426 
,36.00 2.550 0.426 
,36.00 2.7,30 0.426 
,36.00 2.676 0.426 

Totals 104.50 9.188 478.96 39.820 9.194 

Means 4.18 0.368 19.16 1.593 0.368 



which can be written as 

ë = a+ bx .. 
y 

The variables are ~ values which are plotted on the ordinate 

axis, and x values are plotted on the abscissa axis. 

Substituting the values obtained fron 

equations I and II, 

I a + 4.18b - .368 = 0 

II a + l9 •1~ b M l. 593 = 0 
4.18 4.18 

whence a = 0.234 

b = 0.032 

The equation of the line of beat fit is 

~ = 0.234 + 0.32x 

Table XI · n the 

1C Using this equation, values of -; were calculated for the 

observed. values ot x and entered in the preceding Table XI. A sllJIII&tion 

of these values of calculated ~ = 9.194, therefore, the average value 

ot calculated ~ = 0.368 which equals the average value of observed i . 
The straight line ~ = 0.234 + 0.0321: may now be drawn 

representing the line of best fit through the plotted observation points 

tor the solids content and sludge blanket depths. The restùt or this 

procedure is shawn on the next page. 

145 
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TABLE XII - ADJUSTMENT OF OBSERVATIONS TO LEAST SQUARES LINE -

SLUDGE BLANIŒT JlEPTH vs SLUDGE BLANKET DEPT'rl SOLIDS CONTENT 

~ ·~ Correction to 
d2 Observed Y Calculated y Qb~eryed xh. d 

0.392 0.298 -0.094 0.00884 

0.351 0.298 -0.053 0.00281 

0.375 0.306 -0.069 0.00476 
0.281 0.322 +0.041 0.00168 
0.264 0.330 +0.066 0.00436 
0.274 0.330 +0.056 0 .. 00314 
0.300 0.330 +0.330 0.00090 
0.266 0.330 +0.019 0.00036 

0.335 0.354 -0 .. 033 0.00109 

0.395 0.362 +0 .. 020 0.00040 
0.342 0 .. 362 +0 .. 008 0.00006 

0.354 0.362 +0.017 0.00029 
0.336 0 .. 362 +0.026 0.00068 

0.355 0.378 +0 .. 023 0 .. 00053 
0 .. 377 0.386 +0.009 0.00008 
0.388 0.394 +0.006 0.00004 
0.410 0.394 -0 .. 016 0.00026 
0.391 0.394 +0.00.3 0 .. 00001 
0.430 0.410 -0.020 0.00040 
0.465 0.426 -0.039 0.00152 
0.436 0.426 -0.010 0.00010 
0.425 0.426 +0 .. 001 0.00000 

0.455 0.426 -0.029 0 .. 00084 
0.446 0.426 -0 .. 020 0.00040 

Totals: 9.188 9.194 +0.325 0.03355 
to 

Means: 0.368 0.368 -0.383 0.00134 
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The standard error ot estimate tor the giTEm data shOWil in Table .. 

xn 1s 

rr = ± Jo.oo134 
~ 

Y = ± o.037 

From experimental data shawn in Appendix E it was tound that 

coetticient ot variation otan aTerage sample taken trom each day's samples 

was within ± S%. Since analyses of samples vere carried out under tixed 

laboratorr conditions, it was agreed that most ot the points plotted in Graph 

No. 39 should lie between lines parallel to the least squares llne of best 

tit, one at 2 cr~ units above and one at 2 cr~ units below, measured vertically. 

y y 

9.5.00% ot all cases would lie between ± 1.96 cr~. ± 0.073 units 

each aide ot the least squares line, measured vertically. Y 

From the equation ot the least squares line ot beat fit estima.te 

x/y tor x= 6 

~ = 0.426 
y 

• + cr = 0.426 + 0.073 
y ~ 

y 

= 0.499 

~ - cr = 0.426 - 0.073 
Y e 

y 
= 0.353 

So the probabUity that the correct ~lies between 0.499 and 

0.353 is 9.5%. 

EquiT&lent calculations have been carried out for the solids content. 

and YOJ.atUe content relatianship a.a well as tor the sludge volume ratio vs. 

solide content. 
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The equation 7 = a + bx was used in finding the curve of best 

fit for the Graph No. 40 - Sollds Content vs. Volatile Content. Calculations 

made are shown in Tables XIII and XIV. 

The equation y = a +x bx was used as the equation of the curve 

of best fit for the Graph No. 41 - Solids Content and Sludge Volume Ratio 

relationship. The calculations made are shown in Tables XV and XVI. 

Two equations 7 = a ! bx and 7 = a + bx were used in obtaining 

the curves of best fit for the Graphs Nos. 42 and 43 respect! vely. Graph 

No. 42 shows Suspended Solids Rem.oval vs. Detention Period. Graph No. 43 

shows C.O~D. Removals vs. Detention Period. These observations of C.O.D., 

suspended solids removals and detention period concerned the clarifier 

operation. 
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TABLE XIII - VOLA. 'l'ILE CON'mT VS.. SOLIDS COifl'ENT 

Observed 11X 11 Obserred n711 

2 SoUda Content Vo1atUe Content x Xl CalcuJ.ateci 111'11 

5.10 82.85 26.00 42.3.00 81.97 
5-70 82.20 ,32.50 468.00 80 .. 91 
6.00 80 • .30 ,36 .. 00 481 .. 80 80.,,38 

9 .• 80 79-70 96.00 780.00 7.3 .. 66 
11.,36 59.45 129 .. 00 675.00 70 .. 91 
10.95 61.42 120.00 67.3.00 ?1 .. 6.3 
10.00 77 .. 00 100.00 770.00 7.3 • .31 
11 • .30 67.40 128.00 761.00 71.01 
11.20 69.2.3 125 .. 50 775-40 ?1.19 
10.14 70.40 102 .. 50 71.3 .. 90 7.3 .. 06 
11.70 67 .. 0.3 1.37.00 784 • .30 70.31 
11 • .30 77-54 128.00 876 .. 00 71 .. 01 
11.60 77-9.3 1.34.50 904.00 70,48 
11.90 7.3.60 142.00 875.00 69.95 
12.70 62.50 161 .. 50 793.80 68 .. 54 
12.60 75.02 158.50 946.00 68.72 
12.90 63.20 166 .. 50 815.00 68 .. 19 
12.20 75.00 148 .. 50 915.00 69.42 
12.80 72.24 164 .. 00 925.00 68.36 

12.80 69.90 164.00 895.00 68.,36 
12.90 62 .. 60 166.50 807-50 68.19 
1,3. 77 70.25 19().00 970.00 66 .. 6; 
14.11 70.68 200 .. 00 997-50 66.05 
1,3.20 62 .. 60 174 .. 00 826.;0 67 .. 66 
1,3.43 67.14 180.50 904.00 67.25 

Totals: 281.46 1777.18 3.311.00 19,755-70 1777.17 

Heans: 11.258 ?1.087 1.32.44 790.228 ?1.087 



Substituting the values obtained. from Tab~e XIII, the two 

equations I and II a:re 

a + ~.258b - 71.087 = 0 

~.258& + l32.44b - 790~228 = 0 

So~ving tor A and :2. we have 

a = 90.98 

b = 1.767 

There.tore, the equation o.t the ~e of beat fit is 

y = 90.98 - l.767x. 

~5~ 
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TABLE XIV- ADJœTMENT OF OBSERVATIOilS TO L'FAST SQUARES LINE-
SOLIDS CONTENT VS.. VOLATILE CONTENT 

Correction to 

CaJ.cu].ated z 
Observed 7 

d2 Ol:!•erved z d 

82.85 81.97 - 0.88 0.7744 
82.20 80 .. 91 - 1.29 L6641 
80 .. .30 80 .. 38 + 0 .. 08 0.0064 
79.70 7.3.66 - 6 .. 04 .36.4816 
59 .. 45 70 .. 91 + ll.46 1.31...3.316 
61.42" 71.63 + 10 .. 21 104 .. 2441 

77.00 7.3 .. 31 - 3.69 1,3.6161 
67 .. 40 71.01 + ,3.61 1.3 .. 0.321 
29.23 71..19 + L96 ,3 .. 8416 
70.40 (.3.o6 + 0 .. 70 0.4900 
67.03 70 .. 31 + .3 .. 28 10.7584 
7(.54 71 .. 02 - 6 .. 52 42.5104 
7(.93 70.48 - 7 .. 45 55.5025 
7.3.60 69 .. 95 - 3 .. 65 13 .. .3225 
62.50 68 .. 54 + 6 .. 04 36 .. 4816 
75 .. 02 68 .. 72 - 6 .. .30 .39 .. 6900 
6.3 .. 20 68 .. 19 + 4 .. 99 24 .. 9001 
75.00 69.42 - 5.58 .31.1364 
72.24 68 • .36 - 3 .. 88 15.0544 
69.90 68 • .36 -1.54 2 .. .3?16 
62.60 68 .. 19 + 5 .. 59 .31.2481 
70 .. 25 66 .. 65 - 3 .. 60 12.9600 
70.68 66 .. 05 - 4.6.3 21.4.369 
62.60 67 .. 66 + 5 .. 06 25 .. 6036 
67.14 67.25 + O.ll 0 .. 0121 

Totals: 177?.18 1777.17 - 55f.g5 668.4706 
Mea.ns: 71.087 71.087 + 53 .. 09 26.7.388 

95% confidence 1im1t 7 :1: 1.96 x ./26.7388 
= y ± 10.1.35 
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TABLE XV - SLUDGE VOLUME RATIO vs .. SLUDGE VOLUME RATIO 
SOLI:œ CONTENT 

" ' 

Observed Observed 
1!~11 

nxn y 2 x "~Il 
SludJte Volume !Yltio S .. I.R.LSo!l~ Content 

x.-
C!d:cul~:ted l x l 

1.81 0 .. 355 'j.Zf6 0 .. 643 0 .. 27ll 
1.96 0.344 3 .. 84.2 0.6742 O .. Z'/92 
2.44 0.407 5 .. 954 0 .. 9931 0 .. 3052 
,3.05 O .. Jll 9 .. .303 0.949 0.3.381 
,3.51 0.309 12 • .320 1 .. 085 0.3629 
3.10 0.283 9.610 0.~7 0 .. 3408 
.3.40 0 .. .340 u.560 1.156 0 .. 3570 

3-45 0 .. .305 11.90.3 1.052 0 .. .3597 
4.50 0.402 20~250 L809 0 .. 4164 
4.80 0 .. 473 23.040 2.Z?O 0 .. 4326 
4 .. 85 0 .. 415 2.3 .. 532 2 .. 01.3 0 .. 435.3 
4.67 o.w 21.809 1.929 0 .. 4256 
4.74 0 .. 409 22 .. 468 1 .. 9.39 0 .. 4294 
4.26 0 .. 358 18 .. 148 L525 0 .. 40.34 
5.84. 0 .. 460 .34 .. 106 2 .. 686 0 .. 4888 
6.65 0 .. 528 44.22.3 3 .. 5ll 0 .. 5325 
6.85 0 .. 5.31 46.923 3.6.37 0 .. 54.3.3 
6.32 0.,518 39 .. 942 3 .. 2:74 0 .. 5147 
7.06 0.552 49 .. 84.4 ) .. 897 0 .. 5546 
7-55 0.590 57.003 4-455 0.5811 
8.73 0.677 76 .. 213 5 .. 910 0.6448 

10.85 0.788 117-723 8 .. 5;0 0 .. 7593 
9-.35 0.66.3 87.423 6 .. 199 0.6783 
8.46 0 .. 641 7L572 5 .. 423 0 .. 6302 

9-07 0.675 82 .. 265 6 .. 122 0.66.32 

Total.s: 137.27 llo7470 904.237 72.578 ll.7475 

Me~: 5.4908 0 .. 4699 .36.1695 2 .. 9031 0 .. 4699 



I and II 
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Substituting the values obtained from Table XV in the equations 

I a + 5.490Sb - 0.4699 = 0 

II 5.490Sa + 36.l695b - 2.9031 = 0 

The values ot a and b are determined as 

a = 0.17.34 

b = 0.0540 

Theretore, the equation of the line of best fit 1s 

:it y = 0.1734 + 0.054x. 
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TABLE XVI- ADJUSTMENT OF OBSERVATIONS TO LEAST SQUARES LD1E - S.V .. R .. / 
SOLIDS CONTENT VS. SLUDGE VOLUME RATIO 

Correctio~to 

è è Observed y. 
d2 Observed Y Calculated. z d 

0.355 0.2711 - 0 .. 0839 0.007039 
0 .. 344 O.Z{92 - 0 .. 0648 0.004199 
0.407 0.3052 - 0 .. 1018 0 .. 010363 
0.311 0 .. 3381 + 0 .. 0271 0.000734 
0.309 0.3629 + 0.0539 0 .. 002905 
0 .. 283 0.3408 + 0 .. 0578 0 .. 003.341 
0.340 0.3570 + 0.0170 0.000289 
0.305 0.3597 + 0.0.547 0.002992 
0.402 0.4164 + 0 .. 0144 o.ooom 
0.473 0.4326 -· 0.0404 0 .. 001632 
0.415 0.4.353 + 0.0203 0 .. 000412 
o.w 0.4256 + 0.0126 0.000159 
0.409 0.4294 + 0 .. 0204 0 .. 000416 
0 • .3.58 0.40.34 + 0.04.54 0.002061 
0.460 0.4888 + 0.0288 0.000829 
0 • .528 0 • .532.5 + 0.0045 0.000020 
0 • .531 0 • .5433 + 0 .. 0123 0.000151 
0.518 0 • .5147 - 0.0033 0.000011 
0.5.52 0.5546 + 0.0026 0.000007 
0.590 0 • .5811 - 0.0089 0.000079 
0.677 0.6448 - 0.0322 0.001037 
0.788 0.7593 - 0 .. 0287 0.000824 
0.66.3 0.6783 + 0.01.53 0.0002.34 
0.641 0.6302 - 0.0108 0.000117 
0.675 0.66.32 - 0.0118 0.000139 

Totals: 11.7470 11.7475 - 0 .. 3866 0.040197 
to 

Means: 0.4699 0.4699 + 0.3871 0.001608 

è 1.96 x j.0016o8 95% Confidence limit gives t 
7 

= e ± 0 .. 0786 y 



TABLE XVII - DETENTION PERIOD "x" vs. DETENTION PERIOD "x" SUSPENDED SOLIOO REMOVAL "zn 
11~11 

2 x 
Observed "x11 Obaerved X- • - Calculated z x 

~x 10-~ x 10-2 x 10-2 

1.94 2.89.55 3.7636 -5.6173 3.5000 

2.ll 3-3492 4-4521 7.0668 3.7337 

2.28 4.85ll 5.1984 ll.0605 3.9666 

2.59 4-7091 6.7091 12.1966 4-3913 

2.44 4.0667 5.9536 9.9227 4.1858 

2.30 3-4848 5.2900 8.0150 3.9940 

1.82 3.8723 3 • .3124 7.0476 3.3364 

2.41 4.0167 5.8081. 9.6802 4.1447 

Totala: 17.89 31.2454 40.4863 70.6067 31.2525 

Means: 2.236.3 3.91 5.0608 8.83 3.91 

Subatituting theae values 1n the equations I and II 

I a + 2.2363b - 0.0391 = 0 

II 2.2363a + 5.0608b- 0.088)= 0 

whence 

a = 0.00843 

b = 0.0137 

and the linear equation ot the llne of beat tit 1a 

; = 0.00843 + 0.0137x 

"~'' 
y 
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TABLE XVIII- DETENTION PERIOD "xn VS. C.O.D. REMOVAL 11Y 11 

2 Il Il 
Observed 11X 11 Observed "y" x xy Calculated y 

1.94 18 3.7636 34.92 

2.ll 21 4.4521 44.31 

2.28 36 5.1984 82.08 

2.59 20 6.7081 51.80 

2.44 38 5.9536 92 .. 72 

2.30 29 5.2900 66 .. 70 

1.82 18 3 .. 3124 32.76 

2.41 34 5.8081 81.94 

Totals: 17.89 214 40.4863 487.2.3 

Means: 2.2.363 26.7500 ,5.0608 60.9038 

Substituting these values in the equations I and II 

I a + 2.2363b - 26.75 = 0 

II 2.2.363a + 5.0608b - 60.9038 = 0 

whence 

a = - 13.81 

b = 18.137 

The linear equation of the tims of beat fit is 

7 = - 13.81 + 18.137x 

21.3758 

24.4453 

Zl .5424 

33.1648 

30.4443 

Z{.9051 

19.19934 

29.9002 

213 .. 977 

26.747 
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An a:a:mina.tion of the graph No. .39 indicated. that a linear 

relationship existed. between the sludge blanket depth in the thickener and 

solld.s content of the thickened. sludge. The slope of the graph showed. tm. t 

an increase in sludge blanket depth/sollds content wo'Uld indicate also an 

increase in sludge blanket depth. 

An examination of the graph No. 40 indicated. a linear relation-

ship between volatile content and solids content of the thickened sludge .. 
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The slope of' the graph showed. that at law solide content the volatile content 

of the soUda tend to be high as contra.sted. with law volatile content at high 

solid.s content. For any value of solids content, the volatile content ha.s 

a value of more tha.n 60% of it. 

. Sludge Volume Ratio 
Graph No.. 41 shcwed the relationship between the Sollds Content 

and Sludge Volume Ratio. 'file graph is linear, indicating a rise in solids 

content witb an increase in the sludge volume ratio. 

It a graph or Solid.s Content vs. Sludge Volume Ratio were to be 

constructed, it would be seen that if the sludge volume ratio were decreased 

below some critical value, a. marked reduction in solids content wotù.d res'Ult. 

Experi.ments were carried out to determine the rate of sludge consolidation 

during the .f'irst .f'ew hours of the thickening operation with a. view toward 

approximating the critical S .. V oR. 

The resulta of two experimenta carried out were questionable and 

were not recorded but they demonstra.ted that in each case there was a rapid 

initial consolidation period of about 2 da.ys, followed by an abrupt decrease 

in the rate of consolidation., This is believed to have occtU"red when water 

no longer esca.ped treely from the sludge ma.ss t.mder the given conditions of 



the tank and the sludge therea.tter wu in the state ot extend.ed period ot 

compression under its own weight. 

In orcier to maintain h1gh concentrations ot sludge 1 the 

thickening procesa :amst be eontrolled so that the solida to be thickened 

remained in the thickener tor a long enough period to have obtained this 

condition. 

Graph No. 42 shows Detention Perioda ot the Clari.f'1er versus 

Deteniion Ptriod A llnear relationship was obt.ainecl gi"fing an 
Supcded Solids Removal • 

aftrage detention period ot 2.2 hours and average auspend.ecl solida removal 

ot sa%. 
Graph No. 4.3 shows' the relationahip between c.o.n. Removal and 

Detention Period. An average C.O.D. removal ot 2!1% tor the el.ar1!'1er waa 

obt.ained. 

16.3 

It can be seen tram the graphe Nos. 42 and 4.3 that obaern.tions 

ot C.O.D. and suspended solida removals were obtained !or claritier's 

detention perioda rangin& troa 1.82 to 2.59 hours. These observations, 

thouah tew, were sutticient !or obta.ùrlng average values o! detention period, 

c.o.n. and auspended solida removals. 

It 1a believed that 1t a series or obsern.tions wre made on the 

lines ot the resulta eomputed !or the grapba Nos. 42 and 4.3, it would be 

possible to obtain s1xtlar relationship as that obtained 'b7 Fair and Geyer(*l3) 

and shown in Grapb l on Page 75. 



