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ABSTRACT 

ThIS report provIdes general infOrmatIon on the desIgn and selectIOn of 

wastewater systems wIth capacitIes for populations up to 2500. This mformation IS 

mtended for use by indIVIduals wIth lImIted experience In wastewater treatment and 

dIsposal as a source of avaIlable alternatIves m small systems, as well as an outline of the 

steps and procedures to undertake when selecting a partIcular wastewater management 

scheme for a small commumty. 

Material covered includes: measurement and estImatIon of wastewater flows; 

physIcal, chemICal and bIOlogIcal characterIstics of domestIC wastewater; on-sIte 

wastewater treatment and dIsposal processes; central wastewater collectIon and 

treatment systems; operating problems assocIated WIth small treatment systems; dIsposal 

of lIqUId effluents and waste sludges; and procedures employed in the selection and 

approval of wastewater systems. A case hIstory IS provided to Illustrate the selectIon 

procedures dIscussed wlthm the text. 
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RESUME 

Le present rapport fournit des renseignernents gene raux sur la conception et Ie 

ChOIX de systemes d'epuratIOn des eaux usees pouvant desservir jusqu'a 2 500 personnes, a 
1'lntentIOn de ceux qui sont peu famihers avec l'evacuatIOn et l'epuration des eaux 

residuaires. On y decnt les differents types de petItes installatIons disponibies et on 

donne un aper<;u des etapes et des regles a SUIvre dans Ie ChOIX d'un systeme d'epuratIOn 

pour une petIte collectivite. 

Le rapport traite des pOints SUlvants: la mesure et l'evaluation du debIt des 

eaux usees; les caracterlsttques physIques, chirniques et bIOlogIques des eaux domestiques; 

les moyens d'evacuer et de traiter les eaux usees sur place; les installatIons centrales de 

collecte et d'epuration; les difficultes de fonctIOnnement prop res aux petItes installatIOns; 

l'ellmination des effluents hqUldes et des boues residuaires; et la marche a SUIvre pour 

choisir et adopter un mode d'epuratIOn. Un exemple Illustre la marc he a SUIvre pour 

effectuer un te I ChOIX. 
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1 INTRODUCTION 

Small sewage treatment systems servmg commumtles of a few hundred people 

often present deslgn and operatlOnal problems not encountered wlth large-scale urban 

works, although the general processes used for treatment may be slmllar. Many of the 

umque problems encountered wIth small systems are caused by the use of a system 

unsUltable for the specdlC wastewater treatment requirements. Plant upsets also occur 

because of poor operatlOn and maintenance practices. 

ThIS report presents mformatlOn on vanous treatment processes whIch are 

avaIlable for small wastewater treatment systems. The selectlOn and desIgn of such 

standard rural wastewater dlsposal systems as septlC tank - tIle fIelds are exammed and 

discussed, as are "package" treatment plant design and operatlOn. Although 

comprehensIve 10 content, the mtention of thIS document IS not to develop "lOstant 

experts" in the field of wastewater treatment for small communities, but rather to mform 

concerned mdIvlduals of the importance of lO-depth study of problem situatlOns and to 

descnbe methods of mvestigatmg waste management alternatIves. The detalled desIgn of 

a treatment system may become much more complex than thIS manual suggests; 

therefore, It lS recommended that fmal design, or reVIew of final desIgn, be undertaken by 

quahfied persons wIth expenence 10 thIS field. The long-term benefIts from expenenced 

advIce and reVIew wlll far outweIgh the costs mcurred for such a serVIce. 

1.1 Scope 

"Small wastewater treatment systems" are defined 10 thIS manual as the 

collectlOn, treatment and disposal faCIlitles associated with domestic wastewaters 

generated by indIvIdual homes, apartment complexes, restaurants, mstitutlOns, rest areas, 

and commumtles Wlth populatlOns of up to 2500 people. BasIc mformation and 

recommended practIces are provIded for the desIgn, ImplementatlOn, and operatIon of 

systems that wIll be most economlc, effIcient and trouble-free in partIcular SItuatIons. 

The manual IS mtended for eng meers, archltects, technologists and contractors who are 

frequently confronted wIth the task of provIdmg small-scale sewage treatment facilitIes, 

but who are not waste treatment speciahsts. 

The selectlOn of a partIcular waste management system for a small commumty 

mvolves reVIew of three pnnciple alternatIves: 1) on-SIte treatment and dIsposal of 

wastes; 2} mstallatIOn of a small package system to treat commumty wastes collected VIa 

a central collection system; and 3) formulation of a reglOnal waste management plan 10 
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whICh one central treatment facilIty receives wastes from two or more populatiOn 

centres. In many mstances, the selection of one of these major alternatives may become 

obviOus upon cursory reView of regulatory requirements, inspectlOn of site locatiOn and 

conditions, and/or reView of regiOnal development plans. Otherwise, the relative meflts 

of each alternatIve must be reviewed on the basis of cost/effectiveness, I.e., the unIt cost 

of a system relative to such tangibles as public health protection, the protection afforded 

the reCeiVing enVironment, aesthetics, energy conservation, reliability and operatiOnal 

requirements. ObViOusly, the ratiOnale used m the deciSiOn makmg process Will vary from 

situation to situatiOn. ThiS manual is mtended to provide suffiClent mformatiOn to permit 

the analYSiS of waste management problems With an awareness of the solutions that are 

avaIlable. 

Of ever-mcreasmg importance m the design and selection of waste manage

ment systems is the conservation of energy. Although this factor is not dealt With 

specifICally m this report, the conSCientiOus designer should, m all cases, develop systems 

which mmimize the use of electrical power while mamtainmg an acceptable standard of 

effluent qualIty and operational simpliClty. ThiS may entail the selectiOn of a system With 

design modifications over an otherWise ObViOUS off-the-shelf package. Energy conserva

tiOn IS of particular importance in isolated areas where power must be generated on-SIte 

by means of fossil fuel consumptiOn. 

1.2 Objectives 

The specifIC ObjectIves of thIS manual are: 

a) to provIde mformation on various small wastewater treatment systems and to defme 

the constramts, limitations and supplementary consIderatiOns when selectmg and/or 

designmg such systems; 

b) to provide data on capital expenditures and operation and mamtenance costs for 

various small wastewater treatment systems; 

c) to identify applicable governmental regulatiOns and reqUirements, and outlIne the 

steps and procedures mvolved in obtainmg approval for installation of small 

wastewater treatment systems. 

1.3 Organization 

Sections 2 to 6 of thiS manual discuss design consideratIons for vaflOUS 

alternatIve small wastewater treatment systems; sectIOns 7 and 8 outlme ratIonales and 
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Criteria that can be used In making a selectlOn from the variOUS alternatives. 

Terminology used throughout the manual IS consistent with general practICe In wastewater 

management; a glossary IS provIded as AppendIx A. AppendIx B lIsts federal and 

provincIal regulatory agencIes. 



2 WASTEW ATER CHARACTERIZA nON 

Wastewater characterizatIon is the grassroots of process design and selectIon 

In a waste management system. Characterization studIes provIde informatIOn on flow 

vanation, waste loading fluctuatIons, and treatment effIciency and flexibIlity. 

The charactenzation of wastewater generated withm an eXIsting sewered 

community or Installation mvolves the implementatIOn of a mOnitoring program. In the 

case of completely new systems, the deSIgner must rely on empIrIcal values identified by 

regulatory agencies or found m lIterature. ThIS section provides detaIled mformatIOn on 

initIating and conducting wastewater characteriZatIOn programs at eXIsting installations, 

as well as the utIlIzation of empIrical values for estImating wastewater loadings for new 

faCIlIties. 

2.1 Wastewater Monitoring Program 

The ObjectIve of a mOnitoring program is to provIde an understandmg of the 

characterIstIcs of water-borne waste materials. Good planning IS necessary to establish a 

monitoring program WhICh IS inexpenSIve, convenient and effectIve, and does not Interfere 

WIth normal activIty at the mstallation under study. Steps mvolved in the preparatIon of 

a mOnItormg program Include: 

a) development of collectIOn system flow sheet, 

b) selection of sampling statIons, 

c) coOrdinatIOn of laboratory support, 

d) selectIon of mOnitormg equipment. 

2.1.1 Development of ColJection System Flow Sheet. The first step m the 

development of a wastewater survey is a reVIew of all eXIsting faCIlItIes and serVICes. 

ThIS IS best accomplished by on-site Inspection to compIle information on waste sources 

and waste collectIon technIques. Included among faCIlIties and serVIces withm the 

planning area whIch could have a SIgnifIcant affect on a treatment system are: combmed 

sanitary and storm water collectIOn systems; instItutIOns such as schools and sports 

complexes; restaurants; hotels; and industrIes. Wastewater from mdustrIal complexes 

should be Immediately IdentIfied on thIS initIal Inspection and brought to the attentIon of 

laboratory personnel involved In analyzing collected samples. It would also be advantage

ous to identify the operatIons carned out withm any mdustnal area to determine pOSSIble 
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waste constituents m a discharged effluent. Meetings with mdustrial plant managers are 

adVisable to secure thiS information. 

Upon completion of the Site ViSIt, the mspector should have a reasonable grasp 

of the layout of eXisting faClllties and serVices and be capable of developing an up-to-date 

sewer map showmg water, sanitary and storm drain lmes. Where applicable (I.e., at 

proposed monitoring SItes), the map should specify pipe SIze and locatiOn, dIrectiOn of 

flow, and location and depth of manholes, catch basms, pumpmg statIons and outfalls. 

Where wastewater collectiOn systems have been preViOusly Installed, much of the reqUired 

mformatiOn should be available m "as-built" draWings at muniCIpal offIces. 

2.1.2 Selection of Monitoring Stations. Careful selectIon of mOnItormg SItes is 

cruClal. Ideally, the SItes should Include all pertinent substreams and be located only 

where the wastewater IS well mixed. Unfortunately, many areas to be sampled are far 

from Ideal. When a preferred sampling SIte is located under several feet of concrete, or 

when an outfall IS below the water level of the reCeIVing stream, compromIses must be 

made. Sometimes It IS necessary to sample several contributory streams which make up 

the flow at the inacceSSIble SIte and combine these samples In proportiOn to theIr flow 

contributiOn. ThIS procedure can result In a reasonable apprOXImatiOn of the actual 

wastewater. 

Other conSIderatiOns In the selectIon of sampling sites are safety of sampling 

personnel, acceSSIbIlity, and security of the sampling i!1struments from vandalism. 

2.1.3 Coordination of Laboratory Support. Before finalizing the mOnitoring pro

gram, the investIgation should be dIscussed WIth the laboratory support group. At such 

time, scheduling of the program, together With duration and intensity of the study, Will be 

established. InformatiOn concerning analytiCal interference from contaminant Input Into 

the waste stream (I.e., industrial waste) should be given to laboratory personnel and 

preventive measures discussed. Local regulatory agenCIes should be able to aSSist project 

inItIators In the selectiOn of SUItable analytical laboratories for wastewater mOnitoring 

programs. 

2.1.4 Selection of Monitoring Equipment. To fulfill the purposes of a raw waste 

characterization program, momtoring eqUipment must be capable of reflecting truly 

representatIve data. The principle concerns in a momtorIng program are flow measure

ment and wastewater sampling. 
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2.2 Flow Measurement 

The method of flow measurement selected depends upon the following: 

a) type of flow, i.e., pressure or gravity flow, 

b) quantity of flow, 

c) accuracy required, 

d) duratiOn of collectiOn, 

e) diurnal VariatiOn of flow Variability. 

The accuracy of flow measurement equipment is perhaps the most dlfficult 

variable to define In the selectIOn of monitoring devlCes, primarily because of ltS relatiOn 

to so many other variables m the system. Accuracy may be defmed as the estImated 

standard devlatIOn of repeated measurements, which is expressed as a percentage of the 

adopted value, usually the mean. The reqUired accuracy of flow measurements depends on 

the eventual use of the collected data. For deSIgn purposes, an accuracy of 10 to 15% is 

acceptable, considermg other Incertamties involved (l). 

Flow measurement techniques are examined In succeedmg sectIOns wlth regard 

to their applicability In characteriZatiOn of raw wastewaters for small wastewater 

treatment systems. A summary of flow measuring devices lS glven m Table 1. 

2.2.1 Fill and Draw Devices. Two slmple methods of measuring flow In a small 

wastewater treatment system survey are the pump rating method and the bucket-and

stopwatch method. When wastewater In a sewer system is being pumped out of a 

reserVOir, an estlmate of flow may be obtained by recording the duratIOn of pumping and 

the capaCity of the pump at the discharge pressure, USing head versus capacity curves 

supplIed by the pump manufacturer, or by recording the time of pumping and knowmg the 

volume of wastewater pumped out of the reserVOir. The bucket-and-stopwatch method 

can be used to determine Instantaneous flow from a pipe. Effluent from the pipe 

discharges Into a container of known volume and the time required to fill the container is 

observed and recorded. 

The application of fill and draw deVices for characterization of wastewater 

flows is limited to mdividual homes, small Institutions and sources providing uniform flow 

rates, or at least flow rates of small variability. Variations In flow rate are common and 

therefore the accuracy (and usefulness) of fill and draw deVices is limited. 



7 

TAI3LE 1 SUMMAR Y OF FLOW MEASUREMENT TECHNIQUES 

Technique 

1) Depth Measurement 
on1y**: 

DIppmg probe 

Float lIqUid 
sensors: 

Float & counter
weIght 

Scow float & 
counterweight 

Scow float & 
Pivot arm 

Bubbler sensor 

2) Weirs: 

Rectangular 

V-notch 

3) Flumes: 

Parshall 

Leopold-Lagco 

Trapezoidal 

outfall 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

ApplIcation 

man
hole 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

sewer 
pipe 

x 

Estimated 
Accuracy 

Cost 
Range * 

15 - 20% $2400-$2800 

15 - 20% 

15 - 20% 1000-1200 

15 - 20% 1200-1350 

10% 2000-2800 

10% 1500-2000 

5% 50-100 

5% 50-100 

5% 500-700 

5% 400-600 

5% 400-600 

* 1976 manufacturers' costs (average); prices wIll vary from manufacturer to 
manufacturer, and with size of sewer. 

** Complete with flow recorder and accessories. 
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2.2.2 Depth Flow Measurement. Depth flow measurement consIsts of measurmg the 

depth of flow at a sUItable cross-sectIOn m the sewer system and substituting the recorded 

depth Into an equation for uniform flow. Most frequently the Manning equatIon IS used In 

thIS calculatIOn (2): 

where: 

Q = AIR 2/3S 1/2 
f 

Q 

A 

n 

R 

n 

= 
= 
= 
= 

flow rate (m 3/s), 

cross-sectional flow area (m 2), 

Manning's roughness coefficient, 

hydraulic radIUS (rn), 

Sf = the frICtion slope (Sf = So' bottom slope, for steady Uniform flow). 

When thIS method of flow measurement is used, ItS limitatIons WIth respect to accuracy 

must be recognized. For example, the estimates of MannIng's n In the equatIOn are an 

unavoIdable source of error; the values given In varIOUS handbooks vary SIgnificantly 

(Table 2). Furthermore, the fnctIOn coeffIcient also vanes with the depth of flow and 

may be influenced by local form losses, such as losses at sewer pIpe JunctIOns, manhole 

structures or poor joints. 

TABLE 2 VALUES OF n IN MANNING'S FORMULA (2) 

Nature of Surface Min 

Neat cement surface 0.010 

Wood-stave pipe 0.010 

VItrified sewer pIpe 0.010 

Metal flumes, smooth 0.011 

Concrete, precast 0.011 

Cement mortar surfaces 0.011 

Common-clay drainage tile 0.011 

Concrete, monohthic 0.012 

Bnck with cement mortar 0.012 

Cast Iron 0.013 

n 

Max 

0.013 

0.013 

0.017 

0.015 

0.013 

0.015 

0.017 

0.016 

0.017 

0.017 
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A variety of liqUId level sensors for liquid depth measurement are avaIlable 

commercially. Three of these instruments are considered appllcable for depth flow 

measurement In small wastewater treatment system installations. 

a) Dipping probes (1). A dIPPing probe (FIgure 1) IS a thm stainless steel probe WhICh is 

lowered to the lIqUld surface on a wire controlled by a preclSlon motor. The probe 

makes a contact wIth the surface of the hqUId and retracts shghtly, then repeats 

thIS cycle unttl stabilIzation IS reached just above the liqUId. Any change In the 

hquid level WIll result In a shortening or lengthening of the unwound WIre (thus no 

fouling of probe WIth suspended material). Changes in cable length are translated to 

the rotatIon of a measuring wheel WhiCh in turn, through an electrOnic servo system, 

pOSItIOns a pen to Indicate Instantaneous flow rate on a recording chart. 

b) Float hqUId level sensors (1). Mechanical level mOnitors WhiCh use floats as sensors 

are the oldest Instruments used for llqUId level mOnitoring. They are very reliable, 

ineXpenSIve, and easy to maintain. Included among the dIsadvantages of these 

Instruments are the need to construct a stlliing well and the fouling of the floats by 

suspended materials In the sewage. FIgure 2 Illustrates a mechanical water level 

recorder which operates by means of a cylindrical float in a stIlling well. The 

Instrument accuracy IS better than 3 mm (0.01 ft) USing a standard float SIze; It can 

be further Improved by using an overSIzed float. The instrument recorder is driven 

ei ther by a weight, or by a synchronous motor. 

In many mOnItormg SItuatIOns, space llmitations do not permIt the installatIOn of a 

stIlling well. ConventIonal float level recorders must then be modified by replacing 

the standard float WIth a scow float (see FIgure 3). CommercIal electrOnic products 

USing quaSI-spherical floats (and other shapes) as scow floats are avallable 

(FIgure 4). In such cases, the scow float IS held in place by a pivoted arm. The float 

movement mduces angular movement to the shaft on which It IS supported. 

Movement of the shaft IS converted Into an electrOnic (or pressure) SIgnal WhICh 

actIvates the recording Instrument. Such an arrangement is more relIable (and 

expenSIve) than the cable-suspended scow floats. 

c) PneumatIC water level gauges (aIr bubblers) (1). Pneumatic level gauges are 

frequently used for measurements In sewers. These Instruments are relatively 

simple, do not obstruct flow, and the sensor can be Installed several hundred feet 

from the recorder. The method of operatIOn Involves forCing gas (aIr or nitrogen) 

from pressurized cylinders through a thin tube (dIp tube) which IS immersed into the 
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LlQU ID LEVEL RECORDER 

STILLING WELL .... WEIGHT 

SEWER FLOW 

FIGURE 2 CYLINDRICAL FLOAT Il'-JSTALLA nON (1) 
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FIGURE 3 SCOW FLOAT INSTALLATION (1) 
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hqUId being measured. Gas pressure at the end of the dip tube equals the static 

pressure due to the weIght of lIquid column above the point of gas dIscharge, and 

thus IS a measure of the depth of the lIquid. The transmitter output (pressure) is 

either recorded directly, or is fIrst converted to an electroniC signal and then 

recorded. For fast flowing liquids, e.g., liquids wIth a velocity of 0.5 mls (2 ft/s), it 

is recommended that the dip tube be protected by a simple "stIlling well" in the 

form of a concentrIC sleeve pipe (see FIgure 5). WIthout this protectIOn, the bubbler 

readings could be affected by the velocity of a fast flowing media (I.e., the dynamiC 

pressure). 

2.2.3 Measuring Weirs. The measurement of small wastewater flows in gravity 

sewers or open channels can satIsfactorIly be achieved with the use of weirs. These 

pnmary measuring deVIces are relatively accurate (2-5% except at very low flows), qUIte 

relIable and of reasonable cost. The following types of weirs have been used in sewer 

studIes: 

a) rectangular weir, 

b) V -notch weIr, 

c) vertIcal slot weir, 

d) trapeZOIdal weIr (without bottom part). 

Among the dIsadvantages of weir use are the reductIon In sewer pIpe capacity, 

upstream accumulation of solids for weir-types a) and b), the possible distortion of flow 

due to the presence of the weIr, and a limIted operational range because of surcharging 

and submergence (1). 

Installation of weir deVices Will differ With each situation. The basic intent IS 

to prOVIde a barner or bulkhead across the stream so that water will overflow the barrIer 

through a notch In the center of the structure (3). The weir bulkhead may be made from a 

thin piece of aluminum or stainless steel cut to the apprOXImate shape of the channel 

cross sectIon. The heIght of the structure must be adapted to on-SIte conditIOns. A 

plastIC sheet and sandbags can be used to seal the edges of the structure to reduce 

leakage around the bulkhead. The velOCIty of approach to the weIr should be neglIgIble; In 

some cases, baffles may be necessary. 

The only practical method of recording discharge head over a weir is usually to 

Install a lIqUid level sensor With a chart recorder upstream of the weir. As illustrated In 

Figure 6, the minimum distance that the depth sensor should be located from the weir IS 
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defined to avoid the dra·wdown effect that occurs at the weir crest~ If liquid level sensors, 

are not available, continuous manual recording. of the weir discharge: head may be 

undertaken using gauges as illustrated in Figure 7. A brief description. of weir-types; a) 

and b) and' their applicability for flow measurement follows. For further information 

reference (I) should. be consulted~ 

a} Rectangular weirs.. The rectangular weir is the simplest measuring device to 

construct. Two problems encountered with this type of weir, however, are' that it 

considerably reduces the' pipe capacity, causing an accumulation of solids 

immediately upstream. of the deviCe,. and it is insensitive to low f1bws~ The former 

problem can be solved by constructing the, weir at a, sewer outfall: or, if this is, 

impossible,. cleaning the weir daily to remove· deposited solids. (flushing with hose). 

The lack of sensitivity to low flows would negate the use of this device in situations 

where this condition is anticipated. A typical installation, is, shown in Fig~re 6, a) .. 

b) V-notch weirs. A V-notch weir creates more constriction of the How than a 

rectangular weir~ This' not only provides good measuring sensitivity at low flows, 

but also reduces the pipe capacity considerably., The damming of sewage Hows and 
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a ) RECTANGULAR SUPPRESSED WEIR 

POINT TO 
MEASURE DEPTH 

RECOMMENDED GEOMETRY: w=2hmax, 1=4h max 

b) 90° V -NOTCH WEIR 

FLOW RATE : Q(m 3 I s/m )=2.953(0.604+ .081h Iw)(h+ .001)1.5 

WHERE h,w (m) 

Q(ds Ift)= 5.34 7 (0 .604+ .081h/w )(h+ .00 34 )1.5 

WHERE h,w (ft) 

_ __ ~ v
2

/2g 

RECOMMENDED GEOMETRY: w=2hm ax 

FLOW RATE: Q(m 3 / s)= 1.3 4h 2 .48 (m) 

Q(cfs}=2 .48h 2 .48 (ft) 

FIGURE 6 RECTANGULAR AND V-NOTCH WEIRS (1) 
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FIGURE 7 MANUAL RECORDING OF WEIR DISCHARGE LEVELS (3) 

solIds deposltion upstream of weir are major drawbacks. Consequently, precautions 

Simllar to those cited 10 the preVIOUS discussiOn are required when usmg V-notch 

weirs. There are four Slzes of V-notches that are commonly used: 90°,60°,45° and 

22-1/2° (3). The size selected wIll depend upon the expected flow range and the 

allowable depth over the weir. A 90° V -notch IS used for large flows, with the 

allowable mmimum depth of flow over the weIr be10g about 6 cm (0.2 ft). With 

smaller weir sizes, such as 45° and 22-1/2°, the minimum depth of overflow can be 

somewhat lower, but should not be less than 3 cm (0.1 ft). At low heads, the 

overflow nappe may cling to the weir, rendering the relationshIp between head and 

flow unreliable. Flgure 6 b) illustrates a 90° V-notch weir installation. 

2.2.4 Measuring Flumes. The flume lS a commonly applied flow measurmg devlce 

whlch operates us10g the Venturi prmciple to determ10e flows, i.e., If downstream flow 

conditions do not affect the flow through the flume, then a definite relatiOnship eXIsts 

between the upstream liqUId depth and the flow through the facility. Flumes have the 

same relIability and accuracy as welrs, but offer the advantages of being self-scouring and 
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having minimal effects on upstream hydraulic characteristics. Flumes, however, are 

considerably more expensive than weirs. 

Flumes of varIOUS geometries are used. Some flumes have bottom contraction 

(hump); others do not. The former can be easlly inserted into sewers and held in place, 

and the error m head caused by standmg water is elimmated. 

Three types of flumes are commonly used: 

a) Parshall flume. A Parshall flume, illustrated in Figure 8, consists of a converging 

section, a rectangular throat and a diverging section. The level of floor in the 

converging section IS hIgher than the floor m the other two sectIons. Parshall 

flumes are well known and have been used extensively in open channel flow 

measurement (e.g., sewer out falls, entrance to sewage treatment plants) m conJunc

tIOn wIth depth measurmg devIces. The use of Parshall flumes m manholes or sewer 

pIpe IS not advlsed due to space limItations. 

b) Leopold-Lagco flumes. Leopold-Lagco flumes are manufactured commerclally. The 

flumes are made of fibreglass and are installed dlrectly m the sewer line (see 

Figure 9), normally at a standard straight-through manhole. The flumes cause small 

head losses and can be mstalled on grades up to 2%. Leopold-Lagco measuring 

flumes are made in nominal sizes from 0.15 to 1.8 metres (6 to 72 inches), with 

maximum discharge rangmg from 0.007 to 3.35 m3/s (0.25 to 118 cfs), respectlvely. 

c) Trapezoidal flumes (Palmer-Bowlus). TrapezoIdal flumes are qUlte popular for 

sewer flow measurement. They are manufactured commerclally (or can be custom 

made) and can be mstalled directly mto a sewer line. The principal advantages of 

trapezoidal flumes are: 1) the small reductIOn in the cross-sectional flow area; and 

ii) by selecting the throat width and the slope of sidewall, the flume can be designed 

to glve specific heads at two points within the flow range. Figure 10 illustrates the 

mstallatIOn of a Palmer-Bowlus flume. 

In the operation of a flume, the upstream flow depth (head) is measured at a 

speciflC point which is exactly defined for each type of flume. The previously discussed 

llqUid level sensors and recorders can be used in conventional mstallations. The output 

signal of level sensors can usually be converted into a flow-proportional slgnal by 

electronic components or mechamcal cams, and recorded on a chart recorder (1). 

When selecting the location for a flume, the flow characteristics in the 

adjacent upstream and downstream reaches should be examined. The flumes should be 

installed in sections which do not surcharge frequently, where the incoming flow is 
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c) END VIEW 
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FIGURE 10 TRAPEZOIDAL FLUME (PALMER-BOWLUS) LAYOUT (2) 
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subcritical (sewer slope S ~ 2%) and no backwater effects occur. For an mcoming 

supercritical flow (S> 2%), the flume has to create a suffIcIent constriction of the flow 

cross-sectIOn to cause a hydraulic jump, preferably far upstream from the flume. A 

hydraulIc Jump m the proXImIty of the flume would ImpaIr the measurement of the 

hydraulic head. The installatIon of conventional flumes on supercntical slopes (tYPICally 

S> 2%) should be avoIded, smce the transItIOn from the shooting to the tranquIl flow wIll 

frequently result m the sewer pIpe surchargmg. The capacIty of the downstream reach 

should be checked for the occurrence of backwater effects which could create submergent 

condItIOns at the flume (1). 

The overall accuracy of flumes IS typICally 5% of the measured value through 

the full operatIonal range, wIth the exception of very low flows (l). For very low flows, 

the error m the ratmg curve, as well as the relatIve error m the measured head, becomes 

qUIte signifICant. 

2.2.5 Summary. Fill and draw devices are simple unIts devIsed to manually 

determine instantaneous flow from a pIpe. The applIcation of such devIces IS qUIte 

lImIted and measurements obtained should be consIdered only rough estimates of uniform 

sewage flow. Depth flow measurement may be accomplIshed usmg a variety of lIquid 

level sensors. However, major sources of error are encountered wIth this method of flow 

measurement due to non-uniformity and unsteadiness of flow, as well as the uncertamty 

of the value of Manning's "n". WeIrs are ineXpenSIVe flow devices, but are faulted for 

frequently mterfermg wIth the transport of solids and causmg energy loss m the liqUId 

stream. Flumes are more expensive devices which allow the passage of solids and cause 

relatIvely minor energy losses. A summary of the flow measurement methods was 

presented m Table 1. 

2.3 Wastewater Sampling 

Another important aspect of raw wastewater characterization is the deter

mmation of the quality of treatment plant influent. The quality of sewage IS assessed by 

performmg laboratory analyses on representatIve samples collected in the field. Major 

errors wIll occur In treatment plant desIgn If the accuracy of the sampling program is not 

ensured. The following detaIls are partIcularly Important. 

a) The samples must be truly representatIve of the wastestream. 

b) Proper sampling techniques must be used. 

c) The samples must be protected untIl they are analyzed. 
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The following discussIOn outlines accepted procedures and equipment utilized 

m wastewater sampling programs. More specific mformation may be obtamed from local 

regulatory agencies as required. 

2.3.1 Types of Samples. The selection of a particular sampling technique depends 

upon the nature of the facIlity being monitored, the degree of pollutant concentration 

variatIOn durmg the mOnitormg period, and the parameters to be measured. Two 

frequently used sampling techniques are grab samples and composite samples. 

a) Grab Sampling. Grab samples are collected either manually or automatically from a 

waste stream and represent the quality of the wastewater at the specific time and 

locatIOn at WhiCh the sample IS taken. Grab samplmg is usually performed when the 

following conditIOns prevail (5): 

1) The waste to be sampled does not flow contmuously. 

11) The waste characterictics are constant. 

lll) It is desIrable to determine whether or not a composite sample obscures 

extreme conditlOns of the waste. (A classic example is the possible vanation 

of pH). 

Grab samples are also required when analyzing wastewaters for parameters such as 

dissolved gases, residual chlonne, temperature, and pH. 

A vanatIOn of this samplmg technique is sequential grab sampling where discrete 

grab samples are collected at constant or vanable intervals, dependmg on the nature 

of the automatic sampling device. If the sampler is connected electronically to a 

flow measurmg device, sampling intervals will vary as flows vary; if the sampler is 

time controlled, sampling intervals will be constant. Sequential grab samples may 

be submitted to laboratories as discrete samples, or manually combmed to form a 

composite sample. 

b) Composite sampling. Composite sampling mvolves combinmg all samples collected 

over a specified time into a single contamer. The composIte sample then represents 

an average pollutant concentration. The main advantage of the composite technique 

is the low cost of quality analysIs, since only one sample has to be analyzed. There 

are several variations in the make-up of composite samples. 

Simple composite sample (non-weighted) (1): In this sampling technique, constant 

aliquots of wastewater are withdrawn at regular intervals and collected in one 

container to constitute the composite sample. The technique is inexpensive and the 
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least sophistICated samplers and flow recorders may be used. The simple sample 

underestimates the total pollutant yields. The reason for this underestImatIOn is 

that hIgh concentrations and flow rates are assIgned the same statistIcal weIght in 

the sample composItion as low concentratIOns and flow rates. 

Flow-weIghted composIte sample (1,4): Flow-weighted sample composItIOn requires 

more sophisticated and more expensive equIpment than simple composition. The 

flow-weIghted composition can be done eIther automatically or manually. Two 

automatic techniques are available. In the first, a constant fractIOn of the flow IS 

collected contmuously; 10 the second, samples of constant volume are wIthdrawn at 

irregular time lOtervals, based on a preselected constant quantity of wastewater 

passlOg through a flow measuring deVICe. The former automatIc technique IS not 

recommended where the stream is hIgh 10 suspended solids. The latter technique 

reqUIres the installatIOn of a flow meter wIth a flow lOtegrator to actIvate the 

sampler. Manual flow-weighted sample composItion may be achieved by proportion-

109 the volume of indIvidual sequentIal grab samples relative to the quantIty of flow 

between the collectIOn of two consecutive samples. The proportIoning is done upon 

completion of the monitor 109 period using a recorded flow chard. 

SequentIal CompOSIte Sampling (1,4): ThIS technique is a compromise between the 

compOSIte and the grab sample. Sequential compOSItes require the collectIOn of 

series of indivIdual samples (flow-weighted) representing specific time periods (e.g., 

four to eIght hours). This procedure is particularly useful 10 small domestIC 

wastewater systems where the character of waste may vary significantly, depending 

on the time of day. 

2.3.2 Sample Size. The sample size IS based on the number and types of laboratory 

analyses to be performed; the mmimum volume of a composite sample is about two litres. 

A lIst of parameters essential to wastewater characteriZatIOn studies is shown in Table 3 

along with elements which may be conSIdered desirable parameters 10 such programs. The 

analytical laboratory should be consulted to determlOe the required volumes of sample for 

each lOdividual analytical test; the sum of all requIred volumes being the size of the 

sample submitted. Local regulatory agencies should be consulted to verify analyses 

required in the waste mOnitoring program. 

2.3.3 SampJe Preservation. Certain parameters cannot be determined accurately if 

there has been any significant tIme lapse between sampllOg and analYSIS (e.g., of dissolved 

gases). The analYSIS of parameters may be dIvided into two categones: obllgatory field 

analyses; and, those which may be performed in the laboratory. 
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PARAMETERS INVESTIGATED IN DOMESTIC WASTEWATER 
CHARACTERIZA TION PROGRAMS 

Frequency of Analysis 

Parameter EssentIal Desirable 

BlOchemical Oxygen Demand x 

Chemical Oxygen Demand x 

Total OrganiC Carbon x 

Total Sollds x 
Suspended SolIds x 
DIssolved SolIds x 
VolatIle Suspended Solids x 
Volatile DIssolved solIds x 

Phosphorus - Total P x 
Orthophosphate, Hydrolyzable x 
Orthophosphate, Soluble x 

Total Kjeldahl Nitrogen x 
NItrogen - AmmonIa x 
Nitrite and NItrate x 

011 and Grease x 
Phenols x 
ChlorIde x 
OrganIc Chlor me x 

Heavy Metals x 
pH x 
ACIdity-Alkalmity x 

Teml2erature x 
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1) FIeld AnalysIs Essential: dIssolved oxygen, pH, temperature, odour. 