CHAPTER X 

CONCLUSIONS 

The resulta ot investigations regarding the Waste Water 

Treat.ment Plant ot the Town ot Beaconstield, Quebec, and the method used 

tor sludge conditioning can be &UDU.rized as tollows: 

1. A llnear relationship exista between solids content ot the 

thickened sludge and the slud.ge blanket depths in the thickener. 
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Average ?Blues ot solids content obtained for different depths ot 

sludge blanket in the thickener were 6.7%, 10.0%, 11.0%, 12.5% and 

14-o% of solids tor 2, 3, 4, 5, and 6 reet slud.ge blanket depths, 

respectively. 

2. Thickener operations at a h1gh thickener liquid loading of 

1400 g.p.d./sq.tt. and a sludge blanket depth of 6 reet resulted 

in poor etnuent quality. 

Clearer e.ffiuent was obtained when thickener loading was 

reduced to 560 g.p.d./sq.tt. and sludge blanket depth maintained 

at 6 teet. 

3. A linear relationship exista between solids content and 

volatile content ot the thickened sludge. It was tolUld that the 

solids content Taried innrsely as the percentage ot the volatile 

content in the thickened sludge. 

4. From a practical point of view, the resulta obtained during 

12 hour-pumping ot clarifier sludge indicated that a 12-hour primary 

sludge transfer period is tully acceptable and did not cause any ditti-
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culty in plant operation. This, in turn, will mean reduction in plant 

operation cost. 

5. The thickening process was controlled by using the concept of 

sludge volume ratio, detined as the volume of sludge blanket held 

in the thickener di Tided by the volume of sludge pumped per day from 

the thickener. In conjonction with this control, the depth of sludge 

blanket was kept law, thus aiding in the attainment of higher sludge 

concentration. During cold weather the S. V .R. was Taried from 8 to 

10 days. Daring the warm.er weather when biologie al actirlty increased, 

resulting in gas formation, the range of S. V .R. was reduced to between 

3 and 5 da.ys • 

6. The investigations concemi.ng the performance and efficiency of 

the claritier gave the following average data: 

i) Detention period, 2.2 hours var;ying from 1.82 to 2.59 hours. 

ii) Surface loading1 .3.38 g.p.d./sq.tt. varying from 286 to 

410 g.p.d./sq.tt. 

iii) Suspend solids removals, 58% va.r,ying from 47% to 67% and 

iv) c.o.D. removals, 'Z/%, varying from 18% to .38%. 

7. The average performance data for the treatment plant were tound 

by using values obtained from analyses of intluent and chlorinated 

effluent samples, and are as follows: 

i) Suspended solids removal, 55% varying from 41% to 66%. 

ii) C. O. D. removals, 42% varying from 29% to 65%. 

'l'hese values compare f'a.vourably vith axpected values for primary 

treatment processes, obtained from the operationa.l experience of' si.m:llar 

plants. 
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8. It is concluded that the clarifier, thickener and cblorination. 

units are adequate for treatin.g waste water from the Town and these 

units are not overloaded except during periode of storms. 

9. The average value of dissolved solids in the clarifier effluent 

is 521 p.p.m. This indica.tes, a seconda.ry treatment process may­

eventually be needed for subsequent trea.tment of the effluent. 

Future Investigation 

The resulte of the present experimenta and the experimental 

conditions themselves are suggesting the nature of Mure investigations. 

The writer intends to offer a. few suggestions rega.rding experi­

mental conditions that may be a.nticipa.ted in adva.nce of future investigations, 

namely, 

1. It would seem ur.mecessa.ry to investiga.te sludge concentration 

below a sludge bla.nket depth of 3 reet in the thickener. Resulte of 

tests on sludge concentration below the 3 feet sludge blanket depths 

were highly inconsistent. 

It is believed tha.t the concentrated sludge rea.ches the state of 

extended period of compression only a.fter .3 reet sludge blank:et depth. 

2. Attempts should be made to obta.in thickener performance data 

at a loadin.g of 547 g.p.d./sq.rt. and lower. This would require 

recircula.tion of sludge, wtdch may be done in the following ma.nn.er. 

a) Recirculation from the grit wa.sher to the clarifier. This 

could be done by- co:nnecting a 311 diameter pipe directly from 

the drain connection flange of the grit washer to the clarifier. 

A valve connected to this pipe would provide a control for 

varying the tbickener loading rates. 
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b) Recirculation .!rom the grit washer to the wet weil. 'l'his 

could be done by opening the weir plates over the OJ"ganic 

overtlow weir in the grit washer and allowing part ot the 

claritier sludge to overtlow back to the wet well. 

It ia believed that the tirst method would produce better 

results since the sludge would onl;r be recirculated through 

the sludge transter pump. The second method would pass the 

sludge throu.gh the low lift pumps and thus ettect destruction 

ot large sludge tlocs. 

Tb.ese arrangements, it carried out, would enable the Town to 

ran the sludge trans ter pump at high pœDping rate, thus 

preventi.ng the repeated clogging ot the 150 tt. long suction 

line trom the claritier. Further.more, it would be possible 

to regula.te the tlow to the thickener via the valve on the new 

line connection trom the grit washer to the claritier, or via 

the weir openings on the organic overtlow weir in the grit 

washer. 

,3. It had been shawn that a certain solids content could 

be maintained in the thickened sludge by proper ma.inta~:lng ot sludge 

blanket depth and sludge volume ratio. Trial runs would be required 

to show whether the A.S.T. can handle the solids content produced. 

4. Additional problems would arise when the Town decides to 

install a secon~ey treatment process. The combination ot primary' 
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and secondaey sludges would change the moiature content ot the t.hickened 

sludge and thus t.he general consistency would be changed as well • 
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APPEBDIX A 

Data ob\A,;ined in preli m1 narx stud..y and ip,TestigatiOD. 

Preliminar;y investigations and study ot contempl&ted experimenta 

h&d sernd to establish the tollowing: 

Waste Water Flow. Records ot waste water tlow to the treatment 

plant at Beaconstield were studied tor the ;years 1960 to 1963. The waste 

water tlows were compared with cor:responding water consumptiOD t1gu.res. 

H.W. Lea.(*26) suggested in his report th&.t an estim&te o.t the ultima.te peak 

sanitar;r waste tlow from the Town can be ad.e by taking the a:nticipated. 

ultima.te peak water consumption and. by adding to it an a.llowance .tor 

œ.a.Toid.&ble infiltration o.t ground water. 

The in.tiltration of ground water JD8.Y take place through pipe 

joints, brealœ 1n pipes, mailholas and. improperly plugged bouse connection 

branches proTided .tor .future deve1opm.ent o.t the area. An allowance .tor 

iDtiltration ot 100 g.p.d. per capita was assumed during the design ot the 

treatment plant. 

A study ot the information made available indicated that no 

attempt. has been made to 1nTesti8a.te the e:ttect ot precipitation and 

infiltration on the waste water tlow to the plant. 

The observation ot monthly tlows ot waste water, water cO.umption 

and rainta.ll have been tabulated in Table XIX and plotted 1n graph No. 44. 

An inspection ot this graph will show the tollowing: 
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TABLE XIX- MONTHLY FLOO OF WJ STE WATER, WATER CONSUMPTION & RAINFALL 

Jan. Peb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. 

1960 
Sewage .m.g, 46.50 56.00 65.72 - 42.10 42.48 34.91 31.92 37.11 57.96 41.17 

Water m.g. 22.97 17.60 17.67 18.10 21.51 25.88 29.92 33.24 20.44 20.66 19.29 20.42 

Raintall inches 0.40 1.66 0.75 3.41 1.88 2.58 3.48 1.19 2.27 4.34 3.33 0.33 

1961 
Sewage m.g. 38.52 37.59 67.27 29.72 64.24 51.58 41.32 44.16 49.62 44.81 37.82 40.24 

Water m.g. 23.32 25.37 22.62 18.95 21.53 22.75 23.15 26.14 25.87 28.70 22.70 21.42 

Raintal1 inches 0.07 2.13 0.79 2.94 2.46 5.17 3.07 5.41 0.83 2.55 1.39 1.76 

1962 
Sewage m.g. 43.48 41.75 61.17 78.21 72.26 48.35 42.74 45.09 35.65 31.23 46.45 40.35 

Water m.g. 21.11 'i!JJ.87 27.96 21.30 26.71 39.40 29.22 23.11 22.64 21.92 27.12 31.68 

Raintall inches 1.55 0.26 0.10 3.59 1.54 3.06 5.03 2.36 2.72 3.80 0.93 0.27 

1963 
Sewage m.g. 32.40 24.20 37.19 49.67 51.00 35.74 28.87 37.53 38.37 33.44 41.91 39.76 

Water m.g. 30.58 22.56 22.86 23.51 26.83 35.24 28.35*28.35*28.35*28.35*28.35*28.35* 

Raintall inches 0.05 0.02 1.14 3.15 2.25 3.61 2.47 5.88 4.64 0.55 5.52 0.40 

* Average figures estilllated. 
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TABLE :xx - CALCULATED INFll.TRA'l'ION DURING RECORDED MONTHLY PEAK WASTE WATER FLCMS 

Recorded Recorded Calculated 
Date waste water fiow water consnmption infiltration g.c.d. 

March 1960 65.72 17.67 164 

November 1960 57.91 19.29 136 

April 1961 $.72 18.95 166 

September 1961 49.62 25.87 78 

January 1962 43.48 21.11 64 

April 1962 78.21 21.30 168 

Auguat 1962 45-09 23.11 63 

November 1962 46.45 27.12 57 

May 1963 51.00 26 .. 83 65 

September 1963 38.37 28.35 28 

NoTember 1963 41.91 28.35 38 

TABLE XXI - POPULATION FIGURES 

Year Population 

1960 9,500 

1961 10,200 

1962 11,300 

1963 12,000 
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TABLE nii - A'VEBAGE DAlLY FLOO OF VASTE WATER AND WATER CONSUMPTION 

Jan. Fe b. Mar. A;2r. Jfay Jœe Jul;z Ag. S!J!. Oct. Nov. Dec. 

1960 
---

Waste water m.g. 1.50 2.00 2 .. 12 - - 1.40 1.37 1.13 1.06 1.20 1.93 1.33 
-' 

Water 11 0.74 0.61 0.57 0.60 0.69 0.86 0.96 1.07 0.68 0.67 0.64 0.66 

1961 

Waste water m.g. 1.24 1.39 2.17 2.32 2.07 1.?2 1.33 1.42 1.65 1.44 1.26 1.30 

Water u 0.75 0.91 0 .. ?3 0.63 0.69 0.?6 0.75 0.84 0.86 0.93 0.76 0.69 

1962 
~ 

Waste water m.g. 1.40 1.49 1.97 2.61 2.33 1.61 1.38 1.45 1.19 1.01 1.55 1.30 

Water Il 0.68 0.75 0 .. 90 0.71 0.86 1.31 0.94 0.75 0.75 0.71 0.90 1.02 

1963 

Waste water m.g. 1.05 0.86 1.20 1.66 1.65 1.19 0.93 1.21 1.28 1.08 1.40 1.28 

Water Il 0.99 0.81 0.74 0.78 0.87 1.18 0.92 0.91 0.95 0.92 0.94 0.91 

~ 
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The observations ot average dail.y nows ot waste water and 

water consumption have been presen.ted in 'l'able XXII and p1otted in graph 

No. 45. An inspection ot the graph will show the tollowing: 
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TABLE .XX:m-cALCULA.TED INFTI.TRATION DURING RECORDED DAILY PEAK WASTE WATER FLCliS 

Recorded waste Recorded water Calculated 
water naw conswaption Intiltration 

Date m.g.d. a.g.d. g.c.d. 

March 1960 2.12 0.57 163 

November 1960 1.93 0.64 136 

April 1961 2.32 0.63 166 

Septaber 1961 1.65 0.86 78 

April 1962 2.61 0.71 168 

November 1962 1.55 0.90 57 

April 1963 1.66 0.78 74 

September 1963 1.28 0.95 28 

November 1963 1.40 0.94 38 

N.B. During periods ot high precipitation, the waste water nowa exceeded 
3.5 m.g.d. and calculat.ions tor these periods have not been made. 
Calculated infiltration values were based on population figures shawn 
in Table XXI. 

It was evident trom. graphs Nos. 44 and 45 that during 1960, 

1961 and ear1y 1962, the peak waste water nowa were high and were due to 

infiltration into the sewer system. Attempts were made to plot the raintall 

figures and to tind the contributi. on these play'ed in raising the waste 

water tlows. 



In 1962, the Town attempted to seal the ta\llt7 joints that 

vere toUlld on closed circuit TV inspection of some sections ot the sewer 

qstem.. 'l'his joint seal.ing operation bas been ext.ended to the present 

ti:Jae, coTering a considerable section of the sever system.. As the res\llt, 

a ma.rked reduction in peak tl.ovs bas been achieTed. as can be seen atter 

NoTember 1962 in graph No. 44. 

The actual intUtration aTeraged 150 g.c.d. in 1960, 122 g.c.d. 

in 1961, 103 g.c.d. in 1962 and onl7 45 g.c.d. in 1963. 

It might be conc1uded that intUtration into the sewen has 

been reduced considerabl7 since the tiae the Town started sealing ot 

taulty joints detected during inspection. 

Though the value or 100 g.c.d. bas been used by seTeral 

consulting engineers in the designs ot treatment plants, it bas been shawn 

that. the act.ual intUtration figures han been reduced from. 150 g.c.d. in 

1960 to 45 g.c.d. in 1963. 

It is be1ieTed that intiltration ettect caDDot be entirel7 

eliminated in the sever system., and allowance tor intUtrat~on should be 

considered in the fUture design ot secondar;y treat.ment process. 
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APPENDIX B 

CALIBRATIONS OF EQUIPMENT 
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In order to determine the s1udge b1anket depths in the thickener 1 

a measuring rod having a fiat plate at the end vas used. The rod was calibrated 

in feet f'ro:la 0 to 11. The ll .foot mark on the rod corresponded to a zero 

s1udge blanket depth while the 0 foot mark on the rod corresponded to the 

~ 1 foot s1udge blanket depth in thick.ener. 

Since the cross-sectional area of the thickener was 154 sq.tt., 

l foot division on the rod vas equivalent to sludge volume of 960 gallons. 

The graph No. 46 shows the calibration curYe of the thickener when 

holding sludge. 

2. Ç!rqund Storue Tank 

The grotmd. storage tank is 5 feet in diameter by 15 feet long. 

A calibration curve of this tank is shown in graph Nô. 47. 

J. Rectanplar Weir 

The rating curve of the rectangular weir œed on the thickener 

was obtained b;r integrating the expression 

dQ = TdA = /2i.h w. dh, where 

Q = instantaneous rate ot tlow, tt3 /sec. 
v = instantaneoœ velocity of tlow ~/sec. == v"2iii 
A = cross-sectional area of tlow ft = w.dh 
g = acceleration due to grartt;r, .f't./sec?-
h = elevation of pond above weir crest. tt. 
w = surf'ace width of stream cross-section passing through 

rectangular weir, ft. 



• 

' 

Il' 'S ~ 
~ 

• 



"' ,.. 

t 

i 

i 

' ( 

1~ 

lb< 11.1 rLII IY1 



Using the necessa.ry conversion factors to yield f'low rate in 

'Wlits of gallons per minute a rating equation of 

Q = .;.,.;.; (W - 0.2H) rfJ/2 

was obtained wbere 

Q = instantaneous rate of flow, c .. f .. s. 
H = head on weir, ft. 
W = width of effluent cross-section passing through weir ft. 

Experiaents were carried out to determine the flows over the 

rectangular weir and to obta.in a rating eurre for the: weir., 

Table XXIV shows the resulta of observed heads over weir at 

different openings of the delivery valve of the sludge transfer pump., 
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The possibility of m.easuring the discharge directly was considered 

but as m.entioned earller the coat of auch m.etering equipment was too high. 

Graph No. 48 shows the rating eurre for the rectangula.r weir .. 

TABLE XXIV - OBSERVATIONS OF HEAOO OVER . RECTANGULAR WEIR 

VaJ.: ve openipg Observed 11 H11 tt. Calculated Flow 

Fall opening 0.262 157 g .. p.m. 

3/4 opening 0.221 124 g.p.m. 

1/2 opening 0.210 u; g.p.m. 

Full opening with part 
of s1udge recirculated 0.134 60 g.p.m. 

1964 pumping rate 0.163 00 g .. p.m. 
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APPENDIX C 

EXPERIMENTAL PROCEDURES 

18J. 

The procedures of the experimenta carried out have been described 

while little explanation wa.s given about sampling, pwaping, measurem.ents and 

chemical analyses of waste water and sludge. Discussion of a1l these matters 

is gi ven below. 

Samplin,g.. In a wa.ste new in a sewer there are variations in 

quantity, quality, time, and place. Wa.stes at the surface of now may be of 

noating, nature, at the bottoa, wastes may consist of' settling solids and 

sandy and gritty materials and at any interaediate point there ma.y be tound 

a mixture ot both. 

There is no ideal place for sampling, and as a comproaise, sample 

would theretore be tak:en at a point slightlJ" beneath surface wbere turbulence 

is mixing the wast es. 

The two types of sampling in use are called grab or catch sampling 

and composite sampling .. 

Grab samples may be obtained at any moaent but the data would be 

applicable to the tim.e or sampling only, and to th en preTailing conditions. 

Coaposite sample is a mixture of grab samples tak:en at different 

times. The voltiDI.e of grab samples 1110uld be at least 120 ml., obtained 

using a wide mouth bottle having a diameter of 35 Dllll· at the mouth. 

Basically a 24-hour period is the basis tor obtaining a composite sample, 

taldng grab sa:mples each hour, and mi:x:ing these at the end of sampling period, 

or coabining thea in a single bottle as collected. 



It is also desirable to combine the individual samples in 

volœus proportional to nov.. A final volœu of about 1/2 to 2/3 gallons 

would be sutticient o 

Automa.tic sampling is done trequentl7 today using different 

types of mechanical equipment. 
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Preservation ot samples to be used depends on purpose ot anal.yses. 

Samples of vaste water, etfiuents and sludge should be analyzed as soon as 

possible ai'ter collection. Since no single .m.ethod ot preservation is entirely 

satistactor.r, the method of preservation would be chosen with due regard to 

the exam1na.tions to be ma.de. B.O.D. anal.yses would require that sampl.es be 

imediately' chilled to 3 °-4 oc and kept at this temperature during compositing 

period. Samples tor determining C.O.D .. by the dichromate method would be 

preserved by adding sutfieient H2so4 to produee a tina1 acidity of pH 2-3. 

Sludge sample examination would be made as soon as possible. 

A description ot sampl.ing stations at the waste water treat.m.ent 

plant in Beaconsfield has been given ea.rl.ier in Chapter VII and in Figure 

10. Sl.udge samples were taken ever.r 2 hours and analyzed. Waste water 

samples were ~ed using a 24-hour composite sample • 

!Jmpins. Special arrangements were made to run onl.y the pumps 

that would atf'eet the loadings ot the thickener. The operation of the low 

litt. pumps wa.s not to be disturbed since these pumps are set automatical.ly 

to operate with the now of waste water coming into the plant. 

General.ly reéiprocating pl.unger pumps are used for raw sludge 

pumping but the sludge transfer pump at the plant is of a centri.ta&al type. 
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During the prellminary investigation of the treatment plant 

at Beacomsfie1d, it was found that the pumping rate of the sludge transfer 

pump was about 157 g.p.m. Some attempts to regulate the pump .f'low by 

thrott1ing the discharge valve resulted in reduction of efficiency, pump 

clogging and loss of sufficient suction to draw the sludge from the clarifier 

sump. 

Attempts were later made in December 196.3 to reduce the speed of 

the sludge transfer pump by introducing a brake drum on the shaft to the m.otor 

of the pump. A pumping rate of 80 g.p.m. has now been effected by this method. 

Under normal operating conditions, clarifier sludge would be 

pumped on 24-hour a day period. During tests Nos. .3 and 4, the sludge 

trans fer pump was run 12 hours a day only. 

A reciprocating plunger pump situated in the pwap pit in the 

A.S.T. building transfere the thickened sludge from the thickener to the 

ground storage tank. The stroke of the pump is reduced so as to produce a 

pumping rate of sludge of about 10 g.p.m. 

The following procedure has been f'ollowed when pumping sludge 

from the thickener into the ground storage tank. 

1. Ascertain whether and/or how Dmch sludge should be pumped. 

2. Ascertain whether there is roo:m enough in the storage tank. 

,3. U sludge is to be pumped, close the main electrical switch 

in the pit, and open the 10-inch main valve between the 

thickener and the pump. The valve would be full.y opened 

atter .34 full turns of the valve handle. 
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4 .. Open the connecting rod oiler and !inger tighten the grease eup. 

5. Start the pump, and keep ptiDIPing until the sludge becomes thin 

or vater.r as would be shawn by grab samples obtained !'rom the 2-inch 

samp1 :ing valve located upstairs. 

6. When the sludge becomes thin, stop the pump, and restart. it a.f'ter 

about :30 minutes. 

7. Take samples immedia.te:cy from upstairs sampling valve. 

S. If' the sludge is once agai.n thick, then keep pumping until the 

sludge becomes thin, stop the pump, wai.t :30 Dd.nutes and repeat 

these cycles of operation until the sludge becomes repeatedly thin 

i:mm.edia.tely a.f'ter restarting the pump. 

9. To shut dawn for the day, open the main svitch and close the 

main valve and connecting rod oiler. 

Note: The ca.pacity of the sanita.nk truck is 1200 gallons and the 

capacity of the ground storage tank is 1860 gallons. About 1000 to 1200 

gallons of 1~ sludge should be pumped per day. 

During test periode, pumping of tbickened sludge vas carried out 

on tille clock basis at intervals tbroughout the da.y. Nol'ally a working da.y 

of S a.m. - 10 p.m.. is adopted for the tests on sludge conditioning. 

Trial pump1ng of sludge was carried out dur1ng the month of 

August 1963 to determine the da1ly qua.ntity of sludge to be withdrawn from 

the tbickener. The resulte ot observations are sho1m. in Table XXV and graphe 

Nos. 49 and 50. 
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TABLE m - SLUOOE PUMPING FOR AUGUST 196.3 

~ GAlJ,ons Pumped. Ayerage G.P.D. 

AugtlBt 1-.3 1020 .340 

4 890 890 

5-7 1850 617 

8-9 1860 930 

10-ll 1475 7.38 

12-14 1200 400 

15-16 1050 525 

17-18 1460 730 

19-21 850 28.3 

22-2.3 1850 925 

24-25 1040 520 

26-28 1850 617 

29-.31 1120 373 

'l'otals 17 ,.3.35 gallons 

Average 559 g.p.d. 

N.B. The sludge depth in the thickener was maintained throughout 

the mnt.h at 4 teet. 
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APPENDll D 

PHlSICAL AND CHEMICAL ANALYSES 

a. Waste Water A.na.J.:n:ses 

The temperature of wa.ste wa.ter is normall;y slightl;y higher than 

that of water suppl;y because of beat added during the use of water. Ab­

rior.ma.ll;y low temperature would indicate infiltration of ground water or 

surface va ter, high temperature on the other band ma;r indic a te presence of 

industrial wa.stes. With a rise in temperature, Yiscosit;y decreases, and 

settling progresses rapidl;y. Biological activity also increases with rise 

in temperature. 

During tests or the treatment units at Beaconsfield, the 

temperatures of wastes and sludge were taken. Temperature measurem.ents were 

made with a good grade Jllercur;y filled centigrade thel"BllOIleter and expressed 

in degrees centigrade. 

The color of waste is usuall;y gra;y. Black color and scum. indicate 

progressed decomposition. Waste is a.lmost odorless but the odor ma;y be soapy. 

When waste is septic the odor which resulta would be hyd.rogen sulphide, indol, 

scatol and putrid. 

The basic chemical analyses required for design of a primary 

treatll&nt plant ma.;y be given as follows: 

1. B.O.D. 

2. Suspended and dissolved solids 

.3. Total solids 

4. c.o.n. 
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5. Settleable suspended solids 

6. Total nitrogen 

7. Alkal1nit;r 

S. Chlorine residual 

9. Chlorine demand 

10. pH. 

General data or anal;rses are given i:a 'fable XXVI. The table shows 

wider limits which JD&7 be expected due to great variation in the composition 

and concentration or the waste • 
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TABLE XXVI- CHEMICAL ANALYSES DATA OF WASTE WA'l'ER 

u/1. 

Sewage Sjtrong A TerMe Weak 

Solic:ls, total 1,200 830 200 

volatile 700 480 120 

fixed 500 350 80 

Suspended, total 500 295 lOO 

volatile 400 215 70 

fixed lOO 85 30 

Settleable solide 300 180 50 

B.O.D.
5 300 180 50 

Nitrogen S5 50 25 

Chlorides 175 lOO 15 

In tel'DI'J of grams/capita/day. 

B.O,D. 

Solide, total 250 54 

Suspended, total 90 42 

volatile 65 

fixed 25 

Dissolved, total 160 12 

volatile 80 

fixed 80 

• 



The separate items in Tabl.e XXVI ma.,y be discussed as .tollows: 

Total solide are the residue on evaporation o.t a vaste water 

sample. Determ1na.tion o.t total solide ma.y be use:tul control o.t plant 

operation. The resulta tor total residues would however be subject to 
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considerable error because ot losses of volatUe compoUDd.s d.uring evaporation 

and ot carbon dioxide during ignition. In the interpretation of resulta, 

these possible sources ot errors would have to be recognized. 

The procedure tor deterwdn1rs total .solide ot waste is as tollows: 

lOO ml. o.t composited sample is evaporated in an ignited and 

tared dish, the sample is then dried tor 1 hour at 103•c in a conventional 

oven. 

mg/1 residue on evaporation 

= mg. residue x 1000 
ml. sample 

Total volatUe and tixed residues are determined by igniting 

the residue at 6oo•c in an electric mutfle turnace to constant weight tor 

1 hour. The losa on ignition is reported as mg/1. volatUe solids,and 

the reaidue as mg/l.tixed solids. 

The suspended solide are determined by tiltering vastes through 

an asbestos mat and the increase in weight representa the total suspended 

matter, which again can be divided into organic and inorganic by ignition. 

· , The apparatus used tor maldng the asbestos mat consista ot a 

25 ml. Gooch crucibl.e and suction equipm.ent. The reagent is asbestos cream 

made by adding 10 grams acid - washed, medi'Wil liber asbestos to 1 liter of 

distilled wa.ter. 
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In order to prepare the mat, the crucible ia tirst tilled with 

asbestos cream, and allowed to stand tor 2 minutes betore appl.yiDg suction. 

Arter the water bas been drawn through the JD&t, the suction is lert on while 

the crucible is tilled with diatilled water. This is likewise drawn through 

the ~~at. 

The procedure ot washing the JD&t is repeated twice m.ore. The 

crucible with the JD&t 1s then dried and ignited in a .raut.fle tarnace at 600•C 

tor 1 hour. Arter removal troll the turnace the crucible is part.iall;y cooled 

in air then in a desiccator. 

Betore .tiltering the waste sample the crucible is weighed. Then 

lOO Ill. well composited sam.ple is tiltered through the weighed Gooch crucible, 

using suction. LeaYing the suction on, 10 ml. or distilled water is used to 

wash the residue in ord.er to remoTe soluble salta. The crucible and solide 

are then dried at 103 •c tor 1 hour, allawed to cool to rooa temperature in a 
desiccator betore weigbing. 

--'1 total suspended :matter _ mg. suspended solide x 1000 
111151 · - lll. a ample 

The 'VOlatile and ti:x:ed suspended matter are detemined by the 

same method discussed already under 'VOlatile and ti:x:ed residues ot total solide. 

Settleable matter is detemined by permitting 1 liter ot waste 

sample to settle in standard Imhott cone tor 1 hour. The 'VOlume ot settleable 

matter in the cone is recorded as lll/1. The remainder is the lUlSettleable 

suspended matter. 

The term. 11biochemical ox;ygen demand" (B.O.D.) is the amount of 

oxygen required b;y bacteria present in waste to oxidize organic matter into 



si.lllpler substances vith the release ~ energy. The B.O.D. test may be 

considered as wet oxidation procedure in which the living organisms serve 

as a medium tor oxid.ation ot organic matter to co2 and H2o. Tbere is a 

quantitative relation between the a.mount ot 02 required to convert a given 

amount ot organie matter to C02 and H20 and this is the basis tor B.O.D. 

determination. 

193 

The B.O.D. then is gowmed bT baeterial population, type, number 

and temperature. Temperature ettects are kept constant by carrying out all 

analyses at 20•c which is about the median Talue tor most waste waters. 

Theoretica.lly an infinite time is required tor completion ot 

oxidation but praetically 20 cùcys is considered to be a limiting time. 

B.O.D. ean be measured directly in a tew samples, but a dilution 

procedure is usua.lly required. 

Direct method would aP,Pl7 it B.o.n.5 does not exceed 7 ag/1. and 

nearl.y complete saturation would be obtained by' dittusion ot air in the 

sample at 20•c. 

Dilution m.ethod would give B.O.D. ot the diluted sample as a 

direct ratio ot the percentage ot vaste in dilution. lo% dilution would use 

ox;:rgen at 1/10 rate ot the l<X>% sample. 

The resulta ot B.O.D. tests carried out on wa.stes treated at 

Beacons.tield treatment plant are given in Table XXVII. 
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TABLE XXVII - RESULTS OF B.O.D. TESTS ON WASTE AT BEACONSFIELD TREATMI!'m PLANT 

Date 

SampHDB at 
Station 1 

Influent 

B.O.D. (5 days at 20•C) p.p.m. 

12/9/6.3 97.f!f/ 

23/l0/6.3 64.60 

-/ll/6.3 .35.1 

S&JDPlinB at Sampl1DB at 
Station 2 Station .3 

Claritier Etfiuent Chlorinated Etfiuent 

2.3.49 24.42 

44,.2 .36 • .35 

.38.8 22.50 

N.B. Tests were carried out b;r Warnock Hereey ~ Ltd., Qu.ebec. 

The Chemical Qxnen Demand has been used as a means ot measuriDg 

the pollution strensth ot wast es. It is based upon the tact that. all orpnic 

compound& with tew exceptions can be oxidized to co2 and H2o b;r strons 

oxidizins asent under acid conditions. Ligxdn and slucose are oxidized com­

p1etel.y. As a result C.O.D. values are sreater t.han B.O.D. and may be DD1Ch 

sreater when sisniticant U~>un.ts ot bio1opcal.l.y resistant organic ma.tter 1s 

present. 

The ma.Jor adYantqe ot C.O.D. test 1s its short ti.M intern.l 

required tor evaluation - .3 hours rather than 5 daTa. It was decided that 

C.O.D. test would be substituted tor B.O.D. in the tests that were carried 

out at Beaconstield treatment plant. 

The oxldizins qents employed in C.O.D. determination are J118IQ" 

and va.ried, but potassilDD. dichromate has been tound to be the JJI)St practical 

ot all since it 1s capable ()t oxidizins a wide variety ot organics ÜJJI)st 

completel.y to co2 and H2o. ot.her reasents would be sulphur:lc acid, standard 

terrous ~nillDl sulphate solution and terrain indicator solution. 
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The procedure tor C.O.D. detersaination is as tollows; 50 ml. s8liJPle is 

placecl in a round bottom. flask and 25 ml. standard dichromate solution 1s 

added. To the Jllixture 1s acld.ed. 75 ml. H2so4• The ref'lu Dl1xtiure 1s thoro'Q&hl7 

mixed, be.tore heat is applled.. The tlask 1s then attached. to the P'rieclrichs 

condenser and the Dl1xtiure 1s retluxed. tor 3 hours. 

The condenser 1s used to intercept; escap:l.Ds TOlatUe ~~aterials. 

Dar1ng axidation pH DID.St be uall, acid conditions govern, and temperature 

DIWJ1; be high. Atter retluxing o.t the mixt.ure, the content 1n the tlask 1s 

washed with distilled water, into a 500 ml. cOJdcal tlask. The mi.x:ture 1s 

then dUuted to about 350 ml. with distilled water and the ex.cess dichromate 

1n the mixt.ure is titrated with standard terrous aDaOniUDl sulphate usi.rls 

terroin indicator. The color change would be sharp, go:l.Ds from a blue green 

to a reddiah blue. 

A blank conaisting ot 50 ml. distilled water instead ot the 

sample together with the reagents 1s also retluxed 1n the same mannar. 

__ ;1 c 0 D = (a - b)c x 8000 d 
111151 · • • • ml. sample - • 

where a =ml. Fe(NH
4

)2 (so
4

}2 used .tor blank. 

b = ml. Fe(NH
4

)2 (so
4

)2 used .tor sample 

o ~ nor.mality Fe{NH
4

)2(so
4

)2 
d = Cl correction == mg/1 • Cl x 0. 2.3 

The pH value ot a solution ia the lcg ar:lthm o.t the reciprocal 

ot its hJrdrogen ion concentration. Although it has little bearing on the 

strength ot sewaae, :ret it otten pro'Yides a convenient control 1n chaaical 

treatment processes. 

The pH values ot wastes at Beaconstield are determined by the glass 

electrode aethod. The electrode STStaas are cali'brated against butter 

solutipns ot k:nown pH value. 
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b. Sludge AnaJ.yses. 

From prev:loœ discussion iD the text i t wa.s shtJMD that moisture 

èontent 1s of great importaDce iD sludge thickening. Apa.rt from moisture 

content determination, it mq be necessa17 to lmow both the mineral a.nd 

organic contents of the sludge. 

Moisture content detel"DDination wa.s carried out both on the spot by 

a. Cenco U>isture balance a.nd iD the la.borator,- by the standard met.hod. 

The Cenco :moisture balance a.s the na.m.e suggests is a. deviee for 

detel"'lliDation of the moisture content of va.rious ma.teria.ls which have been 

finely clivided by grinding, pulverid.ng or other methode. Its application 

ha.s been adaptable for tinding the moisture content or wa.ste va ter sludge. 

The moisture balance 1s effective for e.rrr ma.teria.l from wbich the moisture 

ca.n be removed b;y the hea.t of the infra. red la.mp, providing the beat does 

not change the chead.ca.l composition of the ma.teria.l. It emplo;ys a sensitive 

torsional ba.la.nce for weigbing the sample. A sca.le, gra.duated into clivisioDS 

from 0 to lOC>%, 1s mounted on a large drum, and rea.dings ca.n be ta.ken con­

tinuousl;y. The reading a.t e.rrr given tim.e during hea.ting of the sa.mple would 

be the percenta.ge losa in weight of the sa.mple due to losa of moisture. 

In order to successtull;y use the balance it 1s necessa17 to 

calibrate it and decide on a detinite procedure for obta.ining the moisture 

content of a sludge sa.mple. 

the writer decided on the following procedure: 



1. Turn the scale 1amp on 'b7 means ot the toggle 81d.tch at the 

right .. 
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2. Rotate the scale until the lOO% mark coincides vith the index 

'b7 turniDg the scale adjustin& knob, vhich is 1ocated on the 

right aide or the unit. This would establish a reference point. 

3. MoTe the pointer to the index 'b7 turning the pointer adjusting 

knob which 1s 1ocated on the 1ett aide ot the unit. The knob would 

be rotated in a direction opposite to that in wbich the pointer 

would moTe to coincide with the index. 

4. Rotate the scale until the f1l> mark coincides vith the index. 

This would preset the amount ot ambalance. The pointer would 

then be aboTe the index. 

5. Raise the lamp housing and caretul..ly' distribute the s1udge 

samp1e on the sample pan tmtil the pointer returns to the index. 

Approx:i:mately 25 grams ot sludge samp1e would be needed. This 

weight of ma.terial would then correspond to 100 divisions or the 

scale. 

6. Lower the lamp howsin&, and t:um lalllp on 'b7 ••ans or the toggle 

switch at the 1ett;. Start a stop clock at the same tiae in order 

to prepare a dey1ng curn (percent moisture content against tiae 

mins.) tor the s1ud.ge saap1e. 

7. Rea.djwst the powerstat control to 120. The sample would begin 

to lose moisture and the pointer would rise aboTe the index. 

Readings or moisture content % at intervals ot 5 minutes are taken 

troJa 0 to 20 lliDutes. Alter about 23 minutes or drying the 
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powerstat control is readjusted. to 90 and read1nga are continued 

a.t interra.ls of 2 minutes !roa the 2,3rcl minute to the .36th minute. 

The sample would be completely dried a:tter .36 Bdnutes and the 

weisb.t would stop chaDgiDg. Wait for one to tb.ree minutes before 

recording .t1nal moisture content. 

8. Switcb. off the infra. red lal.p and :rsove the dry' sa.mple !or 

a.sb. ana.l.yais. 

~: D1scoloration ot the sample or smoke would indica.te the 

relea.se of vola. tUe matter other than moisture and would yield erroneous results. 

Sa.mple readings and drying cUJ."Yes on s1ud,ge samp1e taken for a 

t,-pica.l moisture content determina.tion are shawn below: 

TABLE XX:VIU - READnlGS TAIŒN DURING SLUDGE DRYnlG ON CENCO MOISTURE BALANCE 

.May 18" 1964. 

T:OO.: KINUTES MOISTURE CO!fl'.Eft % 

9.00 0 0 

9.05 5 8.0 

9.10 10 26.6 

9.15 15 45.2 
9.20 20 6.3.6 

9-2.3 2.3 7.3.2 
9.25 25 77.6 

9.27 27 80.4 

9.29 29 8.3.0 

9 • .31 .31 85.0 

9 • .33 .3.3 86.4 
9 • .35 .35 ~.6 

9-.37 .37 88.0 

9.40 40 88.0 
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Determination ot total residue and moisture content by ~aboratory 

procedures are as to~ows: 

About 25 grams ot s~udge sample is weighed in a tared evaporating 

dish. This is evaporated to dr;yness in a water bath, and then dried in an 

oven at ~0.3°C for ~ hour. The residue is then cooled in a desiccator be!ore 

weighing. Prolonged heating would produce ~oss ot volatile organic matter 

which would gi ve erroneous resulta. 

The volatile residue is detemined by igniting the residue 

obtained above in an electric mut'fle turnace at 6oo•c tor 1 hour. The ash 

is cooled in a desiccator and reweighed. The resulta obtained are reported 

as percent ash and vo~atile solid. 

The specifie gravity of the sludge is determined by comparing 

the weight of a volœae ot the sauple with that of an equal volume ot distmed 

water. 