2) Laboratory AnalysIs: biochemIcal oxygen demand (BOD), chemICal oxygen demand 

(COD), total organic carbon (TOC), suspended solIds (55), etc. 

FIeld analyses should be completed as near the collectIOn site as IS feasIble 

and wIth the least possIble delay. Regardless of the nature of the sample, complete 

stability for every constituent can never be achieved. At best, preservation techniques 

can only retard the chemical and biological changes that inevitably continue after the 

sample has been removed from the parent source (5). 

As a general rule, preservatIOn techniques should be discussed with personnel 

in the analytical laboratory. Sample preservation is best achieved by coolIng the samples 

to temperatures near freeZing or below. Commercial samplers with built-in refngeratIOn 

Units or samplers designed with a cavity to store ice can be used. For other parameters 

however, chemical preservatives must be used. These preservatives may be added to the 

sample container prIOr to the sampling period if they do not interfere with other analyses 

to be conducted on the sample. If analytical tests cannot be completed due to 

interference, the preservative should not be added to the container. In such cases early 

removal and segregation of the required volume of sample from the sampling device will 

be necessary. The segregated sample may have to be "fixed" wIth the preservatIve prIOr 

to transport to the laboratory depending on the time frame Involved. Laboratory 

personnel will be of assistance In determining these reqUirements. Certain constituents 

cannot be protected against biochemical action by any chemical means which does not 

Interfere with the analysis. These constituents are the so-called nutrients, and Include all 

forms of phosphorous and most forms of nitrogen and sulphur. Samples in which these 

analyses are desired can be preserved by coolIng, or by adding H2S04 to a pH of less than 

2 and then cooling. 

Table 4 lists various preservatIOn techniques for common parameters In a 

waste characterization study. 

2.3.4 Sample Collection and Handling. Some precautions and general rules for 

operating a successful sampling program are (4,5): 

a) Samples should be taken at a place in the collection system where the wastewater is 

well mixed, such as near a Parshall flume or at a location in a sewer with hydrauliC 

turbulence (e.g., close to the lateral inflows or vertical drops). Weirs tend to 

enhance the settling of solids immediately upstream and the accumulation of 
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TABLE 4 SAMPLE PRESER VA TION (5) 

Maximum 
Parameter Preservative Holding TIme 

BiochemICal Oxygen Demand Cool to 4°C 6 hours 

Suspended Solids Cool to 4°C 7 days 

Total Phosphorous Cool to 4°C 24 hours 

Total KJeldahl Nitrogen Cool to 4°C, H2S04 to pH<2 24 hours 

011 and Grease Cool to 4°C, H2S04 to pH<2 24 hours 

pH On-sIte determination 

Tempera ture On-sIte determination 

Acidity-AlkalImty Cool to 4°C 24 hours 

floating oil or grease immediately downstream. Such locatIons should be avoIded as 

sample sources. 

b) Samples should be taken in the center of the channel of flow where the velocity is 

hIghest and the possibIlIty that solIds have settled is minimal. To avoId an excess of 

floating materials, the mouth or head of the sample Intake line should be placed a 

few Inches below the water surface. 

c) The abIlIty of a samplIng devICe to collect solIds is of partIcular Importance, 

because eqUIpment WIth a limited capabIlity In this area may lead to an erroneous 

estimate of pollutant YIelds. The solIds Intake capacity of a sampling deVIce is 

affected by the orientation of the sampler Intake and the velocItIes in the Intake 

nozzle and line. A sampler Intake is typically suspended from the top or oriented 

axially pointing downstream. These intake arrangements are usually necessary 

because of the lOgIstICS of the sampling station and to prevent cloggmg of the 

intake. However, the overall effect is that the concentration of solids In the 

collected samples is underestimated. 

Intake line velocity IS another factor in the deSIgn of a sampler which affects the 

solids collectIon capabilIty. The line diameter must be reasonably large to avoid 

clogging 00 mm or 3/8 mch) and a velocIty suffICIent to transport partIcles should 

be mamtained (l m/s) over the working head of the sampler. Suppliers of 

commercial samplers should be prepared to supply information of thIS nature to 

prospective clIents. 
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d) A sampler should have built-in features WhICh alleviate the possIbility of cross

contaminatIon of samples. Two design features are available: a) the sampler air

purges the Intake line preceding each sampling cycle; b) separate Intake lines are 

provIded for each indIVidual sample. 

e) The sample container, Intake and line should be clean and uncontaminated prIor to 

inItiatIon of each sampling perIOd. 

£) The type of sample containers used in a mOnitoring program (i.e., materIal used In 

the manufacture of container) may affect the analyses being performed. Laboratory 

personnel should verify the use of acceptable sample containers. 

g) Samples submItted to the laboratory for analyses should be clearly labelled wIth the 

following Information: 

1) desIgnatIon or location of sample station, 

11) da te and tIme of collectIOn, 

Iii) indIcatIon of grab or composited sample, 

IV) Interfering or hazardous constituents. 

The duration of a wastewater characterIZatIon program is normally a functIon 

of the size of the facility being mOnitored and the VarIabIlity of waste characteristIcs. 

Upon fIrmly establishing quantitative and qualItatIve characteristIcs at an Installation, 

design of a treatment system may proceed. Regulatory agencies often stipulate the 

number and nature of samples to be collected in a wastewater characterIZatIOn program, 

as well as the tIme and duratIOn of the sampling period. 

A wastewater characterIzation program should last for a sufficIent period to 

establIsh reliable deSIgn criterIa. In SItuations of hIgh flow variability, e.g., tourIst or 

commercIal areas, wastewater characterizatIon may have to be undertaken on a seasonal 

basis to establlsh operating limIts for a system. 

When characterIzing waste generated In a small community, the sequential 

composite sampling method is perhaps the most revealing monitoring approach. UtilIZing 

this method, diurnal fluctuatIOns In wastewater loadings may be establlshed, and the 

system may be designed accordingly. Depending on the variabillty of the waste stream, 4, 

8 or l2-hour compOSIte samples may be collected and submItted for laboratory analysis. 

The interval between sampling events WIll be variable If the sampler flow-weIghts samples 

automatically (I.e., electrOnically actIvated by flow measuring deVIces). If the sampler is 

activated by a tIming deVICe, the samples should be flow-weIghted manually and the 

sampllng frequency should not exceed one hour. 
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2.3.5 Summary. There are basIcally two sampling methods, grab and composIte, 

WhICh are used In wastewater characterIZatIOn programs. Grab samples Indicate waste 

characteristICS at a specifIC tIme and locatIon in a waste stream, whereas composIte 

samples indICate average pollutant concentratIons over a sampling Interval. Flow

weighted composIte samples are more representative of actual waste conditIOns than 

sImple compOSIte samples. Sequential compOSIte samples (flow-weighted) gIve a good 

mdicatIOn of dIurnal sewage characteristICS. Local regulatory agenCIes may be contacted 

for specIfIC information on requIred duratIon and time of sampling programs and 

parameters to be analyzed. AnalytICal laboratories should be consulted regarding the 

volume of samples required to perform requIred analyses, acceptable methods of sample 

preservatIOn, and the type of sample containers required. 

AutomatIc samplers used should be of the refrigerated varIety, and deSIgned 

and operated to facilitate the collection of representatIve samples. The prices of 

commercial automatIC samplers vary wIth the degree of fleXIbility and automation 

prOVIded. A portable unit wIth a mechanical timing deVIce and hand evacuatIOn pump 

costs In the neighbourhood of $500, whereas a refrigerated statIOnary sampler, complete 

with electrIC vacuum pump, flow and tune Initiated sample SWItch, purge cycle, adjustable 

sample volume regulator and 24 polyethylene bottle containers (500 ml) costs 

approXImately $3500. 

Figure 11 Illustrates the variety and type of samplers WhICh are available 

commerCIally. 

2.4 Estimating Wastewater Loadings 

In planning sewage treatment facilities, wastewater loadings must be proJect

ed through the useful life of the proposed system 05-25 years). ThIS entaIls the 

Investigation of populatIOn prOJections, land-use and zoning plans, and economic trends. 

After determining what is believed to be the ultImate growth prOjectIOn for the deSIgn 

perIod, unIt wastewater generation rates can be applied and a waste loading prOjection 

calculated. 

Many tables have been compiled by different authorities to reflect wastewater 

generatIon rates. These estImates often differ conSIderably In magnitude and the designer 

must exerCIse Judgement when using them. Local regulatory agencies should also be 

consulted to determine whether design criterIa are specIfied for the location of the 

planned Installation. 
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Table 5 has been extracted from the sewage disposal regulatIons of BrItish 

Columbia (6) and IS provided for general informatIon to illustrate typical estimates of 

wastewater generation rates. Local regulatory agency CrIterIa prevail over any flgures 

presented herem. 
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a) Simple Composite Sampler With Time Control (from Sigmamotor 
Inc.) 

b) Refrigerated Sequential Sampler (from Isco) 

FIGURE 11 SAMPLING DEVICES 



30 

c) Sequential Sampler With Flow or Time Control Option 
(from Manning Environmental Corporation) 

FIGURE 11 SAMPLING DEVICES (CONT'D) 
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TABLE 5 ESTIMATED MINIMUM DAILY SEWAGE FLOWS IN IMPERIAL 
GALLONS (6)* 

Type of Facility Estimated Mmimum Daily Sewage 

Apartments + condominiums (havmg one 
common entrance) 

Houses, duplexes (all other residential Units) 

Mobile home parks 
Hospitals and laundry 
HospItals without laundry 
Institutions, work camps, rest homes, 

resIdentIal schools 
Nursing-homes 
Motels/hotels 

Camp-sites 

Theatre/drive-in (food service is lImited 
to single service con tamers) 

Fixed seat assembly (theatres, churches) 
Restaurants, dining-rooms, dinings-lounges 
Banquet and meeting rooms 
Beer par lours, cabarets, neighbourhood 

pubs 
SWImming-pools 

Summer camps 
Office buildings 
Factories, with showers 
Factories, without showers 
Schools, pnmary and elementary 
Schools, high 

Service-stations 

Shoppmg centres (exclude cafes and 
laundries) 

Laundry 

* 

** 

Conversion factors: 1 Imp. gallon 

1000 L 
Design bathmg load IS calculated as 

= 
= 

165 for 1 bedroom unit. 
225 for 2 bedroom umt. 
250 for 3 bedroom Unit. 
250 for 1 and 2 bedrooms. 
300 for 3 bedrooms. 
375 for 4 bedrooms. 
450 for 5 bedrooms. 
550 for 6 bedrooms. 
250 per space. 
250 per bed. 
150 per bed. 

50 per bed. 
150 per bed. 
70 per unit. 
100 per housekeeping unit. 
100 per Unit. 
150 per unit (year-round sites) 

5 per space. 
2 per seat. 
2 per square foot of dinmg area. 
0.35 per square foot of floor area. 
3 per square foot of customer 
sea ting area. 
5 per person based on design 
ba thing load * * . 
35 per bed. 
20 per worker. 
20 per worker per shift. 
10 per worker per ShIft. 
15 per student. 
20 per student. 

125 per single hose pump. 
250 per double hose pump. 
0.15 per square foot of enclosed 
sales area. 
350 per laundry machine. 

4.5459 L 

1 m3 

~ + ..i. where D = area of pool 
27 10 

more than 5 feet deep and S=area of pool less than 5 feet deep. 

NOTE: The estimated daily sewage flows for faCIlitIes not mentioned m this table 
may be determined by the Medical Health Officer or his delegate. The above 
table gives mmimum estImated dally sewage flows. The Medical Health 
OffIcer or his delegate may increase these estimated flows if CIrcumstances 
warrant thIS in any specific application. 
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3 ON-SITE TREATMENT AND DISPOSAL 

The treatment and dIsposal of wastewater m rural or Isolated regions of 

Canada often require facilIties which must function almost "operator-free". At the same 

time, the facilIty must be capable of operatIng effICIently and aesthetIcally under a 

variety of flow conditIons, including hydraulic and organic shock. These two desIgn 

requIrements have tradItionally resulted In the constructIon of what is commonly referred 

to as an outhouse or, alternately, the installatIon of a septic tank-subsurface dIsposal 

system. Whereas these tradItIonal devices may stIll be qUIte acceptable with respect to 

publIc health and environmental protection, most regulatory agencies now administer 

specifIC rules and regulatIons for sitmg, desIgning and maIntammg such systems. Further

more, these same agencIes have approved the use of alternate modes of on-site treatment 

and disposal of domestic wastes. 

Most indIvidual homes, mstltutlons and facillties m rural areas have pressuriz

ed water systems and are likely to have mdoor plumbing, includIng flush toilets. The 

outlets of totlets, SInks, showers and other fixtures normally run into a smgle pipe whIch 

leaves the building and discharges Into one of three receptacles: 1) dIrectly to a body of 

water, watercourse or drainage ditch wIthout reCeIVing any treatment; Ii) to an on-sIte 

treatment plant such as a cesspool, septic tank or aerobIc tank; or Iii) to a community 

sewer system WhICh transports the waste to a central treatment plant. ObViOusly, dIrect 

dIscharge to a body of water IS illegal in most jurisdIctions. Information related to item 

IiI) and the systems available for sewage treatment In small COmmUnitIes is contained in 

later sections. The treatment and disposal of wastewater on-sIte will be reviewed in thIS 

sectIon under the follOWing headings: a) septic tanks; b) aerobIC tanks; c) subsurface 

dIsposal of llqUId effluents; and d) treatment and disposal of septage. 

3.1 Septic Tanks 

3.1.1 Function of Septic Tanks. The main function of a septIC tank IS to remove 

solids from the waste which would otherwise plug soil voids In a receiving subsurface 

dIsposal area. The waste liqUId IS retained in a reservoir for a desIgned period of tIme, 

allowing the heaVIer sewage solids to settle to the bottom of a tank where they form a 

blanket of sludge. Lighter solids, including fats and greases, rise to the surface and form 

a layer of scum. The retained sludge, and scum to a lesser degree, undergoes partial 

digestion and compaction but otherWIse forms a residual In the tank (i.e., septage) whIch 

must be removed intermittently by pumping the tank clean (7). 
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In an effICIently operat1Og septIC tank, a lIqUid effluent wIth low solIds content 

is discharged to a receIv10g subsurface soil dIsposal system. ThIS lIqUId, highly charged 

with bactena and nutnents, continues to bIodegrade as it percolates downward through 

the soIl. PhysIcal, chemical and bIological reactIOns wIth10 the soil matnx remove 

wastewater contammants before the lIqUid reaches the water table. This Important 

factor is the princIpal reason for establIshing a minimum depth of soil filter above a water 

table, rock, or ImpervIOus soIls. 

3.1.2 Construction. SeptIc tanks should be watertIght and constructed of matenals 

whIch are not subject to excessive corrOSIon or decay, such as concrete, coated metal or 

fibreglass (7). Precast concrete tanks are available commercIally 10 most areas and 10 

several prov1Oces must be constructed 10 accordance wIth government regulations. 

ConstructIOn requIrements for cast-1O-place remforced concrete tanks are available from 

regulatory agencIes. DetaIls of a typIcal prefabricated septIc tank are Illustrated 10 

FIgure 12. As shown, thIS approved tank IS rectangular and constructed with two 

compartments, the first compartment equal to one-half to two-thirds of the total volume. 

Although many agencIes approve single compartment tanks, two compartments provIde 

better suspended solids removal, WhICh may provide better protection of the soIl 

absorptIOn system. Another important feature to note 10 the dIagram IS the positIOns of 

the inlet and outlet devices wIth theIr respective tees (or baffles). 

A septic tank may be fItted with a pump or sIphon to dose the leaching 

facIlIty. This component adds a dIst10ct advantage to the system as it permits umform 

dIstnbutIOn of liqUid to the entIre dIsposal area, which IS not otherwise achIeved, and also 

permits the bed to rest between doses. A dos1Og device has the further advantage that It 

assists in prevent10g the system from freezing up where this mIght otherwIse occur. 

Where a siphon or pump chamber IS used, eIther as a structural extensIOn of the tank or as 

separate chamber, It should be sIzed to delIver an acceptable dose of treated effluent to 

the disposal area. Regulatory agencIes wIll specify the desIgn volume required in each 

instance. 

3.1.3 Locating Septic Tanks. The prime consIderatIOn in 10cat1Og septIc tanks IS the 

protectIOn of potable water supplIes. Setback requIrements for septic tank placement are 

specifIed 10 all septic tank standards issued by regulatory agencies. 



34 
c 

u 

~C SECTIONAL PLAN A-A 

4" DIA OPENINGS 
AT 9" C E N T RES ---+-'4-o-'--L....:--'; 

SECTION C-C 

MANHOLE OPENINGS flUSH OR RAISED AS SHOWN 
---::::JE'"'~~:--------.....,..,.......,...,.-~..------..L.----..,--.-.."......,... ____ - DEPENDING ON DE PTH OF BURY 

o 

<;} ~ SIPHON OR PUMP CHAMBER 
............. -----+J_1 MAY BE DETACHED FROM TANK 

/~ OUTlET TO DISPOSAL FiElD -

SECTION B-B 
Conversion factor: 111 = 2.54 cm 

NOTES 

• Manhole access sholl be provided to each comportment located to facilitate servicing of the inlet and outlet. 

• Baffles may be used at inlet and outlet of tonk instead of dip-pipes. The top edge should be not less than 6" 

above T W l. and bottom edge not less than 18" below T.W.l. 

• Inlet pipe may enter side wall of tonk if convenient, but centre-line of pipe must not be more than 6" from 

in let end wall. 

• The slope of the inlet pipe should be such that mlet velocity does not exceed 3 feet per second (1" m 6' 

for 4" dia pipe, 1" in 12' for 6" dla pipe) 

• Provision should be mode for not less than 12" of cover to tonk (this may be raised above general ground 

level when available fall to distribution system IS limited) 

• A siphon or pump sholl be used to dose the leaching bed when more than 500 feet of distribution pipe IS 

required 

• Dimension E should be accordmg to siphon manufacturer's requirements. 

• Add 9" to dimension C for total internal depth. 

• For dim ensions A,B,C, see table 6 

• Inspect tanks annually. Tonk to be cleaned when the level of the bottom of the scum is within 3", or the 

surface of the sludge is within 18", of the bottom of the outlet fittmg 

FIGURE 12 TYPICAL SEPTIC TANK CONSTRUCTION DETAILS (7) 
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3.1.4 Sizing Septic Tanks. The slzlOg of septic tanks for 10dividual dwellings is 

specified on a per bedroom or occupancy basIs, as illustrated 10 Table 6. A septIc tank 

must be suffIcIently large to provIde: 

a) a 24-hour retentIOn perIod for raw sewage, 

b) storage for sludge and scum accumulatIOns. 

TABLE 6 SEPTIC TANKS - WORKING CAPACITY FOR HOUSEHOLD 
SYSTEMS (7)* 

Recommended Internal DImenSIOns 
Rectangular Tanks* * 

Number of Bedrooms Mmimum Total 
(2 persons Workmg Capacity Water Depth C 
bedroom) (Imper ial gallon)* * Length A WIdth B Min. 4' - 0" 

2 or less 500 6' - 9" 3' - 0" 4' - 0" 

3 or less 600 8' - 0" 3' - 0" 4' - 0" 

4 or less 570 9' - 0" 3' - 6" 4' - 0" 

5 or less 900 9' - 0" 4' - 0" 4' - 0" 

6 or less 1080 9' - 6" 4' - 0" 4' - 6" 

* The dimensions are calculated for households WIth an automatIc washer but no 
garbage gr1Oder. If a garbage grinder IS used, tank capacity should be increased by 
20%. Probable future use of these machines should be taken into account when tank 
is designed. 

* * ConversIOn Factors: 1 ft = 0.3048 m 
1 lOch = 2.54 cm 
1 Imp. gal. = 4.5459 L 

SeptIC tank standards prOVIde tank dImensions and capacity 10 relation to sewage flow to 

control the velOCIty of flow through the Unit, and to provide condItIOns favourable for 

settling of suspended solids. 

For non-domestIC systems or domestIC systems reqUIrmg septic tanks of 

4550 L capacity or more, regulatory agencies should be contacted to obtain mformation. 

SeptIC tank standards issued by regulatory agencies do not normally give requirements for 

these larger systems. 

3.1.5 Operation and Maintenance. With good design and careful constructIOn, a 

septiC tank system will need very little maintenance provided it is used properly. With 
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the tank capacitIes prevIOusly given, it should not be necessary to pump out the tank more 

than once every three years. It should, however, be inspected at least once a year and 

pumped out when necessary. FaIlure to pump out a septic tank when requIred wIll result 

m sludge or scum bemg carried Into the leaching bed which in turn may clog and cease to 

function. Inspection of sludge and scum accumulation is the only way to determine when 

a tank should be pumped out and this IS Indicated if either (7): 

a) the bottom of the scum mat is within approximately 8 cm of the bottom of the 

outlet fitting, or 

b) the surface of the sludge blanket is Within 46 cm of the outlet fitting. 

Accumulation of sludge and scum in a septIC tank is variable, and may be 

consIderably greater durmg the first year of operation than at other tImes. The Province 

of Alberta advises that the rate of accumulation in a septic tank drops from about 

80 htres per person per year for the fIrst year of operation to a faIrly constant rough 

average of 25 litres per person per year (8). These figures, of course, represent averages 

for a large number of tanks. IndiVIdual systems may vary considerably due to factors such 

as mcreased soap accumulation from hard water, cooking habits, use of different soaps 

and detergents, septic tank digestion rate, etc. A study of two-compartment septic tanks 

m Ontario determined that the typical sludge accumulation rate for individual domestic 

septic tanks was 0.22 htres person per day or 80 iltres per person per year (9). To 

determine treatment and disposal reqUIrements, the Ontario study suggested a septage 

(I.e., sludge plus supernatant) contrIbutIOn rate of 200 litres per person per year. Both 

studies (8,9) suggest septic tank cleanmg at intervals between three and five years. 

In most localitIes contractors provide a pump-out and haulage service at a cost 

of $35.00 or more, dependmg on the Size of the tank and the location. The means and 

place of dIsposal of the solids content of the tank must be approved by appropriate 

regulatory authorities. 

3.2 Aerobic Tanks 

3.2.1 Function of Aerobic Tanks. AerobiC tanks produce an effluent of higher 

quality than that discharged from a septic tank. With the generation of a higher quality 

effluent, many regulatory agencies stipulate allowable reductions in the SIze of subsurface 

disposal fields which receive such discharges. The rationale behind the reduction m 

disposal field area rests on the baSiS that aerobic tank effluents promote desirable aerobic 
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biological activity withm the soil matrix, keeping soil voids open and enhancing the 

percolatlOn rate and evapotranspiration properties of the soil (0). 

Aerobic tanks for on-site treatment of domestic wastewater are available 

commercially in one, two or three-compartment designs. Some designs incorporate a 

"fail-safe" sand filter to provide pohshing of final effluent. In general, wastewater 

entermg the aerobic mini-plant accumulates in an aerated chamber for a prescribed 

period of time, or as controlled by level sensors. After aeration, the wastewater is 

allowed to settle, either in a separate chamber or by automatic shutdown of aeration 

devices m the holding chamber. Thereafter the treated effluent (supernatant) is pumped 

to the disposal field. Some plants incorporate components which permit the recycle of 

settled sludge from the settling compartment to the aeration compartment. 

3.2.2 Construction. Many different aerobic tank devices are on the market and 

available in materials such as concrete, coated-metal or fibreglass. Regulatory agencies 

across Canada have specifically approved the use of some of these manufactured 

products, but not all, and contact should be made with appropriate agencies to determine 

which devlces are acceptable. Figure 13 lllustrates the general layout of an aerobic tank 

system complete with a commercially-constructed filter bed. 

Raw sewage enters the first part of the aeration chamber, which contams a 

minimum 1100 htres of mixed liquor. Here the raw sewage is mixed With activated sludge 

from prevlOus treatment and oxygen from air supplied by an air blower. 

The mixed sewage flows by gravity through three holes and a slot m centre 

baffle plate into a second part of the aeration chamber whlch is provided With an air 

diffuser similar to that in the first part of the chamber. Aeratlon in these two 

compartments 1S continuous. 

A small amount of air fed to the diffuser header of the aerat10n compartments 

is bled off Via an Orifice to operate the output control lift pump for transferring the liquid 

from the aeration chamber to the settling chamber. This air lift pump is designed to lift 

water to a fixed height and to operate automatically. When there is no flow into the 

system, the aeration tank freeboard capacity is approximately 455 L (loa Imp gal). 

Briefly, the air lift pump functions according to the following principles. As raw sewage 

enters the first aeration chamber, the hqUid level m the second aeratlon chamber rises 

and the output air hft pump starts to operate and continues pumping until the freeboard 

capacity is agam about 455 L. An instantaneous input of 227 L would be necessary before 
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the air lift pump would have a peak output to the settlIng tank of more than 13.6 L/min. 

The 11ft pump output decreases as the liqUId level In the aeration tank lowers. 

The settling tank capacIty IS 410 L. It IS fitted with a surge plate to buffer 

incoming flow, a retention baffle for floating sludge or scum, fIve inclined plate 

acceleration baffles and a sawtoothed overflow weIr. At a peak feed rate of 13.6 L/min, 

the minimum settling tIme IS 30 minutes. In actual household use, settling time In the 

clarifier could be much longer due to use patterns and the decreasing output of the aIr lift 

pump with head reduction in the aeration chambers. 

An air 11ft sludge return pump mstaJJed m the leg of the settlIng tank returns 

settled solids back to the first stage aeration chamber. On a pre-set periodic basis, the 

total blower aIr supply is dIrected from the diffusers to the aIr hft sludge return pump by 

a motorIzed valve actmg on a timer signal. The action sImultaneously washes the settling 

tank, waJJs and baffling plates, returns 273 L of settled sludge, and breaks up floating 

sludge. The pumpback requires fIve mmutes and is normally actIvated every 12 hours. 

In the particular design shown m FIgure 13, the settling tank effluent passes 

into a sand filter 11 m2 in area and 132 cm deep. The effluent is dIstrIbuted through 

three plastic, perforated pipes, each 3.05 m long, and through four cross members on top 

of the filter sand. 

Another design in aerobIC tanks features a three-compartment Unit. The first 

compartment receIves household wastewater and holds it long enough to allow solId 

matter to settle to the sludge layer at the tank bottom. Organic so11ds are broken down 

physically and biochemicaJJy by anaerobIC bacterIa in this compartment. In the second 

compartment, a mechanical aerator mixes mcommg liquid WIth activated sludge, at the 

same time injecting large quantities of aIr into the wastewater. The final phase of the 

operation takes place m a clarIfying compartment where the settlmg of any remaining 

settleable material occurs (11). 

Yet another deSIgn and operational mode for aerobic tanks mvolves a filJ and 

draw batch treatment process (12). Wastewater entering the plant is accumulated for 

approXImately 20-1/2 hours during which tIme It is aerated continuously utIlIzing fine 

bubble diffused air. Aeration IS folJowed by a period of quiescent settling (three hours). 

The supernatant IS pumped out of the tank for a 3D-minute period and the 

settled SOlIds are retained. The process IS automatIC and can be progralnmed to 

accomodate hydraulIc flow patterns conSIstent with mdividual home use patterns. The 

discharge pump IS controlled by the programmed timer and a low level sensor. If the low 
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level of the liquid is reached prior to the shutoff setting of the timer, the level sensor will 

activate the shutoff of the pump. In no case will pump operation extend beyond the timer 

setting or into the aeration cycle. 

In 1970, the National Sanitation Foundation m Ann Arbor Michigan issued its 

"Standard No. 40" on individual aerobic treatment units (12). This standard outlines 

CrItena for evaluatmg individual home units and presents a procedure for testmg and 

certification. Plants are classified according to their ability to produce an effluent of 

acceptable quality under specific loadmg and operating conditIOns. A Class I plant must 

be capable of producing an effluent BOD of 20 mg/L and SS of 40 mg/L. A Class II plant 

must be capable of generating an effluent With a BOD of 60 mg/L and SS of 100 mg/L. 

The mechanical units discussed previously are all considered eqUivalent to Class II 

systems. The unit illustrated m Figure 13 is considered a Class I system primarily because 

of the polishmg effect of the sand filter. Of further importance in the testing program is 

documentation of operation and maintenance practices and problems assoCiated With each 

of the units. 

3.2.3 Locating Aerobic Tanks. As with septiC tanks, the prime consideration m 

locating an aerobic tank is protection of the potable water supply. Regulatory agencies 

have not, as yet, issued standards respecting the use of aerobiC tanks for on-site disposal 

of wastewater and they should be contacted for a case-by-case assessment of each 

proposed installation. 

3.2.4 Sizing Aerobic Tanks. The sizmg of aerobiC tanks for dwellings will be on an 

occupancy basis, as specified by regulatory agencies (e.g., total liqUid volume for two days 

retention). Each agency will stipulate required sizes of aerobiC tank devices when 

approving a system. 

3.2.5 Operation and Maintenance. When aerobic tanks are purchased for individual 

dwellings, regulatory agencies will reqUire the mcluslOn of a service contract in the 

purchase order. Such contracts require the manufacturer, or a representative of the 

manufacturer, to maintain the aerobic tank In operating condition by providing: 

a) a specified number of service calls per year, 

b) 24-hour emergency service, 

c) replacement of parts, 

d) pump-outs of the system as reqUired. 
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The cost for serVIce contracts IS in the neighbourhood of $100 per year. Power 

reqUirements for aerobIc tanks vary depending on the manufacturer and umt model chosen 

(10 kWh/d range). 

AerobiC tanks wIll require removal of solids (i.e., pump-out) every three to 

five years, depending on loading conditions. The means and place of disposal of contents 

of the tank must be approved by the appropriate regulatory authority In each regIOn. 

Although long-term operating Information on aerobic tanks has yet to be 

developed, evaluatIon studIes conducted by recognized testing agencIes In both 

Canada (13) and the United States (12) have revealed potential problems: 

1) Orgamc and hydraulic shock loads applied to the system over a short period of time 

wIll upset the quality of effluent discharged from the plant. Repeated shock loads 

could result in clogging of dIstribution pipes or filter media In the reCeIVing 

subsurface disposal system. 

ii) Prolonged power failures have an adverse affect on the quality of effluent 

discharging from the plant. Repeated failure could result In clogging of the 

subsurface dIsposal system. 

lll) Air supply mechanisms, eIther for aeratIon of the waste or for the operatIon of air 

lift pumps are susceptible to plugging and may requIre routine maintenance. The aIr 

supply system appears to be the component WhICh requires the most attention. 

Frequent inspection and assurance of prompt service m emergencies is essentIal in 

order to keep the mini-plant operating satisfactorily. 

IV) Filter systems incorporated mto some deSIgns playa signifIcant role In maintaining 

the quality of effluent discharged to subsurface dIsposal areas. The useful life of 

filter systems may be shortened by unexpected increases In the flow of waste for 

prolonged periods of tIme or repeated shock loads. (Long-term monitoring programs 

are required to determine the useful life of sand filters are under normal loading 

conditions.) 

3.3 Comparison of Septic Tanks and Aerobic Tanks 

A comparison of septic tank and aerobic tank operatIon for individual 

dwellings may be made on the basis of the following parameters: 

Function. Both deVIces are designed to treat wastewater discharged from the household. 

The septic tank separates solids from wastewater by sedimentation and flotation and 

partially stablizes retained pollutants. The aerobic tank separates large SOlIds from 
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incoming wastewater, stabilIzes large unstable pollutant molecules to srnaller, stable 

molecules through the action of aerobiC mIcroorganisms, and enhances desirable predato

ry-prey relationships between mIcroorganisms in the tank effluent, Improving mfIltratIOn 

and evapotranspIratIOn in subsurface absorptIOn systems. 

Performance. BOD and SS concentratIOns from a septiC tank are about 150 to 

200 mg/L (9), whereas values for aerobIc tanks can be expected to be 60 to 100 mg/L. In 

additIOn, a DO of about 1 to 3 mg/L may be expected In aerobiC tank effluents (L1,12,13). 

OperatIon. A septIc tank should be Inspected frequently dunng the first year (three 

tImes) and annually thereafter. AerobiC tanks should be inspected by the homeowner at 

least dally durmg the first few weeks of operatIOn and once every two to three months 

thereafter. SemI-annual or annual check-ups by qualIfIed technicIans should be specifIed 

In purchase contracts. Sludge and scum from the unIt must be removed Intermittently, 

and, dependmg on the type of unIt and the applIed load, pumping may be requIred every 9 

to 12 months to maintain optImum MLSS concentratIons in aeratIon chambers (13). 

~. The capItal costs for septIc and aerobic tanks will vary from regIon to region. The 

mstalled cost of a septIc tank (2275 to 4500 capacIty) varies from 10¢ to 15¢ per lItre and 

the operating cost may be from 10 to 15 dollars per year. AerobIc tanks cost from $1.10 

to $2.20 per L Installed; maintenance contracts vary from $65 to $110 per year, and power 

costs may run $35 to $60 per year (2.4 to 7.4 kWh/d at 4¢ per kWh). The Installed cost of 

a sand fIlter for an aerobic plant is about $160 to $215/m2 and maintenance will cost 

approxImately $10/m2 per year. A tile fleld for a septiC tank installation wIll cost 

approxImately $5.00 to $6.50 per metre of tIle run. Although the above costs favour 

septIC tank installatIOn, supplementary consIderatIOn of the soli absorption systems 

reCeIVing treated effluents from these two treatment devIces may give the advantage to 

the higher qualIty effluents produced by an aerobIC tank. 