8 ci!ic vit = weight of sludge sample 
pe gra Y weight of distmed water 

The suspended matter of sludge is determined by the aluminum 

dish method. The apparatus consista ot aluminum dish with a pertorated bottom, 

.f'ilter paper (Whatman No. 1), sponge rubber ring to fit r1m of allDIIinum dish, 

Buchner tunnel and a filter flask. 

The dish and filter paper are !irst dried in an oven, cooled and 

weighed.. The apparatus 1s then assembled so that aboUt 20 in. of vacuum is 

applied on the filter paper. About 50 ml. sludge SaDIPle is applied to the 

dish. Atter water had been extracted, the sample is dried in an oven at 10.3°C 

for 1 hour and then cooled and weighed. 

mg/1 total suspended solids _ mg suspended solids x 1000 
- ml. sample 
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'l'he set.tleabU~ y of the sl.udge from the primary tank is deter­

mined by allowing 1000 ml. of sludge saçle to settl.e in a 1 liter graduated 

cyl.inder. 'l'he TOlum.es occupied by the sludge at various intervals of ti:Jae are 

recorded and these values are pl.otted. A cune indicating rate of settling 

is then obtained.. Resulta of a typical settl.ing anal.ysis are shown in Table 

XXIX and a settl.ing cu.rve has been drawn in graph No. 52. 

TABLE XXIX - RESULTS OF SETTLING ANALYSIS ON SLUDGE SAMPLE - 28 AUGUST 1963 

Time Minutes Concentration of sllldge ml. 

4.00 0 1000 

4-05 5 620 

4.10 10 5.30 

4.15 15 420 

4.20 20 .380 

4.25 25 .360 

4 • .30 .30 340 

4 • .35 .35 .320 

4.40 40 .310 

4.45 45 .300 

4.50 50 290 

4-55 55 285 

5.00 60 280 

5.10 70 Z'{O 

s·zo 80 170 
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The pH detel"'llinations of aludge samples vere car:ried out on the 

liquors which separa te from. sludge samples. The glass electrode raethod :was 

used tor obtaining pH Yalues of sludge samples. 

The temperature ot the sludge at the tirae or collection vould be 

recorded to the nearest degree centigrade with a. good mercury tilled centigrade 

thel"::BBlD.eter. 



APPENDIX E 

nPERllfENTAL DATA 

The resulte of experimente on sludge conditioning are included 

in pages 20S to 267 , and those on the waste water treatment plant at 

Beaconstield are included in pages 268 to 283. 
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TEST R0 •. 1 A'OgUt 28th, 196.3. 

Waate water tlow 1.14.3 m.g.d. Thickener und.ertlow 805 g.p.d. 

S1v.dp pa~~ping iDto thickener 24 hoUl'IS Depth of a1v.dp in tl}ickener .3 ft. 

Thickener 1oading 1400 sala-/•q.tt./d. Specifie graYity 1.0.34 

SOLIDS CONTENT - Fil"st Da.v. 

Sollds Mean Standal"d Coefficient of 
Content M Fluctuations nuctuationa 

Ti:me !!ilk % _L ±F C = ± F/M %. 

8 a.a. DA-1 1.3.50 

DA-2 14.80 

DA-.3 15.00 16.16 4.91 .30.4 

DA-4 19.69 

DA-5 17.17 

10 a.m. DB-1 15.20 

DB-2 15.20 

DB-.3 15.20 15.16 0.604 4.0 

DB-4 14 .. 9.3 

DB-5 15.67 

12 noon DC-1 14 .. 20 

DC-2 1.3 .. 80 

DC-.3 15.00 14.,30 1.94 1,3.45 

DC-4 1,3.80 

DC-5 14.26 

2 p.a. DD-1 1;.;o 

DD-2 14.00 

DD-.3 15.00 14.49 2.25. 15.58 

DD-4 1,3.88 

DD-5 14.88 
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OBSERVATIONS (CONT'D.} 

Solide Mean Standard Coefficient of 
Content M Fluctuations Fluctuations 

Time Mark % ..L ;i:F C = ± F/M % • 

4 p.m .. DE-l 15.20 

DE-2 16.20 

DE-.3 16.20 16 • .30 0.966 5.94 

DE-4 16.71 

DE-5 15.98 

6 p.m. DF-1 15.80 

DF-2 14.80 

DF-.3 15.80 15 • .37 1.700 ll.lO 

DF-4 15.09 

DF-5 15.71 

8 p.m. DG-1 14.80 

DG-2 14.60 

DG-.3 15.60 14.95 1.61 10.75 

00-4 14.44 

DG-5 14.56 

10 p.m. DH-1 1.3.41 

DH-2 14.94 

DH-.3 15.16 15.157 1.07 7.05 

DH-4 15.80 

DH-5 15.20 

Average :tor the daT 15.18 1.414 9 • .34 
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INOB.GANIC CONTENT - First Dy 

Inorganic Mean Standard Coefficient of 
Content M Fluctuations Fluctuations 

Time Mark % _!_ +F C = ± F/M %. 

8 a.m. DA-1 42 .. .35 

DA-2 41.71 

DA-.3 40.48 41-54 2.Z/ 5.45 

DA-4 42.5.3 

DA-5 42.48 

10 a.m.. DB-1 .38.45 

DB-2 .39 • .35 

DB-.3 .39.61 40 • .32 2.60 6.44 

DB-4 42.48 

DB-5 41.75 

12 noon DC-1 .39.98 

DC-2 40.20 

DC-.3 .39.52 40.51 4.40 10.85 

DC-4 42.72 

DC-5 .39.44 

2 p.m. DD-1 40.15 

DD-2 40.96 

DD-.3 .38.96 40.8.3 4 • .30 10.55 

DD-4 42.98 

DD-5 4.3.6.3 



OBSERVATIONS (CONT 1D.) 

Inorg&Dic Mean Standard Coef'ticient ot 
Content H nuctuatio!$ Fluctuations 

Tiae ~ % _!_ ±F C = :1: F/H %. 

4 p.m. DE-l 41-55 

DE-2 39.57 

DE-3 40.49 41.12 2.42 5.86 

DE-4 43.03 

DE-5 43.04 

6 p.m. DF-1 39.64 

DF-2 40.69 

DF-3 39·Z1 40.56 2.97 7.33 

DF-4 41.99 

DF-5 42.92 

8 p.m. 00-1 38.93 

00-2 40.64 

DG-3 41.40 41.34 0.55 1.34 

DG-4 42.15 

00-5 43.01 

10 p.m. DB-1 41.40 

DH-2 42.58 

DB-3 40.82 41-74 3.56 8.54 

DH-4 42.67 

DH-5 40.48 

Averase tor the day 40.82 0.874 2.14 

• 



SAHPLE OBSERVATIONS 

Test No. 1 - First Du; 

So1~às Cogtent - Us:j ns ;iàe Cgcg JfoHtm Bal ance 

Time Mins. Moist.~ ~· !!nl· Moist.% Da!. Mins. Moist.% 

SA HP LES DA-1-2-3 

8.o; 0 0 8.50 0 0 9.32 0 0 

8 .. 10 5 10 s.;; 5 9 9-37 5 9.0 

8 .. 15 .10 26 9.00 10 26 9.40 8 22.0 

8.20 15 42.6 9.05 15 42.6 9-45 13 41.4 

8.25 20 62.0 9.10 20 58.0 9.50 18 57.0 

8.30 25 73.0 9.15 25 71.8 9.55 23 75.4 

8.35 30 81.0 9.20 30 82.0 9.58 26 80.6 

8.37 32 86.4 9.23 33 85.2 10.00 28 8.3.0 

8.40 35 86.; 9.25 .35 85.2 10.05 33 s5.o 

SAHPLES DB-1-2-.3 

10.1.3 0 0 10.51 0 0 11..35 0 0 

10.18 5 9.2 10.56 5 9 11.40 5 9.6 

10.20 7 18.6 11.01 10 25 11.45 10 28.0 

10.25 12 37.4 11.06 15 40.0 11.50 15 48.0 

10 • .30 17 55.6 11.11 20 57.0 11.55 20 66.0 

10 • .35 22 72.4 11.16 25 65.0 12.00 25 78.6 

10.40 27 82.0 11.21 30 70.0 12.0.3 28 82.4 
\ 

10.45 32 84.6' 11.25 34 79.0 12.05 30 84.0 

10.47 34 84.8 11.29 38 84.6 12.07 32 84.6 

10.49 36 84.8 11.31 40 84.8 12.10 35 84.8 

• 
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OBSERVATIONS (CONT 1D.) 

SAMPLES DC"-1-2-3 

na Hm!. Mciet.% .nat. Mine. Moiet.! ~ Mine. Moiet.% 

12.14 0 0 12.50 0 0 1.27 0 0 

12.20 6 16.0 12.55 s 11.0 1.30 3 4.0 

12.25 11 37.0 1.00 10 33 1.36 9 28.0 

12.30 16 57.4 1.05 1.5 54 1.40 13 45.0 

12.35 21 7.5-4 1.10 20 72.8 1.;o 2.3 79.0 

12.40 26 82.2 1.15 25 82.2 1.54 27 83.6 

12.44 30 85.4 1.18 28 85.0 1.56 29 84.8 

12.46 32 85.6 1.20 30 86.0 1.58 31 8;.o 

12.47 . 33 85.6 ~.25 35 86.2 2.00 33 s;.o 

SAMPLES: DE-1-2-3 

4.07 0 0 4-45 0 0 5.21 0 0 

4.12 5 14 4.50 5 15.8 ;.26 .5 3.5 

4.17 10 30.4 4.5.5 10 34.0 5-31 10 30.0 

4.22 15 50.6 5.02 17 67.6 5.36 15 56.0 

4.27 20 68.4 5.05 20 74.0 5.41 20 72.2 

4.32 25 80.4 5.10 25 83.6 ;.46 25 79.6 

4-37 30 85.0 5.13 28 84.6 5.51 30 84.0 

4.40 33 85.8 5.15 30 84.8 5-55 34 84.8 
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OBSERVATIONS (CONT 1D.l 

Time Mins. Moist.% Time Mins. Moist.! Tim.e Mins. Moist.% 

SAMPLES DF-1-2-.3 

6.06 0 0 6.42 0 0 7.25 0 0 

6.11 5 9.4 6.47 5 10.4 7-.30 5 ll.2 

6.17 li 34-4 6.52 10 32.4 7.37 12 41.8 

6.26 20 67.4 6.57 15 53.0 7.40 15 53.0 

6 • .30 24 77.8 7.02 20 71.6 7.45 20 69.4 

6.36 30 84.0 7.07 25 82.0 7.50 25 79.0 

6.38 32 84.2 7.12 30 85.0 7-55 30 8.3.8 

6.40 34 84.2 7.15 33 85.2 8.00 35 84.2 

SAMPLES 00-1-2-3 

8.06 0 0 8.42 0 0 9-19 0 0 

8.11 5 12.0 8.47 5 ll.4 9.24 5 12.0 

8.16 10 32.0 8.51 9 27.6 9.29 10 32.6 

8.21 15 5.3.6 8.56 14 48.8 9.34 15 53.4 

8.26 20 71.4 9.01 19 68.4 9.39 20 71.4 

8.31 25 80.4 9.06 24 79-4 9-44 25 79.6 

8.36 30 85.2 9.ll 29 84.6 9.50 31 84.0 

8.39 .33 85.2 9.15 33 85.4 9-55 36 84.4 

N.B • .Analysee o:t samples not shown above were carried out in the Pointe 
Claire ~boratories of P.P.R.I.C. 
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TEST No. 1 August 29th, 196.3. 

Waste wa.ter fiow 1.2.3 m..g.d. Thickener undertlow 8.30 g.p.d. 

Sludge pumping into thickener 24 hours Depth of sludge in thickener 3 tt. 

Thickener loading 1400 gals./aq.tt/d. Specifie gra'Vit7 1.0.37 

SOLIDS CONTENT - Second Dax 

Solide Mean Standard Coefficient of 
Content M Fluctuatiors Fluctuations 

Tiae Mark % ..L_ +F C = ± F/M % • 

8 a.m.. JA-l 16.5 

JA-2 16.1 

JA-.3 16.4 16.33 0.462 2.8.3 

JA-4 16.37 

JA-5 16.55 

10 a.m.. JB-1 1.3.97 

JB-2 1.3.84 

JB-.3 14.16 14 • .30 0 • .5.34 .3-74 

JB-4 14.90 

JB-5 14-9.5 

l2 noon JC-l 15.50 

JC-2 15.0 

JC-.3 15.4 15.27 0.608 .3.99 

JC-4 15.34 

JC-5 14.98 

2 p.m.. JD-1 14-4 

JD-2 14.4 

JD-3 14.4 14.34. 0.439 3.07 

JD-4 14.13 

JD-.5 14-.57 



OBSERVATIONS (CONT'D.l 

Solid.e Mean Standard Coefficient of 
Content M Fluctuations Fluctuations 

Time ~ % .J_ ±F C = ± F/M % • 

4 p.m. JE-1 14.2 

JE-2 14.0 

JE-3 14.6 14.13 1.46 10.32 

JE-4 '13.53 

JE-5 14.18 

6 p.m. JF-1 14.6 

JF-2 13.8 

JF-3 15.0 14-73 1.33 9.03 

JF-4 15.09 

JF-5 15.45 

8 p.m. JG-1 14.6 

JG-2 14-0 

JG-3 13.6 13.79 0.344 2.5 

JG-4 13.62 

JG-5 14.01 

10 p.m. JH-1 13.83 

JH-2 13-14 

JH-3 13.47 13-564 1.16 8.55 

JH-4 14.16 

JH-5 13.16 

Average for the clay 14-476 1.67 11.52 



INORGANIC CONTENT - Stppnd Pif 

Inorganic Mean Standard Coefficient of 
Content M Fluctuation& Fluctuations 

T1me ~ ~ ..!._ ±F C == :t: F/M %. 

8 a.m.. JA-l 40.44 

JA-2 40.47 

JA-3 40.40 39.87 2.5 6.27 

JA-4 38.30 

JA-5 40.02 

10 a.m.. JB-1 40.39 

JB-2 41.39 

JB-3 41.00 41.02 1.16 2.83 

JB-4 40.66 

JB-5 41.78 

12 noon JC-1 39.02 

JC-2 39.47 

JC-3 41.51 40.57 2.41 5.93 

JC-4 40.40 

JC-5 41.51 

2 p.m.. JD-1 41.05 

JD-2 39.42 

JD-3 40.49 40.41 2.47 6.14 

JD-4 41.45 

JD-5 39.09 



215 

OBSERVATIONS ( CONT t D.) 

Inorganic Mean Standard Coetticient ot 
Content M Fluctuatione Fluctuations 

l'J.Ja!. !J&m !' __!_ +F C = ::1: F/M %. 

4 p.m.. JE-1 40.2.3 

JE-2 39-32 

JE-3 40.70 40.63 1.34 3.29 

JE-4 41.51 

JE-5 42.25 

6 p.a. JF-1 40.98 

JF-2 40.46 

JF-3 40.95 41.05 0.61 1.48 

JF-4 41.49 

JF-5 42-.33 

8 p.a. JG-1 40.98 

JG-2 40.84 

JG-3 40.84 41.50 1.98 4-77 

JG-4 43.01 

JG-5 42-53 

10 p.m. JH-1 U.04 

JH-2 42-17 

JH-3 U.78 42.0lt, 2.5 5-94 

JH-4 42-96 

JH-5 40.40 

Average tor the day 40.70 0.688 1.69 



216 

SAMPLE OBSERVATIONS 

Test No. l. - Second DaY 

Solide Content - Usi.ng tse Cenco MOisture Balance 

Tim.e Mins. Noist .% Tiae Mins. Moist.% Tim.e Mina. MOiat.% 

SAMPLES JA-1-2-.3 

8.15 0 0 9.00 0 0 9.4.3 0 0 

8.20 5 ll.O 9-05 5 ll.5 9-48 5 12.0 

8.25 10 Zl-4 9.10 10 28.4 9.5.3 10 28.0 

8 • .30 15 24.0 9.15 15 5.3.0 9.58 15 52.0 

8 • .35 20 6.3.0 9.20 20 66.4 10.0.3 20 68.0 

8.40 25 72.0 9.25 25 77.0 10.08 25 79.6 

8.45 .30 79.0 9 • .30 .30 82.4 10.1.3 .30 8.3.8 

8.50 .35 8.3.2 9 • .35 .35 85.2 10.18 .35 84.4 

8.56 41 84.4 9.40 40 85.6 10.2.3 40 84.4 

SAMPLES JC-1-2-.3 

12.04 0 0 12.42 0 0 1.18 0 0 

12.ll 7 20.6 12.47 5 10.8 1.2.3 5 u.o 
12.17 1.3 45.0 12.52 10 .30.0 1.28 10 .30.2 

12.21. 17 61.0 12.57 15 50-4 1.34 16 53.4 

12.24 20 71.0 1.02 20 68.4 1.38 20 66.0 

12.29 25 80.0 1.07 25 79.6 1.4.3 25 77.0 

12.32 28 8.3.4 1.12 .30 84.4 1.48 .30 82.4 

12 • .34 .30 84.6 1.14 .32 85.2 1.50 .32 8.3.8 

12 • .37 .3.3 85.4 1.15 .3.3 85.4 1.58 40 84.8 

• 
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OBSERVATIONS (CONT 1D.) 

SAMPLES JD-1-2-3 

Time Mins. Moist.% .n. Mins. Moist.! Time Mins. Moist.% 

2.04 0 0 2.44 0 0 3.20 0 0 

2.09 5 12.0 2.50 6 15.4 3.25 5 12.0 

2.14 10 25.6 2.54 10 .30.6 3.30 10 32.6 

2.19 15 48.4 2.59 15 50.0 3-35 15 52.0 

2.24 20 64.0 .3.04 20 68.0 3.40 20 71.0 

2.29 25 77.4 .3.09 25 80.8 3.45 25 81.2 

2.34 30 84.0 .3.14 30 85.4 3.50 30 85.2 

2 • .39 35 85.6 3.17 33 85.6 3·53 33 85.6 

SAMPLES JE-1-2-3 

4.04 0 0 4.42 0 0 5.25 0 0 

4.10 6 15.0 4.47 5 ll.O 5·35 10 32.6 

4.15 ll 35.4 4.52 10 31.6 5.40 15 53.4 

4.20 16 57.0 4.59 17 57.6 5-45 20 71.2 

4.25 2l 73.0 5.02 20 71.6 5.50 25 81.0 

4 .. 28 24 82.6 5-07 25 80.8 5·55 30 85.0 

4.30 26 83.8 5.1.3 31 85.2 5.58 33 85.4 

4.35 .31 85.0 5.18 36 86.2 5-59 .34 85.4 

4-37 33 85.2 5.20 38 86.4 6.00 .35 85.4 

• 
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OBS;ER,!A'l'IONS ~ CONT 1 D.) 