3.4 Subsurface Disposal Systems 

3.4.1 General. A process WhICh involves land applIcation of treated wastewater by 

distributIOn beneath the sod surface through open-jointed or perforated pIpes, drains or 

basms is called a subsurface dIsposal system. As a flrst step In the design of subsurface 

sewage dIsposal systems, it must be determined whether the soIl IS sUItable for absorptIon 

of a treated wastewater effluent and, if so, the land area required for disposal. ThIS 

evaluatIon involves a number of factors, including: the ability of the soIl to absorb lIqUId; 

the slope of the site; the depth to groundwater; the depth to bedrock; the likelIhood of 

seasonal floodmg; and the distances to well and surface waters (7,8,14). Tools utIlIzed In 

the evaluation of potentIal dIsposal sites are lIsted below. 
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a) Test PIt. The hIghest seasonal elevatlOn of the local wate~ table and the depth to 

any Impermeable strata can be determmed by a deep test PIt dug m early sprmg and 

left open several days to allow the water level to come to equIlibrIum with the 

surroundmg groundwater table. If the sIte evaluation must be made at some other 

tllne than the wettest season of the year, an estImate can be made of the highest 

positlOn of the water table by exammmg the records of wells dug m sImIlar soIl m 

the area, or IdentifIcatIon of mottlmg m the SOIl profile. Mottles are spots of 

contrastmg colours found in 50115 whICh are subject to periodic saturatlOn. The spots 

(oxIdes of iron and manganese) are usually bright yellow-orange-red, surrounded by a 

grey-brown matrIx (15,16). 

b) PercolatlOn test. EvaluatIon of the suitabIlIty of a soil for subsurface dIsposal also 

requires a percolatlOn test. The test, WhICh may vary m procedure from provmce to 

province, provides an estImate of soil permeabilIty based on the assumptlOn that the 

abilI ty of a soil to absorb sewage effluents over a prolonged perIod of tIme may be 

predicted from its ablhty to absorb clear water. Although thIS assumptIon has been 

strongly criticized, the percolatlOn test remains the only practIcal method to 

determine soIl characterIstics for wastewater dIsposal In fIeld condItions (15,16,17). 

Percolation test results are normally reported in minutes per cm, I.e., the tIme 

reqUIred for clean water to sink one centImeter In a hole dug in the natural soIl to 

the depth of the proposed seepage bed, and m WhICh the adjacent soil has been 

soaked to near saturation. ThIS measured f1percolation ratef1 IS used for sizmg the 

subsurface dIsposal area, an exerCIse in which empIrical relationshIps between the 

percolation rate of the soIl and the desIgn wastewater loading rate are employed. 

Smce the percolatlOn rate depends largely on gram and vOId sizes m the soil, 

SImplifIed relatlOnships between the types of soils, percolatlOn rates, grain sizes and 

vOId volumes can be used, as tabulated In Table 7. 50115 wIth percolatlOn rates of 60 

minutes or less are usually consIdered acceptable for subsurface disposal systems. 

c) BlOlogical activity. PercolatIOn rate is one parameter used to establIsh the required 

area for seepage beds; another Important factor in system deSign is biologIcal 

actIvIty In the upper part of the undisturbed natural soIl. If aerobIc conditlOns are 

maintained in a seepage bed, in partIcular at the Interface with natural soils, 

through the discharge of an aerobic effluent to the bed and/or by constant 

ventilation of the seepage bed, aerobic bacteria, protozoa, rotders and nematoda 

maintain their pore-openings, permItting liqUid effluent to percolate Into the soil. 



TABLE 7 GENERAL SOIL CHARACTERISTICS (11) 

Ranges of Particle SIzes and VOIds (mm) 

PercolatlOn Rates All 50% of Average Size 0' ;It) 

( minute/em) partIcles partIcles size voids VOIds 
0.1 - 3.0 0.3 - 1.6 

0.4 (coarse sand) 0.1 - 3.0 0.3 - 1.6 0.8 0.35 33-36 

2 (gritty medium sIzed sand) 0.06 - 2.5 0.2 - 1.0 0.5 0.30 35-40 

4 (fine sand, some medium sand) 0.04 - 2.0 0.1 - 0.6 0.3 0.22 38-48 

6 (fine sand and s11 t, some loam) 0.02 - 1.5 0.06 - 0.4 0.15 0.09 38-42 

8 (sIlt-sand mixture, some loam) 0.01 - 1.1 0.03 - 0.3 0.09 0.05 40-45 

12 (silt wIth some loam and sand) 0.005 - 0.8 0.016 - 0.16 0.05 0.03 40-45 

18 (loam-silt mixture; heavy fertIle -+=:" 
-+=:" 

soil) 0.002 - 0.5 0.008 - 0.1 0.02 0.01 45-50 

24 (loam, with some clay and silt) 0.0015 - 0.35 0.004 - 0.06 0.01 0.007 45-50 

35.5 (clay-slIt mixture, and loam) 0.001 - 0.2 0.002 - 0.03 0.005 0.005 45-50 

47.25 (clay with some sIlt) 0.0007 - 0.15 0.0015 - 0.02 0.003 0.003 50-55 

71 (heavy clay wIth some loam) 0.0005 - 0.1 0.001 - 0.01 0.002 0.002 55-60 
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Some researchers claim that when the subsurface system is permanently inundated 

or ventilation is prevented, anaerobiC bacteria accumulate as organic material in 

solI pores and cause system failure (1). Other researchers state that hydraulic 

gradlent and hydraulic loading rate are the prime factors to consider in the deslgn of 

subsurface dlsposal system (18). 

Subsurface disposal systems receiving an anaeroblc effluent (e.g., effluent from a 

septic tank) can be stimulated to recover aeroblc conditions by deslgnmg a siphon or 

pump chamber mto the system so that periods of loading and resting alternate. 

When mundated after loading, the disposal system becomes anaerobic, and the 

mfIltration rate goes down. Durmg rest perIOds, the dlstnbutIOn plpes of a well

deSIgned seepage bed function as ventilating pipes and aerobIc microorganisms 

become at least partially effectIve. Although more research is requIred to 

determine the best way to mamtain aerobic conditions in the soIl interface, it is 

known that suffiClent rest for dramage and restoratIon of soil pore oxygen is 

required. The duratIon of the requIred rest penod has not been well-defined, but 

several authors have suggested that two or three daily dramfieid loadings allow 

sufficient rest (11,15,16). 

d) EvapotranspIration. EvapotranspiratIon is an other consideratIon in the deSIgn of 

subsurface disposal system constructIon details. In seepage beds, part of the 

discharged wastewater moves upwards into plants and into the air and IS mfluenced 

by two phenomena: 

1) evaporation, and 

ll) transplratIon, where water lS taken up by plant roots, used for plant growth 

and finally transpirated into the air. 

To faCIlitate evapotranspIration m a subsurface disposal system, two Important 

actIons must occur: 

d caplllary rise of water, which occurs best through sand with a grain SIze of 0.5 

to 1.0 mm, and 

li) uptake of wastewater by plant roots. 

In a well-designed seepage bed, the capillary rise wIll account for a 20 to 30 cm (8 

to 12 inch) moisture lift, provided proper construction details are followed and 

sunlight IS allowed to reach the bed surface to promote evaporatIon. A good growth 
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of grass should be encouraged on the surface of the disposal area to permit the 

absorption of moisture by plant roots (15,16). 

3.4.2 Tile Fields. All regulatory agencies with septic tank standards detall design 

mformatIOn for effluent dIsposal systems. In most cases, the system described is a tile 

field (or seepage bed) consistmg of perforated (or open Jomted) pipes laid m trenches 

below the surface of the ground. Detalls of the design differ from region to region in 

Canada, as well as with the apphcatlOn (i.e., individual home versus commercial facihty 

such as restaurant). Important considerations in the desIgn of a tile fIeld, WhICh will be 

specified by regulatory agencIes, include (7,8,14,17): 

a) Depth of soIl mantle. For the leachmg bed to work satlsfactonly, the maximum 

elevation of groundwater table, or any rock formation or layer of impervIous 

matenal should be a speCIfiC depth below the bottom of the absorptlOn trenches. 

ThIS depth IS specIfIed in the range of 0.9 to 1.2 m (3 to 4 ft) throughout the 

country. Raised disposal fields are sometimes permitted by regulatory agencies 

where the soil mantle IS not of sufficIent depth or the soll is not suitable. Each 

agency will detail the desIgn of such raised beds. 

b) Lot Size. Past history mdicated that disposal fields will eventually fail due to soil 

cloggmg. For this reason a replacement field of an area equivalent to 100% of the 

mitlal field area must normally be reserved. 

c) 5011 sUItabillty. The sUitabIlity of soll for absorbmg a liquid effluent is determmed 

by vanous soli characteristICs. The number and type of tests to be carned out to 

verify acceptable conditions and determine design parameters wIll generally be 

hmited to three percolation tests. In marginal situations, more tests may be 

required. 

d) Locatmg tile fields. Regulatory agenCIes specify mimmum setback requirements for 

tile fields. Precautions must be taken to ensure that the distance between the 

boundary of the tile field and any buildings, property boundaries, wells, surface 

waters, cuts or embankments, etc., is as recommended by these agencies. 

e) Tile field desIgn and construction. The design and construction of the mstalled tile 

fIeld WIll be characterized by the followmg details, as specified by regulatory 

agency standards: 

i) location of tIle fields, 

ii) interpretatIon of soil percolation rates, 
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Hi) use of dIstributIOn box or header pipeline, 

iv) depth, grade and spacing of laterals, 

v) interconnection of lateral ends, 

VI) allowable pIpe sIzes and pipe runs for gravity and dosing systems, 

vii) maximum allowable length of absorptIon trench for gravity flow, 

viii) constructIon details for absorption trench or absorptIon area, 

IX) use of pumps or sIphons as dIctated by length of absorption trenches and/or 

topography of site, 

x) quality of treated effluent discharged to the bed, 

Xl) quantity of treated effluent dIscharged to the bed. 

Figure 14 Illustrates a typical arrangement of a septic tank - tIle field system 

serving a single-famIly dwelling. Other acceptable layouts and deSIgns are detailed by 

regulatory agencies. 

3.4.3 Leaching Cesspools. Cesspools (or seepage pits) are covered, open-jointed, 

walled pits dug Into the SOlI. Cesspools receIve raw sewage or treated effluent and 

dIscharge effluent directly to the soIl In a concentrated area surroundmg the PIt. Since 

surrounding SOlI IS kept saturated, there IS little hkellhood that aerobic organisms WIll be 

present. Therefore, consideration must be given to the nuisance factor (e.g., odour) and 

the expected hfe of such systems (I.e., SOlI clogging). As WIth tile fields, the hkellhood of 

contaminatmg groundwaters is of prime importance m deSIgning the system. 

SIte selectIon and evaluatIOn should follow the same procedures as defined for 

tIle fields. Design and construction specifications for cesspools are specIfIed by 

regulatory agencies on much the same basis as tIle fields. Cesspools are SIzed according 

to the type of soil (percolatIOn rate) and the volume of wastewater. Figure 15 ilJustrates 

a tYPIcal seepage pit (14). 

3.5 Non-Water Carriage Systems 

Rural or Isolated installations WIthout pressurized water systems, or WIth 

pressurized water systems but unSUitable soil conditions for subsurface disposal systems, 

must use methods of wastewater disposal other than those preVIOusly cited. Under these 

CIrcumstances, self-treatment or containment of toIlet wastes so that no pollutant load IS 

placed on the surrounding enVIronment is employed. If water carnage of wastes is 

available, a holding tank m conjunctIOn with low water-use or chemical tOIlets can be 

Installed. If water carnage of wastes IS not avaIlable, alternatIves such as pnvies, 
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compost tollets, chemlcal toilets and mcmerator toilets should be explored. The followmg 

dIscussion examines the alternatives avallable m self-contained systems. 

3.5.1 Earth Pit Privy. The earth Plt privy offers a method of sanitary waste dlsposal 

m an unservlced environment. It IS a device constructed for the sole purpose of disposmg 

of human wastes m a Plt m the earth. The PIt IS covered by a structure affording privacy 

and shelter, and containmg a covered seat wIth an openmg mto a PIt. 

The capaclty of the PIt IS such that It may be used for several years wIthout 

requiring the privy be moved. A minimum volume of 1.5 m3 (50 ft 3) IS recommended. 

The depth of the pit should be no more than four to fIve feet below grade. The sIte should 

be accessible to the user, ordmarIly not less than 15 m (50 ft) and not more than 45 m 

(150 ft) from the occupIed bUIldmgs. ConsIderation should be given to the directlOn of 

prevallmg winds to reduce possible fly and odour nUIsances (19,20). 

The locatlOn of the privy should also rmnlmize the danger of contammatlOn of 

water supplies. The safe dIstance from springs or wells depends upon the nature of the 

sol1. Under ordinary condltwns the privy should be located at least 15 m from any 

buddmg Ime or fence. The distance should be greater where the soil is sandy and less 

where the sOlI IS clay. In limestone regIons where creVices are prevalent or potentIally 

present, dIstances should be greater. 

Insects, anImals, and surface water should not have access to the pit to 

prevent the spread of mtestinal dIseases. On level ground, the area around both privy and 

water supply should be mounded with earth. The earth mound should have a level area 

extending 46 cm (18 inches) away from the privy floor level m all directions (19). 

Buddmg practIces for the superstructure and pit, as well as mamtenance 

criteria, are avallable from federal and provmcial authorities. 

When any doubt exists as to the safety of the water supply, or there are other 

potential health hazards assocIated wIth the pit, other types of dIsposal should be 

considered. 

3.5.2 Vault Privy. A vault privy IS essentIally a pit privy wIth an impervlOus lIning 

and prOVIsIon for removal of excreta. The unit IS used where the groundwater table IS 

close to the ground surface, or where it is necessary to prevent contamination of nearby 

water courses, wells, and springs. 

Vaults should be constructed of concrete and should be watertight to keep out 

groundwater and prevent leakage. A minimum volume of 1.5 m3 (50 cu ft) is recommend

ed (19). 
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A readily accessible clean-out door is necessary. ThIS door should be 

constructed to prevent access by flies, animals and surface water to the vault contents. 

Pump-out of the vault should be completed on a regular basis. Vault contents should be 

either disposed of In a public sanitary sewer system or other federally or provincially 

approved process. 

3.5.3 Compost Toilets 

Function. Compostmg IS a process In WhIch the microbial breakdown of orgamc matenal 

takes place in the solid phase. It differs from fermentatIon or dIgestIOn, which are lIquid 

phase processes, in that pores or passages in the solid phase matenal allow the movement 

of gases and air into and out of the matenal. Composting can proceed anaerobically, 

aerobically or In a combination of the two processes. In general, anaerobic compostmg 

proceeds slowly with the evolution of small amount of heat. The end products are odour

causing compounds such as methane and hydrogen sulphide. Aerobic composting proceeds 

at a faster rate, releases more heat of reaction, and does not produce foul odours. The 

breakdown of organics lS much more complete than in the anaeroblC process wlth the mam 

end products being carbon dioxide and water (21). 

Compost toilets are a relatively new concept m self-con tamed dlsposal 

systems in Canada with little long-term operating information available. Developed m 

Europe, the unit basically consIsts of an impervious container with access chute for 

deposltIOn of waste, a clean-out hatch or tray for removal of decomposed waste, a draft 

tube for maintenance of an odour-free environment, and a storage area In which deposited 

wastes are biodegraded. 

Two basic design concepts are involved In the layout of compost toilets. The 

umt Illustrated in Figure 16 is designed WIth chutes connecting the container to both the 

kitchen and toilet. A draft tube connected to the container and vented to the roof pulls 

air through the deposited material, providing the oxygen required for aerobic composting 

and evaporating excess moisture. 

Temperatures wlthIn the umt must be maintained at 35° to 40°C to effect the 

most efflcient operation (20). In an adverse environment, a heated room, or insulated and 

internally heated housing must be provided for the unit. As the organic material 

decomposes, it slides down the inclined slope to the storage chamber where it remainS 

until it lS manually removed. Because of the SIze of the storage chamber, and the length 

of time of decompositIon, removals from the unit are only required once every two or 

three years, even when the unit is in constant use. The large size of the container and 
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volume of material retained allow this type of unit to function under wide loading 

fluctuations. However, size can also be a major drawback, since the composting container 

is too large to install in homes already constructed and presents difficulties in those which 

lack a basement (20,21,22). 

Figure 17 illustrates a smaller compost Unit WhICh utIlizes electric heating 

coils and forced ventIlation to promote rapid decomposition of waste.· The heating coils 

located in the waste storage area maintain an optimum temperature during operation and 

the process is kept aerobic by air intakes at the bottom of the unit and an induced draft 

fan Installed in a draft tube connected to a roof vent. The theory behind thIS design IS 

that, by provIding an ideal environment for the microbial process, the waste can be 

stabilIzed In a relatively short tIme, and the size of the composting unit can be kept 

small (21). The Units are, in general, sized to fIt in a normal bathroom. InstallatIon is 

relatively easy since they sit on the floor and requIre only an exhaust vent and a power 

source. Most of the units require only slightly more floor space than a standard water 

closet. 

FIGURE 17 SMALL COMPOSTING TOILET (From Humus Toilets Corp. Ltd.) 
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Construction. Compost tOilets are made of durable plastic and are watertight. The larger 

compost units (for human excreta and kitchen waste disposal) require approximately 

4.5 m2 of floor area (divided over two levels), while the small Units require 0.7 m2 of floor 

area on one floor level (20). 

Various manufactured models are available. Family-sized compost toilets may 

be purchased wIth sufficient capacity for daily use by three to four persons. Larger unIts 

With' capacities up to 15 persons per day are also available. 

Operation and mamtenance. The major area of concern with compost toilet devices IS 

their ability to stabIlize upon start-up and remam stable during operation. Monitormg 

conducted on a number of units at vanous locatiOns in western Canada has indicated that 

the small electncal toilets are able to function well under ideal conditiOns (21,22). 

However, because of the limited capacity of the compostmg contamer, they are easily 

upset by organic and liqUId shock loadings. Since the Units rely on evaporation to remove 

mOisture, excessive input of urine, such as might occur durmg a party at the home, can 

easily saturate the compost preventmg oxygen penetration. Once anaerobiC conditiOns 

are established, unpleasant odours are produced and eventually become a problem within 

the home (more problematiC on small Units). A toilet that has become septiC reqUires 

conSIderable tIme to re-establish aerobic conditiOns. 

Excess humIdity WIthin the waste contamers in some small units has caused 

corrOSiOn of electncal connections, resulting m failure of fans and heatmg equipment (20). 

Under-used toilets do not generally have problems as long as the compost IS mOIst enough 

to ~eep the mIcrobIal populations alive. If the compost dnes out the microbIal action 

slows or stops. 

Other problems WhICh may occur with compostmg units mclude (21,22): 

l) Uneven distnbutiOn of moisture m the humus, which causes portions of the compost 

to dry out and cake. Under these conditions, the microbial action ceases in the dry 

portIons of the compost and the compost heap continues to build up instead of 

breaking down and falling through screens into the humus collection pans. 

2) Sealing materials between bonded sectIons of small Units can break down, allowing 

liquids and odours to seep out of the unit into the house. 

3) If vents are not properly mstalled and insulated m the attIC and above the roof, 

condensatIon WIll occur, and evaporated moisture will return to the unit and 

saturate the humus. Also, improper sealing of the exhaust vents will allow odours to 

escape into the house. 
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It has not yet been determined whether units WhICh continually receIve 

pathogenic organics can produce compost WhICh can be disposed of without special 

precautIOns. This factor prevents the endorsement of compost toilets for wIdespread use. 

Cost. The large Units illustrated In Figure 16 cost approxImately $1750 to $2500. Small 

electrical Units are In the medIum price range ($500 - $1000). Maximum power usage in 

the small Units ranges from 1.2 to 8.75 kWh/d. 

3 . .5.4 Chemical Toilets. 

FunctIon. ChemIcal toilets are self-contained holding units designed for use In areas 

where water supply is llmited and/or dIsposal of wastewater by subsurface disposal 

systems IS unacceptable. 

Some chemIcal toilets utilIze strong caustIC solutIOns to stabilize human 

waste. Basically, waste is receIved in a holding tank charged with a strong lye solutIOn, 

and the high pH of the chemIcals solubilIzes the waste and destroys bacterIa, preventmg 

decompositIOn and to some extent reducing odours. 

A vanation of the chemical todet is the reCIrculating chemiCal todet. These 

todets may be activated electrically, by compressed aIr, or mechanically, depending on 

the make and model, and utIlize a chemIcal solution (odour control) or chemical 

concentrate as flush liqUid. The Units are deSIgned so that a designated number of flushes 

may occur before removal of stored waste and replenishment of flush lIqUid is reqUired. 

The number of flushes accommodated IS dependent upon the size of holding tank (from 4 

to 2400 L) and the component eqUIpment provided. 

ChemIcal toilets may be portable (FIgure 18) or mstalled as permanent 

fixtures (FIgure 19). Chemical todets must be used m combinatIon With a haulage system, 

whereby waste IS removed from the holding tank and transported to an acceptable disposal 

SIte. 

ChemIcal tOilets offer conSIderable advantages in remote or Isolated areas. 

ConSiderations such as the reqUirement for lImIted water-use, the storage and 

reCIrculatIOn capabilities of the unit, and the absence of any requirement for process 

control or power supply gIve the chemiCal toilet advantages over other on-SIte dIsposal 

systems. DIsadvantages assOCIated WIth chemIcal toilets Include the necesslty for users 

to maintain a supply of chemicals for frequent charging of holding tanks, to clean and/or 

replace filters In reCirculating todets, and above all, to have wastes removed from the 

tOllet for dIsposal. 
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ConstructIon. Chemical toilets are watertIght units constructed of non-corrosive 

materials such as hardened plastics or stainless steel. Portable, fixed, and fixed 

recirculating toIlets are available commercially. Portable units weIgh between 4.95 kg 

and 7.46 kg, and do not requIre external water pressure or power, nor an external water 

supply tank. Fixed units may weigh up to 93.3 kg, depending on the make and 

model (20,21,23). 

Sizing of chemIcal toilets. Chemical toilets are SIzed according to the number of 

avaIlable flushes or uses, i.e., they are designed WIth a specifIed holding tank and 

chemical charging reservoir capacity (Including chemical toilets with recirculation 

systems). When selecting a particular model of chemical toilet, the number of people 

using the service, as well as the duratIon of the service, must be considered. Toilets that 

can accommodate up to 1000 flushes before a pump-out are available. 

Operation and maintenance. ChemIcal toilets require inspection dally to ensure proper 

operation and avaIlability of flush fluid. Stored wastes must be removed periodIcally and 

chemIcals replenished. Depending on the size of the holding tank, waste material must be 

removed eIther manually or via a mobile pump-out container. Electric chemical toIlets 

may be operated on a 12-volt DC battery or lID-volt AC power outlet. 

An interesting and problematic aspect of chemIcal toIlets is the dIsposal of 

collected wastes. In most cases, disposal of wastes from chemical toIlets may be 

undertaken on the same basis as dIsposal of septage from a septic tank. The discharge of 

chemical toIlet wastes Into a biological wastewater treatment system can affect the 

efficacy of the system (24). The effect of odour control chemicals on biological sludge 

has been evaluated by monitoring the rate of substrate removal in terms of soluble 

organic carbon In the presence of chemIcal additives. Although conclUSIOns were general, 

It was noted that the biological treatment process was most sensltive to heavy metal 

compounds. All chemical formulations had deleteriOUs effects on the actIvated sludge 

process when present In sufficient quantitIes. It was also noted that shock loadings of 

these chemicals adversely affect the settleability of sludge in a municipal waste 

treatment plant (24). 

Costs. Portable chemical toilets are available commercially throughout Canada. 

Depending on the size of the unit, prices will fluctuate between $30 and $100. Chemicals 

used with these units are available in 55-g packages (granulated) and 0.5-L bottles 

(chemical concentrate). Costs for chemicals will range from 50¢ to 90¢ per holding tank 

charge depending on the size and nature of the toIlet. 
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Chemical toilets of the permanent variety cost anywhere from $750 to $1000, 

agaIn dependIng on the size (45 to 273 L) and complexIty of the unit. ChemIcals are 

available In 0.2 m3 and 25 m3 contaIners (chemical concentrate) or in cartons of 1-L 

bottles (i.e., 12 l-L bottles per carton). ChemIcal costs per holding tank charge wIll 

range from 50e;: to $7.00. 

3.5.5 Incinerator Toilets. 

FunctIOn. Incinera tor toilets use either electr ici ty or hydrocarbon fuels to incinerate 

human excreta to a minute, inert ash, which must be removed periodically from the unit. 

An air inlet and an exhaust system are requIred to oxidIze the organics and evaporate 

mOIsture. OtherWIse, the unit requIres no holdIng tanks, pump-out facilities or water 

supply system. The operatIng cycle of Incinerator toIlets IS activated automatically by 

closing the seat cover or by pressIng a button on the unit (20,25). 

Incinerator toIlets are practIcal at installations where a supply of power 

and/or fuel IS available and where the disposal of an unstabllized waste material is a 

problem (I.e., poor soIl conditIons, no acceptable disposal site In the area). In remote or 

isolated installations, the operatIng cost wIll be a major concern because power must be 

generated on-site and/or fuel must be transported (21). 

Careful installation of an Insulated ventilation system is required In all 

incinerator toIlet Installations. Some manufacturers provide carbon filters as part of the 

exhaust system to control the venting of odours generated by the oXIdation 

process (20,21). 

Construction. All components of the incinerator toilet are constructed of stainless steel. 

Exterior casings are fibreglass or porcelain enamel. Figure 20 shows the variOUS 

components of an Incmera tor toIlet. 

Sizing of Incinerator Toilets. Incinerator toilet combustion cycles (I.e., from time of 

waste depOSIt to terminatIon of oxidatIon) average approximately 45 minutes per cycle. 

Based on this parameter, the dady capacIty of one unit is in the range of four to six 

persons (21). 

Operation and maintenance. Routine inspectIon IS an Important operational consideration 

when emploYing the Incinerator toIlet. Unless the umt is kept In peak operational serVIce 

(I.e., complete oxidation of organics, evaporation of moisture) odour problems can be 

expected within the home. This is one of the disadvantages of this type of umt; the user 

should be mechamcally capable of servicing the incinerator toilet, or emergency servicing 
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should be readlly available in the event of breakdown. Cleaning the unit and removing 

accumulated ash wIll be required periodically (21). 

Costs. Umt costs of incinerator toilets are in the $700 to $900 range. Operating costs 

mclude electrical, gas or 011, and servicing costs. The operating cost has been estimated 

at 4 to 8 cents per cycle (21), but these estImates have not been substantiated. 

3.6 Holding Tank and Sewage Haulage Systems 

3.6.1 Function. A holding tank is used to store sanitary sewage until a transport 

vehicle removes the wastewater to an authorized disposal site. In other words, the 

holdmg tank takes the place of a sewer system by receiving and stormg llquid waste until 

it can be collected by a pump-out vehicle. Holding tanks are often combined with low 

water use tollets to minimize the quantity of water and, as a result, the frequency of 

waste collection. As discussed in a previous section, chemical toilet systems may also be 

used in indivIdual premlses when considering the employment of a sewage haulage 

system (21,25,26). 

3.6.2 Holding Tank Construction. To perform satlsfactorily, the holding tank must 

meet the following standards (25,26): 

a) The tank must be adequately sized to receIve the amount of sewage produced 

between removals. Reserve capacity should be provIded for greater than average 

volumes of wastewater or for delays in the normal removal schedule that can 

reasonably be expected to occur. 

b) The tank must be structurally able to withstand all pressures and forces it may 

experience. 

c) Adequate anchorage must be provided to prevent movement of the tank. If the tank 

IS above ground, forces caused by wind, waves and/or accumulated snow and ice 

must be wIthstood. Below-ground tanks must be anchored to counteract buoyancy 

forces in cases of a high water table. 

d) It must be possible to seal all fittings and openmgs on the tank to withstand internal 

pressures of at least 34.5 kPa (5 pSi). Overflows of the tank whIch would act as 

pressure relief systems cannot be permitted for reasons of public health and 

environmental protectIOn. Hence, each system must be checked to determme the 

maximum pressure whiCh could be developed due to overfill mg. For example, where 

the holdmg tank is located at a much lower elevation than the premises and vented 
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through the premises' plumbing system, overfilling the tank could cause back-up In 

the inlet sewer and increased pressures on the tank. Similar problems could arise 

with pumped systems when a tank is pumped full and the air vent is automatIcally 

closed. This pressure could equal the difference between the discharge head of the 

pump and the statIc head between the premises and tank. 

e) The tank must be sufficiently durable to function adequately for the design life of 

the system. Corrosion-resistant materials suitable for the internal condition of 

septIC sewage and the external exposed conditIon must be used to construct the 

tanks or to coat less resistant matenals used for construction. The design life of 

the tank may vary wIth the 10catlOn. The fact that a holding tank may be readily 

replaced or duplicated, especially If located above-ground, and that holding tank 

systems may not be regarded as the ultimate solutlOn in many situatIons, suggests 

that there wIll be a market for a shorter hfe and presumably less costly tank, as 

well as for durable tanks. SIX types of materials have been used for holding tank 

construction: steel, concrete, £Ibreglass, reinforced plastics, rubber impregnated 

synthetIc fabncs, and polyethylene. The advantages and dIsadvantages of each 

material must be compared for each situatIon and location. 

3.6.3 Holding Tank Transfer Systems. ObVIously, the most desirable method of 

transferring sewage to a holding tank would be a gravity system. However, some premIses 

may be located where the topography and ground conditions prevent the installatIon of a 

graVIty system, or where access by a transfer vehIcle IS impossible. In such instances, a 

small lift statlon may be required to transfer the sewage from the premises to the holding 

tank (26). 

A number of systems have been used to transfer sewage from a holding tank to 

a transfer vehicle, including: 

a) pumping wastewater from the holding tank to the transfer vehIcle wlth a sewage 

pump; 

b) pumping sewage by means of a pump on the transfer vehicle; 

c) pressurizing the holding tank; 

d) vacuum pumping by means of a vacuum pump on the transfer vehicle; 

e) systems based on the removal of a full tank and replacement with an empty tank. 

3.6.4 Piping, Couplings and Valves. All pipmg used in a holdmg tank sewage haulage 

system must be watertight, have no easy means of disconnection, and be protected against 
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freezmg and vandalism. The hose connectmg the holding tank and the transfer vehicle 

should be a remforced, rl:Jbbenzed lme (7.6 cm or 3'-m diameter), capable of withstanding 

either pressure or vacuum stress. QUick couplIng fittmgs are useful to form jomts 

between the holding tank piping and flexIble hose of the transfer vehicle. Any valve used 

in the system must be rugged and able to withstand aU weather conditlOns. The valve 

recommended is a plug valve that can be operated with a wrench (26). 

3.6.5 Holding Tank Controls. Controls are required on the holdmg tanks to perform 

two basiC functions (26): 

a) A devIce IS required to mdicate when the holding tank should be emptIed and to set 

off an alarm to mform the owner; the device must also shut off the pump and lock it 

out of operation. 

b) A method to determine the volume of sewage m the holding tank is also requIred to 

check the quantity of sewage removed by the haulage contractor. A calibrated dip 

stIck IS a SImple method of determinmg this volume. 

3.6.7 Size of Holding Tanks. The requIred size of holdmg tank can be expressed by 

the equatIon: 

Q=fxqxp 

wher:e: Q 

f 

q 

p 

= 
= 

= 

= 

size of holding tank, 

safety factor providing reserve capaCIty beyond establIshed reqUI

rement, 

estImated total quantity of wastewater, produced dally from the 

premIses based on, types of facIhties, habIts and number of 

inhabItants, 

maximum normal period of tIme between emptying of holding tanks 

expressed in days. 

The value of the safety factor "f" IS related to the reliabIlIty of the estImated 

sewage productlOn rate and the extent to which It could be exceeded, as well as the 

relIabIlity of the removal serVICe. Arbitrarrly, a delay m the regular removal schedule of 

five days may be allowed for m reserve tank capacity. This reserve capaCIty also allows a 

reasonable time for the repaIr or replacement of damaged eqUIpment (26). 

The estImated dally wastewater production rate "q" IS dependent upon many 

factors, mcludmg the average number of people m the premIses, their water use habIts 
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and the plumbmg fixtures mvolved. Case-by-case evaluatiOn IS the only method of 

properly assessmg the wastewater production rate. It IS assumed that the average values 

obtamed in thIS manner will be accurate, except for occaSiOnal brief perIods of higher 

rates resulting from a party or guests at the premises. Reserve capacIty for this type of 

occurrence need not be included in addItIon to the five-day reserve for haulage eqUIpment 

breakdown. It is considered unlikely that all unusual events Will occur simultaneously. 

The factor "p", representmg the normal period of tune between emptymg of 

holdmg tanks, is dependent upon a number of variables, mcludmg the number of premIses 

requirIng pumpout serVIce, capaCIty of the holding tank on the haulage vehIcle, dIstance 

from premIses to wastewater dIsposal site, accessIbIhty of premIses, etc. Basically, the 

factor "p" can be determined through cost analYSIS of these varIables, and others which 

may be pecuhar to the situatiOn (26). 

3.6.8 Operation and Maintenance. The major cost m operatmg a holdmg tank 

sewage haulage system IS the cost for provIdmg the pump-out and transfer serVIce. Two 

modes of transfer are normally used: trucks and barges. A tank of up to 9100 L can fit 

onto a smgle-axle truck, a 9100 to 13650 L tank on a tandum rear-axle truck, and a 

18200 L tank or larger on a tractor trailer. Self-propelled barges may be fItted with 

pump-out tanks of a maximum Size m the 54-550-68200 L range, dependmg upon draft 

limItatiOns. Costs for transfer of sewage wastes will be based on a cost per litre of 

sewage transported and WIll vary greatly from locatiOn to location (26). As an estimate of 

cost, m a rural area the rate charged for removing and haulIng collected wastes will be 

approxImately 0.5 cents/L. 

3.7 Treatment and Disposal of Septage 

The treatment and dIsposal of septage in an economICally feasible and 

environmentally acceptable manner IS of mcreasmg concern to regulatory agencies 

throughout Canada. Septage waste characteristICS, current dIsposal practices and some 

recent research on the subject are summarized in the following sectiOns. 

3.7.1 Septage Characteristics. Septage IS a highly varIable anaerobIC slurry 

contaimng large quantities of grIt and grease, solIds, organIC matter, and pOSSIbly a 

SIgnificant concentratIon of heavy metals. It has a very offensive odour, the potential to 

foam, and poor settling and dewatering characteristics. Table 8 shows the values of 

common phYSICal and chemical parameters WhICh characterize septage (9). Although 
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TABLE 8 CONCENTRATIONS OF CONTAMINANTS IN SEPTIC TANK SEPT AGE 
(A VERAGE DATA) (9) 

Location of Septic Tank 

Hospital 
Contaminant Farmhouse Residence 

Total phosphorus (as P) 281 100 

Soluble phosphorus 6 22 

Total solids 10 780 18610 

BOD 2747 7810 

TOC NT* NT 

COD NT 21 450 

pH 7.0-8.7 6.8-7.3 

Ammonia (as N) 89 77 

Total KJeldahl (as N) 1 072 390 

Nitr ite (as N) 0.01 0.03 

Nitrate (as N) 0.58 0.10 

Chlor ides (as cn 77 103 

Sulfates (as S04) 37 29 

Alummium (as An 3.5 6.7 

Iron (as Fe) 72 31 

Calcium (as Cal 59 60 

Magnesium (as Mg) 8 35 

Sodium (as Na) 61 86 

Potassium (as K) 32 24 

Hardness (as CaC03) NT 293 

Alkalinity (as CaC03) NT 1 465 
6 8.4 x 105 Total coliform (org/l00 ml) 0.63 x 10 

Fecal coliform (org/l00 ml) 0.5 x 10 6 3.7 x 106 

Note: All data except pH and coliform orgamsms are given in mg/L. 
* Not tested. 

Exper imental 
Station 

96 

13 

17 136 

5496 

1 660 

9490 

6.2-7.4 

27 

416 

0.16 

0.15 

122 

57 

4.9 

173 

120 

23 

54 

10 

413 

488 

4.7 x 105 

3.7 x 106 



65 

the data base is limited, an indIcatIOn of the variations In septage wIth the source of the 

waste IS eVIdent. Table 9 aHows comparIson of some inorganic constituents found in both 

septage and dIgested and activated municIpal sludge (on a percentage of dry weight basIs). 

The inorganic components present in septage are partlal1y affected by the characterIstics 

of the water supply to the premIses, whereas the concentration of inorganlcs observed in 

the mUnicIpal sludges may be caused by metals and other chemICals entering the plants 

wIth industrIal wastewaters. 

TABLE 9 SOME INORGANIC CONSTITUENTS IN SEPTIC TANK SLUDGE 

(% OF DR Y WEIGHT) (9) 

Septic Tanks lvlUnlClpal SLudge 

ChemIcal HospItal ExperImental 
ConstItuents Farmhouse Residence Station Digested ActIvated 

Chlondes (as cn 0.23 0.25 0.44 0.50 

Aluminum (as An 0.02 0.04 0.03 3.6 1.70 

Iron (as Fe) 0.68 0.17 1.05 3.8 5.00 

CalclUm (as Cal 0.29 0.19 0.38 4.8 1.20 

MagnesIUm (as Mg) 0.04 0.12 0.09 1.1 1.10 

SodIum (as Na) 0.25 0.27 0.18 0.72 

Potassium (as K) 0.10 0.08 0.04 0.36 0.72 

Phophorus (as P) 2.61 0.52 0.56 0.88 1.36 

NOTE: The concentratIOns of the components In the sludge are weighted averages of 
the concentrations In both of the compartments of two-compartment septic 
tanks. 

Septage contams predominately gram-negatIve, non lactose fermenters. Many 

of these mIcroorganisms, such as Pseudomonas, are consIdered aerobic and have been 

found in septIc tanks. Numerous obhgate anaerobes are present but only spore-forming 

types, mcluding Ciostndium lituseburence and ClostridIum perfringens, have been 

recovered. 

The presence of aerobes In a septic tank can be explained by eIther the 

dissolved oxygen of the Incoming sewage providmg sufficIent oxygen to aHow hmited 

aerobIc growth, or by chemostatic dIsplacement of effluent by the Influent furnlshIng a 

relatively constant number of aerobic mIcroorganisms. It IS fortunate that Pseudomonas 
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and sImilar aerobIc bacteria are found In septIC tanks, as they add lImIted lIPId and 

detergent degradatIOn capabIlIties (9). 

3.7.2 Septage Disposal/Utilization on Land. All septage land dIsposal/utilization 

alternatives reqUIre evaluatIOn of soIl characteristICs, seasonal groundwater levels, 

neighbourll1g land use, groundwater and surface water condItIOns, clImate, and other sIte 

condItions such as land slopes and storm water runoff characteristIcs. 

Other reqUIrements may Include avaIlabIlIty of storage facIlitIes for tImes 

when land applIcation IS Inadvisable, crop management technIques, odour control proce

dures, and loadIng CrIterId. Loading Criteria generally are determIned as a result of 

agricultural consideratIOns that restrict organic and heavy metal loadIngs (27). 

In most agricultural areas, the nItrogen (N) avaIlable In the soIl IS far below 

the levels needed for optImum crop yield. ArtifICIal sources of nItrogen, such as 

commerCIal fertIlIzer, are usually added to the SOLI. Septage is rich m avaIlable nitrogen 

and may be consIdered as a supplement to commerCIal fertilIzer. The plant-avaIlable 

nItrogen In sewage sludge, as determined from the follOWIng formuld, IS Important in the 

calculatIOn of the applIcatIOn rate. 

Available N = NH~ + NO; + 20% of organic N 

It has been suggested that 15 to 20 percent of the organic nitrogen IS 

converted to plant-avaIlable N In the fIrst year of application, and 3 to 10 percent of the 

remamIng organic nItrogen IS released the second year. DecreaSIng amounts of organic 

nItrogen are released each subsequent year. All inorganIC nItrogen is assumed available 

for plant uptake. 

The reason for applying sludges at the nItrogen utIlIzatIOn rate of the crop is 

to minimIZe groundwater contamInation due to nitrate leachIng. Nitrate concentrations 

dbove 10 mg/L In drmking water may cause health problems, in particular infant 

methemoglobInemIa (nItrate cyanOSIS). Nitrate pollution In surface waters wIll cause 

accelerated eutrophicatIon of lakes and streams. 

The amount of plant available N added to soIls In sludge IS Influenced by the 

applIcatIOn method used. If sludges are applied and allowed to dry on the soil surface, 

from 20 to 70 percent of the NH4-N applIed can be lost to the atmosphere as NH3" The 

exact proportion of NH4 -N lost through volatIlIzatIOn depends on soIl, sludge and clImatic 

condItIOns and is, therefore, diffIcult to predICt. No NH3 volatIlIzation losses are 

assumed for sludges applIed to soil by injection or Incorporation methods. As a result, the 
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rate of sludge apphed to satisfy a crop's N requIrement will be greater for surface than 

incorporation applIcation procedures. 

A more detailed discussion of sludge applicatIon rates, based upon allowable 

nitrogen loadings and the potential for heavy metal contaminatIon of crops and soils, IS 

found In Section 4- of thIS report. 

The natural digestion process in a septic tank does not always result in a 

pathogen-free material; salmonella and other potentially dangerous organisms have been 

found in septage. For thIS reason, care must always be taken In handling this waste 

material. 

Soil removes pathogens by various mechanisms, predominately fIltration, soil 

inactIvation, and dIe-off. Pathogen travel IS usually restricted to a number of meters 

from pOint of apphcatlon unless runoff or channeling occurs, possibly polluting surface and 

groundwater (28). Local regulatory agencies wIll have the necessary information 

concerning approved disposal practices in the province. 

Methods of septage disposal on land Include surface applIcatIOn, subsurface 

applicatIon and burial. 

a) Surface applicatIon. There are three methods of surface application of septage on 

land: 

1) land spreading, 

iI) rIdge-and-furrow, 

IiI) spray Irrigation. 

Land spreading in small communitIes IS frequently accomplished by the same vehicle 

that pumps out the septic tanks. It IS prudent to provide intermedIate holding 

facIlities to store the septage during or Just before precipItation to prevent runoff 

of contaminated water. In Canada, land applIcatIOn of septage IS limited to 

unfrozen surfaces to prevent runoff during thaws. 

With a storage facilIty, disposal can be performed by the hauler truck or by a tank 

wagon usually pulled by a farm tractor. The chOIce IS based on economics. A larger 

operation may choose to have its trucks on the road with sept age spreading 

performed by a separate crew, thus freeing the more expensive tank truck to 

perform cleanout functions. A smaller septage hauler may prefer to use one vehicle 

to perform both tasks, thus equalIzing the workload by spreading septage during 

slack hauling periods. In some instances, soil conditions may require the use of 
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flotation-type tires that are not sUitable for long-distance highway use. This would 

dIctate the use of separate collection and spreadmg vehicles. 

The ndge-and-furrow applicatIOn method has been used to dispose of sludges on 

relatively level land, usually limited to 1.5 percent slopes. Although this method 

can be used to distnbute septage to row crops during their growth, these crops are 

normally not for human consumption. 

Spray Irrigation of septage necessitates storing the waste in a lagoon before 

disposal. Portable pipes and nozzle guns are used rather than fixed or solid units. 

Because the septage must be pumped at 550 to 690 kPa (80 to 100 psi) through 2 to 

5 cm (3/4 to 2 in) nozzle openings, a screemng device at the lagoons' pump suctIon is 

mandatory. Spray irrigation also offers the greatest potential for offensive odours; 

thus a knowledge of wmd patterns and a well located site are important durmg 

deslgn stages. 

b) Subsurface application. Soil mcorporation offers better odour and pest control than 

surface spreading and reduces the likehhood of inadvertent pathogen contamination. 

Disadvantages incJude full incorporation of all nitrogen because ammonia YOlatiliza

tIOn is ehminated. Thls reduces any nitrogen-loading safety factor from ammonia 

loss m surface spreading. Costs are greater than for surface spreadmg because a 

storage lagoon or tank and subsurface Injection equipment are necessary. A resting 

period of one to two weeks is required before equipment can be driven over the 

waste-mcorporated land. Three methods have been used to inject septage into the 

land: 

i) Plow-furrow-cover (PFC). A typical setup consIsts of a moldboard, a furrow 

wheel, and a colter. Septage is placed in a narrow furrow and immedIately 

plowed over. 

ii) Sub-sod injection. ThIS technique uses a device that injects a wide band or 

several narrow bands of septage mto a cavity 15 to 20 cm (6 to 8 in.) below the 

surface. Some equipment forces the inJectlon swath closed. 

ill) Terreator. This is a patented device that drills a 9.5 cm (3.75 in) hole with an 

oscillating chIsel point. A tube places the septage as deep as 50 cm (20 in) 

below the surface at a rate of 24.8 L per lmear metre (2 gallons per linear 

foot). 

c) Burial. Methods Include disposal In trenches, sanitary landfills, leaching lagoons, or 

settling lagoons with infiltration-percolation beds. Foul odours are endemic to these 
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operatIons until a fmal soIl cover is placed over the open surfaces of trenches or 

landfIlls. Lagoon management practIces, such as power inlet design, site location 

and liming, mimmize these problems. 

Site selection is important, not only to prevent odour problems but also to minimize 

potential groundwater and surface water pollution problems. Well sampling and 

groundwater monitoring may be requIred as operational checks. 

1) Trenches. Disposing septage in trenches IS similar to disposmg it in lagoons, 

except that trenches are usually a smaller scale alternative. Septage is placed 

sequentially 10 one of many trenches in small lifts of 15 to 20 cm (6-8 1Oches) to 

mmimize drying time. When a trench is filled wIth septage, 61 cm (2 ft) of soil is 

placed as a fmal covermg, and a new trench is opened. Some agencies recommend 

trenches be a maximum of 2.1 m (7 ft) deep. SuffIcient room is normally left 

between trenches for movement of heavy equipment. The trench-and-fIlI technique 

is often used at sanitary landfills. 

it) Samtary landfIll. When a sanitary landfIll accepts septage, leachate 

productlOn and treatment must be investigated. Septage should be prevented from 

entermg landfIlls in areas with more than 890 mm/annum (35 in/yr) rainfall if 

leachmg preventIon and control facIlities or an isolated hydrogeological rock 

stratum are not present. A 15-cm (6 m) earth cover should be applied dally to each 

area that is dosed with septage. A 61-cm fmal cover should be applied wIthin one 

week after the placement of the final lift. Many designers suggest a maximum cell 

heIght of 2.44 m. Specific operational guidelines for landfills receivmg septage are 

available from local regulatory agencIes. 

iii} Disposal lagoons. Disposal lagoons are usually a maximum of 1.8 m deep and 

allow no effluent or underdrain system. These lagoons require low applicatlOn rates 

(I5 to 30 cm) and sequential loading of lagoons for optimum drying. Series or series

parallel lagoons with two years capacity each may be sufficient to effect drying. 

After drying, solids may be bucketed out for dIsposal in a samtary landfIll, or 61 cm 

of soil may be placed over the solids as a fmal cover. Odours are a problem wIth 

this type of facility and may be controlled partially by placing the lagoon inlet pipe 

below the liquid level. 

3.7.3 Septage Treatment at Separate Facilities. Alternatives for treating septage at 

a separate treatment facIlity include aerated lagoons, compost1Og, the BIF Purifax 

process, chemIcal treatment, and the anaerobic/aerobic process (27). 
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Aerated lagoon. Aerated lagoons can be used to treat sept age If the aerators have 

suffIcient oxygen transfer capacIty and create enough turbulence to prevent solids 

deposi tion. 

Brookhaven, Long Island, N.Y., using lagoon treatment of septage, expenenced 

reductlOns of 62.5 percent m BOD, 51 percent in total solids (T5), and 49 percent m 

suspended solids (55) from influent strengths averagmg 5600 mg/L, 3700 mg/L, and 

2700 mg/L, respectively (27). WIthout equalizatlOn facilitIes, thIS process was prone to 

biologiCal upsets. Gnt and scum chambers and three large settlmg lagoons now buffer 

flow to the 230 m3/d septage system. The effluent from a fmal settling lagoon is 

chlorinated and dIscharged to sand recharge beds. Accumulated sludge is removed to a 

nearby landfill. 

Compostmg. Compostmg offers good bacteriCidal action and a 25 percent reductIon in 

organic carbon. In aerobIc composting, sept age is mIxed with dry organic matter for 

mOIsture control and easier air penetration so that aerobiC conditions can be mamtained. 

AerobIc composting is generally recogmzed as supenor to anaerobic composting because 

It provIdes better odour control, hIgher temperatures for pathogen control, and requires 

shorter periods for stabIlization. 

Compostmg sItes should have ample room for movement of heavy equIpment 

and should have a receiving tank to equalize septage and collect leachate and surface 

water. Primary screenmg for removal of larger unwanted material IS advised. After it IS 

mixed with dry organic matter, compost IS shaped mto wmdrows, cubes, or hemIspheres. 

Moisture level is controlled by eIther controllmg dry, orgamc material/septage ratIos or 

by aeration. Plle aeration can be achIeved by natural draft, mechanical mIxing, forced 

(bottom) aeratIon, or turnmg over the compost. 

Purlfax. The BIF Purifax process oXIdIzes screened, degritted, and equalized septage with 

dosages of chlorme, from 700 mg/L to 3000 mg/L, under moderate pressure (27). Chlorine 

replaces oxygen in orgamc molecules, rendering this material unavailable to bacteria as a 

food I source, thereby stabilizmg and deodorizing the septage. The Pur ifaxes septage 

changes colour from black or deep brown to straw. The process initIally releases CO2, 

thus separatmg liqUIds and solids by causing the solids to float. 

Purifax treatment results in a hIghly acidic slurry, pH 1.7 to 3.8. If 

mechamcal dewatermg or lagoon separatIon of the liqUIds or solids IS contemplated, 

cherntcals should be added for pH control of the resultant liquid fraction. 
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Loca tions using the Pur ifax process for treating septage and sludge and 

lagoons for liquid solids separatlOn have had periodic solids separatlOn and odour problems. 

Sand drYing beds appear to be the most efficient method of liqUid-solids separation of 

Purlfaxed septage. Adequate ventIlation of covered sand drying beds is mandatory to 

prevent operators from Inhaling any nitrogen trichloride (NCI 3) released. 

Anaerobic/ Aerobic Process. The anaerobic/aerobic process uses an anaerobic lagoon or 

digester prior to an aerated lagoon. 

Chemical treatment. Raw septage is chemically treated with lime and ferric chloride at 

an Islip, Long Island, N.Y., faCIlity (27). After the septage is screened, degritted, and 

equalized, about 95 kg of lime per tonne dry solids and 210 L per tonne dry solids of a 

standard strength ferric chlOride solution are flash-mixed with the septage. The solids

liquid separatlOn step occurs In a clanflocculator. The liquid fraction is chlorinated and 

dlscharged to groundwater recharge beds, and the underflow solids from the 

clariflocculator are vacuum filtered. Long-term relative stabilIty of the lime, ferric 

chlor ide, septage mixture is unknown. 

3.7.4 Septage Treatment at Sewage Treatment Facilities. Because of their number 

and location, sewage treatment plants are one of the most frequent recipients of septage 

and must be included in any comprehensive study of alternate treatment schemes. 

Sept age can be disposed of In a treatment faCilIty by addition to the liquid stream or the 

sludge stream. In either case, a properly deslgned septage handling facility, including 

screening, degrItting, and equalization, is recommended. 

Septage frequently is consIdered a high strength wastewater and is dumped 

mto an upstream sewer or placed directly into varlOUS unit processes in a treatment plant. 

At some faCIlitIes, septage is considered a sludge because it is the product of an anaerobIC 

settlmg/digestion tank, and it has approXimately the same TS concentration as raw 

mUnicipal sludge. The septage applIcation pOints, If treated as a sludge, may include 

sludge stabilization, sand bed drYing, or a mechanical dewatering process. The deciSion 

where to apply the septage should be determmed after a statistically sigmficant sampling 

and analysls of the septage, includmg: 

solids loading, 

oxygen demand, 

toxic substances, 

foammg potential, 

nutrient loading (N and P), where required. 
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These factors, combined with a plant's layout, desIgn capaclty, present 

loading, and the following crIteria, provide the design professlonal with sufflcient 

Informatlon for a reasonable septage treatment scheme for a wastewater treatment 

facility. 

When septage lS added to an upstream sewer or dlscharged at a treatment 

plant, there should be a suitable hauler truck discharge facllIty. It should Include a hard

surfaced ramp that leads to an inlet port and lS able to accept a qUlCk dIsconnect coupling 

directly attached to the truck's outlet. This sIgmficantly reduces odour problems. 

Washdown water should also be provlded for the hauler so that spIlls can be cleaned up. 

Recording the time and volume and the name of the hauler is vital for operatIon and 

bIlling purposes. 

Pretreatment. Treatment plants handlIng septage have experienced better operatIOn 

when septage is pretreated. Pretreatment generally includes screening, USing bar screens 

WIth 1.9 to 2.54 cm openings; grit removal; and pre-aeration or prechlormation If It is an 

aerobIC process. Usually, separation of inorganlC matter larger than 150 mesh IS 

suffICIent. EqualIzation/storage tanks wlth two days' average septage flow and mIxing 

capabIlity should also be provided. To control odours, the storage tanks should be 

enclosed. Pumping eqUIpment should be used to apply a contmuous dose of septage to the 

deslred process. Operators report slug or mtermittent doses of septage are difficult to 

treat and may seriously upset bIOlogIcal treatment systems. 

Primary treatment. A report by the U.S. EPA (29) mdicates that neIther natural settling 

nor add10g lIme or polyelectrolytes resulted 10 conSIstent lIquid-sohds septage separatIOn. 

Another study (30) characterized raw septage as relatively non-settleable, as determined 

by a settleable-solids volume test (from 0 to 90 percent WIth 24.7 percent as the average 

volume). In general, unless chemlcals are added to It, septage settles very poorly. 

ActIvated sludge. The following must be consldered when contemplating septage addItion 

to an actIvated sludge process: 

a) aeration capacity in the plant; 

b) current hydraulic and organic loading on the plant; 

c) capaclty available for pumping and process waste sludge; 

d) characteristics of the septage whIch could 10terfere with or inhIbit operations at the 

plant, including metals content and foaming potential. 
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Septage may be dIscharged into an actIvated sludge process either In the form 

of a slug or a metered dIscharge. Slug dumping is possIble If the Increase in mixed lIquor 

suspended solIds (MLSS) wIthin the process IS lImIted to 10 percent or less (27). HIgher 

loadings, and the resulting hIgher sludge wasting rates from the system, affect the 

bIOmass wIthin the process, creating a sludge wIth poor settlIng properties. It IS possIble 

that severe temporary changes beyond the 10 to 15 percent MLSS increase from a septage 

dump could cause a total loss of the system's biomass. FIgure 21 shows suggested loadmg 

rates for septage dumps Into actIvated sludge systems of variOUS SIzes. 

A study conducted for the U.S. Forest ServIce (31) determined that package 

treatment plants wIth a design capacity of less than 455 m3/d (100,000 Imp. gal/day) 

should not accept septage for slug dumping. Further, It was determined that package 

treatment plants could treat septage at approximately 0.1 percent of the hydraulIc design 

of the plant, whereas activated sludge plants, with or wIthout primary settling, could 

treat septage at at least twice the rate of a package plant (31). ThIS comparison is 

Illustrated in FIgure 21. 

Plants wIth septage holding and metering facIlItIes can treat considerably 

greater quantitIes of the waste than those practICing slug dumping. Figure 22 is based on 

the lIterature and represents continuous septage additIon to facilitIes with fully acclI

mated biomass. ObVIOusly, mitial septage feed to an unacclImated system must be much 

less than shown, possibly about 10 percent of the Indicated values. Gradual increases In 

dally septage loading over a two to three week period should bring the loading up to or 

near the amounts shown. Monitormg of the process should be continuous, particularly for 

oxygen capacity and sludge age. 

FIgure 23 shows the addItional oxygen requirements when septage is added to 

activated sludge treatment plants. Treatment facihties should be analyzed to determine 

if oxygen requlrements or mixing requirements are controlling factors. Because septage 

has hIgher oxygen demands than raw sewage the additional oxygen supply requIrement for 

activated sludge plants accepting septage and having pnmary treatment facilities would 

be in the order of 5 kg of O2 per cubic metre of septage added. For plants without 

primary treatment, an addItIOnal 10 kg of O2 per cubic metre of septage added should be 

provided. Package treatment plants have an oxygen requlrement sImilar to plants without 

primary treatment. 
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Attached growth systems. Systems that use attached growth aerobIc treatment 

processes, such as trickling fIlters and rotating bIOlogICal contactors, are usually resistant 

to upsets from changes In organic or hydraulic loadings and are quite SUitable for septage 

treatment. 

In tr IckIlng filters, addItIOnal reCIrculation has been shown to adequately 

dIlute septage concentratIons and diminISh plugging of the medIa. At Huntington, Long 

Island, N.Y., 114 m3 of septage are treated dally at a 7200 m3/d facilIty. BOD
5 

reductIOns of 85 to 90 percent have been observed concurrent WIth SS reductions of 85 

percent (27) • 

.Rotating biologICal contactors (RBC) use a long detentIon tIme and a 

continually rotating biologIcal medium that is reportedly resistant to upsets. At RIdge, 

Long Island, N. Y., flow equalIzatIOn of a low strength septage and a surface loading of 

81.5 L/d/m2 resulted In a BOD reduction of 90 percent, a COD reductIOn of 67 percent, 

and a total suspended sohds reductIOn of 70 percent by an RBC Unit (27). 
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AerobIC digestIon. An alternatIve to considering septage a concentrated wastewater is to 

assume It is the product of an unheated dIgester and, therefore, a sludge. Many 

researchers have reported good results In aerobIc dIgestIon of septage or septage sewage 

mIxtures. 

One study (30) reported good septage bIOdegradatIOn In an aerobIC dIgester 

wIth a 10-day aeration tIme, with a BOD reduction of 80 percent and a VSS reductIOn of 

41 percent. Another researcher (33), treating anaerobIcally digested septage with an 

aerobic dIgester, reported 36 percent VS removal at 40 days' aeratIon under a VS loading 

of 25.6 g/d/m3 of digester capadty. After 22 to 63 days aeratIOn, a 43 percent VSS 

reductIOn and a 75 percent COD reduction has been observed (34). 

When considenng septage addItIOn to aerobic digesters, recommendations 

should Include screening, degrIttIng, flow equalizatIOn, and analyses of excess digestion 

capacity and peripheral effects on other processes such as solIds handling. An initial 

septage addItion should be limited to approximately five percent of the existing sludge 

flow. Further septage addItIOns should be gradual (27). 

AnaerobiC digestion. One report concluded that, In an anaerobic digester With a detentIOn 

time of 30 days and VS loading of 1280 g/d/m3 digester capacity, a maXimum septage 

additIOn of 2.1 m3 for each 14.5 m3 of sewage sludge added per day per 1000 m3 digester 

capacIty would not affect the process (27). 

Septage should be screened, degrItted and equalIzed before addition to sludge

stage anaerobic dIgesters. MonitOrIng of digester performance Includes long-term 

evaluatIOn of volatIle add/alkalinity ratiOS and gas production. MiXing is Vital to prevent 

a sour dIgester from developing pOint source failure from a septage load containing hIgh 

volatile aCId concentratIOns (27). 

In systems With multiple tanks, all the preceedIng suggestions apply. 

Spreading the septage among a number of digesters reduces septage concentratIOns. 

Recycling matenal from the bottom of a secondary digester, or from another well

buffered primary dIgester, at a rate of up to 50 percent of the raw feed per day has been 

found helpful. Temperature and mixing should also be adjusted for maXimum perform

ance (27). 

Sand drying beds. Sand drying has been used to dewater sept age With varying success. 

Anaerobically digested septage is reported to reqUIre two to three times the drying period 

of aerobically dIgested sludge. After treatment In aerated lagoons and batch aerobic 

digesters, dewatering SImulation studies yielded a septage capillary suction time (CST) in 
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the order of 200 seconds versus about 70 seconds for sewage treatment plant sludges. (A 

lower CST can be correlated to a faster dewatering time.) The CST's of raw septage were 

found to range from 120 to 825 seconds; the mean was 450 seconds (27). Adding lime to 

septage before sand bed dewatering has vastly unproved dewatering characteristics. 

Adding 90 kg of lIme per tonne dry solIds, or 3.6 kg per m3 as septage, based on 

40 000 mg/L TS, raised the pH to 11.5 and dried to 25 percent solids in SIX days and 38 

percent solIds m 19 days (29). An application depth of greater than 20 cm was not 

recommended because of the slow drying process. FIltrate analysis showed that most 

heavy metals were tIed up m the solIds, fecal coliforms were killed effectively, fecal 

streptococCI were more resistant than fecal coli forms, and odours were sIgnificantly 

reduced. Filtrate qualIty was generally good, but further treatment before dIscharge was 

recommended (29). 

Other chemicals have worked well m modifying the abIlity of septage to 

dewater (35). From a mean mitial CST of 450 seconds, septage showed a dewatermg 

abIlIty of 50 seconds after adding an average of eIther 1360 mg/L ferrIC chlonde, 

1260 mg/L alum, 1360 mg/L Punflox C-31, or 2480 mg/L Punflox C-41. 

The effects of freezing on dewatered samples of sept age after treatment m 

aerated lagoons or batch aerobIc dIgesters have also been studIed. Freezing lowered the 

CST from 225 seconds to 42 seconds, an 80 percent decrease in dewatering time (35). 

If septage IS to be placed on sand drying beds, treatment to a consistent CST 

range of 50 to 70 seconds IS recommended (27). Further treatment of underdrainage will 

be required m most cases. 

3.7.5 Costs. Of all the alternatIves investigated, land dIsposal is reported to have 

the lowest operation and mamtenance costs, from 40¢ to $1.32 per m3 exclusIve of the 

cost of the land. Lagoon treatment is reported to cost between $1.32 to $2.64 per m3. 

The cost of septage treatment m sewage treatment plants varies wIdely, but typIcally 

runs about $4.00 per m3 (27). 
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4 CENTRAL W ASTEW A TER TREATMENT SYSTEMS FOR SMALL COMMUNITIES 

This section provides design information for treatment systems for small 

COmmUnities (less than 2500 populatIOn) and identifies general problems associated with 

such systems. Because the performance of a treatment plant is closely related to the 

quality of operation and maintenance, process control and plant upkeep are also Included. 

Cost comparisons for alternate treatment processes are presented to assist in the 

selection of the most economical system. The data presented are applicable to the 

treatment of typical domestic sewage with 200 mg/L BOD and 200 mg/L SSe 

Design CrIterIa for the various processes are given as ranges of values. The 

speclfic value or range of values to be used Will depend on the quality and quantity of the 

untreated wastewater and the effluent quality objectives. 

Facilities at wastewater treatment plants In small communitIes may be 

classified on a functional basis into the following categories: 

a) Flow Equalization. A flow equalizatIOn tank modifies fluctuatIOns in pollutant 

concentrations and flow so that wastewater can be fed Into the treatment system at 

a relatively constant rate. Because small plants are often subject to wide 

fluctuations In flow and sewage strength, the equalizatIon tank is highly recom

mended to promote consistent and efficient performance. 

b) Solids Removal. Screening, grit removal, COmminution and sedimentation remove 

coarse materIal, sand and other settleable and suspended matter from Influent 

wastewater. 

c) Biological Treatment. Biological treatment removes dissolved and colloidal organics 

from the wastewater. This process is usuaUy accomplished in a suspended growth 

system, such as the activated sludge process, or In an attached growth system, such 

as the tr ickling fIlter process. 

d) Physical-Chemical Treatment. Physical-chemical treatment employs flocculatIOn, 

coagulatIOn, sedimentation, filtration and/or carbon adsorptIOn to remove solids, 

organics and/or phosphorus from wastewater. 

e) Sludge Treatment and Disposal. Sludge treatment and disposal Involves dewatering 

and digestion of sludge produced In the above-mentioned processes and, upon 

stablization of the sludge, disposal of such material In an acceptable manner. 
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Dismfection. DismfectIOn mvolves the appllcation of chlorme to a treated 

wastewater effluent to k1ll pathogemc orgamsms prtor to discharge to a rece1vmg 

env 1ronmen t. 

Each of these functions are discussed m deta11 m the followmg subsectIOns. 

4.1 General Design Considerations 

Before entermg into detailed d1Scussion on the technical aspects of vanous 

treatment processes, some of the more bas1c consideratIOns Wh1Ch should be glven 

recogmtion as bemg pertinent to the design and function of a small wastewater treatment 

plant wtll be d1scussed. 

4.1.1 Flow Measurement. Every plant should prov1de flow measurement of the 

incommg wastes and a record of the flow rate. Many small plant flow meters are 

maccura te because they are mfrequently checked or because they prov1de It ttle means for 

operator calibratIOn. An open channel flow measurement device, such as a Parshall 

flume, is a most suitable flow measurmg device because the operator can zero the meter 

and manually check the depth, calculate the flow, and compare 1t to the metered reading. 

The operator can also check the hourly flow and with a few calculations determme if the 

totahzer 1S working properly (36). The design of a Parshall flume and other open channel 

flow measurement devices 1S discussed in detatl m Section 2. 

4.1.2 Sampling. Almost all small plants use manual sampling for operatIOnal control 

and to determme performance results. Eight-hour composites are usually obtained. 

Because manual collection of samples 1S t1me-consummg, automatic compos1tmg samplers 

are justifiable for at least the plant influent and effluent samples. There are many 

compositing samplers on the market today. The cost range for these devices is $2000 -

$5000 per sample point which, when interconnected w1th the flow meter, produce an 

excellent compos1te sample. The use of compos1te samplers not only relieves the operator 

for other duties, but results in more accurate data than manual sampling (36). Specifics 

regardmg this equ1pment are mcluded in SectIOn 2. Samphng requirements (normally grab 

samples) for process control have been included in the following text on alternate 

treatment processes. 

4.1.3 Access to Mechanical Equipment. There are many examples of poor layout of 

mechamcal equ1pment in small commumty plants. It would appear that in the past little 
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thought was given to removal of pumps, valves, or other equipment, let alone access to 

such devices by mamtenance personnel in the plant. 

Durmg design, the designer should keep in mmd minimum aisle clearances, 

adequa te spacing between equipment, and other passage access space required for 

personnel. It is also important to work out procedures to remove equipment from 

structures or basms in the event replacement is required. The life of the structure 

probably exceeds the equipment life by four times and future plant expansions may 

require larger equipment while retaming the use of the structure (36). 

4.1.4 Buildings. More attention should be directed by designers to building layout 

and design. The following more salient features should be included: 

Laboratory. Many past laboratory designs for wastewater utilities were perfunctory. The 

lab design should be based on the work areas required for the various analyses; the number 

of tests, bottles and equipment required; and, the most convenient placement of 

equipment so that the operator need not go from one end of the lab to the other to 

perform one analysis. Good lighting and ventilation also are necessary. Even in small 

labs, safety eqUipment such as fire extmgUishers, eyewashes, emergency showers, etc. 

should be provided (36). 

Maintenance shop. A place for equipment repair should be provided commensurate with 

the organizational setup of the utility. If maintenance and repair of small parts is to be 

performed at the plant, a workshop area should be provided (36). 

Office/Lunchroom/Records. A room, even though it may be small, should be provided for 

storage of records and makmg out reports. This space would also provide a place for the 

operator(s) to have lunch and coffee breaks away from the lab. A bacteriological/chemi

cal laboratory is no place for lunch (36). 

4.1.5 Plant Site and Landscape. The plannmg of the plant site and landscaping also 

gives the designer an opportunity to minimize maintenance and operation labour and 

facilitate future expansiOn of the plant. The plant site should be as compact as possible, 

but with space for access by cranes or other liftmg equipment between structures, as well 

as access to buried piping. Connecting pIping, sidewalks and driveways Will be less 

expensive and more convenient on a compact site layout. 

Roadways mto the plant and to unloading facilities (such as chlorine cylinders) 

and loading facilities (such as grit and screenings containers) should be based on the 
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appropriate truck turning radIus. ThIS may seem to be obvious; however, the number of 

small community plants with inadequate vehicle access provIsions IS legion. 