~ Mf.ns. Moist.% Tiœ lin!· Moist.~ T1me Mf.ns. Moist.% 

SAMPLES JF-1-2-.3 

6.(Y{ 0 0 6•47 0 0 7-25 0 0 

6.15 8 22.0 6.55 8 24.6 7-.35 10 .30.4 

6.20 lJ 42.2 7.00 lJ 45.0 7-40 15 49.0 

6.27 20 68.8 7-05 18 64.4 7-45 20 66.6 

6.,32 25 80.2 7.10 2.3 78.4 7-50 25 79.6 

6 • .35 28 8,3.2 7-15 28 84.8 7-55 .30 84.0 

6.40 .3.3 85.6 7.20 .3.3 86.2 7.58 .3.3 84.8 

6.42 .35 85.8 7.22 .35 86.4 8.00 .35 25.0 

6.44 .37 85.8 7-2.3 .36 86.4 8.02 .37 85.0 

SAMPLES JG-1-2-.3 

8.06 0 0 8.46 0 0 9-29 0 0 

8.ll 5 ll.O 8.51 5 ll.2 9-40 ll :37.8 

8.16 10 ,31.6 8.56 10 ,32.0 9-45 16 59-4 

8.21 15 52.4 9.01 15 5.3.8 9.51 22 78.4 

8.26 20 70.6 9.06 20 71.8 9-55 26 84.2 

8 • .32 26 82.4 9.ll 25 82.4 9-59 JO 86.0 

8.,36 .30 84.0 9.16 .30 84.6 10.01 .32 86.4 

8 • .39 .3.3 84.8 9-19 .3.3 85.2 10.02 .3.3 86.4 

N.B. Anal;ysss ot samples not stown above were carried out at the Pointe 
Claire Laboratories ot P.P.R.I.C • 

• 
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TEST Ho. 2 September 3rd, 1963. 

Waste water fiow 1.12 m..g.d. Thickener underfiow 645 g.p.d. 

Sludge pwaping into thickener 24 hours Depth of s1udge in thicka.er 6 tt.. 

Th1ckener 1oa.ding 1400 gals./sq.tt/d. Specifie graTitr 1.048 

SOLIDS CONTENT - First DftZ 

Solide Mean Standard Coefficient ot 
Content M Fluctuation'& Fluctuations 

Tim.e Mark % ..L :I;F C = ± F/M % • 

8 a.a. A-1 15.8 

A-2 18.4 

A-3 20.6 ~9-79 1.23 6.2 

A-4 20.8 

A-5 20.41 

10 a.a. B-1 16 .. 0 

B-2 16.8 

B-J 16.4 16.;6 0.?9 4-78 

B-4 16.55 

B-5 17.08 

12 noon C-l 15.8 

C-2 15.2 

C-3 16.4 16.56 0.79 4.78 

B-4 16.;; 

B-5 17.08 

2 p.a. D-l 16.0 

D-2 14.8 

D-.3 15.8 15.30 2.3 15.0 

D-4 14.68 

• D-5 16.ll 
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OBSERVATIONS 'CONT'D.) 

Solida Mean Standard Coetticient ot 
Content M FluctuationiS Fluctuations 

1!11! Mark % .:L. ±F C = ± F/M % • 

4 p.m. E-1 15.8 

E-2 15.0 

E-.3 15.8 15.70 1.02 6.; 

E-4 16.16 

E-5 15.92 

6 p.m. F-1 15.2 

F-2 15.4 

F-.3 15.4 15.44 o.;; .3.58 

F-4 15.69 

F-5 15.09 

S p.m. G-1 15.2 

G-2 15.0 

G-.3 15.2 15.16 0 • .36 2 • .36 

G-4 15.29 

G-5 14.92 

10 p.m. H-1 14.25 

H-2 14.74 

H-.3 14.86 14.8; 0.47 .3.2 

H-4 14.90 

H-5 15.67 

ATerage tor the day 15.60 1.10 7.0; 
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INORGANIC CONTENT - First Da.z: 

Inorgan1c Mean Standard Coeff'icien.t of 
Content M Fluctuation~ Fluctuations 

~ ~ % _L ±F C = + F/M %. 

8 a.m. A-l 40.88 

A-2 43.28 

A-3 42.19 42.44 2.75 6.5 

A-4 41-93 

A-5 44.80 

10 a.m. B-1 40.49 

B-2 39-79 

B-3 40.29 40.61 0.79 1.95 

B-4 41-42 

B-5 42.72 

12 noon C-l 39.15 

C-2 39.74 

C-3 39.55 40.21 1.5.3 ,3.80 

C-4 41-49 

C-5 42.06 

2 p.m. D-l .39.20 

D-2 .37.48 

D-3 39.51 39.18 2.5.3 6.45 

D-4 .39.79 

D-5 41-49 
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OBSERVATIONS (COBT 1D.) 

Inorganic Mean Stmdard Coefficient ot 
Content M Fluctuations Fluctuations 

~ Hlm % J_ ±F C = ± F/M %. 

4 p.a. E-l .39.45 

E-2 40 • .3.3 

E-.3 40.64 40.67 0 • .35 0.86 

E-4 41.1.3 

E-5 41.55 

6 p.m. F-l 40.40 

F-2 40.75 

F-.3 40.55 40.45 1.54 ,3.8 

F-4 .39.74 

F-5 41.46 

8 p.m. G-l .39.27 

G-2 .38.41 

G-.3 .35.17 .37 .86 6.8 18.0 

G-4 40.7.3 

G-5 .38.80 

l.O p.m.. H-l. 41.07 

H-2 4]..89 

H-.3 4.3.19 42.40 1.28 ,3.02 

H-4 42 • .38 

H-5 41.08 

Average tor the day 40.02 .3 • .37 8./e. 
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e· SAMPLE OBSERVATIONS 

'l'est No. 2 - First Da,y 

Solid.s Content - Usipg the Cenco li:d.atllll! BaJ.ance 

'l'im.e !'!iP· Moist .!, 'l'ime Mine. :Moist.! ~ Hins. J.bist.% 

SAMPLF.S A-1-2-.3 

8.17 0 0 8.55 0 0 9.36 0 0 

8.22 5 10.4 9.00 5 10.4 9.41 5 ll.2 -
8.27 10 29.6 9.05 10 29.6 9.46 10 31.4 

8.32 15 48.2 9.10 15 47.2 9.51 15 49.0 

8.37 20 65.0 9.15 20 6.3.0 9.56 20 64.4 

8.42 25 76.0 9.20 25 75.2 10.01 25 75.4 

8.47 30 81.8 9.25 30 79.6 10.06 30 78.8 

8.49 .32 8.3.4 ' 9.28 .3.3 81.0 10.08 .32 79.4 

8.51 .34 84.2 9.30 35 81.6 10.10 .34 79-4 

SAMPLES B-l.-2-.3-

10.15 0 0 10.54 0 0 ll • .3.3 0 0 

10.20 5 ll.O 11.00 6 15.0 ll • .39 6 15.6 

10.25 10 .30.4 11.05 ll .36.6 11.4.3 10 .31.2 

10 • .30 15 49.2 ll.10 16 56.4 ll.48 15 50.6 

10 • .35 20 67.0 ll.15 2l 72.2 11.53 20 68.0 

10.40 25 79-4 ll.2l 27 8l.4 n.s8 25 79.0 

10.45 .30 8.3.4 11.24 .30 8,3.0 12.0.3 .30 8.3.4 

10.47 .32 84.2 11.26 .32 8.3.6 12.05 .32 8,3.8 

10.49 .34 84.2 11.28 34 8,3.8 12.07 .34 84.0 



OBSERVATIONS (OONT'D.} 

l1M Mine. lfoi§t .,c Am!. •••• Jfoipt .% TiM Mins, Moist.,C 

SAMPLES C-1-2-3 

12.14 0 0 12.51 0 0 1.Z( 0 0 

12.19 5 11.6 12.56 5 11.2 1.32 5 11.4 

12.24 10 33.6 1.01 10 33.0 1.37 10 31.2 

12.29 15 55.2 1.06 15 52.0 1.42 15 51.8 

12.34 20 72.6 1.11 20 68.8 1.47 20 68.8 

12.39 25 82.8 1.17 26 82.0 1.52 25 79.6 

12.41 27 84.2 1.21 30 85.0 1.55 28 82.8 

12.44 30 85.0 1.23 32 85.2 1.57 30 84.0 

12.46 32 85.2 1.25 34 85.4 1.59 32 84.2 

SAMPLES D-1-2-3 

2.06 0 0 2.47 0 0 3.25 0 0 

2.11 5 11.0 2.52 5 11.0 3.30 5 11.0 

2.16 10 31.8 2.57 10 31.6 3.38 lJ 44.4 

2.21 15 51.4 3.02 15 52.8 3-40 15 52.2 

2.26 20 68.0 3.07 20 70.0 3-45 20 69.0 

2 • .31 25 79.6 .3.12 25 81.2 .3-50 25 81.0 

2.36 30 8.3.6 3.14 27 8.3.6 3.53 28 83.8 

2.39 33 84.2 3.16 29 84.8 3.55 30 84.4 

2.41 .35 84.4 .3.20 .3.3 85.2 .3.58 .33 84.4 
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OBSERVATIONS {CONT•D.) 

Time Mins. Moist .~ l'im! M1p. ~ist.% ~ ~- Moist.% 

SAMPLES E-1-2-.3 

4.0; 0 0 4.42 0 0 ;.19 0 0 

4.ll 6 14.8 4.47 ; ll.2 ;.24 ; ll.O 

4.1; 10 .31.6 4-52 10 .3.3.0 ;.29 10 .32.8 

4.20 15 ;2.6 4-57 15 ;,3.0 ;.,34 15 52.0 

4.2; 20 69.6 ;.0.3 21 7.3.0 ;.,39 20 69.4 

4 • .30 25 80.2 ;.os 26 8,3.0 ;.45 26 82.6 

4-.3.3 28 8.3.2 ;.10 28 84.6 ;.47 28 84.0 

4-.35 .30 84.2 ;.12 .30 85.4 ;.49 .30 84.6 

4 • .38 .3) 84.6 ;.1; .3.3 8;.6 ;.;1 .32 84.6 

SAMPLES D-1-2-.3 

6.09 0 0 6.48 0 0 7.24 0 0 

6.14 ; ll.O 6.;.3 ; ll.6 7-29 ; ll.O 

6.19 10 .32.4 6.;8 10 .32.8 7-.34 10 .31.6 

6.26 17 59.2 7.0.3 15 5.3.6 7-.39 15 52.8 

6 • .31 22 7.3.4 7.08 20 71.6 7.44 20 71.6 

6 • .34 25 79.6 7-1.3 25 8.3.0 7-49 25 82.0 

6 • .37 28 8,3.6 7.1; Z{ 84.8 7-51 Z{ 84.0 

6 • .39 .30 85.0 7.18 .30 s;.o 7-54 .30 s;.o 
6.41 32 8;.2 7.20 .32 8;.o 7-57 .3.3 85.0 

N.B. Anal.yses ot suapl.u not shown aboYe wre carried. out at Pointe Claire 
Laboratories ot P.P.R.I.C. 
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TEST No. 2 September 4th, 1963. 

Waste water fiow 1.21 m.g.d. Tb.ickener undernow 640 g.p.d. 

S1udge pumping into thickener 24 hours Depth or s1uclge in thickener 6 tt. 

Thickener 1oading 1400 gals./sq.rt/d. Specifie graTity 1.046 

SOLIDS CONTENT - Second D&Y 

So1ids Mean Standard Coefficient or 
Content M Fluctuations Fluctuations 

Time Mark % _1_ +F C = ± F/M %. 

8 a.m.. KA-1 16.2 

KA-2 16.2 

KA-3 17.7 16.fr'/ 0.86 5.10 

KA-4 17.11 

KA-5 17.22 

10 a.m. KB-1 15.82 

KB-2 16.0 

KB-3 17.00 16.39 1.26 7-70 

KB-4 16.11 

KB-5 16.00 

12 noon KC-1 16.4 

KC-2 14.8 

KC-.3 15.6 15.65 1.48 9.50 

KC-4 16.28 

KC-5 16.05 

2 p.m. KD-1 15.20 

KD-2 14.80 

KD-3 15.60 15.18 1.12 7.35 

KD-4 15.13 

KD-5 15.48 



OBSERVA 'l'IONS ( CON'l'' D. ) 

Solids Mean Standard Coef.ticient o.t 
Content M Fluctuations Fluctuatiou 

Iat !lr.k % ...L ±F C = ± F/M %. 

4 p.a. KE-1. 15.4 

KE-2 15.6 

IŒ-3 16.2 16.09 0.39 2.40 

KE-4 16.51 

KE-5 16.37 

6 p.a. KF-1 15.6 

KF-2 15.4 

KF-3 15.8 1.5.57 0.79 5.05 

KF-4 15.33 

KF-5 15.72 

8 p.m. KG-1 15.8 

KG-2 15.8 

KG-3 16.2 1~.96 0.64 4.03 

KG-4 15.78 

KG-5 16.00 

1.0 p.a. KH-1 16.17 

m-2 15.10 

KH-3 15.63 15.59 0.96 6.18 

KH-4 15.a6 

KH-5 15.72 

ATerage for the day 15.69 0.96 6.15 
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INORGANIC COITINT - Second Day 

Inorganic Mean Sta:a.dard Coetticist ot 
· Contst M Fluctuatio:atJ Fluctuations 

~ ~ % ...L ~F C = :1= F/M %. 

8 a.m. KA-1 41.01 

KA-2 40.18 

KA-.3 42.75 42.16 2.54 6.02 

KA-4 4.3-54 

KA-5 42.20 

10 a.m.. KB-1 41.08 

KB-2 40.14 

KB-.3 40.79 41.04 1.4.3 .3.48 

KB-4 41.5.3 

KB-5 44.17 

12 noon IC-1 40 • .35 

IC-2 40.8.3 

IC-.3 41.00 41.02 0.68 1.65 

KC-4 41.46 

KC-5 40.83 

2 p.m.. KD-1 39-89 

KD-2 40.19 

Im-.3 40.43 40-75 0.66 1.61 

KD-4 41.64 

KD-5 42.26 
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OBSERVATIONS ( CONT' D .) 

Inorganic Mean Standard Coe.t.ticient ot 
Content M nuctuatione Fluctuation& 

~ HAm % _!_ ;tF C = ± F/M %. 

4 p.m. .KE-1 40.01 

IŒ-2 40.08 

KE-.3 40.7.3 40.9.3 0.96 2 • .36 

6 p.m. KF-1 40.09 

KF-2 41.01 

KF-.3 41-25 40.98 0.95 2 • .32 

KF-4 40.67 

KF-5 41·.34 

8 p.m. KG-1 .39.89 

KG-2 .39.74 

KG-.3 40.90 40.77 0.82 2.01 

KG-4 41.52 

KG-5 42.04 

10 p.m. KH-1 41.22 

KH-2 41.28 

IŒ-.3 41 • .35 41.16 0.74 1.79 

KH-4 40.72 

KH-5 41.16 

Average tor the day 40.91 0.56 1 • .38 
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SllœLE O~ERVATIONS 

Test No.. 2 - Second Day 

Solids Content - Usina the Cenco MO!@~ure Bal ance 

Time Mins. lbist.% T:iM Mins: Hoist.% T1M Mips. Hoi!t.% 

SAMPLES KA-1-2-.3 

8.05 0 0 8.48 0 0 9-.3.3 0 0 

8.10 5 10.4 8.5.3 5 10.2 9 • .38 5 10.2 

8.15 10 29.0 8.58 10 29.0 9_,43 10 29.4 

8 • .21 16 52.4 9.0.3 15 49.6 9.48 15 49.8 

8.25 20 66.0 9.08 20 62.8 9-5.3 20 68.0 

8.30 25 77.0 9-14 26 77·4 9.58 25 79.6 

8 • .35 30 82.4 9.18 .30 81.6 10.01 28 82.2 

8 • .37 32 8.3.6 9.20 32 8,3.4 10.06 33 82.8 

8.40 .35 84.4 9.24 .36 85.2 10.10 37 82.;8 

8.45 40 84.8 9 • .26 38 86.0 10.12 39 82.8 

SAMPLES KC-1-2-3 

12.06 0 0 12.46 0 0 1.2,3 0 0 

12.11 5 10.6 12.51 5 11.0 1.29 6 14.0 

12.16 10 30.6 12.56 10 32.0 1.33 10 29.2 

12.21 15 50.2 1.01 15 52.8 1.38 15 49.0 

12.26 20 65.8 1.06 20 70.6 1.43 20 65.2 

12 • .31 25 77.6 1.11 25 81.6 1.48 25 78.2 

12 • .35 29 82.0 1.14 28 84.6 1.53 30 8.3.2 

12.40 .34 83.6 1.17 31 85.2 1.55 .32 84.0 

12.4.3 37 8.3.8 1.20 34 85.2 1.57 34 84.6 
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OBSERVATIONS {CONT'D.} 

Time Mins. Moist.% n. MiM· &ist.% ~ M1ps. Moist.% 

SAMPLES KD-1-2-.3 

2.07 0 0 2.49 0 0 ,3.26 0 0 

2.12 5 10.0 2.54 5 10.4 ,3 • .31 5 11.6 

2.17 10 29.8 2.59 10 ,30.6 ,3.,36 10 .3.3-4 

2.22 15 47.8 .3.04 15 52.6 ,3.41 15 54.8 

2.'Zl 20 64.4 J.ll 22 77.2 ,3.46 20 71.4 

2 • .32 25 77.0 ,3.17 28 85.0 ,3.51 25 79.6 

2 • .35 28 81.2 ,3.18 29 85.2 ,3.56 .30 8,3.0 

2.,38 .31 83.6 ,3.21 .32 85.2 ,3.58 .32 83.8 

.3.41 .34 84.8 ,3.2,3 .34 85.2 4.01 .35 84.4 

SAMPLES KE-1-2-.3 

4.07 0 0 4.46 0 0 5.2.3 0 0 

4.12 5 11.2 4.51 5 12.4 5-41 18 60.0 

4.17 10 .32.0 4.57 il .39.0 5.4.3 20 67.0 

4.22 15 52.4 5.01 15 54.6 5.47 24 77.6 

4.'Zl 20 69.0 5.07 21 74-4 5-49 26 80.4 

4.,32 25 79.4 ,5.11 2.5 81.4 ,5 • .51 28 82.2 

4-37 .30 83.8 .5.14 28 84.2 5-53 .30 83.0 

4.39 32 84.6 ,5.16 .30 84.8 5.56 .3.3 84.0 

4.42 35 85.0 ,5.19 .3.3 84.8 5 • .58 .35 84.0 
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OBSERVATIONS ( CONT 1 D.) 

!m!. Mins. 1-b;IJ!t.% Time ~ Moist..% ~ Mina. Moist • .% 

SAMPLES KF-1-2-.3 

6.06 0 0 6.40 0 0 7.21 0 0 

6.11 ; 11.4 6.47 7 20.6 7.26 ; 11.8 

6.16 10 ,3,3.0 6.;o 10 3.3.0 7 • .34 1.3 46.0 

6.22 20 71.4 7.0; 25 69.0 7.41 20 70.0 

6.,32 26 82.4 7.10 .30 79.8 7.47 26 79.4 

6.,36 .30 84.4 7.1; .35 84.2 7.51 .30 82.0 

6 • .38 .32 84.4 7.18 .38 84.8 7.;; .34 84.2 

SAMPLES KG-1-2-.3 

s.o; 0 0 8.45 0 0 9.24 0 0 

8.10 ; 12.0 s.;o ; ]J.O 9.29 ; 11.6 

8.1; 10 ,3,3.8 s.;; 10 ,34.2 9.,3; 11 .37.8 

8.20 15 ;;.2 9.00 15 ;6.2 9 • .39 15 5.3.2 

8.28 2.3 77.8 9.0; 20 72.0 9.44 20 70.2 

8 • .30 25 79.8 9.10 25 79.6 9.50 26 79.4 

8 • .34 29 82.4 9.1; .30 8,3.4 9.;; .31 82.8 

8 • .39 .34 84.2 9.19 .34 84.4 10.00 .36 8,3.6 

8.42 .37 84.2 9.20 .35 84.4 10.0.3 .39 8,3.8 

N.B. .Analyses of samples not show above were carried. out at the Pointe 
Claire Laboratories of P.P.R.I.C. 
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TEST Ifo. J October loth, 1963. 