The plant sIte is often poorly planned for the associated yard work. It IS 

typIcal for small community plants to have completely fenced properties planted with 

grass m the enclosed area. The size of the yard and the maintenance reqUired either 

results in a hit and mISS mamtenance program or a consIderable amount of maintenance 

labour. As a rule-of-thumb, It takes about 74 MH/year /hectare to mamtain a lawn (36). 

4.2 Headworks Components 

The components of a treatment plant upstream of, and providing pretreatment 

for, primary clarifIerS, flocculators, equalizatIon tanks, or bIological units, are considered 

part of the headworks. Typical headworks components are wet wells and Units for 

screening and commmutmg, grit removal, grease and oil removal, and pumping (37). 

These components provIde prelim mary treatment for wastewater to optImIze 

the operatIOn and performance of subsequent treatment processes. Headworks 

components dIscussed in thIS chapter relate to treatment of wastewater that IS substan

tIally domestic m origin. Industrial wastewater, It can be assumed, has been pretreated to 

such an extent that It can be treated as domestic wastewater WIthout loss of plant 

effiCIency (37). 

Table 10 lists the units or processes commonly found in headworks and theIr 

functIons. Under speCial circumstances, some functions may be combmed m one Unit (37). 

4.2.1 Screening Devices. 

Coarse Screen (bar screen). One process common to most treatment plant headworks IS 

screening out larger solIds (rags, pieces of wood, dead animals, etc.) that would be 

unsIghtly or cause dIfficulty in downstream processes. For small plants, the screening is 

usually accomplished by a hand-cleaned bar screen or two bar screens in parallel channels. 

SometImes the bar screen IS followed by commmution. If the commmutor IS down for 

repaIr, or if peak flows exceed the comminutor's capacIty, the bar screen may constitute 

the entIre pretreatment (37,38). A typical bar screen is shown m FIgure 24. 

Design criteria for bar screens are as follows (37,38): 

Size of openmgs: 2.5 - 4.5 cm (1 to 1.75 m) 

Approachmg horizontal velocIty: 60 cm/s (2 fps) 

Declmation of bars: 30 - 60 degrees to the hOrIzontal 

Drop of the sewer bottom below the screen: 8 - 15 cm (3-6 in) 



TABLE 10 HEADWORKS UNITS 

Uni ts or Processes 

Racks and bar screens 

Communitors and grinders 

Gnt removal 

Skimming (aerated or unaerated) 

PreaeratlOn 

Fine screens 

Pumpmg 

Measuring devices 

Sampling wells 

MIxing tanks 

Amount of screenings: 

82 

Functions 

Strain out coarse wastewater solids 

Macerate and grind wastewater solids mto 
smaller partIcles 

Intercept and remove sand and grit 

Remove lighter-than-water particles 
(such as grease, od, soap, wood and 
garbage) 

Add oxygen to wastewater, imtiate 
natural floculation, and control odours 

Stram out smaller suspended orgamc 
matter 

Add suffiClent head to wastewater for 
gravity flow through plant 

Determine influent flows 

Provide location to sample plant influent 

MIX influent wastewater, recycled solids, 
effluents, or sidestreams and chemicals to 
achIeve an homogenous wastewater. 

approxImately 0.008 m3 per 

1000 m3 (1 ft3 per MG) of 

sewage treated. 

Screens must be cleaned often enough to prevent sewage flow back-up. 

Frequency of cleanmg depends on the type of sewage, the size of the screen openings and, 

most important, experience. Cleaning is usually accomplished manually by raking up the 

screenings to the platform for draining before being removed for disposal. 

Screening can be disposed of in a sanitary landfill or m an mcmerator. 

Another dlsposal method involves the use of a shredder or grinder to reduce the size so 
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FIGURE 24 BAR SCREEN: CROSS-SECTION AND PLAN VIEW 

that they can be returned to the waste streams for subsequent treatment. This method of 

disposal is normally not employed at small plants. 

The annual manhour requirements for cleaning and mamtenance of the 

screenmg deVices for a 450 m3/d (0.1 mgd) plant is reported to be approXimately 

250 man-hours (39). 

Failure to clean the screens can result in one or more of the followmg 

problems (40): 

i) back-up of sewage with subsequent deposi tlOn of solids in the approach sewer, 

u) shock load to the subsequent treatment umts when the screens are fmally cleaned. 

Screenings usually contam lumps of fecal matter m addition to rags, papers and sticks. 

Unless promptly removed, septic conditlOns could occur and attract msects and rodents. 

Comminutors (37,38). A comminutor is a device which cuts up any coarse solids not 

removed from the wastewater stream by a bar screen. Several deSigns are on the market 

today, but the bas1c components of a commmutmg unit remain the same, i.e., cuttmg 

teeth, shear bars, stationary comb and screen grid. Coarse solids are reduced to part1cles 

which are less than 0.6 cm in small comminuting devices, and less than I cm in larger 

umts. 

F1gure 25 illustrates a typical commmutmg device. In this case, coarse 

material 1S shredded by cuttmg teeth and shear bars which are mounted mside a slotted 

revolving drum. The sheared particles pass through the drum slots and are discharged 

through an inverted slphon into the downstream channel. Manufacturers' data and rating 
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VALVED DRAIN FOR DEWATERING COMMINUTOR CHANNEL 

FIGURE 25 COMMINUTOR 

tables for these Units should be consulted for recommended channel dimenslOns, capacity 

ranges, upstream and downstream submergence, and power reqUirements. 

It is advisable to place commmutors or bar screens equipped with shredders 

after the grit chamber to prevent exceSSive wear on the blades or teeth. Comminutmg 

deViCes are also frequently mstalled ahead of the wet well of a pumping station to protect 

the pumps against clogging by rags and other large objects, especially m the smaller 

communities served by separate sanitary sewer systems. 

A variety of comminutors deSigned to SUit specific conditions are on the 

market. They are available m different standard sizes and can be purchased from several 

manufacturers. 

As with all mechanIcal equipment, comminutors should be lubricated and 

maintamed in accordance with the instructions of the manufacturer. The cuttmg surfaces 

require sharpening, and the clearances reqUire periOdiC adjustment. Stones, sticks and 

other material should be removed promptly. 

The annual manhour reqUirements for cleanmg and mamtenance of the 

comminutor for a 45D m3/d (D.1 mgd) plant are estimated to be 8D hours (39). 

InorganIc matter such as sand, grit, etc. can dull the cutting surfaces, 

reSUlting in poor performance of the commmutor (4D). 

4.2.2 Grit Removal (37,38). Grit removal is included in small wastewater treatment 

plants to remove inorganic particles of D.2 mm Size or larger. Grit is composed of sand, 
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smal1 gravel, broken glass, cinders, crockery, metal fragments, etc., al1 of which are 

heavier than organic particles present m the waste stream. GrIt removal units are 

particularly Important If the wastewater contains enough grIt to cause faster deteriora

tIOn and subsequent replacement of equipment such as pumps, centrifuges, and 

commmutors; to increase the frequency of cleanmg of digesters; or to result m exceSSIve 

deposi ts in pipelines, channels and tanks. 

GrIt can be removed from the waste stream through the use of controlled 

velocity chambers, detrItus tanks, or aerated grIt chambers. For small wastewater 

treatment plants, grit removal IS normal1y accomplIshed WIth manual1y-cleaned parallel 

grit channels (Figure 26), in combinatIon WIth a downstream control to maintain a umform 

velocity of close to 0.3 m/s (l ft/sec). The velocIty must be kept WIthin a range that 

permIts the heavier morganic grit to settle while lIghter organic solids are kept m 

suspensIOn. 

FIGURE 26 

Design CrIterIa for grIt removal chambers are as follows: 

Horizontal velocity: 

DetentIon time: 

Number of chambers: 

Storage space for grit 

at bottom of chambers: 

GRIT CHAMBER 

0.3 m/s (1 fps) 

1-2 mmutes 

2 

0.02-0.06 m3 per m3 (2-8 ft3 per mil1ion 

gal1ons) of sewage treated. 
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Control of the velocIty in the effective length of a gnt chamber IS provIded by 

a control section in the grit channel. The control section (or weir) will vary with the 

cross-sectional area of flow In dIrect proportion to the flow. The Sutro weIr and the 

proportIOnal weir accomplIsh this very satisfactorily. The design of each of these weIrs IS 

based on the relationship that the theoretICal dIscharge from the weIr is directly 

proportIOnal to the head of the lIqUId upstream of the weIr. The weirs can be adapted for 

use in rectangular channels where sufficient head is avaIlable to permit the sIll or crest of 

the weir to be kept above the downstream water elevation. The SIll of the Sutro weir IS 

frequently located 15.0 to 30.0 cm (6-12 inches) above the grit channel Invert. ThIS not 

only provIdes for grit storage, but also prevents the scouring out of preVIOusly settled grit 

partICles. A Sutro weir has the advantages of accurately maintaining an average flow and 

of enabling relatIvely simple grit chamber construction. Its dIsadvantages conSIst of 

causing bottom chamber velOCIty to be greater than top velOCIty, and loss of velOCIty 

control if the weIr is submerged. The only dIfference between the Sutro weir and the 

proportIonal weIr is that the proportional weir has two curved sides, and the Sutro weir 

has one curved SIde and one straIght SIde (Figure 27). The discharge from a proportIOnal 

weIr will be tWIce that gIven by the equations in FIgure 27. 

If grit chambers are followed immediately by a Parshall flume, the flume may 

be deSIgned to control velocity (41,42). Details on the design of the Parshall flume are 

gi ven in SectIOn 2. 

A detritus tank is a grit chamber In whICh the velocitIes permit an appreciable 

amount of organic matter to settle out WIth the grit. An aerated detritus tank, or aerated 

grit chamber, IS a tank in WhICh the organiC matter that would otherWIse settle out IS 

maintained in suspension by rlsing air bubbles or some other form of agltation (37,38). 

Aerated grit chambers have the following advantages: 

1) Gnt removed IS clean enough for dIsposal WIthout further treatment. 

2) Vanations in flow have lIttle effect on the effIciency of grit removal. 

3) The removal of grease, or other floatables, by flotation and SkImming can be 

combined In one chamber with grit removal. 

4-) The chamber, because of its mIxing capabIlIties, may provide a good location for 

chemical additIons to improve plant solids and phosphorus removal, and for odour 

control and prechlorInatIOn. 

5) Preaeration adds DO to incoming wastewater, normally devoid of oxygen, before it 

IS dIscharged to the next process. 



FIGURE 27 
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The major dIsadvantage of aerated grit chambers for small treatment plants IS that they 

require more operation and maintenance than do manually cleaned grit channels (37,38). 

Grit is generally removed from the chamber by hand or by flushing the grit 

onto a disposal area bI-weekly. After a heavy rainfall, grit accumulation may be 

significantly increased, makmg more frequent cleaning necessary to keep the unit m 

proper operation. 

Grit collected from the chamber usually contains up to 50% organic matter. 

Unless properly disposed of, this unSightly and odourous material Will attract insects and 

rodents. The method of grit disposal Will depend on the amount and the characteristics of 

the grit, and the availability of disposal sites. For small treatment systems, the most 

appropriate method is burial. If the organic content is low or the grit IS properly washed, 

it may be used in sludge-drying beds or to make the walk-vays around the plant. 

The annual manhours required for operation and mamtenance of a grit 

chamber for a 450 m3/d (0.1 mgd) plant are estimated to be 180 hours (39). 

Common operatlOnal problems encountered with a grit chamber include poor 

velOCIty control because of the variation in sewage flow, excessive deposItion of grit at 

the mlet end of the chamber and odours created by improper separation of organics from 

grit (40). 

4.2.3 Oil, Grease and Floating Solids Removal. When the amount of fat, oil, grease 

and floating solids, such as soap, vegetable debns, frUit skins, pIeces of cork, etc. is hIgh, 

removal of this debris may improve the treatability of the wastewater, as well as 

providing protection to sewers, pumps and downstream treatment components. 

Pretreatment may include skimmmg tanks, grease traps, and preaeration of the waste

stream at the origin of the flow or at the head of the treatment works. 

A skImmmg tank IS a chamber designed so that floating matter rises and 

remams on the surface of the wastewater untll removed, while the liquid flows out 

continuously through outlets or partitlOns below the water line. The skimming tank may 

be a separate unit or combined wIth primary sedimentation, depending on the process and 

nature of the wastewater. 

Grease traps are small skImming tanks usually located close to the source of 

the grease. There are a number of proprietary tank patterns; Figure 28 Illustrates one 

particular commercial grease trap design. These units are normally used in small systems. 

Preaeration may also be used to remove grease prior to prImary sedimenta

tion. AdditIonal benefIts of the process mclude odour control, grit removal, uniform 
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FIGURE 28 GREASE TRAP 

dIstributIOn of suspended and floating solIds, and Increased BOD removal. Unfortunately, 

the cost of maintaining an aerated tank for grit and grease removal In a small system 

often precludes its use. 

The following are deSIgn criteria for grease traps: 

Detention tIme: 

Surface area: 

Slope of influent pipe: 

3-30 minutes 

250 m2/m 3 • s (14 ft2/rngd) 

> 1 to 30 

Grease traps must be large enough to hold and, If necessary, to cool sudden 

discharges of oIly or greasy wastes. Regular cleaning of the trap, at least once a month, 

15 requIred to maintain effIcient operation. These requirements are often not attended to 

and the result IS clogging of the Inlet and outlet pIpes (40). 

The fat and oil, depending on the type, may be recovered and reused, or 

disposed of in the same manner as screenings mentIoned previously. 

4.2.4 Flow Equalization. Sewage flows in municipal systems typically exhibit dIurnal 

and seasonal variations, both in quantIty and quality. An equalizatIOn tank may be used to 



90 

pro.vlde a constant flow of sewage to subsequent treatment processes, and to equalize 

varying strengths and concentratlOns of wastewater, provIding a homogenous feed of raw 

waste to the treatment plant. ThIS will effect stable and reliable operatlOn of the plant. 

Flow equalization is normally employed after bar screens and gnt chambers to 

avoid accumulation of coarse solids and grit m the tanks, and ahead of pnmary clanfiers 

to absorb hydraulic surges which might detrimentally affect the performance of clarifiers. 

Downstream biological processes benefit from damping of fluctuations m concentrations 

and flows, and are protected from shock loadings and toxic or treatment-Inhibiting 

substances. Improved process control IS also possible where chemical addition is 

practIced, and sIzing of pumps and pIpelines is easier. 

DIsadvantages of flow equahzation include mcreased operatIon and 

maintenance costs, potentIal odour problems and, in cold climates, lower wastewater 

temperature. 

Methods of equahzing wastewater flow include (37,43): 

a) A good method for small-flow plants IS (after degrittmg) designing equahzation mto 

a treatment process unit, such as an aerated lagoon, an oxidation ditch, or an 

extended aeratIon tank, by allowing for variable depth operatIon and a discharge 

controlled to near the average 24-h flow rate. The discharge control device may be 

a proportlOnal controller placed on the discharge pipe of an aeration basin, or a 

floating effluent weir. 

b) Sidelme equahzation tanks (FIgure 29) may be sized to receive and store flows m 

excess of the average daily flow rate and then to return the stored wastewater at a 

rate that will raise subaverage plant flow to the average rate. The orgamc loadmg 

variatIons on the subsequent processes are partially affected, particularly during 

periods of less than average flow. 

c) Inline equahzatlOn tanks (FIgure 29), sized in the same manner as SIdeline tanks, 

equalize the outflow at near the average daily flow rate. This results in sigmficant 

concentratIon and mass flow dampmg. 

d) Extra capacity provided in large trunk or interceptor sewers leadmg to the 

treatment plant for mtermittent storm water inflow may be used for storage of 

peak flows. This method of equalization IS less attractive for small wastewater 

systems. A variation of this alternative which may be incorporated into a small 

system is the placement of the equalization faCIlity at a pumping station at the edge 
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of the collectIOn works or the head of the treatment works. ThIS wIll reduce the 

size of downstream treatment facilitIes, and possibly the pIpeline to the plant. 

The maXimum 24-hour flow expectancy must first be determmed to establish 

the' required equalization storage capacity. Wastewater charactenzation is also an 

important factor in the design process. 

Figure 30 illustrates typical flow and BOD curves for a maximum daily load at 

the end of a design penod. A mass diagram or hydrograph can be developed from this 

fIgure and plotted as in Figure 31. The inflow mass diagram is plotted by first converting 

the hourly diurnal flows to equivalent hourly volumes and accumulatmg the volumes over 

the 24-hour day. A line is then drawn from the origin to the end pomt on the dIagram. 

The slope of thiS lme actually represents the average flow for the day. Enough 

equalizatiOn volume must be provided to accumulate flows above the equalized flow rate. 

This normally reqUires a volume equivalent to 10 to 20 percent of the average daily dry 

weather flow. To determine this volume, the inflow mass diagram must be enveloped 

withm two lmes parallel to the average flow line and tangent to the extremitIes of the 

inflow mass diagram. The required volume IS represented by the vertical distance 

between these two lines (37,43). 

The actual equalization volume must be greater than that obtained from the 

hydrograph because: 

a) Continous operation of ancilliary aeration and mlxmg equipment may not permIt 

complete drawdown. 

b) Volume may be required to accomodate possible plant recycle streams to the 

equalization component. 

c) Some extra volume should be provided for unforseen changes in diurnal flow. 

The final volume selected should take these conditions mto consideratlOn, as well as 

physical and economic restraints in each case. 

Factors requiring evaluation in the selection of the type, size and mode of 

operatIon of an equalizatiOn process are (37,43): 

1) degree of flow rate and organic loading equalization required to ensure reliable and 

efficient process performance; 

2) optImum location m the system; 

3) type of equalization best suited to Items 1) and 2); 

4) optimum volume required for equalizatiOn; 
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5) present and future flows; 

6) type of construction; 

7) aera tion and mixing equipment requirements; 

8) pumping and dIscharge flow rate control; 

9) minimum operation and maintenance requIrements under adverse weather and flow 

conditIons; 

10) feasible alternative treatment components sized for peak flows. 

Treatment processes sized for peak flows at minimum water temperatures, to 

elIminate the need for equalization for conSIstent rellabilIty, should be compared wIth 

sizes reduced to meet equalIzed needs of processes operated at equalized flows and 

characteristics, to ascertain the cost effectiveness for each. At some smaller treatment 

plants, some degree of equalization may be essentIal If consIstently acceptable plant 

effluent is to be obtamed, particularly if the qualIty of the effluent must meet very strict 

standards. 

MiXing or aeration equipment must also be installed where it is necessary to 

prevent the wastewater from becoming septIC or where the contents of the equalization 

facility must be blended. ThIS equipment must be selected with careful consideration of 

the varying wastewater flows to the equalizatiOn faCIlIty and the power fluctuations 

caused by these flows. A municipal wastewater with an 55 concentration of approxImate

ly 200 mg/L wIll require mIXing at from 0.004 to 0.008 kW 1m3 of storage. To maintam 

aerobic conditions, air should be supplied at a rate of 0.009 to 0.0015 m3/m 3 per minute 

of storage. Mechanical aerators are one method of prOVIding both mixing and 

aeration (37,43). 

Flow equalization Imposes an additional head reqUIrement at the treatment 

plant. As a minimum this head is equal to the sum of the dynamic losses and the normal 

surface level variatIon. Pumping faCilities are usually required to accomodate the 

addItional head requirement, eIther for the raw influent, the equalized flow, or both. 

Influent pumping WIll reqUire larger capaCIty pumps to handle diurnal peaks. 

The basin Size, type of constructiOn, availability of land, locatIon, and mixing, 

aeratiOn and pumping requirements all have considerable effect on the cost of flow 

equalizatiOn. This cost must considered against: 1) the savings in cost of modifying 

subsequent processes to accept diurnal variations, and 2) the improved performance that 

can be achieved by operating subsequent facilities under relatively constant loading 

conditions (37,43). 
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4.3 Primary Treatment 

4.3.1 Sedimentation (37,38). Sedimentation or settling IS an Important process In 

sewage treatment. It is employed in a primary treatment process to remove settleable 

solIds and scum from raw sewage. 

SedImentatIOn may be accomplIshed in hOrIzontal or vertIcal flow tanks. In a 

honzontal flow tank, the sewage enters at one end of the unit and leaves at the other end. 

In a vertical flow tank, which is usually cIrcular, sewage enters at the centre and flows to 

the periphery of the tank. Most tanks are provided wIth hoppers and mechanical sludge 

collecting devices. Sludge settles to the tank floor and IS removed by mechanical scrapers 

Into hoppers. A rectangular settlmg tank is shown m Figure 32, and a cIrcular tank in 

Figure 33. 

Basically, a continuous flow settling tank can be divided mto four zones: 1) an 

inlet zone where influent suspended solIds disperse over the cross-sectIon at nght angles 

to the flow; 2) a settling zone where the suspended particles settle; 3) a sludge zone 

adjacent to the bottom, where the removed solIds accumulate and from WhICh they are 

withdrawn for disposal; 4) an outlet zone where the clarified flow is carried to the 

effluent conduit. These zones are IUustrated In Figure 34 for a honzontal-flow tank. 

Similar zones exist in vertical-flow tanks. 

The Inlet of a settling tank should be designed to bring the sewage mto the 

tank at low velocIty (approximately 1 m/s) and distribute It evenly over the cross-sectIon 

or perIphery of the tank. In rectangular tanks, a serIes of submerged openings spaced 

across the inlet end of the tank can be used. A baffle IS provided to reduce the sewage 

velocity and help spread the flow, as shown In Figure 32. For cIrcular tanks, satisfactory 

results are generaUy obtained by bringing the incommg flow into a Influent weU at the 

centre through a pIpe in the body of the tank (Figure 33), or by an upward flow through a 

central riser from a pipe entering under the tank. A circular baffle provIdes a 

satIsfactory distrIbution of the flow. 

The settling zone of the sedImentatIOn tank is normally desIgned based on the 

surface loadmg (also calJed overflow rate), gIven by the flow rate dIvided by the surface 

area. Typical desIgn parameters for pnmary sedImentation tanks are in the following 

ranges (37): 

Surface loadmg: 

Peak overflow rate 80-100 m3/m 2 -d (2000-2500 gpd/ft2) 



97 

~----------L=LENGTH OF TANK ----------~ 

", SUIT SCUM BAFFlE 
DRIVE SPROCKETS WITH "'" 

SCUM DRAW OFF " r TO 1 
~ SHEAR PIN HUBS AND CLUTCHES ", ADJUSTABLE WEIRS 

INFLUENT BAfflE ---1=---t--Jllltl.l !,!, 

.... , SLUDGE HOPPER 

WATER LEVEl 

'LOW-

2x 6 IN FLIGHTS SPACED 
APPROXIMATElY 10FT DIN CENTERS 

L PIVOTING FLIGHTS 

FIGURE 32 TYPICAL RECTANGULAR PRIMARY SEDIMENTATION TANK 

Conversion factor: 1" = 

BRIDGE SUPPORTS 

SCUM TROUGH 

2.54 cm 

DRIVE UNIT 
\ 
\ 

TURNTABLE SURFACE SKIMMER 

MAXIMUM WATER SURFACE 

SWINGING SKIMMER BLAOE 

SCUM BAFFLE 

12 

TOP OF GROUT AT WAll 

FIGURE 33 

BLADE CLEARANCE \ 
\ 

ADJUSTABLE SQUEEGEES 

TYPICAL CIRCULAR PRIMARY SEDIMENTA nON TANK 



LU 
:z o 
N 

I
LU 
--' :z 

FIGURE 34 

98 

SETTLING ZONE 

SLUDGE ZONE 

LU 
:z: 
o 
N 

I
LU 
--' 
I
::::J 
o 

VERTICAL CROSS SECTION THROUGH 
A RECTANGULAR SETTLING TANK 

Average overflow rate 

DetentIOn tlme: 

Water depth: 

Depth to length ratio: 

25-33 m3/m 2
"d (600-800 gpd/ft2) 

2-3 hours 

3-5 m (7-12 ft) 

1/10 - 1/30 (rectangualr tanks) 

The settlmg tank outlet generally consists of serrated or smooth weirs. Weir 

10ad1Og should be approximately 150 m3/d per metre of weir length 00,000 gpd/ft). 

Mechamcal sludge removal equIpment is essential to good performance of the 

settling tank. Scrapers are used to collect the sludge into hoppers, as shown in Figures 32 

and 33. The common mechanism in rectangular basms is a chain and flight collector 

which moves settled solids to a sump at the 10let end. Smce sludge accumulatlOn is 

heavlest near the inlet end of the tank, sludge hoppers should be located 10 that vicinity. 

The SIde slopes of a hopper should be greater than 60 degrees to the horizontal, and the 

bottom dimensions are usually 60 cm by 60 cm (2' x 2'). Standard equipment for circular 

basins conSIsts of at least two radial arms wIth angled scrapers attached, WhICh move 

settled solids to a central sump. 

An accumulation of scum is to be expected on the surface of primary settling 

tanks. A scum baffle, extending at least 15 cm (6-12 inches) below the surface, is usually 
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used to prevent the scum from discharging with the effluent (Figure 32). A pipe With a 

flared opening is commonly installed just below the water surface in small rectangular 

systems to collect scum. Circular tanks are equipped with surface skimmers (Figure 33) 

to remove scum from the liquid. 

The performance of a settling tank depends greatly on the design and 

operatIOn of the tank. In a well-designed and properly operated prImary settling tank 

treating domestic wastewater, 25 to 40% of BOD, and 50 to 65% of suspended sohds 

removals can be expected. Factors affecting the performance of settling tanks include 

overflow rate, detention time, tank configuration, wastewater characterIstics and opera

tional practices at the plant. Wind actIOn and convectIOn currents of thermal OrIgin will 

contribute to short-Circuiting of the flow and result in poor treatment effiCiency. 

SpecifIC problems are likely to occur seasonally. In winter, sludge Will be 

more diffICult to pump, sludge hnes Will collect grease more qUickly, and scum quantities 

WIll mcrease; however, septic conditions and odour wlll not normally occur. Summer 

operating conditlOns are accompanied by increased septicity and odour problems, and less 

difficulty wlth slUdge pumping and scum (40). 

Cleanliness is essential in the operatIOn of setthng tanks. All exposed parts of 

the tank and channel should be washed frequently, daily If necessary, and scraped or 

squeegeed to prevent the accumulatIOn of exposed depOSits (40). 

Sludge is preferably removed from the hoppers by pumping. Sludge Withdrawal 

pumps can be operated continuously or intermittently at a predetermined frequency. 

Intervals between pumping of settled sludge may range from once every 30 minutes to 

once every 12 hours, depending on the characterIstICs of the raw sewage, inclUding: 

strength and freshness; the perIOd of sedimentation and the degree of purification 

effected; and the condition of depOSited solids, including specifiC graVity, water content 

and changes in volume influenced by tank depth or sludge-removal deVices. 

ApprOXimately 470 manhours/year are reqUIred to operate and maintain a 

450 m3/d (0.1 mgd) prImary sedimentation tank (39). 

Settled sludge has an offensive fecal odour, and is quickly putrescible if not 

promptly removed. RiSing bubbles and lumps of floating sludge are eVidence of septiC 

conditIOns and eqUipment or process breakdown. Overloads caused by fluctuations in 

sewage flow result in poor performance of the settling tank (40). 

4.3.2 Fine Screens. StatiC fine screens used as a wastewater treatment process 

result in BOD and SS removals in the range of 10 to 30 percent. Consequently, 
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installation of these devIces could be a viable alternatIve to the use of primary 

sedimentatlOn tanks. However, there is presently no long-term operational mformation on 

fine screening for domestic wastewater treatment. 

Static fme screens have three sectlOns with progressIvely flatter slopes on 

each lower section. The screen wires are triangular in cross-section and usually spaced 

1.5 mm (0.06 mches) apart when used for raw wastewater screening. Above the screen 

and runnmg across its wIdth IS a headbox. A light-weight hinged baffle at the top portion 

of the screen is used in some commercIal Units to reduce flow turbulence. 

Inclmed screening units are generally constructed entirely of stainless steel. 

LIghter Units with fibreglass housmgs and frames may also be obtamed. 

Figure 35 illustrates a commercIally manufactured statIC screen (hydrasieve). 

Hydrasieves have performed satisfactorily in test studIes at loadmg capacitIes of 0.1 to 

0.4 Lis per centImetre (4 to 16 U.S. gpm per inch) of screen width. The hydraulic 

capacIty of a screen is a function of the flUId viscosity (a functIon of temperature), the 

solids loading, and the spaCIng of the mdividual slots. Slot wIdth (normally 0.8-1.5 mmj 

0.03 to 0.06 m) IS selected by testing using sample screens. Once the slot opening has 

been chosen, the screen's capacIty per centImetre of wIdth can be determined. 

Operating experience WIth static screens is qUIte limited In Canada, although 

they have been favourably receIved in some U.S. operations. Pilot studies report SS 

removal efficiencies in the 10 to 30 percent range and a solids generatIon rate of 0.2 m3 

3 per 1000 m of wastewater. The average solids content of recovered matter ranges from 

12 to 15 percent. InCIdental to SS removal m this process IS the aeratIon of the separated 

wa ter. Sta tic screens have been found to aerate wastewater to a level of 2 mglL 

dIssolved oxygen (38,40). 

Separate grit removal faCIlitIes may be required m some cases and should be 

installed downstream of the inclined screens. 

Mamtenance of statIC screens normally involves dally cleaning and removal of 

solids. Washing IS done WIth hot water to remove any grease accumulated on the screen 

which prevents passage of wastewater (38,40). 
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4.4 Biological Treatment 

Vanous blologlcal processes have been used successfully in the treatment of 

mUnIclpal and mdustnal wastewaters. The effective control of the biologlcal treatment 

system IS based on an understandmg of the basIC princIples governmg the metabollsm of 

microorganisms. It is therefore essentIal to know the fundamentals of bIOlogIcal reactions 

m a sewage treatment system and the key factors affectmg the bIOlogICal actIvIties in 

such a system. 

4.4.1 Biological Reactions in a Treatment System. AerobIC biologlcal waste 

treatment involves the utilizatIOn of a mixed population of mICroorganisms to convert 

soluble organic contammants to new cellular matenal (sludge). At the same time, a 

portIOn of the organics IS OXIdIzed to carbon dioXIde and water. Because of the complex 

nature of the wastewater, which contains a vanety of organic and inorgamc compounds, 

different types of organisms, mcludmg bacteria, fungi, protozoa, algae and other hIgher 

forms of life, can be found in the sewage treatment system. 

When a mICrobIal population is brought mto contact with a wastewater 

contaming adequate substrate for growth m a batch reactor, the change in substrate 

concentration and mIcrobIal population follows the pattern shown in FIgure 36. The 
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bre;:tkdown of the substrate by the microorganisms results in a decrease m substrate 

con:centration, accompamed by a corresponding increase in cellular material. The lower 

portIon of the growth curve is called the loganthmic growth phase, during which 

maximum multIplication of mICrobial cells occurs because there IS an abundant food 

supply. As growth progresses, the substrate gradually decreases. The growth rate is 

llmited by the availabillty of substrate and a declmmg growth phase occurs. After 

depletIon of the food source, a number of cells dIe, resulting in a decrease in the 

microbial mass. This IS called the endogeneous or autO-OXIdatIOn phase. In some cases, a 

lag phase may eXIst before the log-growth phase. This IS the penod in WhICh the 

mIcroorganisms adjust to a new food source or environment (41,42,44). 

In a continuous biological treatment system, the substrate removal and growth 

relatIOnship can also be Identified at the steady-state operatmg condition. This 

relationshIp IS a function of the loading condition, which IS discussed sectIon 4.4.2. 

A microbial population in the declmmg growth phase is most commonly used m 

wastewater treatment. The endogeneous phase of metabolIsm is the basIs of treatment of 

orgamc waste m the extended aeration process, which has been used successfully for the 

removal of soluble organics as well as for the oXIdatIon of the cellular material. 

Attempts to use microorganisms in the logarithmIC phase for the treatment of wastewater 

have been unsuccessful due to the dispersion of the microbIal population and the presence 

of a high organic residual in the effluent (41,42,44). 
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All microorganisms mvolved 10 wastewater treatment can be classified mto 

three groups, according to their ability to utIlize oxygen. Organisms whIch can only eXIst 

when there IS a supply of molecular oxygen are IdentifIed as strict or oblIgate aerobes. 

Those WhICh can only exist in an enVIronment that IS completely free of molecular oxygen 

are referred to as obl1gate anaerobes. Organisms havmg the abillty to surVIve eIther with 

or wIthout the presence of molecular oxygen are called facultative organisms. According

ly, biologIcal treatment processes us10g aeration to supply molecular oxygen to the 

microorganIsms are identlfied as' aerobic processes, whIle processes using anaerobIC 

microorganisms to bring about blOlogical reactions are called anaerobIC processes. 

The metabolic reactions of the aerobIC and the anaerobIC microorganisms are 

essentIally the same. The only dlfference lies in the fmal products of metabolism. Whlle 

low energy, stable compounds such as water, carbon diOXIde, nitrate and sulphate are 

produced 10 the aerobic process, high energy and unstable products such as methane, 

ammOnIa and sulphides are formed in additIon to carbon dlOxide in the anaerobic process. 

The presence of sulphIdes, particularly hydrogen sulphide, produces objectionable odours 

in the anaerobIC system. 

Since the majorIty of biological processes used for the treatment of 

wastewa ter from small communitIes are aerobic systems, emphasis in the following 

sections will be given to the discussion of the actIVIty of aerobic mIcroorganisms. 

4.4.2 Factors Affecting Biological Activity. It has been established that a number 

of factors affect the activity of the mIcrobial population. To ensure efficient operation 

of a biological treatment system, it IS essentIal that these factors be controlled to provide 

optimum growth conditlOns for the microorganIsms mvolved. The four envIronmental 

factors of most importance are pH, temperature, wastewater characteristIcs and loading 

condItions. 

E..!:!. The optImum pH range 10 a biological system lies between 6.5 and 8.5. Extremely 

low or high pH WIll exert a tOXIC effect on mICroorganIsms due to the hIgh concentration 

of hydrogen (H+) or hydroxyl (OH-) ions. Because the pH of domestic sewage IS generally 

withm the range specifIed, there is normally no requirement for pH adjustment. However, 

neutralizatIon may be necessary If the pH of the untreated wastewater lies beyond the 

optImum range. 