Wute water tlow 1.13 a.g.d. Thickener undertlow 820 g.p.d. 

Sludge pumping into thickener 12 hours Dept.h of sludge in thickener 3 tt. 

Thickener loading 700 gals./sq.tt/d. Specifie graY1t7 1.0.35 

SOLIDS CO:NTENT - First Da:y 

Solide Mean Standard Coefficient of 
Content M Fluctuation& Fluctuations 

T:lae !!Œ. % ....!.. +F C = ::1: F/M %• 
8 a.m. A-1 12.35 

A-2 12.60 

A-3 12.60 12.45 0.40 3.24 

A-4 12.16 

A-5 12.20 

10 a.m. B-1 ll.20 

B-2 11.30 

B-3 u.oo 11.03 0.37 3-33 

B-4 10.76 

B-5 11.01 

12 noon C-1 10.80 

C-2 u.oo 

C-.3 12.00 . 11.80 0.60 5.10 

C-4 12.3.3 

C-5 12.62 

2 p.m. D-1 ll.60 

D-2 11.20 

D-3 ll.60 ll.51 0.51 4-45 

• D-4 ll.61 

D-5 ll.64 
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OBSERVATIONS ( CONT 'D.} 

Solid.s Mean Standard Coefficient ot 
Content M nuctuations nuctuations 

T:lm.e !fAm. % J_ ±F C == ± F/M %. 

4 p.a. E-1 ll.OO 

E-2 ll.60 

E-3 ll.OO ll.l4 0.77 6.90 

E-4 10.93 

E-S ll.10 

6 P·•· F-1 ll.20 

F-2 ll.OO 

F-3 ll.60 ll.24 0.92 8.23 

F-4 10.82 

F-5 ll.73 

8 p.s. G-1 10.80 

G-2 ll.20 

G-3 ll.OO 10.96 0.37 3.40 

G-4 10.75 

G-5 10.73 

10 p.m.. H-l 10.87 

H-2 10.68 

H-3 ll.02 10.99 0.33 3.02 

H-4 ll.l8 

H-5 ll.47 

Average tor the day ll.36 1.03 9.10 
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INORGANIC CONTENT - First DaY 

Inorganic Mean $tandard. Coetticient ot 
Content M Fluctuation& Fluctuation& 

Tille Mark % .:L ±F C = ± F/M %. 

8 a.m. A-1 44.95 

A-2 43.47 

A-.3 41.97 42.71 1.Zf 2.97 

A-4 42.43 

A-5 43.81 

10 a.m. B-1 44.16 

B-2 41.78 

B-.3 4.3-.31 ~.57 4.00 9.40 

B-4 41.44 

B-5 44.18 

12 noon C-1 41.80 

C-2 40.99 

C-3 42.48 42.Zf 1.62 .3.84 

C-4 42.85 

C-5 44 • .34 

2 p.m. D-1 41.64 

D-2 42.52 

D-.3 41.54 42.48 2.94 6.94 

D-4 4.3.9.3 

D-S 42.97 
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OBSERVATIONS (CONT 1D.) 

Inorganic Mean Standard Coefficient o! 
Content M Fluct.11ations Fluctuations 

Time Mark % ..L + F. C = ± F/M % • 

4 p.m. E-1 43.22 

E-2 43.10 

E-3 42.63 42.81 0.57 1.33 

E-4 42.55 

E-5 43.31 

6 p.m. F-1 42.02 

F-2 41.67 

F-3 42.51 42-50 0.72 1.68 

F-4 43.17 

F-5 43.54 

8 p.m. G-1 42.42 

G-2 43.00 

G-3 43.19 42.91 1.51 3.51 

G-4 42-31 

G-5 43-78 

10 p.m. H-l 42.53 

H-2 42.76 

H-3 43.05 42.64 0.84 1.97 

H-4 42.10 

H-5 41.90 

AYerage tor the day 42.59 0.52 1.21 
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SAMPLE OBSERVATIONS 

'l'est No. 3 - Firat Da;r 

Solide Content - Usina the Cenco libiat\U"e Bala.nce 

~ ~· Moist.% l'à! !AD!.· ~H).% l'à! !Ym.· Moiat.% 

SAMPLES A-1-2-3 

8.37 0 0 9.23 0 0 11.21 0 0 

8.54 17 44.6 9.28 5 7.8 11.31 10 25.4 

9.01 24 65.6 9.33 10 2).6 11.36 15 42.2 

9.04 27 73.6 9.38 15 40.4 11.41 20 59.0 

9.07 30 79.8 9.43 20 56.2 11.46 25 74.0 

9.10 33 83.4 9.48 25 70.8 11.49 28 80.4 

9.12 35 85.0 9.53 30 81.4 11.51 30 83.4 

9.14 37 86.4 9.57 34 85.8 11.55 34 87.6 

9.16 39 87.0 9.59 36 86.8 11.57 36 88.6 

9.18 4l ft/.4 10.03 40 87.4 11.59 38 89.0 

SAMPLES C-1-2-3 

12.04 0 0 12.47 0 0 1.25 0 0 

12.14 10 24.8 1.12 25 74.6 1.35 10 25.4 

12.19 15 41.2 1.17 30 86.0 1.45 20 59.0 

12.24 20 60.0 1.19 32 88.2 1.50 25 74.0 

12.29 25 75.6 1.21 34 89.0 1.55 30 84.2 

12.36 32 86.6 1.23 36 89.0. 2.00 35 87.8 

12.40 36 88.8 1.25 38 89.0 2.02 37 88.0 

12.44 40 89.2 2.04 39 88.0 
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OBSERVATIONS {CONT'D.) 

IHa Mins. !bist.! T1me H;lgs. MRHt·!' IHit. Mins. Moist.% 

SAMPLES D-1-2-3 

2.06 0 0 2.45 0 0 3.24. 0 0 

2.16 10 26.4 2.50 5 9.8 3.48 24. 79.0 

2.21 15 44.2 2.55 10 27.2 3.50 26 82.6 

2.26 20 62.8 3.05 20 62.6 3.52 28 85.6 

2.31 25 78.0 3.10 25 77.2 3.54 30 87.4 

2.36 30 86.2 3.15 30 86.6 3.56 32 88.4 

2.39 33 88.2 3.19 34 88.8 3.58 34 88 .. 4 

2.42 36 89.0 3.21 36 89.0 4.00 36 88.4 

SAMPLES E-1-2-3 

4.05 0 0 . 4-41 0 0 5.16 0 0 

4.20 15 52.6 4.51 10 31.2 5.21 5 9.6 

4-27 22 77.4 4.56 15 51.4 5.31 15 49.8 

4.30 25 84.0 5.01 20 70.0 5.36 20 69.2 

4.32 27 87.0 5.03 22 76.2 5.39 23 78.2 

4.34 29 88.2 5.08 27 86.2 5.43 27 85.6 

4.36 31 89.0 5.12 31 88.4 5.47 31 88.6 

4.38 33 89.0 5.14 33 88.4 5.49 33 89.0 



2.39 

OBSE!VATIOIS (CONT 1D.) 

Time Mins. Moist.% na Mina· Mout.% Tilla Mins. Moist.% 

SAMPLES F-l-2-.3 

6.05 0 0 6.41 0 0 7.20 0 0 

6.10 5 10.0 6.46 s 9.2 7.25 s 10.2 

6.,34 2!J 88.0 6.Sl 10 27.8 7·.30 10 ,30.0 

6 • .3S .30 88.4 7.01 20 66.6 7 .,35 lS 48.6 

6 • .36 31 88.6 7.06 2S 80.2 7.40 20 66.2 

6 • .37 .32 88.8 7.ll .30 87.4 7.45 2S 80.2 

6.38 .3.3 88.8 7.14 3.3 88.8 7.so .30 86.6 

6.40 3S 88.8 7.16 .35 89.0 7·5.3 3.3 88.0 

6.42 .37 88.8 7.18 37 89.0 7.56 36 88.4 

SAMPLES G-l-2 

8.os 0 0 8.44 0 0 

8.20 lS 44.2 9-04 2S 84.2 

8.25 20 64.0 9.12 28 87.2 

8.,30 25 79.6 9.1.3 2!J 88.0 

8.3.3 28 85.8 9.14 30 88.4 

8 • .3S .30 88.2 9.17 .3.3 88.8 

8.39 .34 89.4 9.20 36 88.8 

N.B. Analyses or slud&e samples not shown above vere carried out at Pointe 
Claire Laborator1es or P.P.R.I.C. 
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TEST No. 3 October 11th, 1963. 

Waste water fiow 1.15 m.g.d. Thickener undert.low 930 g.p.d. 

S1udge pumping into thickener 12 hours Depth of s1udge in thickener 3 ft. 

Thickener 1oading 700 gals./sq.ft/d. Specifie gravit7 1.031 

SOLIDS CONTENT - Second Day 

So1ids Mean Standard Coefficient of 
Content M Fluctuations Fluctuations 

Time Mark % __!_ +F C == ;t EIM% 
1 

8 a.m. J-1 11.20 

J-2 11.40 

J-.3 11.60 11.55 0.14 1.21 

J-4 11.70 

J-5 11.58 

10 a.m. K-1 11.31 

K-2 10.53 

K-3 10.65 10.89 1.04 9-55 

K-4 11.49 

K-5 10.95 

12 noon L-1 10.80 

L-2 11.00 

L-3 11.20 11.03 0.266 2.42 

L-4 10.98 

L-5 10.57 

2 p.m. M-1 11.20 

M-2 11.20 

M-3 11.60 11..38 0.646 5.69 

M-4 11.2.3 

M-5 11.57 



OBSERVATIONS 'CONT'D.) 

Solids Mean Standard Coefficient of 
Content M FluctuatioilB Fluctuations 

Time ~ % ..L ±F C = ± F/M %. 

4 p.m. N-1 13.2 

N-2 1.3.6 

N-.3 1.3.8 1.3.90 0.6 4 • .32 

N-4 14-44 

N-5 14.16 

6 p.m. P-l 1.3.4 

P-2 1.3.6 

P-.3 14.8 1.3.9.3 2.02 14.50 

P-4 1.3.19 

P-5 1.3 .40 

8 p.m. Q-1 1.3.85 

Q-2 14-17 

Q-.3 14.81 14-35 1.1.3 7.88 

Q-4 1.3.96 

Q-5 14.3.3 

10 p.m. R-1 14-67 

R-2 14-09 

R-3 14.14 14.25 0.92 6.45 

R-4 14.61 

R-5 1.3.68 

Average for the day 14.106 0.546 .3.87 
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INORGANIC CONTENT - Second DAf 

Inorganic Mean Standard Coefficient of 
Content M Fluctuations Fluctuations 

Tim.e Mark % % +F C = t F/M %. 

8 a.m. J-) 28.75 

J-2 28.61 

J-3 29-43 28.874 . 1.84 6.35 

J-4 28.23 

J-5 29.29 

10 a.m. K-1 30.14 

K-2 28.42 

K-3 30.36 29.986 2.60 8.68 

K-4 31.08 

K-5 29-47 

12 noon L-1 29.76 

L-2 29.85 

L-3 27.76 28.796 2.61 9.06 

L-4 29.12 

L-5 28.54 

2 p.m. M-l 28.58 

M-2 28.62 

M-3 28.68 28.933 1.68 5.80 

M-4 29.86 

M-5 28.35 



OBSERVATIONS ( CONT 1 D.} 

Inoraanic Mean Standard Coetticient ot 
Content M Fluctuation$ Fluctuations 

Ti.11.e Mark % __!_ ±F C = ± F/M %. 

4 p.m. N-1 29.71 

N-2 29.88 

N-3 30.76 30.468 1.22 5.65 

N-4 31.22 

N-5 28.82 

6 p.m. P-1 28.84 

P-2 28.91 

P-3 29.04 28.614 1.79 6.26 

P-4 Z'{.64 

P-5 28.94 

8 p.m. Q-1 28.46 

Q-2 28.35 

Q-3 29.95 29.145 1.74 5.97 

Q-4 29-29 

Q-5 Zl-59 

10 p.m. R-1 30.18 

R-2 28.56 

R-3 30.42 29.719 2.49 8.4 

R-4 29.76 

R-5 29.52 

Average tor the day 29.353 2.09 7-12 



SAMPLE OBSERVATIONS 

Test No. 3 - Second Day 

Solids Content - Usina the Cenco Moisture Bal ance 

~ mn•· Mo1st.% llm! Min!· Mo1st.% l'ila !ml· Mo1st.! 

SAMPLES J-l.-2-3 

8.05 0 0 8.45 0 0 9.25 0 0 

8.15 10 28.8 8.50 5 9.8 9.30 5 9.6 

8.20 15 48.4 8.56 11 .32.4 9.50 25 78.0 

8.25 20 66.8 9.01 16 52.0 9.54 29 85.4 

8.30 25 81.0 9.05 20 66.8 9.56 31 86.8 

8.32 27 84.2 9.10 25 so.8 10.00 .35 88.2 

8.35 30 87.6 9.13 28 8$.6 10.02 .37 88.4 

8.37 .32 88.6 9.16 .31 88.4 

8 • .39 .34 89·0 9.19 .34 89.0 

SAMPLES K-.3 SAMPLES L-1-3 

11.16 0 0 12.04 0 0 1.30 0 0 

11.21 5 9.4 12.09 5 9.0 1.40 10 27.8 

11.26 10 27.8 12.14 10 27.6 1.51 21 71.8 

ll • .31 15 46.4 12.19 15 47-8 1.5.3 23 77.6 

11.41 25 79.2 12.24 20 67.2 1.55 25 82.2 

11.46 .30 $7.0 12.29 25 8.3.2 1.57 27 85.4 

11.48 .32 88.2 12 • .3.3 29 $7.8 2.00 .30 88.2 

11.50 .34 89.0 12 • .35 .31 89.0 2.02 .32 88.8 

11.52 .36 89.0 12 • .38 .34 89.2 2.04 .34 88.8 
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OBSERVATIONS ! CONT 1 D.) 

T1me Mins. Moût.% Time ~ Moiat.% llm. Mins. Moist.~ 

SAMPLES M-1-2-3 

2.09 0 0 2.48 0 0 3.26 0 0 

2.14 5 10.4 2.58 10 29.2 3.31 5 10.2 

2.19 10 39.6 3.03 15 49.00 3.36 10 30.4 

2.24 15 49.6 3.08 20 68.4 3.41 15 50.0 

2.29 20 68.6 3.13 25 83.2 ,3.46 20 67.6 

2.35 26 78.8 ,3.17 39 87.4 ,3.51 25 80.6 

2.38 29 84.8 ,3.19 .31 88.4 .3.54 28 85.4 

2.43 .34 88.8 3.23 35 88.8 .3.57 .31 87.6 

2.45 36 88.8 3.25 .37 88.8 .3-59 .3.3 88.4 

SAMPLES N-1-2-.3 

4.03 0 0 4-39 0 0 5.17 0 0 

4.08 5 10.0 4.44 5 10.0 5.22 5 10.2 

4.13 10 29.6 4.49 10 30.0 5.27 10 29.4 

4.18 15 29.2 4.54 15 50.2 5.28 ll .34.6 

4.2.3 20 69.0 4.59 20 70.4 5 • .38 2l 7.3.6 

4.28 25 8.3.4 5.04 25 84.4 5.42 25 8,3.4 

4 • .32 29 87.6 ;.(17 28 87-4 5.46 29 87.6 

4.34 .31 88.4 5.09 .30 88.4 ;.49 .32 88.8 

4 • .36 .3.3 88.6 ;.14 35 89.2 5-51 .34 89.4 
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OBSERVATIONS 'CONT'D.l 

Time M:l.ps. Moist.% Time Mw. Moiat.! llm!, M1pa. Koist.! 

SAMPLES P-1-2-.3 

6.05 0 0 6.4.3 0 0 7-22 0 0 

6.10 5 10.2 6.5.3 10 29.6 7 • .32 10 .31.8 

6.15 10 .30.6 6.58 15 48.6 7 • .37 15 51.4 

6.20 15 49.6 7-0.3 20 67.6 7.42 20 69.6 

6.25 20 68.6 7.08 25 82.6 7-45 2.3 78.4 

6 • .30 25 82.6 7.14 .31 87.4 7-47 25 8,3.0 

6 • .3.3 28 86.0 7.16 .3.3 88.6 7.52 .30 88.0 

6 • .35 .30 87.6 7.18 .35 89.0 7.55 .3.3 89.2 

6 • .38 .3.3 89.2 7.20 .37 89.0 7-58 .36 89.2 

SAMPLES K-1 & I-2 

10.04 0 0 12.45 0 0 

11.16 72 89.0 12.50 s 10.4 

1.25 40 89.0 

N.B. Anal.yses ot samples not shawn aboYe we:re carried out at Pointe 
Claire Laboratories ot P.P.R.I.C. 
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TEST No. /! October 24th, 196.3. 

Waate water fiow 0.91 m.g.d. 'l'hickener undernow 615 g.p.d. 

Pamping of eluqe into thi~kener l2 hours Depth ot aludae in thickener 6 tt. 

Thickener loading 700 gals./sq.tt/d. Specitic granty 1.029 

SOLI:OO CONTENT - Second Daz 

Sol1ds Mean Standard Coefficient ot 
Content M Fluctuations Fluct.uatioœ 

Time Mark % __!_ ±;F C = ± F/M %. 

8 a.m. .. J-1 15.4 

J-2 14.6 

J-.3 15.4 15.29 1.08 7.08 

J-4 15.77 

J-5 15.26 

10 a.m.. K-1 15.0 

K-2 15.0 

K-.3 14.2 14-78 l.ll 7-52 

K-4 15.12 

K-5 15.7.3 

12 noon L-1 14.0 

L-2 14-2 

L-3 14.0 14.04 0.29 2 .. 0.3 

L-4 13-94 

L-5 14.14 

2 p.a. M-l 1.3.6 

M-2 1,3.6 

M-.3 1.3.4 14·24 ,3.95 Z7.8 

M-4 16.48 

M-5 13.56 
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OBSERVATIONS ( CONT' D. ) 

Inorganic Mean Standard Coefficient of 
Contents M Fluctuation& Fluctuations 

~ ~ % ..L +F C = ± FfM % • 

4 p.m. N-1 .32.19 

N-2 .32.78 

N-.3 .34.14 .35.89 5.0.3 14.0 

N-4 41.14 

N-5 41.54 

6 p.m. P-l .32.85 

P-2 .3.3.69 

P-.3 .32.17 .35.20 8.22 2.3.4 

P-4 40.76 

P-5 .39.58 

8 p.m. Q-1 40.,36 

Q-2 40.71 

Q-.3 41.67 41 • .3.3 0.745 1.80 

Q-4 41.75 

Q-5 41.11 

10 p.m. R-1 .39.84 

R-2 41.98 

R-.3 40.74 40.98 2.17 5 • .3 

R-4 40.54 

R-5 41.6.3 

Average tor the daJr .37.10 4 • .32 11.66 
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INORGANIC CONTENT - Second Day 

Inorganic Mean Standard Coefficient of 
Content M Fluctuations Fluctuations 

Tim.e Mark % __!_ ±F C = ± F/M %. 

8 a.m. J-1 41.49 

J-2 42.66 

J-3 42.20 42.20 0.96 2.27 

J-4 42.04 

J-5 41.74 

10 a.m. K-1 41.60 

K-2 42.70 

K-3 43.17 42.41 1.90 4.5 

K-4 41-34 

K-5 41.78 

12 noon L-1 42.28 

L-2 41-44 

L-3 34.24 38.42 10.5 27-4 

L-4 42.22 

L-5 42.38 

2 p.m. M-1 33.16 

M-2 34.80 

M-3 3.3.2.3 .36.49 8.9 2,3.4 

M-4 42.6.3 

M-5 41.6.3 
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OBSERVATIONS (CONT'D.) 

Soli da Mean Standard Coeti'icient ot 
Content M Fluctuations Fluctuations 

Tilae ~ % _j_ +F C :;1 ± F/M %. 

4 p.a. N-1 ll.40 

N-2 10.80 

N-3 10.60 10.67 0.866 8.12 

N-4 10.63 

N-5 10.77 

6 p.a. P-l 10.80 

P-2 u.oo 

P-3 10.80 10.83 0.283 2.61 

P-4 10.69 

P-5 10.85 

8 p.a. Q-1 10.58 

Q-2 U.55 

Q-3 10.85 u.oo 1.045 9-50 

Q-4 10.85 

Q-5 10.78 

10 p.m. R-1 10.465 

R-2 u.265 

R-3 10.435 10.57 1.071 10.05 

R-4 10.50 

R-5 10.50 

Average tor the day 10.99 0.685 6.23 
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SAMPLE OBSERVATIONS 

Teet No. 4 - Second Day 

Solide Content - Ueing the Cenco Moieture Balance 

11!!! MiD!• Moiet.~ l1ll! !Ana· J.bie~ .~ l'iml H1D"• Moiet.~ 

SAMPLES J-1-2-3 

8.07 0 0 8.50 0 0 9.32 0 0 

8.lJ 6 12.0 8.56 6 12.4 9.37 5 11.0 

8.17 10 26.0 9.00 10 27.0 9.42 10 30.2 

8.22 15 45.6 9.05 15 46.0 9.47 15 50.0 

8.27 20 64.2 9.10 20 64.6 9.52 20 67.8 

8.32 25 75.2 9.16 26 78.8 9-57 25 77.8 

8.36 29 79.8 9.18 28 81.0 10.02 30 82.8 

8.40 33 8).0 9.21 31 8).8 10.05 33 84.4 

8.43 36 84.6 9.24 34 85.4 10.07 35 84.6 

SAMPLES K-1-2-3 

10.10 0 0 10.50 0 0 11.30 0 0 

10.15 5 10.6 11.0 10 28.6 11.3; 5 10.6 

10.20 10 31.2 11.05 15 48.4 11.40 10 27.0 

10.25 15 51.4 11.10 20 66.6 11.45 15 51.0 

10.30 20 69.4 11.15 25 77.4 11.50 20 68.2 

10.35 25 79.8 11.17 27 80.2 11.55 25 79.4 

10 • .38 28 83.6 11.20 30 8).0 11.58 28 8).2 

10.40 30 84.8 11.22 .32 84.2 12.00 30 84.8 

10.42 .32 85.0 11.26 34 85.o 12.03 3.3 85.8 
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OBSERVATIONS (CONT'D.) 

Tim.e Mins. Moist.% ~ Mins. Moist.% T1me Mina· Moist.% 

SAMPLES L-1-2-3 

12.08 0 0 12.50 0 0 1.30 0 0 

12.1,3 5 10.8 12.55 5 10.8 1.35 5 10.6 

12.18 10 30.6 1.01 li 34.4 1.40 10 30.8 

12.23 15 51.4 1.05 15 49.8 1.45 15 51.0 

12.28 20 68.8 1.10 20 67.4 1.50 20 69.4 

12.33 25 79-4 1.15 25 80.4 1.56 26 80.4 

12.35 27 82.2 1.20 30 85.0 1.58 28 83.0 

12.37 39 84.0 1.22 32 85.4 2.00 30 84.4 

12.40 32 85.8 1.24 34 85.8 2.03 33 85.8 

12.42 34 86.0 1.26 36 85.8 2.06 36 86.0 

SAMPLES M-1-2-3 

2.10 0 0 2.50 0 0 3.30 0 0 

2.15 5 10.2 2.55 5 10.6 3-35 5 10.8 

2.20 10 30.4 3.00 10 31.6 3.40 10 32.4 

2.25 15 50.8 3.05 15 52.0 3.45 15 52.8 

2.30 20 69.2 3.10 20 70.2 3.50 20 71.2 

2.35 25 79.8 3-15 25 81.0 3-55 25 82.4 

2.40 30 85.0 3.19 29 85.2 3.59 29 86.0 

2.42 32 85.8 3.23 33 86.2 4.01 31 86.4 

2.44 34 86.4 3.25 35 86.4 4.04 34 86.6 
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OBSERVATIONS {OORT' D.) 

~ Mins· Moist.% T1me Mins. Moist.~ ~ Mpus. M::list.% 

SAMPLES N-1-2-3 

4.06 0 0 4-45 0 0 5 .. 25 0 0 

4.11 5 10.8 4.50 5 11.2 ;.30 5 11.4 

4.16 10 30.8 4.;; 10 32.4 ;.35 10 32.8 

4.21 15 52.0 ;.oo 15 53.6 ,5.40 15 53.8 

4.26 20 71.8 ;.o; 20 72.4 5.45 20 72.8 

4.31 25 82.2 ;.10 25 82.8 5.51 26 81.8 

4.36 .30 86.2 ;.15 30 85.8 ;.;3 28 83.6 

4.38 32 86.6 5.18 33 86.4 ;.sa 33 86.0 

4.40 34 86.8 ;.20 35 86.4 6.00 35 86.2 

SAMPLES P-1-2-3 

6.06 0 0 6.;o 0 0 7-.30 0 0 

6.11 5 10.2 6.;; 5 9-4 7-35 5 11.0 

6.16 10 30.2 7.00 10 29.2 7.40 10 33.2 

6.21 15 51.0 7-07 17 55.8 7-45 15 54.8 

6.26 20 67.6 7.10 20 65.6 7-50 20 76.4 

6.31 25 78.4 7.16 26 78 .. 2 7.55 25 79.2 

6.36 30 84.2 7.20 30 83.6 8.02 32 83.8 

6.39 33 85.8 7.2; 35 86.2 8.04 34 84.6 

6.41 35 86.6 7.28 38 86.4 8.07 37 85.2 

N.B. Analyses not shawn above were carried out at Pointe Claire 
Laboratories ot P.P.R.I.c. 
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TEST NO. 5 Septellber 24th, 1963. 

Waste water flow lr2.3 •• ,.d. Thickaner UDdertlow 835 g.p.d. 

S1udge pumping into thickener 24 hours Depth of s1udge in thickener 3 tt. 

Thickener 1oading 560 cals./sq.tt/d. Specifie gravity 1.024 
( with recirculation) 

SOLIDS CON'.ŒNT - First Daz 

Solids Mean Standard Coefficient of 
Content M Fluctuations FluctuationS 

l1B!. ~ % % +F C = ± F/M %. 

8 a.m. DA-1 12.64 

DA-2 12.13 

DA-3 l2.ll 12.15 0.38 3.17 

DA-4 12.19 

DA~5 ll.83 

10 a.m. DB-1 1,3.00 

DB-2 12.00 

DB-3 12.00 ll.92 0.67 5.65 

DB-4 u.ss 

DB-5 11.50 

12 noon DC-1 ll.40 

DC-2 11.20 

DC-3 ll.20 11.2.3 0.33 2.92 

DC-4 ll.15 

DC-5 ll.59 

2 p.m. DD-1 ll.OO 

DD-2 ll.OO 

DD-3 ll.20 ll.13 0.29 1.57 

DD-4 ll.ll 

DD-5 ll • .37 
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OBSERVATIONS (CONT'D.) 

Solide Mean Standard Coetticient ot 
Content M Fluctuations Fluctuations 

Tim.e Mark % __!_ +F C • ± FfM %. 

4 p.m.. DE-l 10.60 

DE-2 11.00 

DE-3 11.40 11 • .33 0.63 5.5e 

DE-4 11.80 

DE-5 11.10 

6 p.a. DF-1 11.00 

DF-2 11.20 

DF-3 11.40 11.21 0.52 5.62 

DF-4 10.99 

DF-5 11.24 

8 p.a. DG-1 11.20 

DG-2 11.20 

DG-3 12.02 11.73 0.75 6.40 

DG-4 11.89 

DG-5 12.10 

10 p.m.. DH-1 10.85 

DH-2 10.91 

DH-3 ll.SO ll.61 0.75 6.5 

DH-4 12.17 

DH-5 ll.68 

Average for the day 11.30 0.51 4-52 



2S6 

INO:aGANIC CONTEN'r - Fa,nt Dax 

Inorganic Mean Standard. Coefficient ot 
Content M nuctuation& nuctuatione 

Time ~ ~ ...L ±F C == ± F/M % • 

8 a.m. DA-1 32.(17 

DA-2 31.95 

DA-3 32.56 32.13 1.06 3.31 

DA-4 31.75 

DA-5 31.86 

10 a.m. DB-1 31.65 

DB-2 31.51 

DB-3 30.71 31.80 2.66 8.36 

DB-4 33.40 

DB-5 33.15 

12 noon DC-1 30.92 

DC-2 31.20 

DC-3 31.84 31.81 0.45 1.41 

DC-4 32.33 

DC-5 33.26 

2 p.m. DD-1 31.84 

DD-2 31.61 

DD-3 32.57 32.3S 1.12 3.48 

DD-4 32.54 

DD-5 33.69 
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OBSERVATIONS (CONT 1D .. ) 

Inorganic Mean Standard. Coefficient of 
Content M . Fluctuation$ Fluctuations 

Da! ~ % __!_ :tF C = ± F/M !· 
4 p.m. DE-l .32 .. 26 

DE-2 .32.92 

DE-.3 ,32.18 .32.96 1.7.3 5.26 

DE-4 .3.3-90 

DE-5 .34.60 

6 p.m. DF-1 .3.3.60 

DF-2 .3.3.80 

DF-.3 .32.52 .3.3.50 2.10 6.ZJ 

DF-4 .34 • .31 

DF-5 .34.83 

8 p.m. DG-1 .3.3.16 

DG-2 .3.3.7.3 

DG-.3 .35.29 ,34.51 1.7.3 5.00 

DG-4 .34 • .38 

DG-5 .34.84 

10 p.m. DH-1 .34.05 

DH-2 .34.54 

DH-.3 .35.20 .34.41 1.26 .3.66 

DH-4 .3.3.69 

DG-5 ,32 • .37 

A Yerage tor the day ,32.72 o.;6 1.70 
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SAMPLE OBSERVATIONS 

Test No. 5 - First Da1 

Solids Content - Usi:ng the Cenco Moisture Balance 

~ Mins. Moist.% ~ !fina· Moist .% llm! Mips. Moist.% 

SAMPLES DB-1-2-3 

10.04 0 0 10.48 0 0 11.27 0 0 

10.09 5 8 10.53 5 7.8 11.32 5 8.0 

10.14 10 24.2 10.58 10 24.8 11.38 11 31 .. 2 

10.19 15 42.0 11.03 15 42.8 11.42 15 38 .. 4 

10.24 20 57.2 11.08 20 59.8 11.47 20 62.4 

10.30 26 72-4 11.14 26 77.6 11.52 25 75.8 

10.34 30 79.6 11.16 28 81.8 11.55 28 81.2 

10.36 32 82.2 11.18 30 84.8 11.57 30 83.6 

10.38 34 84.0 11.20 32 86.8 11.59 32 85.4 

10.40 36 85.0 11.22 34 88.0 11.01 34 86.4 

10.44 40 87.0 11.23 35 88.0 11.03 36 88.0 

SAMPLES DC-1-2-3 

12.08 0 0 ].2.50 0 0 1.32 0 0 

12.13 5 9 12.55 5 8.2 1.37 5 8.0 

12.19 11 27.4 1.00 10 Z'/.6 1.42 10 26.8 

12.23 15 41.0 1.05 15 42.0 1.47 15 40.2 

12.28 20 56.8 1.11 21 63 .. 0 1.52 20 60.8 

12.33 25 73.0 1 .. 15 25 74.6 1.57 25 76.6 

12.38 30 84.2 1.21 31 85.0 2.02 30 84.4 

12.40 32 86.2 1.23 33 86.4 2.05 33 87.0 

12.42 34 87.4 1.27 37 88.4 2.09 37 88.8 

12.46 38 88.6 1.30 40 88.8 2.12 40 88.8 
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OBSERVATIONS 'CONT'D.) 

~ ~. :&is.t.% Time ~ Moist.% ~ Mins· Moist.% 

SAMPLES DD-1-2-3 

2.15 0 0 2.55 0 0 3-33 0 0 

2.21 6 13.0 3.00 5 8.2 3.38 5 8.4 

2.25 10 Z'/.6 3.05 10 Z'/.4 3.43 10 39.4 

2.30 15 45.0 3.10 15 44.0 3.48 15 46.4 

2.35 20 61.4 3.15 20" 61.8 3.53 20 62.4 

2.40 25 76.0 3.20 25 79.2 3.58 25 76.4 

2.45 30 86.2 3.24 29 86.4 4.03 30 84.6 

2.47 32 87.8 3.26 31 88.2 4.05 32 86.8 

2.49 34 88.6 3.28 33 88.8 4.07 34 88.2 

2.53 40 89.0 3.30 35 89.0 4.09 36 88.8 

SAMPLES DE-1-2-3 

4.13 0 0 4.50 0 0 5-31 0 0 

4.18 5 8.4 4.55 5 8.6 5.36 5 9.4 

4.23 10 Z'/.6 5.00 10 Z'/.8 5.41 10 26.8 

4.28 15 45.0 5-05 15 45.0 5.46 15 46.0 

4-33 20 61.6 5.10 20 60.8 5.52 21 68.4 

4.38 25 77.0 5.17 Zl 81.4 5.56 25 79.8 

4-43 30 87.6 5.20 30 85.6 ~.59 28 86.0 

4.45 32 89.0 5.23 33 87.8 6.01 30 87.4 

4.47 34 89.4 5.Z] 37 89.0 6.05 34 88.4 

4.50 37 89.4 5.30 40 89.0 6.09 38 88.6 



OBSERVATIONS (CONT'D.) 

Tim.e Mina· 1-bist.% Time Mins. Moiat.! .'nil! Mins. Moist.! 

SAMPLES DF-1-2-3 

6.14 0 0 6o53 0 0 7-33 0 0 

6.19 5 8.4 6.58 5 8.6 7-38 5 8.6 

6.24 10 24.0 7-03 10 24.0 7.43 10 32.8 

6.29 15 48.0 7.08 15 48.2 7.48 15 49.8 

6.34 20 59.0 7-13 20 66.6 7-53 20 66.4 

6.39 25 75.4 7.18 25 80.8 7.58 25 80.0 

6.44 30 86.4 7.23 30 88.0 8.03 30 86.4 

6.46 32 88.2 7.26 32 88.6 8.05 32 87.6 

6.48 34 88.8 7.28 34 88.8 8.07 34 88.4 

6.50 36 89.0 7.30 36 88.8 8.10 37 88.6 

SAMPLES DG-1-2-3 

8.12 0 0 8.50 0 0 9-35 0 0 

8.19 7 17.2 8.55 5 9.4 9.40 5 9.0 

8.22 10 28.6 9.00 10 28.0 9-45 10 28.2 

8.27 15 46.8 9.05 15 47.4 9.50 15 47.2 

8.32 20 65.8 9.10 20 64.8 9-55 20 64.4 

8.37 25 81.4 9.15 25 79.0 10.00 25 78.8 

8.42 30 88.4 9.20 30 87.0 10.05 30 86.6 

8.43 31 88.6 9.22 32 88.2 10.07 32 87.2 

8.44 32 88.8 9.26 36 89.0 10.09 34 87.8 

8.45 33 88.8 9.29 39 89.0 10.ll 36 87.98 

N.B. Analyses of s1udge samp1es net shown a.boTe were ca.rried out a.t Pointe 
Claire Labora.tories of P.P.R.I.C. 
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TEST NO. 6 September 29th, 196.3. 

Waste water f'lov J.-39 •• ,.d. Thickener Wlderf'low 6.35 g.p.d. 

S1udge pumping into thickener 24 hours Depth of s1udge iD thickener 6 tt. 

Thickener 1oading 
(with recirculation) 560 gals./sq.tt/d. 

Specitic gravit;r 1.059 

SOLIDS CONTENT - First DaY 

Soli da Mean Standard Coetticient ot 
Content M Fluctuations FluctuationS 

Time ~ % __!_ +F C = ± F/M '!>,. 

8 a.m.. KA -1 15.80 

KA-2 16.65 

KA-3 15.68 16.13 1.39 8.6; 

KA-4 16.26 

KA-5 16.49 

10 a.m.. KB-1 14.40 

KB-2 14.60 

KB-3 15.00 14.94 0 .. 20 1 • .32 

KB-4 15.18 

KB-5 15.53 

12 noon KC-1 14.20 

KC-2 14.00 

KC-3 13.80 1.3.98 0.37 2.66 

KC-4 14.12 

KC-5 14.18 

2 p.m. KC-1 12.60 

KD-2 12.40 

KD-3 . 13.80 13.33 1.30 9.7 

KD-4 13.64 

KD-5 13.68 
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OBSERVATIONS (CONT'D.) 

Solide Mean Standard Coefficient of 
Content M Fluctuations Fluctuations 

Tillle Mark % ___!_ ±F C = ± F/M %. 

4 p.m. KE-1 12.60 

KE-2 12.00 

KE-3 13.40 13.06 1.45 11.10 

KE-4 13.45 

KE-5 14.18 

6 p.m. KF-1 13.0 

KF-2 12.4 

KF-3 13.20 13.16 0.84 6.38 

KF-4 13.64 

KF-5 14.21 

8 p.m. KG-1 12.80 

KG-2 12.80 

KG-3 13.09 13.04 0.30 2.29 

KG-4 13.15 

KG-5 13.57 

10 p.m. KH-1 13.54 

KH-2 12.52 

KH-3 13.17 13.02 1.03 7.86 

KH-4 13.51 

KH-5 13.34 

Average tor the day 13.43 0.285 2.12 
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INORGANIC CONTENT - First Dq 

Inorganic Mean Standard Coetticient ot 
Content M Fluctuation• Fluctuations 

Time ~ % __!._ ±F C = ± F/M% 

8 a.m. KA-1 33.86 

KA-2 .3.3.08 

KA-.3 .34.17 .3.3.77 1.56 4.62 

KA-4 .3.3.68 

KA-5 .34 • .31 

10 a.m. KB-1 .34.14 
. -
KB-2 .3.3.71 

KB-.3 .32.5.3 .32.99 0.91 2.76 

KB-4 .32.59 

KB-5 .3.3.28 

12 noon KC-1 .3.3.48 

KC-2 .3.3.20 

KC-.3 .32.71 .3.3.2.3 1.42 4.28 

KC-4 .3.3.92 

KC-5 .3.3 • .36 

2 p.m. KD-1 .32.1.3 

KD-2 .32 • .31 

KD-.3 .32.64 .32.4.3 1 • .32 4.06 

KD-4 .32.04 

KD-5 .3.3.5.3 
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OBSERVATIONS ( CONT 1 D.) 