Temperature. Microorgamsms dIsplay a wide variety of responses to temperature and are 

classlfled into three groups according to the temperature range in which they functIon 

best. In general, bacteria that grow best at lower than 20°C are identifled as 
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psychrophiles. Microorgamsms which prefer to grow at temperatures greater than 45°C 

are called thermophiles. Those growmg best at a temperature between 20 and 40°C are 

referred to as mesophiles. 

Most bacteria found in municipal sewage are mesophiles, with the optimum 

temperature being around 35°C. The relationship between growth rate and temperature 

for this group of microorganisms is illustrated in Figure 37. It IS generally recognized 

that the rate of growth doubles with every lOoC increase in temperature until some 

limiting temperature IS reached. 

o 10 

FIGURE 37 

20 30 40 50 60 
TEMPERATURE O( 

EFFECT OF TEMPERATURE ON MICROBIAL GROWTH 
RA TE OF MESOPHILES 

MICrobIal activity decreases with the decrease in liquid temperature. As 

temperatures approach freezing, the rate of growth and metabolic reactIons become very 

slow. This temperature effect should be considered in the design of treatment systems. 

Tei be on the safe side, sewage treatment plants should be designed based on temperatures 

encountered in the winter months rather than on summer operating temperatures 

(36,37,38,41,42,44 ). 
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Wastewater characteristics. Optimum growth of the mIcrobial populatIon is dependent on 

readily avaIlable essential nutrients and trace elements. Nitrogen, phosphorous, sulphur, 

Iron, calcium, magnesium, potassIUm, manganese, copper, zinc and molybdenum must be 

available, In addition to carbon, to satisfy the requirements for bacterial metabolism. If 

these elements are not present In the requIred concentration, they must be added to the 

wastewater to provIde a balanced nutrient level for mIcrobial growth. The two most 

critical elements wh1ch are frequently dehC1ent 111 industrIal wastewater are mtrogen and 

phosphorous. To encourage the growth of a desirable microbIal population in a biologIcal 

treatment system, It is advisable to maintain a BOD:N:P ratio of 100:5: 1. FaIlure to 

maintain a balanced nutrient level could result In operatIOnal problems such as poor 

performance and profuse growth of filamentous microorganisms in the treatment plant. 

Fortunately, as most domestic sewages contain a suffIcIent quantIty of organIcs and 

inorganics for mIcrobial growth, there is generally no need to add nutrients to the 

wastewater (41,42). 

Many industrial wastes contain substances WhICh exert tOXIC effects on 

bIological treatment processes. The dIscharge of these wastes Into the public sewers may 

create serious operatIOnal problems In sewage treatment plants. Phenol, cyanIde, 

ammOnIa, sulphIde, heavy metals and many orgamc compounds may completely inhIbit the 

mICrobIal actIVIty in a treatment system if their concentrations exceed the threshold 

limIt WhIch can be tolerated by the mIcroorganisms. High-strength industrial waste, such 

as canning and dairy wastes, may cause exceSSIve filamentous growth in the activated 

sludge system, rendering the system Inoperative. 

Loading ConditIOns (37,38). The amount of substrate available per unit weight of 

microbial mass In a bIOlogIcal system is called the organIc loading and IS IdentifIed as the 

food to mIcroorganisms (F /M) ratio. The substrate concentratIon In the wastewater IS 

generally measured by the BODS' and the mIcrobial mass IS approximated by the 

concentratIon of suspended solids. The F /M ratIO can be calculated from the following 

equatIOn: 

F/M 

where: 5 
0 

Xa 
t 

= 

= 
= 
= 

BODS concentration of the wastewater (mg/L), 

average concentration of MLSS In the aeratIOn tank (mg/L), 

detentIOn time 10 the aeratIOn tank (days). 
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For example, If a wastewater wIth a BODS ·concentration of 200 mg/L is 

treated m an aeration tank with a detention tIme of one day and contammg 4000 mg/L 

mIxed lIquor suspended solids (MLSS), then: 

F/M = 200 
4000 x 1 = O.OS mg BOD 5/mg MLSSod 

or 0.05 kg BOD5/kg MLSSod (0.05 lb BOD5/lb MLSSod). 

The performance of a bIOlogIcal treatment system is closely related to the 

loadmg conditIon. At high F/l'vl ratIos, the bacteria are actively metabolIzmg the organic 

matter and usually do not form settleable flocs; I.e., m a hIghly-loaded treatment system, 

mIcroorganIsms are hkely to remam dIspersed throughout the system, producmg an 

effluent wIth a hIgh concentratIOn of suspended solids. At extremely low loading 

conditIons, endogeneous metabohsm wIll cause dIsintegration of bacterial cells, givmg an 

effluent of hIgh solIds concentratIOn due to the presence of pm-point flocs. BIological 

treatment systems operated m the declinmg growth phase usually produce a mIcrobial 

populatIon exhIbIting the optImum flocculant characteristICs. 

The effect of organic loadmg on sludge settleabilIty is illustrated in FIgure 38. 

The settleabIlIty of the sludge floc is measured as the sludge volume index (SVI), which is 

defmed as the volume in mIllIhtres occupIed by one gram of MLSS after 30 minutes of 

settling. A good settling sludge has an index of 100 ml/g. This usually corresponds to an 

organic loadmg of 0.2 to 0.5 kg BOD/kg MLSSod and IS identifIed as the desIgn range for 

conventIOnal actIvated sludge systems. 

Sludge retention tIme (SR T), or cell reSIdence tIme, IS a measure of the 

average retention tIme of solIds m the actIvated sludge system. For a system with 

recycle and sludge wastmg, the SR T IS defined as the kIlograms mIxed lIquor volatile 

suspended solIds (ML VSS) m the aeration tank, dIvided by the kIlograms MLVSS wasted per 

day. For a flow-through system WIthout sludge return and wastage, the SR T is equal to 

the detentIOn time for the aeratIon cell. 

The SRT must be mamtamed at a level greater than the maXImum generatIon 

time of the mIcroorganisms m the actIvated sludge system. Otherwise, the bacteria are 

washed away from the system faster than they can reproduce themselves and the process 

falls. For microbial populatIons havmg long generatIOn tImes, the operatIon of the 
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FIGURE 38 SLUDGE SETTLEABILITY AS A FUNCTION OF ORGANIC LOADING 

actIvated sludge process must be related to the SR T rather than the F /M ratIO. This 

conditIon applIes for autotrophIC nitrIfiers and, thus, operatIon and performance of a 

biological nitr iflcation system are related to the SR T (37,38). 

Another parameter frequently related to organic loading IS volumetric loading, 

normally expressed in terms of kg BOD5/m3.d. Volumetric loading IS a measure of the 

waste load applied to a unit volume of reactor (e.g., aeratIon tank) and is calculated by 

multiplYing the organic loading (kg BOD 5/kg MLSS·d) by the concentratIOn of MLSS 

(mg/L). 

4.4.3 Nitrification and Denitrification. In an aeroblc bIologIcal treatment system, 

the organic nitrogen in the wastewater is converted to ammonia by heterotrophIc 

mIcroorganisms. Under favourable condItions, the ammOnia can further be oxidIzed to 

nitrite and nitrate by autotrophIC bacteria such as Nitrosomonas and Nitrobacter. The 

converSIOn of ammOnia to nitrite and nitrate is Identified as nitrification. ThIS process 

usually takes place in biologIcal treatment systems operated under low organic loading 

and hIgh temperature condItIOns. 

As 4.6 g of oxygen are required to oxidize 1 g of ammonia-nitrogen to nitrate 

nitrogen, additIonal oxygen should be prOVIded In the treatment system where nitrificatIOn 

takes place. 
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Other groups of heterotrophic bactena, such as Pseudomonas denitrificans, 

can reduce nitrate to nitrite and then to gaseous mtrogen under anOXiC conditions. This 

process is caJIed demtrIfication. The microorganisms use oxygen combmed m the nitrate 

or mtrite for metabolism instead of molecular oxygen. 

In many activated sludge systems, the problem of rising sludge m the clarifier 

is associated with denitrification. This occurs when nitrification is taking place in the 

aeration tank and demtrification in the clarifier. Small bubbles of mtrogen gas 

accumulate in the sludge and hft it to the surface of the clarifier. ThiS, in turn, results in 

loss of sludge and production of effluents With high solIds concentrations. 

4.4.4 Suspended Growth Biological Treatment Processes. In the past years, a variety 

of biological processes have been developed for the treatment of wastewaters. They are 

generally classified as suspended growth and attached growth processes. In suspended 

growth processes, the microbial population is kept in suspension using compressed air or 

mechanical methods. Attached growth processes, which use microbial populations 

attached to a solid surface, are descnbed in section 4.4.6. Treatment systems classified 

as suspended growth processes include activated sludge, contact stabIlIzat.ion, extended 

aeration, OXidation ditches, aerated lagoons, and waste stabIlizatIOn ponds. 

The most common process utilizing the suspended growth system is the 

actIvated sludge process. There are conventional and modified activated sludge processes 

which have been developed to meet specifIC reqUIrements and to achieve economic 

advantages in operatIon and construction. In thIS section, discussion is restrICted to the 

conventional process and the modifications WhICh have become standardized and are 

conSIdered SUitable for small plant applications. 

Conventional actIvated sludge process. The process consists of an aeration tank, a 

secondary clarifier and a sludge recycle line. Floating matter and settleable solIds in the 

raw sewage are generally removed by pretreatment and primary treatment before 

aeration. A flow diagram of a conventional activated sludge plant is shown in Figure 39. 

The process utilIzes a mixed microbial population in the aeration tank to 

aerobIcally convert the orgamc matter mto cellular material which can be subsequently 

separated from its suspendmg liquor in the secondary clarifier. The cellular material in 

the aeration tank is called the actIvated sludge or mixed liquor suspended solids (MLSS), 

which conSists of an active mass of dIfferent species of microorganisms. A portion of the 

settled sludge in the clanfier is recycled to the aeratIOn tank while the remainder is 
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wasted at a rate proportIOnal to the rate of new cellular productIon. The treatment of 

the wasted sludge wIll be covered separately In sectIon 4.5. 

Design CrIterIa for conventional actIvated sludge treatment facIlIties are 

(36,37,38,4l): 

Organic loadmg: 

Volumetric loading: 

Sludge Retention tIme: 

DetentIOn time: 

MLSS concentration: 

Sludge return ratIO: 

Water depth: 

Oxygen requIrements: 

Sludge production: 

0.2-0.5 kg BOO 5/kg MLSS-d 

0.4-1.8 kg BOD5/m3-d 

(25-110 lb B00
5

/1000 ft3_d) 

5-15 days 

3-8 hours 

2000-4000 mg/L 

25 to lOO% of process mfluent 

3-5 m 00-15 ft) 

1.2-1.5 kg 02/kg B005 
0.5-0.7 kg/kg B005 removed. 

In a properly deSIgned and operated conventional actIvated sludge plant, 90 to 

95% BOD reductIon can be achIeved for normal domestic sewage. The effluent IS usually 
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clear, odour less and high in dIssolved oxygen, wIth effluent BOD and suspended solids 

concentra tions In the range of 10 to 20 mg/L. 

ActIvated sludge plants require continUOUS skIllful maintenance. Two to four 

weeks are generally required for a new plant to buIld up the required amount of sludge. 

The following Items should be checked regularly to ensure proper operatIon of the system: 

a) The dIssolved oxygen level should be checked at variOUS pOints in the aeration tank 

at least twice a day; one check should be made during the period of peak loading. A 

minImUm dissolved oxygen level of 1 mg/L, preferably 2 mg/L, should be maintained 

throughout the tank. Excess dIssolved oxygen does not adversely affect the 

performance of the system, but wIll increase operating costs. If a dissolved oxygen 

deficit occurs, the aeration devices should be adjusted. 

b) It IS essential to check and adjust the concentration of MLSS to the required level at 

least once per day (see c, d and e). 

c) Regular wasting of sludge should be carried out to maintain a constant concentra

tion of MLSS in the aeration tank. This can be achieved by a continuous or batch 

wasting of sludge from the sludge return line. 

d) Occasional adjustment of the return sludge rate may be necessary to maintain a 

desIred concentration of MLSS in the aeratIOn tank. Usually an increase In the 

return sludge rate will result In an increase In the concentration of MLSS in the 

aeration tank. 

e) The 30-mInute sludge settlIng test should be carried out daily. Any variation In 

settled sludge volume indicates a change in quantity and quality of MLSS In the 

aeration tank; for example, an Increase In the settled volume would Indicate that 

either the sludge concentration IS increasing and some sludge wasting IS required or 

the sludge qualIty IS deterIorating. The sludge volume index (SY 1) can also be 

determined to characterize the compactness and settleabilIty of the sludge floc. A 

good settlIng sludge usually has an index of less than 100 ml/g. A rising mdex at an 

activated sludge plant IS mdicative of approaching trouble and prompt action should 

be taken to bring it under control. 

f) Periodic inspection and replacement of worn mechanical parts, regular cleaning, 

oiling and greasing of aeratIon devices, compressors, pumps, etc., are essential to 

maintain stable, relIable and highly efficient operation of the treatment plant. 
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Approximately 3400 man-hours per year are requIred to operate and mamtam 
3 a 450 m Id (0.1 mgd) conventwnal actIvated sludge plant compnsed of the components 

shown m FIgure 39, plus aerobIC sludge digestlOn and sludge drymg beds (45). 

Operational problems associated with conventlOnal actIvated sludge processes 

include (40): 

1) Bulking sludge - The most serlOUS problem encountered in the operatlOn of actIvated 

sludge systems is sludge bulkmg. A bulked sludge has poor settlmg and compactwn 

characteristICS, normally caused by the presence of filamentous mlcroorgamsms 

(FIgure 40). Bulkmg sludge causes two problems in the treatment system: 

d contmuous loss of sludge over the overflow weir of the secondary clar Iiler, 

resulting In poor effluent quality, and 11) a sIgmfICant drop m the sollds concentra

tlOn In the sludge underflow, and therefore the MLSS concentratwn In the aeratIon 

tank, because of the loss of sludge over the clarifIer and the lack of compactlOn. 

There IS no SImple and effiClent method to control the dIfferent speCIes of 

filamentous mICroorganisms associated with sludge bulking. However, the sludge 

bulkmg potentIal can be mimmized by proper deSIgn of the treatment system, 

Including precautlOns such as selectIOn of an F 1M ratlO not conducive to fIlamentous 

growths; prOVISIon of adequate oxygen and nutrIents; control of pH and waste load 

fluctuatwns In the aeratwn tank; and proper design of the secondary clarifier. 

FIGURE 40 FILAMENTOUS MICROORGANISMS IN ACTIVATED SLUDGE 
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2) Oxygen deficIency - A minimum dIssolved oxygen level of 1 mg/L, preferably 

2 mg/L, should be mamtained in the aeration tank at all tImes. Failure to mamtam 

this level, particularly durmg the peak loads period, could create anaerobIC 

conditions resulting m offenSIve odour, poor settling sludge and a detenoratlOn in 

effluent quality. The problem can be corrected by operatmg the air blowers at full 

capaCIty, by installatlOn of additional blowers or by providmg equalizatlOn facilitIes 

to dampen peak loads. 

3) Flow fluctuations - FluctuatlOn in the flow rate and characteristics of sewage could 

adversely affect the performance of an actIvated sludge system. ThIS conditlOn can 

be corrected by the mstallation of a flow equalization tank (SectIon 4.2.4). 

4) Foammg problems - Large quantities of foam may be produced durmg start-up of 

the process, when the MLSS are low or whenever high concentrations of surfactants 

are present in the sewage. Foam usually entraps sludge solids and a large number of 

bactena. The wmd may lift the froth off the tank surface and create nuisance 

conditions. Methods for control include: spraymg water on the surface of the 

aeration tank; mcreasing the solids concentratIon in the aeratlOn tank; and, the 

addItIon of anti-foammg agent. 

5) Cloggmg of air diffusers and return sludge lines IS also a problem frequently 

encountered in small activated sludge systems, particularly in package plants. 

Regular inspectlOn and cleanmg are essentIal. DIffusers should be deSIgned so that 

they can be lifted from the mIxed liquor for inspection and cleaning without 

emptymg the aeratlOn tank. To ehminate return sludge mterruptlOns, positive 

dIsplacement pumps should be used. 

ModifIed activated sludge processes. Among the various modifIed processes, extended 

aeration and contact stabllizatlOn have been used successfully for the treatment of 

wastewaters from small communItIes. 

The extended aeration process operates in the endogenous phase of the growth 

curve and prOVIdes suffiCIent aeratlOn time for oxidIzmg the biodegradable portIon of the 

sludge syntheSIzed from the organics removed In the process. Extended aeration is 

characterized by a long detention time and a high MLSS concentration. Although most of 

the synthesized sludge can be easily degraded m the system, a small portion of the 

cellular matenal IS highly resistant to oxidatIon. This portlOn builds up and makes 

per iodic wasting of the sludge necessary. However, the amount of sludge to be wasted is 

less than m the conventional activated sludge process. The sludge normally contains lIttle 
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putrescrible organIC material and can be dIscharged for direct drying on sludge beds 

'WIthout offensive odours. 

The extended aeratIon process has been used extensIvely to treat wastewater 

at 9.5 to 3500 m3/d (2000 to 775,000 Igpd). Prefabricated package plants are frequently 

used at isolated Inst1tutIOns, schools, workcamps and small communitles. 

/'\. flow d1agram for a typical extended aeration plant 1S shown in F1gure 41. 

The system 1S basically the same as a conventIOnal activated sludge process except that a 

longer aeratIon period IS required. Raw sewage is screened or comminuted before 

entering the aeratIon tank but primary sed1mentation IS generally omItted to s1mplIfy 

sludge treatment and d1sposal. 

DesIgn Criteria for extended aeration are as follows (37,38,41): 

Organic loading: 

Volumetric loading: 

Sludge retentIOn time: 

DetentIOn time: 

MLSS concentratIOn: 

Sludge return ratIO: 

Water depth: 

0.05-0.15 kg BOD5/kg MLSS-d 

0.16-0.40 kg BOD5/m3-d 

(l0-25 lb BOD 5/1 000 ft 3 -d) 

20-30 days 

18-36 hours 

3000-6000 mg/L 

75 to 200% of process Influent 

1.5-3.0 m (5-10 ft) 

2.0-2.3 kg 02/kg BOD apphed Oxygen reqUIrements: 

lvhxing requirements: 

Sludge production: 

280 L/m-mmute (length of aerat10n tank) 

0.2-0.6 kg/kg BOD 5 removed. 

AERATION TANK 

BAR SCREEN OR COMMINUTOR I 
--....·1 1 ~ 

~----------------~ 

SLUDGE RETURN 

FIGURE 41 EXTENDED AERA nON PROCESS FLOW DIAGRAM 

EFflUENT 

SLUDGE 
WASTING 
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BOD removals from extended aeratIon plants are approximately the same as 

for conventiOnal actIvated sludge plants. Because of the extremely low loading used in 

the extended aeratiOn system, dIsintegratiOn of sludge flocs may occur. As a result, 

effluent suspended solIds are usually higher than for the conventiOnal act Iva ted sludge 

system. An effluent quality of 10 to 50 mg/L of BOD and 20 to 60 mg/L of suspended 

solids can be achIeved In a properly designed and operated plant (40,41). 

,\lomtoring reqUIrements are basically the same as for a conventIonal 

actIvated sludge plant. It IS erroneous to assume that an extended aeration plant will run 

satIsfactorily wIthout attentiOn. Trained, skilled operators and several hours of conscien

tiOUS monitoring per day are essentIal to effIcient operatIon. 

/\ccordIng to one report (45), an estImated 2100 man-hours per year are 

required to operate and maintain a 450 m3/d extended aeratiOn plant wIth the components 

shown In FIgure 41 plus sludge drYing beds. Another source (46) recommends 400 hours as 

the minImUm annual reqUIrement for successful operatiOn of extended aeration plants In 

the 10 to 150 m3/d range. 

Because the principles involved In the desIgn and operatiOn of extended 

aeratiOn and conventional activated sludge processes are approximately the same, SImIlar 

operatiOnal problems can be antIcipated. In addItion, the follOWing operatIonal problems 

have been documented In extended aeration plants operating under Canadian condI

tiOns (46,47): 

1) InsuffICIent biOmass In the aeratIon tank - The maintenance of an adequate biomass 

in the biOlogICal reactor is essentIal for successful operation. However, the M LSS 

concentratiOn can be affected by clogging of sludge return facIlities, hydraulIc 

over loading In the clarifIer, and poor settling due to bulking sludge. Prompt action 

by trained operators is necessary to avoid problem SItuations. 

2) Clogging of sludge return facilities - The greatest problems In extended aeratIon 

plants appear to be related to faIlure of eqUIpment to scrape hopper-type clarifiers 

adequately and inoperatIve sludge return lines. These malfunctions cause low MLSS 

concentrations which, In turn, Increase the F /M ratio beyond the optimum range. 

AIr-lIft pumps are used In many plants for sludge recycling because they are easy to 

operate and maintain. However, cloggmg is a common problem WIth these pumps, 

due to paper, rags, stones and sand in the sludge. Daily inspection and regular 

cleaning IS required. BackflushIng with aIr or water, or rodding to free the blockage 

are used to unclog aIr-lIft pumps. GraVIty sludge return systems have a hIstory of 
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unsatisfactory operation due to lack of control of MLSS m the aeration tank and 

clogging of the slots WhICh connect the settlmg zone to the aeratIon zone. POSItIve 

diSplacement pumps, although more expensive, eliminate these problems and 

improve system performance. Sludge scrapmg mechanisms may be mcorporated into 

the clarifIer to remove sludge adhermg to the sloping sides of the clarifier and 

depOSit It m the hopper. Manual scrapmg by the operator is otherwise necessary. 

3) Improper aeration - In many cases, the mixmg reqUirement for the extended 

aeration process governs the amount of air requIred (280 L/m o mmute applIed to the 

length of the aeration tank). DO concentratiOns are maintained at 1-3 mg/L in the 

mIxed liquor. Over-aeration, in addition to wasting energy, mcreases scum 

formatiOn and can create a hIgh shearing force which dismtegrates sludge floc and 

impairs settleability. Under-aeration causes poor treatment performance and 

offenSIve odours. Although some plants are equipped with tImers to enable 

10termittent operation of the blowers, these do not provide enough fleXIbility to 

match aeration rates WIth changing organic loads. Solutions to the problem of 

Improper aeratiOn include adjusting the shims in the air blowers to control the air 

supply, prOVIding "on/off" blower operation cycles, or 10stalling equalizatiOn 

facilitIes to dampen the quantity and strength of wastewater entering the aeratiOn 

chamber. The latter solution would also improve overall plant efficiency. 

4) Long start-up periods - A long start-up period, usually greater than four weeks, is 

required before the treatment plant can operate at design efficIency. Seeding the 

treatment system WIth activated sludge from a mature plant treatmg a SImIlar 

waste could signifiCantly reduce the start-up period. 

5) Offensive odours - ThiS problem IS usually caused by anyone or a comb1OatiOn of the 

followmg factors: accumulation of solids in the comminutor pIt; oxygen defiCIency 

in the aeration tank; excessive scum accumulatiOn on the clarifier surface; and/or 

prolonged storage of sludge in the clarifier. Good housekeep1Og, includmg daily 

cleanmg of the commmutor pit, proper disposal of screen1Ogs, regular inspectIon and 

cleaning of aIr dIffusers, skimming devices and sludge return faCIlities, IS essentIal 

to control this problem. 

6) Lack of sludge treatment facilities - LIke other biological treatment processes, the 

extended aeration process produces excess sludge requiring further treatment and 

dIsposal. Unfortunately, faCIlities for sludge treatment and dIsposal are usually not 

included 10 the design of package plants. In plants not eqUIpped WIth such facilitIes, 
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the accumulated sludge is left In the treatment system and eventually discharged 

over the weir of the clarifier. The solution to the problem is to establish a sludge 

wasting program to prevent excessive sludge from building up in the system, and to 

provide treatment and disposal facilities for the wasted sludge. Measurement of the 

MLSS concentration is essential to determine whether sludge wasting is required. A 

simple and reliable way to measure the sludge concentration in the aeration tank is 

to use a small hand-operated centrifuge. By measuring the sediment height In the 

centrifuge tube after centrifugation and comparing it with the calibratlOn curve, the 

MLSS concentratlOn can readily be determined in the field. The wasted sludge can 

be treated in an aerobic digester and dewatered in a sludge drying bed or hauled to a 

large sludge treatment system for processing if such facility is available In a nearby 

municipality. Sludge treatment and disposal options are discussed in greater detail 

later In this section. 

The oxidation ditch is a modified extended aeration process (Figure 42). The 

ditch forms the aeratlOn basin in which the raw sewage is mIxed with the microbIal 

populatlOn and converted to new cellular material. Aeration and mixing may be provided 

by a Kessener Brush, cage rotor or other simIlar deVICe. The rotor entrainS oxygen In the 

wastewater and provides suffiCIent horizontal velocity to keep all solids In suspension. 

The mixed liquor IS continually drawn off to a clarifier where the sludge is settled and 

returned to the aera tlOn basin. 

.. 

" AERATION ROTOR 

EFFLUENT -4-----; 

SLUDGE WASTING 

FIGURE 42 OXIDA nON DITCH FLOW DIAGRAM 
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DeSIgn crIteria for oxidation ditches are as follows: 

Organic loading: 

VolumetriC loading: 

Sludge RetentlOn time: 

Detention time: 

MLSS concentration: 

Horizontal velocity 

in the ditch: 

Sludge return ratio: 

Shape of the aeratlOn baSin: 

Water depth 

Oxygen reqUIrements 

Sludge production 

0.05-0.2 kg BOD5/kg MLSSod 

0.19-0.48 kg BOD5/m 3od 

02-30 lb BOD5/1000 ft 3o d) 

20-30 days 

12-36 hours 

3000-5000 mg/L 

0.25-0.35 m/s (0.8-1.2 ft/sec) 

25-75% of process Influent 

1-1.5 m (3-5 ft) 

2.0-2.3 kg 02/kg BOD 5 

0.2-0.4 kg/kg BOD 5 removed. 

Process performance, monitormg requirements and operational problems are 

the same as encountered with the extended aeration process. 

The contact stabilizatIon process is partIcularly useful for the treatment of 

wastewater containing large quantIties of collOidal or fine suspended organiCS. A tYPIcal 

flow dIagram IS shown in Figure 43. Raw sewage is combined WIth sludge from the 

stabilizatlOn tank and aerated In a contact tank for 20 to 60 minutes. In the contact Unit, 

a large portIon of the colloidal and suspended BOD IS adsorbed by the cells of the floc 

partIcles for syntheSIS. The mixed liquor IS settled In a clarifIer and the majority returned 

to the stabIlization tank where it is aerated for three to SIX hours. During the 

stabIlization period, the organics adsorbed and entrapped in the sludge floc are further 

OXIdized. This process differs from the conventlOnal activated sludge process In that the 

two mechanisms, adsorption and absorption, are separated and occur in different tanks, 

while in the conventional sludge process, these two occur in a single tank. Furthermore, 

because a considerable amount of actIvated sludge is held in reserve in the contact 

stabilIzation process, the solids concentration can be adjusted more easily to meet 

different loading conditlOns, prOVIding more flexible operation than the conventlOnal 

actIvated sludge process. The total aeration volume requirements are approximately 50% 

of those of the conventlOnal activated sludge plant. Thus, It is often pOSSIble to double 

the capaCIty of an existing conventlOnal plant by modIfymg It to the contact stabilization 
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process. The redesign may require only changes in plant piping or relatively minor 

changes In the aeration system. 

CONTACT TANK 

BAR SCREEN OR COMMINUTOR I 
------.../ / . 

~----------------~ 

FIGURE 43 

STABILIZATION TANK 

CONT ACT STABILIZATION PROCESS FLOW DIAGRAM 

Design criteria for contact stabilizatiOn are as follows (37,38,41): 

Contact tank 

Organic loading: 

Volumetric loading: 

Sludge retentIon time: 

Detention tlme: 

MLSS concentratIon: 

Sludge return ratiO: 

Water depth: 

Oxygen requirements: 

Sludge production rate: 

StabilizatiOn tank 

Detention time: 

MLSS concentratiOn: 

Oxygen requirements: 

0.2-0.4 kg BOD 5/kg MLSSod 

0.5-1.2 kg BOD5/m 3od 

(30-75 lb BOD 5/ I 000 ft 3od) 

6-12 days 

20-40 minutes 

1000-3000 mg/L 

25-100% of process influent 

3-5 m 00-15 ft) 

0.7-1.0 kg 0ikg BOD5 removed 

0.4-0.6 kg/kg BOD 5 removed. 

3-6 hours 

4000-10 000 mg/L 

0.3-0.5 kg 02/kg BOD 5 removed 

EFFLUENT 

SLUDGE 
WASTING 
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The contact stabilIzation process should be used only for wastes containing 

organics predominantly In colloidal or fine suspended form. It has been used successfully 

for the treatment of domestIC sewage. The performance of the process depends greatly 

on the condItlOn of the sludge In the stabilIzatlOn tank. If the retentlOn time In the 

stabllIzation tank IS too short, unoxidized organics will be returned to the contact tank 

and the removal efficiency wIll be madequate. If the stabihzatlOn period is too long, the 

sludge wIll undergo endogenous metabolism and lose Its actIvIty m the contact tank. The 

optImum stabilizatlOn penod Will produce a sludge WhICh, when mixed with the influent 

waste, IS Ideal for the adsorption of suspended and collOidal organics. The treatment 

effIciency and effluent qualIty of a properly designed and operated contact stabIlIzation 

plant are SImIlar to those of a conventlOnal actIvated sludge plant. 

MOnitoring reqUIrements for contact stabilIzatIon are basically the same as for 

the conventIonal actIvated sludge process except that the determination and adjustment 

of the sludge concentratlOn and dIssolved oxygen level should be carried out both in the 

contact and stabilIzatlOn tanks. Because two separate aeratlOn tanks are used for 

different functlOns, a more competent operator is reqUired for a contact stabilIzatlOn 

plant than a conventional actIvated sludge plant. This lImIts the use of the process to 

large treatment plants which would have a qualifIed operator (40). 

Operational problems encountered with the contact stabilizatIon process are 

the same as those encountered In conventional activated sludge plants. 

4.4.5 Aeration Equipment. Aeration eqUIpment commonly used In the b1010gICal 

wastewater treatment systems previously described conSIst of: 1) air dIffusion deVIces, In 

which aIr IS forced under pressure through submerged porous plates, perforated pIpes, or 

other deVIces so that aIr bubbles nse through wastewater; 2) submerged turbine aeration 

devices, in which compressed aIr IS released below the rotating blades of an impeller; and, 

3) mechanical surface aeratIon deVICes, In WhICh oxygen transfer is accomplished by hIgh 

surface turbulence and liquid sprays. Diffused aIr and submerged turbine systems 

accomplish oxygen transfer by bringing quantitIes of air Into contact WIth the liquid, I.e., 

the air IS the transported or princIpal phase. WIth surface aerators, the wastewater IS the 

transported or princIpal phase brought into contact WIth air. There are also various 

submerged turbine devices available which incorporate both aIr and water transport. 

In addition to providing the oxygen transfer needed for bIOlogIcal treatment, 

aerators also mIX the wastewater. The miXing requirement IS an Important feature of 

deSIgn and may Influence equipment selection. Good miXing IS needed to keep biological 
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life in suspension and maintam contact between dissolved oxygen and biodegradable 

orgamc material. 

Diffused air systems (48,49). DIffused air equipment is the most commonly used in small 

wastewater treatment systems. AIr diffusers or injectIon aerators bubble compressed aIr 

into the wastewater through porous or non-porous diffusers. Porous diffusers are 

constructed of ceramIC material and produce medium and fine sIzed bubbles. Bubble caps, 

disc valves or valve onfices used in non-porous bubble diffusers generate medIum to large 

bubbles. Large-bubble deVIces are easy to maintain, but have lower absorption and oxygen 

transfer efficiencies. Fme gas bubbles achieve greater oxygen transfer effICIencIes 

because of the increased mterfacial area of the small bubbles. However, the dIffusion 

device can become plugged more easily than in large-bubblers. Filtering or cleaning 

devices on the air intake lme of the compressor, and regular cleaning of the diffusiOn 

deVIce Itself can lim.it this problem. The time interval between cleanings will depend on 

the compositIon of the wastewater and size of the opening in the diffuser. 

A somewhat different type of diffused aIr system is the tubular up-flow unit. 

Air is admitted through relatively open nozzles or slits in an air line and flows up through 

a tortuous pathway within a vertIcal tube (helical aerator). ThIS device increases the 

exposure tIme by lengthening the route of air bubbles through the liqUId. ThIS umt IS used 

pnmarily with aerated lagoons. 

Air diffusers typically used In small wastewater treatment systems are 

illustrated in Figure 44. 

Vanables affecting the performance of dIffused aeratIon umts are the type 

and porosity of the diffuser, the SIze of the bubbles produced, diffuser air rate, the depth 

of submersion, velocIty of surrounding medIum and other factors such as pH, temperature, 

and wastewater characteristics and loadings. Diffusers are located at baSin bottoms and 

spaced at Intervals WhICh are dependent upon the type of diffuser In use and the level of 

aeration required. Increased oxygen transfer can be achieved by locating air diffusers at 

greater depths below the liqUid surface. However, optImum balance between oxygen 

transfer and mixing is usuaUy achieved at a dIffuser depth of 4 to 6 m (8 to 16 ft). 

Transfer efficIencies Indicated in manufacturers' lIterature show vanations 

from 5 to 20 percent, WIth 8 percent probable from porous tube diffusers and 6 percent 

probable for coarse-bubble dIffusers. Standard porous dIffuser tubes are normally 

designed to deliver from 0.1 to 0.4 m3/min (4-15 cfm) per unit. Air requirements 
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to ensure good mIXing with dIffused air systems wIll vary from 20 to 30 m3 per minute per 

1000 m3 of tank volume. 

Two types of aIr blowers or compressors are In common use: centnfugal, and 

rotary posItIve dIsplacement. Centrifugal blowers are used almost universally where the 

unit capacity is equal to or greater than 425 m3 per minute (15,000 cfm) of free air. 

Rated dIscharge pressures vary from 48 to 62 kPa (7 to 9 psi). For capacities smaller than 

427 m3 (15,000 cfm) per unit, rotary posItIve dIsplacement blowers are generally used. 

The specIfied capacity of blowers, partIcularly centrifugal blowers, should take into 

account that aIr Intake temperature may reach 40°C or hIgher and the pressure may be 

less than normal. The specified capacity of the motor-drive should also take Into account 

that the Intake air temperature may be -30°C or less, and may requIre oVerSIZIng of the 

motor or a means of reducing the rate of air delivery to prevent overheating or damage to 

the motor. 

AIr diffusion pIping consIsts of the mainS, valves, meters and fIttings that 

transport compressed aIr from the blowers to air diffusers located in the aeration tank. 

Because the pressures are low (generally less than 69 kPa or 10 pSI), lightweight pIping 

may be used. The diffuser system should be capable of delivering 200 percent of the 

normal air requIrement (50), and the spacing of diffusers should accomodate oxygen 

requIrements through the length of the tank. The diffusers should also be Installed so that 

they can be removed for Inspection wIthout draining the aeration tank or shutting off the 

aIr supply to other diffusers In the tank for extended perIOds. 

Submerged turbine aerators (48,49). In turbine aeratIon systems, compressed aIr IS 

dIscharged beneath a submerged rotating impeller and dispersed by the shearing and 

pumping action of Impeller blades deSIgned for maXImum aIr retentIon In the system. 

(The helIcal aerator, FIgure 44, operates on the same princIple.) The unit functIons 

mechanically to keep actIvated floc In mobIle suspension, as well as injecting air for 

oxygen transfer. 

One of the most common submerged turbine systems conSIsts of a radial flow 

impeller located above an orifICe sparge ring or an open air pIpe. Air rising from the pipe 

is dIspersed by the impeller and distributed throughout the lIqUId. FIgure 45 illustrates a 

tYPIcal turbine aerator. 

Submerged turbine aeratIon devices have an Intermediate gas transfer 

efficiency. Oxygen transfer can be adjusted independent of mIxing. This capabIlity gIves 

the devIce a decided advantage where wIde loading fluctuatIOns are experIenced. The 
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oxygen transfer efficIency of a Single impeller submerged turbine IS In the range of 1.1 to 

1.6 kg oxygen/kWh (1.7 to 2.5 lb oxygen/hp-hr). 

Mechanical surface aerators. Surface aerators can be classIfied into three types: radIal

flow slow-speed; aXIal-flow hIgh-speed; and hOrizontal brush rotors. The surface aerator 

brings wastewater to the surface for contact WIth aIr. Surface aeratIon eqUIpment using a 

surface Impeller pumps lIqUId from beneath the blades and sprays It across the surface of 

the tank. An alternate system (simplex cone aerator) uses a vertical upflow draft tube 

WIth an Impeller at the top WhICh dIscharges the mixed llquor over the tank surface. In 

thIS system, the contents of the tanks are continuously CIrculated through the draft tube. 

Another deVIce, the brush rotor, uses a hOrizontal rotating vaned Impeller to agitate the 

wastewater surface, transferring oxygen whIle moving the liqUId in a hOrizontal dIrectIOn. 

Oxygen transfer occurs as the waste is sprayed through the air and at the turbulent lIqUId 

surface of the aeratIon tank. Surface aerators generally prOVIde hIgher effIcIenCIes than 

other deVIces; oxygen transfer effIcIencies for low-speed surface aerators range from 1.8 

to 2.4 kg oxygen/kWh (3 to 4 Ib oxygen/hp-hr). These Units can be controlled for varying 

oxygen demand requirements through use of submergence adjustment, cycle tImers and 

speed control with varIable speed motors. The various surface aerators In use are 

Illustrated in FIgure 46. 

CharacteristIcs of different types of aeratIOn equipment are summarized In 

Table 11. 

4.4.6 Attached Growth Biological Treatment Processes. Attached growth or fIxed 

fIlm systems use mIcrobial populations attached to a solId surface to remove the organic 

components from the wastewater. The fIxed fIlm systems, unllke the suspended growth 

systems, do not reqUIre aeration equipment to supply the oxygen and keep the bIOmass in 

suspenSIOn. The mIcrobial populatIOn adheres to the surface of the medIa used and the 

oxygen required for the aerobic degradation of orgamcs IS transferred from the air to the 

microorgamsms. 

The most common process under this category is the trickling fIlter process. 

Recently, there has been growing interest In the rotating biologICal contractor (RBC) as 

an alternate treatment system for small communitIes. Although the basic metabolic 

reactIOns, mIcrobIal growth pattern and responses to envIronmental conditIOns for the 

fIxed fIlm system are the same as for the suspended growth systems, there is a significant 

dIfference In deSIgn, operatIOn and cost between these two systems. 
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TABLE 11 

Equipment 
Type 

Diffused AIr: 
A. Bubbler 

Porous 
diffusers 

Nonporous 
dIffusers 

B. Tubular 

CHARACTERISTICS OF SOME AERA nON EQUIPMENT (39) 

Equipment 
CharacterIstlCs 

Produces fme-to-
medIum bubbles. 
Made of ceramIC 
domes, plates, 
tubes or plastic-
cloth tube or bag. 

Made in bubble cap, 
nozzle, valve, 
onfice, or shear 
types, they produce 
coarse or large 
bubbles. Some made 
of plastIc wIth 
check-valve design. 

Produces hIgh shear 
and entrainment as 
water-aIr mixture 
is forced through 
vertical cy tinder 
containmg statIc 
mIxmg elements. 
Cylinder con-
structlOn is metal 
or plastic. 

Processes Where 
Used 

HIgh rate, 
conventional 
extended, step, 
modifIed, contact-
stabIlization 
activated sludge 
process. 

Same as for porous 
diffuser. 

Pnmanly aerated 
lagoons. 

Advantages 

Good mixmg; 
mamtams liquid 
temperature. 
Varymg air flow 
provides good 
operatlOnal 
flexlb tli ty. 

Non -cloggmg; 
main tams liqUid 
temperature; low 
mamtenance 
cost. 

Economically 
attractIve; low 
maintenance; 
high transfer 
efflclenCles 
for diffused 
aIr systems. 
Well suited 
for aerated 
lagoon 
app lica tion. 

Reported 
Transfer 
EfflClency (kg 02 
/kWh) for 
condltlOns, ° DO, 20°C, 
101.4 kPa 
and clean 

DIsadvantages water 

HIgh InitIal 1.1-1.5 
and mainte-
nance costs; 
air filters 
needed; spIral 
configura tlOn 
limits tank 
geometry. 

HIgh InitIal; 0.7-1.1 
cost; low 
oxygen trans-
fer efficIency; 
high power 
cost. Foulmg 
may occur. 

AbIlity to 1.1-1.6 
adequately mIX 
reactor basm 
content is 
questlOnable. 
ApplicatlOn for 
use m hIgh rate 
blOloglcal 
systems 
unconfIrmed. 

N 
C}'\ 



TABLE 11 (Continued) 

Equlpment 
Type 

Submerged 
Turbine 

Mechamcal Surface: 
A. Radlal flow, 

low speed, 
20-60 rpm 

B. Axial flow, 
hlgh 
speed, 
300-1 200 rpm 

C. Brush rotor 

Equlpment 
Character IStlCS 

Umts contain a 
low speed turbine 
and provlde 
compressed air to 
diffuser rings or 
open pipe. Fixed
bndge appl1cation. 

Low output speed; 
large diameter 
turbine, floating, 
flxed-bridge or 
platform mounted. 
Used with gear 
reducer 

Hlgh output speed 
Small dlameter 
propeller. 
Dlrect, motor
dnven unlts 
mounted on 
floating structure. 

Low output speed; 
used with gear 
reducer. 

Processes Where 
Used 

Same as for 
bubbler diffusers. 

Same as for 
bubbler diffuser. 

Aerated lagoons 
and reaera tlOn. 

OXldatlOn ditch, 
applied either as 
an aerated lagoon 
or as an actlvated 
sludge. 

Advantages 

Good mixing; 
hlgh capacl ty 
Input per unlt 
volume; deep 
tank appilcation 
operatlOnal 
flexiblhty. No 
lCIng or splash. 

Tank deslgn 
fiexlbili ty; 
hlgh pumping 
capaCity. 

Low lmtlal 
cost; easy to 
adjust to 
varymg water 
level. Flexlble 
operatlon. 

Moderate imtial 
cost, good 
maintenance 
accesslblli ty. 

Reported 
Transfer 
EffiCiency (kg 02 
/kWh) for 
conditions, 
° DO, 20°C 
101.4 kPa 
and clean 

Disadvantages water 

Requlre both 1.0-1.5 
gear reducer 
and blower; 
high total 
power requlre-
ments; hlgh cost. 

Some lCIng m 1.2-2.8 
cold chmates. 
Imtlal cost 
higher than aXlal 
flow aerators. 
Gear reducer 
may cause 
main tenance 
problems. 

Some lCing m 
cold chmates; 

1.2-1.5 

poor maintenance 
accesslblli ty; 
mlxing capaclty 
may be 
inadequa te. 

Subject to 1.5-2.1 
opera tlOnal 
variables which 
may affect 
efficiency; 
tank geometry 
is limlted. 
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Trickling filter. A trickling filter conSIsts of a bed of inert medIa, such as plastic or other 

synthetic material, broken stone, gravel or slag, 5 to 10 cm (2.5-4 inches) In size, on which 

a bIOlogical slime is grown. Wastewater is distributed over the top of the bed by a rotary 

distnbutor and trickles down through the media. Organic material and oxygen are 

absorbed and utilIzed by the mIcroorganisms attached to the filter media. The quantity of 

biological slime produced is controlled by available food, hydraulic dosage rate, type of 

media, type of organic matter, amount of essentIal nutrients present, temperature and the 

nature of the bIOlogical growth. The bIOlogIcal slime is sloughed off the media either 

periodically or continuously during fIlter operatIon. 

Trickling filters are usually classifIed as low or high rate according to the 

applied organic or hydraulic loadings. The introductIon of synthetic medIa to replace rock 

media allows substantially higher loadings to the trickling filter than possible WIth 

conventIonal rock-fllled filters. Plastic medIa of large surface areas and void spaces have 

been built at depths of 6 to 12 m (25-40 ft). Most low-rate trickling fIlters are designed 

with depths ranging from 1 to 2.1 m (5-7 ft), whIle high-rate fIlters are deSIgned with 

depths of 0.9 to 1.8 m (3-6 ft). 

An Important element in trickling filter design is the return of a portion of the 

filter effluent through the filter. ThIS practIce IS called recirculatIon and the ratIO of 

returned to Incoming flow is called the recirculation ratio. Recirculation apparently 

Increases BOD removal effiCiencies In stone filter deSIgn, and prevents synthetIc medIa 

from drYing out. 

Details of a trickling filter are shown In Figure 47, and flow diagrams of 

treatment plants using the trickling filter system are given in Figure 48 (37,38). The two

stage system illustrated In Figure 48 would provide a more consistent and better effluent 

than a smgle filter plant. The required level of treatment, local economics, and loading 

condItions WIll affect the final selection of the process, and combination and types of 

units. 

The underdram system of a tr Ickling filter plant collects effluent and 

ventilates the filter, provIding oxygen for the microorganisms on the filter medIa. 

Underdrain channels should have sufficient capaCIty to ensure that design flows occupy no 

more than 50 percent of the cross-sectIonal area of the channel. Devices such as vent 

stacks and manholes are sometimes deSIgned Into systems for the purpose of ventilation. 

Humus sludge WhICh sloughs off a trickling fIlter settles more readily and is 

more easily dewatered than other secondary sludges. An average of 20 to 30 percent of 
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the BOD 5 removed IS converted to sludge, and thus the amount of sludge requIring 

treatment and dIsposal would be less for trICkling filters than for activated sludge 

systems. 

TricklIng filter final sedimentatIOn tanks should be desIgned for a hydraulIc 

loading of 40 to 48 m3/m 2·d (1000 to 1200 gpd/ft2) for peak flow condItIOns. The surface

loading rate IS based on plant flow plus the recycle flow minUS the underflow (37,38). 

DesIgn criteria for trickling fIlters are as follows: 

Organic Loadmg 

kg BOD5/m 3 
• d 

Ib BOD 5/1 000 ft3 • d 

HydraulIc Loading 

m3/m 2 • d 

gpd/ft2 

Depth 

m 

ft 

RecIrculation Ratio 

% of process effluent 

Packing material 

Dosing interval 

Sloughing 

Sludge productIOn 

rate 

ConventIOnal Media 

Low Rate 

0.1 - 0.2 

6 - 12 

1.5 - 3.0 

30 - 60 

2 3 

6 - 10 

o 

Rock, slag 

generally 
Intermittent, 
not more than 
5 minutes. 

Intermittent 

HIgh Rate 

0.3 - 1.0 

20 60 

5 10 

100 - 200 

1. 2 - 3 

4 10 

100 - 400 

Rock, slag 

generally 
continUOUS 

continuous 

0.2 - 0.3 kg/kg BOD 5 removed 

SynthetIC MedIa 

1.0 - 2.2 

60 - 140 

10 30 

200 - 600 

6 

20 

12 

40 

100 - 400 

PlastIc, redwood 
slats 

continuous 

continuous 
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The trIckling fdter IS a relatively simple and highly dependable device, 

producing a consIstent effluent quallty. Although effluent quality may deterIorate due to 

organic or tOXIC shock loads, the system wIll generally recover to good performance 

several hours after reversion to normal influent condItions (37,38). 

Temperature is a factor of operation over which little control can be effected. 

Effects on the filter may be physical (freezing), biochemIcal (slowing reactions) or 

bIOlogical (lowering bIological activity). The impact of temperature on efficiency of a 

filter can be estImated by the following relationship: 

Et = E20 e (T -20) 

where: Et = filter effICIency at temperature T, 

E20 = fIlter effIciency at 20°C, 

T = wastewater temperature, °C, 

e = constant varying from 1.035 to 1.041. 

Units designed for use in cold regions should incorporate design features such 

as: 

enclosmg fIlters or placing them next to a structure where heat is available; 

controllIng reCIrculation to reduce heat loss (I.e., reduce or shut off during cold 

weather); 

prOVIding covers to protect filters from wmd and to control ventilation. 

The expected performance for properly designed and operated trickling fIlters 

treating domestic wastewater IS presented in Table 12. 

TABLE 12 ESTIMATED EFFLUENT QUALITY FOR TRICKLING FILTERS 

SynthetIC 
Low Rate High Rate MedIa 

Effluent QualIty Filters Filters FIlters 

BOD (mg/L) 30 - 50 40 - 70 30 - 70 

Suspended Solids (mg/L) 30 - 50 30 - 60 20 - 40 
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An outstandmg advantage of the trickling filter process is the simpliClty of 

operatIon. Unlike the activated sludge process, there IS no sludge concentratiOn and 

dIssolved oxygen to be measured and adjusted. Provided the effluent quality is 

acceptable, the trIcklmg filter process is partIcularly suitable for adoptIon in small 

commumtles where constant skilled attendance IS not available. 

Routme inspection for cloggmg of orifices or nozzles on fIxed or rotating 

distributors should be carned out daily. The under drain system should be mspected 

periodIcally to assure that dramage channels are neIther clogged nor surcharged. Flushing 

or roddmg of plugged nozzles or channels may be requIred on occasion (40). 

Operational problems which can occur with tnckling filter systems 

include (40): 

a) Ponding occurs when the voids between the filter medIa are completely filled wIth 

biologIcal growths. This condItiOn may develop when the fIlter medIa are too small 

or the organic loadmg IS exceSSIve in comparison to the hydraullC load mg. Pondmg 

may be controlled by rakmg the filter surface, applying a high-pressure water Jet, 

removmg the filter from serVIce for 24 hours, shutting off the distnbutor over the 

pond area to allow a contmuous flow of wastewater to wash the growths out of the 

filter, and as a fmal alternative, replacmg the filter medium. 

b) The filter fly IS a nuisance frequently assocIated with the operatIon of tncklmg 

filters, partIcularly in low rate filters. Dosmg the filter contmuously, removing 

exceSSIve biOloglCal growths, floodmg the filter regularly, and mamtainmg a clean 

fIlter and surrounding area will help prevent filter flies from becoming a nUIsance. 

c) Odours can be a problem because of hIgh orgamc loadings, poor ventilatIon or poor 

housekeepmg practIces. HIgh organic loadings (>500 mg/L) should be mvestlgated 

with attention to how their Impact on plant operation can be reduced. Auxiliary 

ventilation devIces and improved housekeeping are obvious requirements when odour 

becomes a problem. 

It IS estImated that 2700 man-hours per year are required to operate and 

mamtain a 450 m3/d (0.1 mgd) treatment plant wIth the component equipment shown m 

FIgure 48, and sludge digestion and drymg facilities (45). 

Rotatmg biologIcal contactor. The rotatmg biologIcal contactor (RBC) process is, m 

prinCIple, SImilar to the tnckling fIlter process and IS frequently referred to as a rotating 

bIologIcal surface or rotating biOlogical dISC. Basically, It consists of a series of closely 
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spaced plastic dISCS mounted on a horizontal shaft, supported in a semi-Clrcular or 

trapezoIdal concrete or steel tank. Each group1Og of discs IS identlfled as a stage and 

each stage operates in a separate compartment of the tank. The discs-shaft assembly is 

rotated slowly 10 the tank filled with the wastewater to be treated. 

As the shaft rotates, the disc surfaces are alternately exposed to the 

wastewater and the atmosphere. MIcroorganisms naturally present in the wastewater 

adhere to and grow on the disc surfaces. Due to the rotating action, the discs carry a fIlm 

of wastewater into the aIr. Oxygen is transferred from the aIr to the liquid fIlm and 

ultimately to the slime layer. As the dISCS pass through the bulk of the wastewater, 

mixing at the disc surface IS promoted and absorptIon of organICs occurs. As the 

microbial growth proceeds, a bIOlogical fIlm IS formed on the disc surface. This growth 

eventually sloughs off under graVIty or due to the shear force generated by the rotatmg 

action. The biological fIlm that sloughs from the dISC is removed by settling before the 

treated wastewater IS discharged. 

A schematIc diagram of a four-stage RBC is shown in FIgure 49, and FIgure 50 

is a flow dIagram for a typIcal RBC plant. As noted 10 Figure 49, primary treatment is an 

mtegral part of the overall system (51). Primary treatment may conSIst of conventIOnal 

primary clarificatIOn or flOe screening followed by grit removal (when necessary). In 

small installations (19 to 115 m3/d), primary treatment and sludge handlIng can be 

accomplished simply and effectIvely wIth a septic tank. Primary clarIfIcatIOn or a septic 

tank IS preferred over screenmg devices If large amounts of 011 and grease are expected. 

Final clarifIerS for RBC systems have desIgn requirements sImilar to those for 

clarifIers in trickling filter systems. Design criteria for RBC systems are: 

Organic loadmg: 

Peripheral velocIty: 

3-8 g BOD5/m2 disc surfaceed 

(0.5-1..'5 lb BOD
5

/1000 fled) 

10-25 m/mmute 

(30-80 fpm) 

Number of stages in series: 3-6 

Sludge production rate: 0.5-0.8 kg/kg BOD5 removed. 

Because the RBC is an efficient heat transfer deVICe, the effects of 

temperature must be consIdered in the deSIgn. The two most Important effects of 

temperature are: 1) reduced biologIcal activIty and treatment performance, and 11) Ice 
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formation. To achIeve satIsfactory operatiOn under severe climatic conditIons, it is 

essentIal to cover or provIde an enclosure for the umt. 

The RBC is a simple and reliable biologIcal process which may be used 

successfully for the treatment of municipal wastewaters. Because of the lImited 

resIdence tIme normally prOVIded in these units, the RBC has lIttle capaCIty to equalIze or 

absorb varied or shock loadings. AddItional equalIzatiOn or a SUItable design factor for 

areal requIrements must be provided where diurnal vanations in flow and BOD5 IS 

antICIpated (51). 

At the loading range specifIed, 90% BOD removal can be achieved in a 

properly designed and operated RBC. The effluent will contain 10 to 20 mg/L BOD, and 

20 to 30 mg/L of suspended solids. 

Like the trickling fIlter process, simplicity of operatIon IS an outstanding 

feature of the RBC process. There are no MLSS and dissolved oxygen adjustments, no 

sludge volume Index to measure and sludge bulking is never a problem. The mechamcal 

simplicIty of the process calls for only minimal maintenance consisting of regular wasting 

of sludge and periodIc oiling and greasing of the dnve mechamsms. ThIS advantage 

renders the RBC system particularly suitable for small plant operations. 

It has been estimated that 2700 man-hours per year are required to operate 

and maintain a 450 m3/d (0.1 mgd) RBC plant consisting of the components illustrated In 

Figure 50, plus aerobIC sludge digestion and sludge drying beds (45). 

4.4.7 Secondary Clarification. The secondary clarifier or secondary settling tank 

separates the solids produced In the biologIcal treatment units. ThIS is the final step in 

the productIon of a clarified effluent in the sewage treatment plant. Although the desIgn 

prinCIples for a secondary clanfier are similar to those for a primary settling tank, special 

conSIderation must be given to the high concentratiOn of biOlogIcal solIds In the mIxed 

liquor. Cianfiers in an activated sludge plant serve a dual purpose. In addition to 

providing a clarified effluent, they must also prOVIde a concentrated source of return 

sludge for process control. Adequate area and depth must be provided for sludge 

compactiOn to occur, while aVOiding rejectIon of solids Into the tank effluent. When the 

MLSS concentration is less than about 3000 mg/L, the clarifier size WIll normally be 

governed by hydraulic overflow rates (average and peak). At higher MLSS concentratIons, 

solIds loading rates become more Important In determining tank size. 

The depth of clarifiers In activated sludge systems is extremely important. It 

must be sufficIent to permit the development of a sludge blanket, especially under sludge 
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bulkmg conditIOns, and to ensure that the interface of the sludge blanket and the clarified 

wastewater is well below the effluent weirs. The honzontal veloCity m a secondary 

clanfier should be limited to less than 0.8 cm/s (100 fph). 

Cnteria for rectangular secondary clanfiers are sImilar to those for primary 

tanks. However, It IS common practICe in long tanks to locate the sludge withdrawal 

hopper about 1/3 to 1/2 the distance to the end of the tank to reduce the effects of 

denSity currents. 

Clarifiers following trickling fIlters and RBC processes are desIgned based on 

hydraulic overflow rates, similar to the method used in the deSign of primary clarifiers. 

Design overflow rates must mclude recirculated flow where clarified secondary effluent is 

used for reCirculatIOn. Because the influent 55 concentrations are low, tank solids 

loadmgs need not be considered (37,38). 

The followmg factors are considered important m the deSign of secondary 

clanfiers (37,38). 

Settling followmg 
Trickling Filtration 

Settling following Air
Activated Sludge 
(excludmg Extended 
Aeration 

Settlmg followmg 
Extended Aeration 

Overflow Rate 
3 2 m Idem 

(gpd/ft2) 

Average 

16-25 
(400-600) 

16-32 
(400-800) 

8-16 
(200-400) 

Peak 

40-50 
(1,000-1,200) 

40-50 
(1,000-2,000) 

32 
(800) 

Solids Loadmg * 
kg/d"m

2 

(lb/day/ft2) 

Average 

98-147 
(20-30) 

98-147 
(20-30) 

Peak 

<244 
( <50) 

<244 
( <50) 

Depth 
m (ft) 

3-37 
(10-12) 

3.7-4.6 
(12-15) 

3.7 -4.6 
(12-15) 

* Allowable solids loadmgs are generally governed by sludge settling characteristics 
associated with cold weather operatIOns. 

A properly deSigned and operated secondary settling tank should produce a 

stable, well-clarified effluent low in BOD and suspended solids. Good housekeeping is 

essential m the operation of secondary clarifiers. It is good practICe to operate the 

secondary clanfier with as little sludge on the bottom as possible. 

Scum removal facilities are an essential component of secondary clarifiers in 

small wastewater systems. Scum can be drawn off continuously through pIpes with flared 
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openings placed Just below the water surface, and delivered to the aeration tank by an aIr

lIft pump or wasted. 

A sludge scraping mechanism should be provIded in a secondary clarIfler to 

delIver settled sludge to the hopper. Excess sludge should be removed from the hopper or 

the return sludge lme for dIsposal or supplementary treatment, preferably by a posItive 

dIsplacement sludge pump. 

Prolonged storage of settled sludge in the secondary clarifier may result In 

den! tr dication, eventually causing sludge to rise to the surface of the clarifier, and 

producing effluents of poor quality. Thls problem is prevented if sludge-wastmg and 

return equipment are provIded wIth suffIcient capacity (at least 200% of deslgn flow) to 

ensure prompt removal of settled sludge. Mechanical scrapers should be inspected 

regularly and properly mamtained. Sludge clinging to inclmed surfaces should be removed 

manually by scraping or jettmg. 

Scum not promptly removed from secondary clariflers may become putrescible 

and odourous, and deterioration of effluent quality can result. 

HydraulIc shock loads should be avoIded m secondary clariflers; equalizatIOn 

facIlitIes wIll enhance performance. 

Other problems that may be encountered include plugging of sludge ports, 

fouling of weirs and short circuIting of flows. Regular maintenance and adjustment of 

eqUIpment can alleviate many of these unexpected upsets. 

4.4.8 Lagoons. Lagoons, or stabIlIzatIOn ponds, are sImply basins, usually built 

entirely of earth, WhICh are open to the sun and aIr. They may be excavated into natural 

soil or bUIlt above the natural grade by enclosmg an area WIth earthen dIkes after 

stripping off the original topsoil. A large area is usually required for lagoons, and the 

shape and layout frequently must be chosen to accommodate the space avaIlable. 

Functionally, the most important feature of a wastewater treatment lagoon IS the 

blologICal life that IS encouraged to grow in it. Each type of lagoon, whether It be 

facultatIve, aerated, aerobIc or anaerobic, wIll have a particular type of predominant 

bIOlogical hfe. 

PhysICal design parameters for lagoons have been enumerated In many texts 

and other publIcatIOns, Including those of the various provincial regulatory agencies. 

Therefore, only the most Important parameters and recommendations will be covered 

herein (52,53,54). 
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a) Pond shape. The shape of all cells should be such that there are no narrow or 

elongated portIOns. Square or rectangular ponds wIth length to wIdth ratIOs of 2:1 to 

4: 1 are considered most desirable. However, if mIXing and cIrculation are not 

Impaired, d lagoon of another shape may SUIt the topography. DIkes should be 

rounded at the corners to minImize accumulatIOns of floating materIals. 

b) Location of e.ond SIte. When locating a lagoon system, such factors as dIstance from 

nearest eXIsting or planned habitatIOn, prevaIling Winds, surface runoff and ground

water pollutIOn must be considered. ProvincIal agenCIes normally specIfy these 

reqUIre men ts. 

c) Embankments and dIkes. The vertIcal to honzontal Interior SIde slopes for lagoons 

are normally main tamed at 3:1 ratio. Shallower slopes may be condUCIve to 

emergent vegetatIOn, whIle steeper slopes may reqUIre np-rap or other stabIlizatIon 

measures to control erOSIOn. Outer SIde slopes are normally limited to a maximum 

grade of 3:1, with allowable mInimUm slopes to ensure that surface runoff does not 

enter lagoon cell(s). A freeboard of 0.6 to 0.9 m (2 to 3 ft) IS suggested for most 

lagoon systems. The top width of dIkes IS recommended as 3 m (10 ft) to permIt 

access by maintenance vehicles. Material used m the construction of berms should 

be impervious and compacted suffIciently to form a stable structure. If the natIve 

soll is porous, an ImpervIOUS layer of clay (0.3 m or 1 ft thick) or a membrane liner 

may be considered, depending on the economICS Involved. Embankments should be 

seeded from the outSIde toe to one foot above the high-water Ime on the dikes, 

measured on the slope. Local agricultural or environmental agencies can usually 

adv Ise the most SUI table grasses to use. 

d) Influent lines. The Influent line to a pnmary cell should discharge along the centre

line of the structure and terminate at approxImately the third point farthest from 

the outlet structure. The mlet should be located over the deepest part of the sludge 

storage area, at a point 0.2 to 0.3 m above the expected final sludge storage level. 

Horizontal inlets are preferable for gravity flow because of head reqUIrements. 

When the wastewater IS pumped and suffIcient head is available, the inlet may be 

dIrected vertically upwards. 

e) Overflow structure. Overflow structures should conSIst of a manhole or box 

equipped with multiple-valved pond drawoff lines, or an adjustable overflow device 

(stop-logs), so that the liquid level of the pond can be adjusted to permit operation 

at specified operating depths. The lowest drawoff Imes should be at least 30 cm 
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(1 it) off the bottom to control erodmg velocitIes (0.02 to 0.025 m/s), and to avoId 

pIckup of bottom deposIts. To ensure maXImum removal of microbIal cells by 

settling, the qUIescent area near an outlet must be desIgned to main tam a surface 

overflow rate during peak flows of less than 3.0 m3/m 2'd (800 gpd/ft2). Dram 

outlets may be desirable for maintenance. 

f) MIscellaneous. NormaUy, lagoon systems must be fenced to discourage trespassmg, 

with a locked gate provided for access by maintenance vehicles. Provisions for flow 

measurement should be made at both the mlet and outlet structures. 

FacultatIve lagoons. Waste stabIlizatIOn in a facultatIve lagoon IS accomplIshed by a 

combmatIOn of anaerobIC, aerobic and facultative mIcroorganisms. The facultatIve 

lagoon IS designed to permit accumulation of settleable solids on the basin bottom, where 

they are broken down anaerobical1y. The liqUId and gaseous mtermedlate products from 

the accumulated SOlIds, together WIth the dIssolved solids from the ongmal wastewater, 

supply the food for the aerobIC and facultatIve bacterIa m the surface and intermediate 

layers of the pond liquid. Facultative pond configuratIOns vary. In general, confIgurations 

WIth three or more cells m series have been most efficIent. The mitial or prImary ce111s 

deSIgned to retain the most eaSIly settleable solids. Most suspended solIds settle out 

rapIdly near the mlet of a pnmary cell, reducmg the actual BOD loading on the pond. 

However, some of the settled BOD IS reimposed on the pond by the oxygen demand m the 

gases nsing fro,m the anaerobICal1y dIgesting settled solids. AddItIonal depth should be 

provided m the pnmary cel1(s) for anaerobIC digestion and storage of settled solIds. 

In hot weather, facultative pond water depths (exclusive of sludge storage) 

should be mamtained between 0.9 and 1.5 m (3 and 5 ft) to control weed growth and 

improve odour control. In Canada, where icing condItIOns occur, additIOnal depth must be 

provided for wastewater storage when ICe cover, ice breakup, or thermal conditions may 

prevent the effluent from meetmg stIpulated qualIty standards (52). Operatmg depths 

general1y vary with local conditIons and reqUIrements. 

Because of the low organic loadmgs and the partially aerobIC conditIons during 

the summer, BOD removal rangmg from 75 to 90 percent can be accomplished m 

facultatIve waste stabilization ponds havmg controlled, intermittent dIscharge. Effluents 

may be high in suspended solids, and this is normally attributable to the presence of high 

algae populatIOns m the ponds. The algaJ growth rate IS slow m late spring, and m the fall 

pond contents become stable and distmct thermal layers prevent mixing. These times of 
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year are usually optImum for pond drawdown. Provincial authOritIes may specify a two to 

four-week perIOd durmg April to May, and October to November as bemg satIsfactory for 

dIscharge of lagoon contents. 

Design cntena for facultative lagoons are as follows: 

Parameter 

Total system 
organic loadmg 

kg BOD5/ha.d 
(Ib BOD 5/ acre·d) 

Detentlon tIme * (d) 

Depth 
m 
(ft) 

FIrst cell of multI-
cell system: 

Extra depth for 
sludge storage 
m 
(ft) 

Depth above 
sludge storage 
m 
(ft) 

RetentIon tIme (d) 

OrganIc loadmg 
kg BOD 5/ha·d 
(Ib BOD 5/acre·d) 

Average Winter Temperature 

22 
(20 

40 

1. 2 -
(4 

45 
40) 

60 

2 
6) 

1 1.5 
(3 5) 

1.2 - 2 
(4 6) 

15 30 

67 - 135 
(60 - 120) 

Below oDe 

11 22 
(lO 20) 

80 - 180 

1.5 -
(5 

1. 2 -
(4 

1. 5 -
(5 

30 

34 
(30 

2.25 
7) 

2 
6) 

2.25 
7) 

80 

67 
60) 

* In locatIons where Ice forms, consIderatIOn should be given to making detentIOn time 
m the ponds 150 to 240 days, or suffIcient for the period of ICe cover plus 60 days, 
unless other means are provIded to prevent odour and to polIsh the pond effluent. If 
strong wmds (WhICh prevent good sedimentatIon) frequently occur, the orientation of 
the long dImensions of the pond should be about 90 0 to the prevaIling strong wmd 
directlon, WInd breaks should be prOVIded, and/or retention tImes Increased (53, 54). 

Estimated effluent characteristics for a facultative waste stabilIzatIon pond 

wlth intermlttent controlled discharge are approxImately 20 to 60 mg/L BOD5 and 20 to 
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100 mg/L 55. S1Ogle-cell ponds are not as efficient as multi-cell senes ponds in reducing 

algal and bacteria concentrations, colour and turbidIty. 

Pond systems should be designed to allow anyone cell to be taken out of 

operation for cleaning. It should also be possible to allow parallel flow through primary 

cells, followed by series flow through the remaming cells, when sludge depOSIts are being 

removed, or when the parallel configuration reduces organiC load1Ogs more effectively and 

is less likely to produce odours in the pnmary cells. Figure 51 Illustrates four process 

confIgura tions. 