Inorganic Mean Standard Coefficient of 
Content M Fluctuations Fluctuations 

!Hl! ~ % J_ :!;F C = ± F/M %. 

4 p.m. IŒ-1 32.09 

IŒ-2 32.31 

IŒ-3 32.73 .32. 70 0.61 1.86 

IŒ-4 33.20 

IŒ-5 32.64 

6 p.m. KF-1 33.38 
- -

KF-2 33.01 

KF-.3 33.80 .33.48 2.10 6.25 

KF-4 34.11 

KF-5 .31.01 

8 p.m. KG-1 33.13 

KG-2 32.80 

KG-3 3.3.13 33·1, o·~z 2·77 

KG-4 33.33 

KG-5 .3.3.55 

10 p.m. RH-1 32.96 

RH-2 32.09 

KH-3 32.51 32.68 0.85 2.62 

RH-4 33.28 

KH-5 33.41 

Average tor the day 32.87 1.02 3.10 
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SAMPLE OBSERVATIONS 

Test No. 6 - First Day 

So1ids Content - Using the Cenco Moisture Balance 

Tim.e Mins. Moist.% ~ Mips. Moist.% Ii!~! HYu!· Moist.~ 

SAMPLES KA-1-2-3 

. 8.20 0 0 9.00 0 0 9.38 0 0 

8.26 6 11.4 9.05 5 10.0 9.43 5 9.2 

8.30 10 26.2 9.10 10 26.4 9.48 10 25.8 

8.35 15 44.2 9.15 15 43.8 9.53 15 44.0 

8.40 20 61.6 9.20 20 61.8 9.58 20 61.8 

8.45 25 74.0 9-25 25 75.0 10.03 25 74.6 

8.50 30 81.6 9.30 30 81.8 10.08 30 81.8 

8.53 33 83.4 9.33 33 82.8 10.11 33 83.6 

8.55 35 84.2 9.35 35 83.35 10.12 34 84.32 

SAMPLES KB-1-2-3 

10.14 0 0 10.52 0 0 11.32 0 0 

10.20 6 11.4 10.57 5 9.4 11.37 5 8.8 

10.24 10 25.2 11.02 10 28.0 11.42 10 27.4 

10.29 15 43.6 11.07 15 47.2 11-47 15 46.6 

10.34 20 61.6 11.12 20 62.8 11.52 20 64.6 

10.39 25 75.0 11.17 25 75.8 11.57 25 77.6 

10.44 30 83.0 11.22 30 81.8 12.02 30 82.8 

10.47 33 84.8 11.26 34 84.6 12.04 32 84.6 

10.49 35 85.6 11.28 36 85.4 12.06 .34 ss.o 
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OBSERVATIONS ( CONT 1 D .l 

~ M:in8. Moist.% .'!.a! ~ l-bi§j.~ l1m!. ~ Mo~st.% 

SAMPLES KC-1-2-:3 

12.08 0 0 12.49 0 0 1 .. 29 0 0 

12.13 5 9.0 12.54 5 9.2 1.34 5 9.0 

12.18 10 27.6 12.59 10 27.8 1.:39 10 25.8 

12.2:3 15 46.4 1.04 15 47.2 1.45 16 46.6 

12.28 20 6;3.6 1.09 20 64.4 1.49 20 61.4 

12.;3:3 25 76.4 1.14 25 7:3.0 1.54 25 75 .. 8 

12.38 :30 82.6 1.19 30 82.8 2.01 :32 85.8 

12.42 34 85.6 1.21 32 84.8 2.03 :34 86.2 

12.44 :36 85.8 1.23 34 86.0 2.05 36 86.2 

SAMPLES KD-1-2-:3 

2.07 0 0 2.46 0 0 3.26 0 0 

2.12 5 9.4 2.51 5 8.8 3.:31 5 8.6 

2.17 10 28.0 2.56 10 26.2 ;3.;36 10 25.8 

2.22 15 47.6 ,3.01 15 45.6 ;3.41 15 44.2 

2.27 20 64.6 ;3.07 21 64.4 3.46 20 62.6 

2.:32 25 78.8 3.1l 25 77.0 3.51 25 72.4 

2.37 30 85.8 ;3.16 :30 85.6 :;.57 :31 80.4 

2.40 :;:; 87.4 3.20 34 87.6 4.00 :34 84.0 

2.42 35 87.4 3.22 :36 87.6 4.04 38 86.2 
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OBSERVATIONS (CONT'D.} 

~ Mins. Moist.% Time Mins· Moist.% Time ~ lbist.% 

SAMPLES IŒ-1-2-3 

4.10 0 0 4.47 0 0 5.25 0 0 

4.15 5 9.8 4.52 5 8.8 5.30 5 9.8 

4-20 10 28.2 4-57 10 27-8 5.35 10 27.4 

4-25 15 44.2 5.02 15 43.0 5.40 15 44·4 

4-30 20 63.2 5.08 2l 63.0 5.45 20 60.6 

4.35 25 79.0 5.12 25 76.0 5.50 25 74.8 

4-39 29 85.4 5-17 30 85.8 5-55 30 84.2 

4.42 32 87.0 5.20 33 88.0 5.57 32 86.2 

4-45 35 87-4 5.22 35 88.0 6.00 35 86.6 

SAMPLES KF-1-2-3 

6.04 0 0 6.44 0 0 7.22 0 0 

6.09 5 9.6 6.49 5 9 7.27 5 9.2 

6.14 10 25.6 6.54 10 26.6 7;32 10 26.8 

6.19 15 42.6 6.59 15 45.6 7.37 15 42.0 

6.24 20 59.0 7-04 20 64.0 7.42 20 58.8 

6.29 25 73.6 7.09 25 78.4 7.47 25 74.2 

6.34 30 84.0 7.13 29 86.2 7.52 30 83.6 

6.36 32 85.8 7-14 30 87.2 7-54 32 85.6 

6.38 34 87.0 7.17 33 87.6 7.56 34 86.6 

6.42 38 87.0 7.19 35 f11.6 8.00 38 86.8 

N.B. Analyses ot samples not shawn above were carried out at Pointe Claire 
La.boratories of P.P.R.I.C. 
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TEST No. 7 Mq 18th, 1964 

Waste water flow 1.28 m.g.d. Sludge depth in thickener 6 feet 

Sludge pumping into thickener 24 hours Specifie gravity 1.030 

Thickener loading 745 gals./sq.tt/d. Plunger pump discharge 
pressure 19 p.s.i. 

Thickener underflow 600 g.p.d. Temperature of waste water 12°C 

CHE.MICAL ANALYSES 

Sample 1 Sample 2 Sample 3 Sample 7 
Influent to Effluent from Chlorinated Effluent from 
Clarifier Clarifier Effluent Thickener 

Solids, total p.p.m. 560 544 543 553 

Volatile 182 164 101 149 

Fixed 378 380 442 404 

Suspended, total p. p .m. 49 16 19 61 

Volatile 37 12 14 42 

Fixed 12 4 5 9 

Dissolved, total p.p.m. 511 528 524 492 

C.O.D. p.p.m. 146 120 75 125 

pH 7.45 7-4 7.4 7.3 

Settleability ml/1. 4.5 



269 

OBSERVATIONS {CONT'D.) 

Sample 4 Sample S Sample 6 
Clarifier In.tluent to Thickened 
Sludge Thickener Sludge 

Settleabilit;y, ml/1. lOO llO 

Suspended aollds, % 0.65 0.53 13.2 

Total p.p.m. 6,340 5,120 128,000 

Volatile 4,770 4,(170 80,100 

Fixed 1,570 1,050 47,900 

c.o.n., p.p.m. 7,316 3,100 77,128 

pH ,.9 7.0 5.6 
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TEST No. 8 May 31st, 1964 

We.ste water flow 1.18 m.g.d. Sludge depth 1n thickener 4 feet 

Sludge puœp1ng 1nto thickener 24 hrs. Specifie gravit7 1.028 

Thickener load1ng 745 gals./sq.!t/d. Plunger pump pressure 18 p.s.i. 

Thickener underflow 760 g.p.d. Temperature of waste wa.ter 12•c 

CHEMICAL ANALYSES 

Sample l Sample 2 Sample 3 Sa.mple 7 
Influent to Etfluent trom Chlorinated Effluent from 
Claritier Clarifier Effluent Thickener 

Solide, total p.p.m. 570 521 512 569 

Volatile 215 168 165 177 

Fi:xed 355 353 347 392 

Suspended, total p.p.m. .32 12 ll 83 

Volatile 22 8 8 59 

Fixed 10 4 3 24 

Dissolved, total p.p.m. 5.38 509 501 486 

c.o.n., p.p.m. 168 132 90 146 

pH 7 .,35 7.4 7.4 7.2 

Settleability, ml./1. ,3.5 



271 

OBSERVATIONS (CONT'D.) 

Sample 4 Sample 5 Sample 6 
Claritier Influent to Thickened 
Sludge Thickener Sludge 

Settleability, ml/1. 10;3 90 

Suspended solids, % 1.94 1.88 11.7 

Total, p.p.m. 18,900 18,300 114,000 

Volatile 16,060 15,380 76,500 

Fixed 2,840 2,920 :37,500 

c.o.n., p.p.m. 14,570 22,200 96,050 

pH 7.0 7.1 5-7 
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TEST No. 9 June 8th 1 1964 

Waste water flow 1.09 m.g.d. S1udge depth in thickener 5 tt. 

S1udge pumping to thickener 24 hr8. Specifie sravit7 1.046 

Thickener 1oading 745 gals/sq.tt./d. Plunger pump pressure 2.3 p.s.1. 

Thickener underflow 700 g.p.d. Temperature or waste water 14 •c 

CHEMICAL ANALYSES 

Sample 1 Sample 2 Samp1e :3 Samp1e 7 

Inf'luent to Eff'luent from Chlorinated Effluent trom 
Clarifier Clarifier Effluent Thickener 

Sol1ds 1 total p.p.m. 581 563 552 635 

Vo1atUe 205 170 184 2.37 

Fixed 376 393 368 398 

Suspended1 total p.p.m. 68 36 39 109 

Vola tUe 48 22 26 71 

Fixed 20 14 l3 38 

Disso1ved 1 total p. p .m. 51.3 527 513 526 

o.o.D. 1 p.p.m. 150 96 53 215 

pH 7-35 7-4 7.5 7.0 

Sett1eabU1t7 1 ml/1. 4.0 
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OBSERVATIONS (CONT'D.) 

Sample 4 Sample ; Suple 6 
Clar:Lf'ier Influent to Thickened 
Sludge Thickener Sludge 

Settleability, ml/1. ;o ;; 

Suspended sollds 1 % 1.28 1.1; 12.2 

Total p.p.m. 12,250 11,000 116,;00 

Volatile 10,000 8,430 87,600 

Fixed 2,2;o 2,570 28,900 

c.o.n., p.p.m. 10,000 ]J,l;o m,o;o 

pH 6.9 7.0 ;.6 
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TEST No. 10 June 2lat, 1964. 

Waste water flow 0.967 m.g.d. Sludge depth 1n thickener 4 tt. 

Sludge pumping into thickener 24 hre. Speci.tic gravi.t;y 1.024 

Thickener loading 745 gals/aq.tt./d. Plunger pump diacharge pressure 17 p.a.i. 

Thickener underflow 720 g.p.d. Temperature of waate water 1.3•c 

CHEMICAL ANALYSES 

Sample 1 Sample 2 Sample :3 Sample 7 
Influent to Effluent from Chlorinated Effluent from 
Clarifier Clari.tier Effluent Thickener 

Solids 1 total p.p.m. 569 50:3 5.36 591 

Volatile 229 170 204 241 

F:ixed :340 :3:3:3 :3:32 :350 

Suspended, total p.p.m. 5.3 24 .31 77 

Volatile :39 16 19 61 

F:ixed 14 a 12 16 

Disaolved, total p.p.m. 516 479 505 514 

c.o.n., p.p.m. 1:37 109 98 160 

pH 7.4 7.:35 7.45 7.1 

Settleabilit y, ml/1. 10 
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OBSERVATIONS ( CONT' D.) 

Sample 4 Samp1e S Samp1e 6 
Claritier In.f'luent to Thickened 
S1ud&e Thickener S1ud&e 

Sett1eability, ml/1. so ss 
Suspended solids, %. 1.04 1.78 u.so 

Total, p.p.m. 10,200 17,4'JO US: 000 

Vo1atUe 7,S:;D 14,450 89,000 

Fixed 2,.380 2,950 25,200 

c.o.n., p.p.m. 13,900 lJ,41S 10.5,600 

pH 7·0 7·1 ,5.7 
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TEST No. 11 June 2St.h, 1964 

Waste water flow 0.962 •• g.d. Sludge depth in thickener 4 teet 

Sludge pumping into thickener 24 hra. Specifie gravit7 1.046 

Thickener loading 740 gala/aq.tt/d. Plunger pump pressure 18 p.a.i. 

Thickener undertlow 900 g.p.d. Temperature of waste water 13 •c 

CHEMICAL ANALYSES 

Sample 1 Sample 2 Sample 3 Sample 7 
Influent to Effluent tram Chlorinated Eftluent traa 
Clarifier Clarifier Effluent Thickener 

Solide, total p.p.m. 588 548 622 609 

Vola tUe 235 182 242 268 

Fixed 353 366 380 341 

Suapended, total p.p.m. 90 36 109 99 

Vola tUe 69 25 85 73 

Fixed 21 11 24 26 

Disaolved, total p.p.m. 498 512 513 510 

C.O.D., p.p.m. 170 105 193 206 

pH. 7.4 7-3 7-4 7.0 

Settleabilit7, ml/1. 10 
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OBSERVATIONS {CONT'D.) 

Samp1e 4 · Sample 5 Sample 6 
Cl.ar11'1er Intluent to Thickened 
S1udge Thickener S1qe 

Sett1ea.bility, ml/l. 50 55 

Suspended solids, % 1.14 0.86 ll.9 

Total, p.p.m.. 10,920 8,240 ll4,000 

Volatile 7,860· 6,020 84,000 

Fi:x:ed .3,060 2,220 .30,000 

c.o.D., p.p.m. 10,595 8,615 126,200 

pH 7.1 7.1 s.a 
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TEST No. 12 July 5, 1964 

Wa,ste water flow 1.08 m..g.d. S1udge depth in thickener 3 teet 

S1udge pumping into thickener 24 hrs. Specifie gra.vity 1.075 

Thickener 1oading 745 g.p.d./sq.tt. 

Thickener undertlow 935 g.p.d, 

CHEMICAL ANALlSES 

Sa.mp1e 1 

P1unger pump pressure 20 p.s.i. 

Temperature ot waste water 14 oc 

Samp1e 2 Samp1e 3 Sa.mp1e 7 
In.t'luent to Ettluent trom Chlorinated Ettluent trom. 
Claritier Clarifier Ettluent 'l'hic ken er 

Solids, total p.p.m. 565.5 534.5 532.0 597.0 

Vola tUe 213.5 178.5 199.0 245.0 

Fixed 352.0 356.0 333.0 352.0 

Suspended, total p.p.m. 65.4 22.; 24.0 52.0 

Vola tUe 47-3 15 .. 5 14.0 22.0 

Fixed 18.1 7.0 10.0 30.0 

Disso1ved, total p.p.m. ;oo.1 512.0 5os.o 545.0 

c.o.n., p.p.m. 149 106 102 141 

pH 7.5 7.3 7.5 7.2 

Sett1eabilit y 4.0 
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OBSERVATIONS ( CONT 'D.) 

Sa.mple 4 Samp1e S Sample 6 
Claritier Influent to Thickened 
Sluclge Thickener S1uclge 

Settleability 95 lOS 

Suspenàed solids, % 1.70 1.45 14.0 

Total, p.p.m. 15,800 13,500 130,000 

Volatile 11,400 9,730 E?!7 ,soo 
Fixed 4,400 3,770 42,500 

c.o.n., p.p.m. 19,374 19,123 128,500 

pH 7.0 7.1 5.8 
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TEST No. 13 July 12, 1964 

Waste water flow l.J63 m.g.d. Sludge depth in thickener 3 feet 

Sludge pmaping into thickener 24 hrs. Specifie gravit:r 1.025 

Thickener loading 745 g.p.d./sq.tt 

Thickener underflow 945 g.p.d. 

CHEMICAL ANALYSES 

Sample 1 

Plunger pump pressure 19 p.s.i. 

Temperature of waste water 17•c. 

Sample 2 Sample 3 Sample 7 
Influent to Effluent from Chlorinated Effluent trom 
Clarifier Clarifier Effluent Thickener 

Solids., total p. p.m. 617 626.5 578 655 

Volatile 230 226.5 191 259 

Fixed J87 400 387 396 

Suspended, total p. p .m. 78.4 41.9 J4 101 

Volatile 38.0 28.3 2l 49 

Fixed 40.4 13.6 13 52 

Dissolved, total p.p.m. 538.6 584.6 544 554 

c.o.n., p.p.m. 98.4 80.7 68.8 155.6 

pH 7.4 7.J5 7.5 7.25 

Settleability, ml/1. 3.5 



OBSERVATIONS ( CONT 1 D.) 

Sample 4 Sample S Sample 6 
Claritier Intluent to Thiokened 
S1udge Thickener S1udge 

Sett1ea.bUit;y, ml/1 85 90 

Suspended solids, % 1.6 1.5 10.3 

Total, p.p.m. 15,600 14,600 100,500 

Vola. tUe 9,300 8,200 6?,SOO 

Fixed 6,300 6,400 33,000 

C.O.D., p.p.m. 21,254 20,346 127,600 

pH ?.0 7-l s.s 
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TEST No. l4 July l.9th, 1964 

Waste water .tl.ow 1.03 m.g.d. S1ud.ge clepth :ln thickener ; feet 

S1udge pump:lng :lnto thickener 24 hra. Specifie graYity 1.078 

Thickener 1oading 745 g.p.d./sq.tt. 

Thickener underflow 850 g.p.cl. 

CHEMICAL ANALYSES 

Samp1e 1 

P.lunger puœp pressure 18 p.s.i. 

Tempen.ture ot waste water 16 oc 

Sample 2 Sample 3 Samp1e 7 

Influent to Effluent .trom Chlorinatecl Effluent from 
CJ.aritier Cl.arif'ier Effluent Thickener 

Soli<ls, total p. p .m. 571 .548-5 540.; 617.5 

Vola tUe 239 214.; 205.0 273.0 

Fhed 332 334 33;.; 344.5 

Suspencle<l, total p.p.m. 75.8 30 30.8 77 

Vola tUe 53.0 22 22.3 ;; 

Fhecl 22.8 8 s.; 22 

D1sso1ved, total p.p.m. 495.2 518.; 509.7 540.; 

c.o.n., p.p.m. 183 120 1o6 196 

pH 7.4 7.3 7·4 7.1 

Sett1eab1lity ml/1. ; 



OBSERVATIONS (CONT'D.) 

Sam;ple 4 Saç1e 5 Sam;ple 6 
Clarifier IDtluent to Thickened 
S1udge Thickener S1udge 

Sett1eab111ty, ml/1. 60 55 

Suspended solld.a, % 1.78 1.68 lJ.O 

Total, p.p.m. 16,512 15,632 120,600 

Vo1atlle 11,394 11,115 74,614 

Fixed 5,118 4,517 45,986 

c.o.n., p.p.m. 19,906 18,054 92,503 

pH 6.9 7.0 5.6 
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