The operation and maintenance requirements of waste stabIlization ponds are 

m1OImal. Elimination of emergent vegetatIon, care of embankments and control of odours 

and mosquitoes are all that IS required. Because part of the settled solids 10 the ponds 

wIll undergo anaerobIc decomposition, the net accumulation of sludges IS generally very 

small compared to the capaCity of the ponds. For this reason, desludg10g may be requIred 

only at 10tervals of several years to prevent the ponds from filling up with sohds. For 

small installations, a single-pond reactor may be adequate to produce an effluent of 

primary quality. For larger communities, or where there IS a need to produce an effluent 

of secondary quality, two or more ponds may be required. 

While parallel Units provide better dIstributIOn of settled sohds, serIes 

operatIon is optImum for hIgh level BOD removal. In series operatIOn, aerobIC conditIons 

to prevent odours can be promoted by recycling the final effluent to the first cell 

reCeiVing raw sewage. 

It has been estimated that 400 man-hours per year are requIred to operate a 

waste stabilization pond (55). 

As with any bIOlogIcal process, temperature has a very significant effect on 

the performance of waste stabIlization ponds. At lower temperatures, microbIal activity 

IS SIgnificantly reduced, resulting In effluent of Infenor quality. To protect the receiving 

water from a poorly treated effluent during the winter months, the pond should be 

designed WIth suffICIent capacity to accommodate all Winter flows. Canadian Winter 

conditions will usually prevent aeratIOn and reduce sunlight penetration. Therefore, only 

anaerobIC microorganisms wIll continue to functIon and the products of anaerobic 

decomposition wIll accumulate under the Ice cover. When the ice melts, these products, 

partICularly hydrogen sulphIde, may cause odour problems in the immediate and downWind 

vicinity. It is therefore recommended that ponds be located at least 305 m (1000 ft) from 

reSIdences and, if possible, to the lee side. 
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The waste stablizatlOn pond is a potential breeding ground for mosquItoes and 

other Insects. Insect generation occurs in sheltered or qUIescent portions of the lagoon 

where there may be vegetation or layers of scum. Removal of vegetation and scum IS one 

basIC measure for Insect control. ApplIcatlOn of inSecticIde or perlOdic agitatlOn of the 

pond may also limit the insect population. 

Erosion of dikes by wave actIon or storm water can be controlled by seeding 

the dIkes, applying rip rap, or placing stop logs around the edges of lagoons (40,53). 

Burrowing animals, especially muskrats, will dig partIally submerged tunnels 

Into the dIkes. The tunnel locations depend on the water level. When the water level 

rises, the animal extends the Interior portion of the tunnel to keep it above the new water 

level. When the water level falls so that the entrance is no longer submerged, the burrow 

is likely to be abandoned. Thus, one method of controlling muskrats IS to alter the lagoon 

level several tImes In rapid succession. Sometimes thIS wIll dIscourage the animals to 

such an extent that they will seek a more hospItable location. 

If the slopes of the dike are sufficiently flat, a layer of sand or fine gravel 

may be placed on the inner slope. Because these materials will collapse when the animal 

attempts to tunnel into them, burrowing IS likely to be discouraged. Coarse gravel should 

not be used because mosquitoes WIll tend to breed In the water in the interstices. 

If the above techniques do not discourage burrowing annrfals, trapping may be 

the only feasible solution. Advice on techniques for the particular area should be sought 

from game and fISh authorities (54). 

Aerated lagoons. An aerated lagoon is a stabilIzation pond that does not depend on algae 

and sunlight to furnish dissolved oxygen for bacterial respiration, but Instead depends on 

mechanical or diffused aeration equIpment. Two types of aerated lagoons may be 

considered for use in small systems: completely-mIxed and partially-mIxed. 

Completely-mIxed aerated lagoons (aerobic) keep all of the incoming SOlIds 

and bIOlogical solids produced from waste conversion In suspensIon. The essentIal function 

of this type of aerated lagoon is waste converSIOn. Depending on the detentIon time, the 

effluent will contain about one-third to one-half the value of the incoming BOD in the 

form of all tissue. Before the effluent can be discharged to a receiving stream, however, 

the solids must be removed by settling. 

PartIally-mixed aerated lagoons (aerobic-anaerobic) employ aeration devIces 

to maintain aerobic conditions in the upper zone of the pond. A large portion of the 

incoming solids and the biological solIds from waste conversion settle to the bottom of the 
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lagoon where they eventually undergo anaeroblc decompositlOn. The partially-mixed 

aerated pond is particularly useful in Canada because aerobic oxidatIon can be contmued 

under ice cover. Partially-mixed ponds are designed to maintain a mimmum of 2 to 

3 mg/L dissolved oxygen in the upper zone of liqUId. An important consIderation in the 

design of aerated lagoons IS the fluid pumpmg capacity of the aeration equipment, i.e., 

the energy input for oxygen dispersion. ThIS common denominator for comparmg 

eqUipment mixmg characteristics in a lagoon has been established m the range of 5 to 20 

mmutes. Equipment manufacturers publish performance specIfIcations in terms of 

pumpmg circulatlOn and mlxmg capabIlitles, and these capabllitles (direct pumpage and 

induced circulation) combme to yield a fluId pumpage factor (m 3/mm or gal/min). 

Aeration deVIces may have to be adjusted to maintam the dissolved oxygen 

level at greater than 2 mg/L, and turbulence may have to be controlled to meet varymg 

operating conditIons. Increasing the air supply may correct persistent odour problems in 

lagoons. Regular mspectlOn, cleaning, oilmg and greasing of aeratIOn equipment is 

essentIal to reliable, efficient operation. It has been estimated that 1000 man-hours per 

year are required to operate and maintain a 450 m3/d (0.1 mgd) aerated lagoon 

system (55). 

Aerated lagoons normally dIscharge continuously. The biologIcal solids 

produced In aerated ponds do not settle readily, thus inhibIting the productlOn of a 

consistently hIgh quality effluent. Poor solids removal or effluent qualIty may be caused 

by any of the following (40): 

a) overloading, 

b) low ambient temperatures, 

c) ice formation, 

d) tOXIC material in the influent, 

e) short cirCUIting, 

f) loss of lIqUid volume because of sludge accumulatlOn, leakage, or evaporation, 

g) aeration equipment malfunctlOn, 

h) miXing or agitation eqUipment malfunction, 

j) operating level too deep, 

j) excess turbity from storm flows or by algal mats and scum, 

k) excess plant growth on dikes, 

1) interference from Industnal wastes. 
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Careful desIgn can control many of these problem causing situatIOns. OtherWIse, routine 

maIntenance and care of the facIlIty by the operator IS the essential element In the 

operatIon of a nUIsance-free and environmental1y acceptable aerated lagoon system. 

Operational practIces described for facultative lagoon systems should also be followed for 

aerated systems. 

DependIng on the operatIng condItions aerated lagoons treating domestic 

sewage should produce effluents containing 20 to 60 mg/L BOD 5 and 30 to 170 mg/L 55. 

AnaerobIC lagoons. AnaerobIC lagoons are normal1y used to treat high strength organic 

wastes as "roughIng" ponds desIgned to reduce organic loadings to downstream aerobic or 

facultatIve processes. Anaerobic ponds can also be used to treat wastewater in regions 

which have severe winters. The low surface to volume ratio (Increased depth) used In 

designing these ponds mInimIZeS heat loss durIng winter operatIOn. Influent wastewater is 

stabilized In anaerobIC ponds by a combinatIOn of solIds precipitation and anaerobic 

conversion of organic wastes to Simple organic aCids, methane gas, carbon diOXIde, other 

gaseous products and cel1 tissues. 

DesIgn CrItena for anaerobic lagoons Include (37,38): 

Organic loadIng: 

kg BOD 5/ha ed 

(Ib BOD5/acre e?) 
Volumetric loading: 

kg BOD5/1000 m3ed 

(Ib BOD5/acre-ft ed) 

Depth: 

m 

(ft) 

OetentIOn tIme (days): 

220 - 4500 

200 - 4000 

10 - 280 

30 - 760 

2.5 - 5 

8 - 15 

2 - 10 

Anaerobic lagoons are employed in the pretreatment of domestiC wastewaters 

at several locations in western Canada. In Saskatchewan and Alberta anaerobIc 

pretreatment ponds WIth detention tImes of two to four days, fol1owed by facultatIve 

ponds With detention times of three to SIX months, achieve BOD removals in the range of 

45 to 90 percent, and 55 removals of 64 to 91 percent. The lowest BOD removals occur 

durIng the WInter. LoadIngs for these ponds range from 0.04 to 0.28 kg BOD5/m 3ed, and 
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pond depths are 2.5 to 3.5 m. AnaerobIC pretreatment ponds m BritIsh ColumbIa are 

loaded at a rate of 220 kg BOD 5/ha and achIeve BOD removals of 75 to 90 percent (52). 

Odour problems from these anaerobIc ponds appear to be less than one would 

assume, based on reports from BrItIsh ColumbIa and Alberta (52). AnaerobIc ponds tend 

to have less sprmg odour problems than facultative ponds, presumably because of a 

thmner Ice cover and shorter perIods of coverage. However, low-mtensity odours are 

produced year-round, and are often accompamed by floating sludge, scum and grease (54). 

In Alberta and Saskatchewan, sludge accumulatIOn has been estImated at 

approximately 0.34 L per person per day. As a rule, summer accumulation is about one

third of that m the wmter (52). 

Regular inspectIon and maintenance of the lagoon system to ensure dike 

stablhty and control of msects and vegetation is requIred. 

4.4.9 Summary. A summary of operatIOnal characteristICS, performance, manhour 

requIrements, capital and operating costs of all the biologIcal processes dIscussed m the 

prevIOUS sectIOns IS presented m Tables 13 to 18. Operational problems and correctIve 

measures are summarized in Table 19. As cost information for small treatment systems IS 

not readtly avatlable, a detaIled cost analYSIS for each unit process cannot be provided. 

Tables 18 and 19 are basICally derIved from fIgures reported by Tchobanoglous (45), with 

modifIcatIOns to reflect current CanadIan conditions. It should be noted that these data 

are mtended to serve as a guide and should be reVIsed accordmg to local operating 

condi tions. 

The selectIOn of the process for sewage treatment IS based on consideratIOns 

such as: 

a) the quantIty and qual1ty of the wastewater to be treated; 

b) the degree of treatment requIred; 

c) the aSSImIlatIon capacity of the recelvmg water; 

d) the available space and the topographIcal condItIOns at the sIte; 

e) the condItions for the handling and dIsposal of sludges; 

f) availablhty of operating personnel; and 

g) capital and operatmg costs of the process. 

Because these condItions cannot be considered independently, and because the 

treatment process selected IS dependent on the way m which these conditions are 

combined, fIxed rules cannot be gIven for the selectIon of a particular process. In 



TABLE 13 OPERATIONAL CHARACTERISTICS OF VARIOUS TREATMENT PROCESSES 

Ease of Potentlal 
Opera tlOnal Power Operatlon Envlronmental Space Temperature Shock Loads 

Process Complexlty Requlrement & Maintenance Impacts Requlrement Sensltlvlty Effect ApphcatlOn 

ConventlOnal complex hlgh extremely small moderately susceptlble Small or large 
Actlvated complex sensltlve cOmmUnItles 
Sludge 

Extended moderate hlgh complex moderate sensltlve reslstant Small cOmmUnItles, 
AeratlOn package plants 

OXldatlOn moderate hlgh complex moderate sensltlve reslstant Small 
Dltch com mUnI tles 

Contact complex hlgh extremely small moderately susceptlble Package plants, 
StablhzatlOn complex sensltlve apphcable for 

the treatment 
of wastewater 
containing orga-
niCS In collOldal 
or fine 
suspended form 

TrlCkhng moderate moderate moderate odours & small SenS!tlve moderate Small commUni tles ...... 
~ 

Fllter fllter fly reslstance partlcular Iy -....,J 

sUltable where 
fllamentous 
growth may be 
a problem 

Rotating slmple moderate moderate odours very small sensltlve moderate Small cOmmUnItles 
Blologlcal reslstance partlcularly 
Contactor apphcable where 

fllamentous 
growth may be a 
problem 

Aerated slmple low moderate odours large very reslstant SUltable for use 
Lagoon sensltlve where very large 

land areas are 
avallable 

Waste slmple no slmple odours & very large very reslstant SUltable for use 
StabllIzatlOn requlrement mosqultoes sensltive where very large 

land areas are 
avallable & 
effluent qual! ty 
need not be 
constant 
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TABLE 14 ESTIMATED EFFLUENT QUALITY FOR VARIOUS TREATMENT 
PROCESSES* 

Process BOD5 (mg/L)** Suspended Solids (mg/L) 

Conventional Activated 
Sludge 10 - 20 10 - 20 

Extended Aeration 10 - 20 10 - 50 

Oxidation Ditch 10 - 20 10 - 50 

Contact Stabillzation 10 - 20 10 - 20 

Trickling Filter 

Low Rate 30 - 50 30 - 50 

High Rate 40 - 70 30 - 70 

Tower Filter 30 - 70 20 - 40 

Rotating Biological 
Contactor 10 - 20 20 - 30 

Aerated Lagoon 20 - 60 30 - 170 

Waste Stabilization 
Pond 

Facultative 20 - 60 (filtered) 20 - 100 

Anaerobic 40 - 120 (filtered) 80 - 160 

* Based on a domestic waste of 200 mg!L BOD 5 and 200 mg!L suspended solids. 
** Unless specified otherwise refers to non-filtered BOD 5" 

TABLE 15 ESTIMATED ANNUAL MANHOUR REQUIREMENTS FOR VARIOUS 
TREAJMENT PROCESSES WITH A DESIGN FLOW OF 
450 m /d (0.1 mgd) (45, 63) 

Process 

ConventlOnal Activated Sludge* 

Extended Aeration** 

Oxidation Ditch** 

Contact StabilizatlOn * 

Trickling Filter* 

Rotating Biological Contactor* 

Aerated Lagoon 

Waste Stabilization Pond 

Annual Manhours 

3400 

2100 

2100 

3200 

2700 

2700 

1000 

400 

* 
** 

With aerobic sludge digestion and sludge drying bed. 
Without separate sludge digestion unit but sludge drying bed is included. 
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TABLE 16 ESTIMATED CAPITAL COSTS* FOR VARIOU~ TREATMENT 
PROCESSES WITH A DESIGN FLOW OF 450 m /d (0.1 mgd) (45, 63) 

Process CapI tal Cost Remarks 

Conventional Activated (a) AerobIC sludge 
Sludge (a) $ 250 000-300 000 digestion & sludge 

drYing bed Included 

Extended AeratIOn (b) $100 000-150 000 (b) wIthout separate 
OXIdatlon Ditch (b) $100 000-150 000 sludge digestion Unit 
Contact but sludge drYing bed 
Stabilization (a) $250 000-300 000 is Included in 
Trickling Filter (a) $180 000-280 000 the process. 
Rotating BIOlogical 

$120 000-180 000 Contactor (a) 
Aera ted Lagoon $100 000-150 000 
Waste StabilizatIOn 
Pond $ 60 000-90 000 

* Based on 1975 Engineering News Record Construction Cost (ENRCC) Index of 2200. 
Components compnsing the processes are shown In flow diagrams for the indIvldual 
processes Illustrated prevIOusly. 

TABLE 17 ESTIMA TED OPERATION AND MAINTENANCE COSTS FO% VARIOUS 
TREATMENT PROCESSES WITH DESIGN FLOWS OF 450 m /d 
(0.1 mgd) 

a b 
Supplies & 

Process Labour Power Servicesc Total 

Conventdonal Activated 
523 000 $4 400 $1 400 $28 800 Sludge 

Extended Aeration e $14 000 $3 200 $1 300 $18 500 
OXldatIOn Ditche d $14 000 $3 200 $1 300 $18 500 
Contact StabilI:aatIOn $22 000 $3 800 $1 400 $27 200 
Tnckling Filter $19 000 $1 300 $1 400$ $21 700 
Rotating BIglogical 

Contactor $19 000 $ 700 $1 400 $21 100 
Aerated Lagoon $ 6 900 $3 200 $1 300 $11 400 
Waste StabilizatIon 

Pond $ 2 700 a $1 300 $ 4 000 

a computed from data In Table 15 assuming 1750 productive hours per man-year and a 
cost of $12 000 per man-year. 

b 

c 

d 

e 

based on fIgures gIven by Tchobanoglous (45, 63) and assuming 2.5 cents per kWh. 

based on figures gIven by Tchobanoglous and the 1975 ENRCC Index of 2200. 

with aerobIC sludge digestion and sludge drying bed. 

wIthout separate sludge dIgestIOn unit but sludge drYing bed IS included. 



TABLE 18 

Process 

ConventIOnal 
Activated 
Sludge c 

Extended
d AeratIOn 

Ox IdaJIOn 
DItch 

Contact 
StabilIzatIOn c 

TrIckling 
FilterC 

Rotatmg 
BIOlogIcal 
ContractorC 

Aerated Lagoon 

Waste 
StabilIzation 
Ponde 

150 

ESTIMATED TOTAL ANNUAL AND UNIT COSTS FOR VARI9US 
TREATMENT PROCESSES WITH A DESIGN FLOW OF 450 m /d 
(0.1 mgd) 

Annual Cost (dollars) 

Initial 
CapItal 

Capitalb 
OperatIOn & Unit Cost 

Costa Mamtenance Total (dollars/1000 gal) 

275 000 32 000 28 800 61 000 1.67 

125 000 14 700 18 500 33 200 0.91 

125 000 14 700 18 500 33 200 0.91 

275 000 32 300 27 200 59500 1.63 

230 000 27 000 21 700 48 700 1.33 

150 000 17 600 21 000 38 700 1.06 

125 000 14 700 11 400 26 100 0.72 

75 000 8 800 4 000 12 800 0.35 

a 
b 
c 
d 

average from Table 16. 
based on the capital recovery factor of 0.11746 (20 years at 10% interest). 
wIth aerobIC sludge digestion and sludge drying bed. 
wIthout separate sludge digestion unit but sludge drymg bed is mcluded. 
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TABLE 19 OPERA TIONAL PROBLEMS AND CORRECTIVE MEASURES 
FOR VARIOUS TREATMENT PROCESSES 

Process 

ConventIOnal Activated 
Sludge 

Extended Aeration 
or OXidatIOn Ditch 

Contact Stabihza tion 

Tnckling Filter 

OperatIOnal Problems 

1. Bulking Sludge 

2. Oxygen deficiency 

3. Foammg 

In additIOn to items 
1, 2 and 3 mentioned 
above, the following 
problems could be 
encoun te red: 

1. Long start-up 
period 

2. Deposition of sands 
or sludges In the 
aeration tank 

Same as conventional 
activated sludge process. 

1. PondIng 

Corrective Measures 

a) Providing an adequate 
nutr ient supply. 

b) Adjust FIM ratIO. 
c) Increase the air 

supply to the system. 
d) Chlorinate return 

sludge. 
e) Add copper sulphate 

or ferric chlonde 
to the aeration tank. 

Increasing air supply to 
the aeratIOn tank. 

a) Water spraying. 
b) Increase the solids 

concentration In the 
aeratIOn tank. 

c) Add antlfoaming 
agent. 

Seed with sludge from 
other plants. 

Increase the agi ta tion. 

a) Reduce organic 
loading. 

b) Increase hydraulic 
loading. 

c) Raking or forking 
fIlter surface. 

d) Wash filter surface 
with pressure water 
stream. 
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TABLE 19 OPERATIONAL PROBLEMS AND CORRECTIVE MEASURES 
FOR VARIOUS TREATMENT PROCESSES (Continued) 

Process 

TrICklIng FIlter 
(cont'd) 

Rotatmg BIologICal 
Contactor 

Aerated Lagoon 

Waste StabilizatIon 

OperatlOnal Problems 

2. FIlter fly 

3. Odours 

4. Icing on the 
filter Ice 

Odours 

1. Odours 

2. Algal growth 

1. Odours 

2. MosquItoes 

Corrective Measures 

a) Floodmg the fIlter for 
24 hours or more. 

b) Add chlor me or 
msectICIde. 

c) Increase rate of 
recirculatIon to wash 
fly larvae out of 
fIlter. 

d) Mamtam grounds to 
elIminate sanctuaries 
for flies. 

a) PractICe good house
keeping throughout 
the plant. 

b) Reduce organic 
loading 

a) Break up and 
remove the ice. 

b) ProvIde a cover or 
enclosure for reactor. 

a) PractIce good 
housekeeping. 

b) Reduce the orgamc 
loading. 

a) Increase the aIr 
supply to the lagoon. 

b) Reduce the organic 
loading. 

Add copper sulphate 
or chlorine. 

Add lIme. 

a) Periodic agitation of 
the pond. 

b) Apply insectIcide. 



153 

comparmg the performance of sewage treatment processes, It must be realized that the 

operation of these systems IS as Important, or more so, than the desIgn. SatIsfactory 

performance of a well-designed plant can only be achIeved by proper operatlOn of the 

system. Therefore, the operating skill ana the attentIon required should be taken into 

consideratlOn during the desIgn of a partIcular system. 

4.5 Sludge Treatment and Disposal 

One of the ObjectIves of wastewater treatment IS the removal of solIds that 

otherwIse would affect the water qualIty m receIving water bodIes. These solIds are 

referred to as sludge and are produced m many forms and various quantItIes. The amount 

and quality of sludge depends on the origm of the waste, the type of treatment plant and 

the method of plant operation. 

Two prmciple sludge characteristics must be known to assess the type of 

processing requIred before dlsposal: sludge volume and sollds concentration. Table 20 

presents data for tYPICal sludges produced in several conventlOnal treatment processes, 

although for partIcular systems analysIs of wastewater characterIstICS and process 

effICIencIes IS necessary to accurately determme sludge quantItIes (56,57). 

TABLE 20 TYPICAL SLUDGE QUANTITIES AND CONCENTRA TIONS 

Sludge Volume SolIds Concentration m Sludge 

Treatment (m3/1000 m3 (kg/lOOO m 3 

Process wastewater) wastewa ter) (%) 

Primary SedimentatlOn 2 3 120 4 6 

TrIcklmg FIlter 
hIgh rate 2 3 90 2 5 
low rate 1 3 54 4 6 

ActIvated Sludge 
primary & conventlOnal 10.5 - 16 200 300 1.5 - 3.0 
conventIonal 8.5 - 13 80 190 1.0 - 1.5 
extended aeratIon 3.3 - 7 50 150 1. 5 - 2.0 
hIgh rate 14 19 110 230 0.8 - 1.2 
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Several sludge treatment and dIsposal processes are used at wastewater 

treatment facihtles. ~lany of these are not economIcal or are too complex for small 

treatment plants. Reduction and stabIlizatIon of organrc compounds m sludges at small 

plants IS normally accomplished by aerobic dIgestion or sludge lagoonmg. If acceptable 

land IS available, the dIscharge of waste sludges to sludge ponds minImizes many 

operatlOnal problems. 

Sludge dewatering IS usually accomphshed at small plants usmg sludge drymg 

beds. Dried sludges or slurried stabihzed sludges may ultimately be disposed of by 

apphcatlon onto land or sanitary land fills. 

4.5.1 Aerobic Sludge Digestion. The primary purpose of aerobIC sludge dIgestIOn IS 

to reduce the complex orgamc matter present m sludges to a simple, non-ObjectIonable 

state. The process IS based on the fact that miCroorganIsms, m the absence of an external 

substrate, enter the endogeneous phase of the life cycle and are forced to metabohze 

theIr own cell tissue. The result IS a decrease m the mIcrobIal populatlOn or sludge mass. 

In the process, approxunately 70 to 80% of the cell mass can be oXIdIzed to carbon dIoxIde 

and water, wIth the remainder bemg non-blOdegradable. Sludge drawn from the aerobIc 

sludge digestion process is low in organrcs and con tams only mert materIals that can be 

dIsposed of wIth httle dIffICUlty. 

AerobIc sludge dIgestIOn can be used to treat sludges generated from plants 

employmg conventional actIvated sludge, contact stablhzatlon, trickling fIlter and 

rotatmg bIologIcal contactor processes. Smce the mechanisms mvolved m the extended 
aeratlOn and oXIdatlOn dItch processes are sImilar to aerobiC digestion, sludges from these 

two processes are usually already highly stabIhzed. Further treatment of these sludges IS 

generally not required and they can be dIscharged for direct drymg on sludge drymg beds. 

Reactors used for aerobiC digestlOn of sludges are basically the same as the 

aeratlOn tanks used m the suspended growth systems. They are either cIrcular or 

rectangular and are equipped wIth aeratlOn equIpment to provIde oxygen and agitation m 

the process. 

AerobIC dIgestIOn tanks are open to the atmosphere and do not generally have 

any speCIal heat transfer equIpment. The tank design m small systems should be flexible 

enough that the digester tank can also act as a sludge thlckenmg unrt. DesIgn criterIa for 

aerobiC dIgestion are (41,56): 

SolIds loadmg: 

kg VSS/m 3·d 1.6 - 3.2 



(lb VSS/ft 3od) 

Solids retentIOn time (days): 

waste actIvated sludge 

pnmary or pnmary + 

waste activated sludge 

DIssolved oxygen level in 

lIqUid (mg/L): 

AIr requirements: 

waste actIvated sludge 

L/mIn/m 3 

(cfm/lOOO ft3) 

primary or primary + 

waste actIvated sludge 

L/mIn/m
3 

kfm/lOOO ft3) 

Temperature (OC): 
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(0.1 - 0.2) 

45 - 90 

50 - 100 

1 - 2 

20 - 35 

(20 - 35) 

>60 

(>60) 

10 - 25 

To extend the SRT In a dIgester beyond the relatively fIxed hydraulic 

resIdence tIme, the system should Include eqUIpment and the operational flexIbilIty to 

permIt thIckening of dIgesting sludge, decantatIOn of supernatant, and WIthdrawal of the 

concentrated sludge. Most aerobic dIgesters are operated In such a way that decantatIOn 

and thIckening are achIeved on a batch rather than continUOUS baSIS. After the aeratIOn 

eqUIpment IS shut oft and solids are settled, the supernatant IS decanted by swing aIr 11ft 

or telescopIc valve decanting devices, gates, weIrs or selector pIpes. The lIqUId level In 

the batch process fluctuates as the supernatant IS decanted; therefore, weIrs for 

continUOUS overflow are seldom necessary on the tanks. AIr lift pumps and nonclog sludge 

pumps are used to draw oft the thickened, digested sludge for secondary dIgestIOn or 

ultImate dIsposal. 

VolatIle solIds in a waste sludge may be reduced by 20% to 50%, depending on 

such critIcal variables as VSS loading rates, temperature and solIds retentIOn times. In 

1972, a study of seven Ontario sewage treatment plants USing aerobIc dIgesters concluded 

that a sludge age of 120 days would be necessary to achieve a completely stable sludge 

under OntariO chmatlc conditions and eXisting loading limIts. The dIgester capaCity 

reqUIred to achIeve thIS level of stability was economIcally Impractical, however, and 

trade-ofts between reqUired stabilIty and final disposal methods were suggested (58). 

DIsposal on land, for example, could require sludge ages as low as 45 days, depending on 
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the location and method of applIcation. Where local conditions make a more stable sludge 

necessary, a sludge age of 90 days was considered acceptable (58). 

The operating temperature range of aerobic digesters is affected by factors 

such as the hydraulic retention time, and heat sources and losses within the system. While 

long retentIon tImes cannot be avoided if a stable sludge is required, temperature sources 

and sinks can be controlled. For example, air supply can be used as a heat source In 

dIffused aIr systems. The sImplest method of regulating the temperature of digester 

contents IS to have a common steel wall between the dIgester and the actIvated sludge 

tank. The contents of the digester will then be kept at a temperature similar to that of 

the raw wastewater. If the digester IS an isolated tank, earth embankments or covers on 

the tank should be used to minimize heat loss during the winter, or the tank should be 

placed below grade. An isolated steel tank completely above grade presents the worst 

heat loss problems during winter. 

Compared to the anaerobiC sludge digestion process, WhICh is generally used In 

large sewage treatment plants, the operatIon and maintenance of the aerobic digester is 

much simpler. Routine monitoring requirements Include regular testing of the dissolved 

oxygen level in the aeration tank, and daily shutdown of the aeration devIces to permIt 

settling of sludge and withdrawal of the clear supernatant. Depending on the degree of 

stabilization, penodic wasting of the digested sludge for dIsposal should be carned out to 

allow space for subsequent sludge addition. Regular Inspection and replacement of worn 

mechanical parts, constant cleaning, OIling and greasing of aeration equipment, pumps, 

etc., are essential to maintain stable and highly efficient aerobic sludge digesters. 

The most common operational problem associated with aerobiC digestion is 

clogging of aIr dIffusers. Diffuser clogging is caused when aeration/mIxmg eqUipment IS 

turned off to concentrate digested sludge before the supernatant is decanted and sludge is 

drawn off. Over a period of time, fme particulates within the digester tend to lodge on 

and inside the diffuser mechanisms, eventually choking the air discharge. Replacement of 

eXisting diffusers with sock-type devices or with coarse bubble diffusers can prevent this 

problem. The use of SWing-type diffusers that can be withdrawn from serVice without 

emptymg the aeratIOn tank is also recommended (ltO). 

Low dIssolved oxygen may also occur, because of loss of effiCiency In the 

aeration system or increased VS loadmg to the digester. 

Loss of aeration efficiency is the result of blower, mechanical aerator, or 

aeration appurtenance detenoratIOn. Air delivery rate and pipeline pressures should be 
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checked. A survey of the posItIon of all air valves should be made. Clogging, leaks, and 

pressure drop should be considered. The horsepower delivered to mechanical aeratlOn 

shafts should be checked. Mechanical aerator efficiency decreases if the llquid level 

exceeds certain upper and lower bounds. The manufacturer's engineering data should be 

examined for liqUId level limIts. 

An Increased VS loading can cause troubles whenever the rate of oxygen 

required for the aeroblC dlgestlOn reaction is greater than the rate at which oxygen can be 

transferred into the sludge llqUId by the plant's aeration system. Usually, the problem 

may be solved by reducing the organic loading rate and/or increasing the SRT. This can 

be done by decreasing influent sludge solids concentration, the total volume added, and 

the amount of sludge withdrawn from the dIgester (40). 

Incomplete digestlOn can cause odour problems in an aerobic digester. This IS 

counteracted by increaSing the SOlIds reSIdence time by supernatant decantatIon, and then 

increasing the DO concentratIon by additlOnal aeration (l mg/L minimum). 

ExceSSIve foaming may be caused by factors as simple as organic overloading 

or as complex as filamentous bactenal proliferatIon. Reduction of foaming may be 

accomplIshed through such measures as decreasmg orgamc loadmg, installing foam 

breakmg water sprays, reducing excess aeratIon rates, and usmg defoaming chemIcals. 

Water sprays should be operated sparingly to avoid dilution of the digester contents (40). 

Curing fIlamentous bactenal growth can be a dIfficult task. OXIdants such as 

chlorine and hydrogen peroxide have been used WIth varying success. Shocking the system 

with several hours of anaerobIC conditlOns also has been attempted. In most cases, the 

foaming must be controlled by limIted sprays and defoammg agents untIl natural forces 

cause a shift to a nonfIlamentous type of bacteria (40). 

DepOSItion of solids may occur when gritty materials enter the digester and/or 

when the aeration/mixing deVIces do not create enough turbulence to resuspend the solids 

following a supernatant decantation sequence. Prevention of solids deposition may be 

implemented by installing or improving the operation of a grit chamber at the head of the 

plant. Other methods Include InstallatlOn of a grit separator on the sludge feed stream 

and the use of more powerful aeratlOn/mixIng equipment (40). 

Extended subfreeZing weather may lead to Ice formation on the liqUId surface 

and on mechamcal aeration eqUIpment. To prevent malfunctIon and possible breakdown, 

the operator should examine open digesters for Ice block formation during the winter. Ice 

should be broken and removed before It damages dIgester appurtenances by Wind action or 
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expansion forces. Mechanical aerators should be thawed by warm alr If troubled' by ice 

formation (40). 

4.5.2 Sludge Lagoons. Lagooning lS a popular method of stabIllzmg or dlsposing of 

sludge when suitable, mexpensive land is avallable. Sludge lagoons are simply large 

holdmg basins with earth embankments. They are designed elther as temporary holding 

basins or as a means for ultImate sludge disposal. Sludge lagoons may be designed as 

dlgesters. About three years detentlon time is generally requlred' for thorough digestlon 

m lagoons, one year bemg required for resting without sludge addition. The lagoon should 

be constructed wlth a depth of less than 2 m (6 ft) and at least two cells should be 

provlded. Obviously, these lagoons are only functional where cheap land lS avaIlable and 

where neIghbours wlll not be upset by malodours. 

Sludge drying lagoons are slmllar to sludge drying beds (section 4.5.3) m that 

sludge lS penodically removed and the lagoon refllled. Sludge lS stablized prior to 

discharge to drymg lagoons to reduce odour problems. Solids loadmg rates for drying 

lagoons range from 35 to 38 kg/m3.yr (2.2 to 2.4 lb/yr/cu ft) of lagoon capacity. If sludge 

lS filled to depths of 380 mm (15 mches) or less, it may be dewatered sufficiently m three 

to flve months to remove with a front end loader. 

Permanent lagoons are holding basms WhiCh recelve sludges until the capaCity 

of the system is reached. These lagoons are a form of ultimate dlsposal of wastewater 

sludges. 

Among the factors that should be consldered m the deslgn of a sludge lagoon 

are: a) isolated location; b) slte soils; c) groundwater levels; and, d) supernatant 

wIthdrawal facilltles. The potentIal for groundwater contammation should be carefully 

assessed prior to constructlOn of a sludge lagoon. 

4.5.3 Sludge Drying Beds. Sludge drymg beds are commonly used m small 

wastewater treatment plants to dewater the sludge prior to fmal disposal. Two 

mechanisms are mvolved in the process: filtratlOn of water through the sand, and 

evaporation of water from the sludge surface. The leachate from the sludge drymg bed is 

returned to the plant for treatment. The process is well-suited to sludges which have 

undergone proper aeroblc or anaeroblc dlgestlOn. Sludges from the conventional activated 

sludge, contact stabIlization, tnckllng filter, and rotating bloiogical contactor processes 

usually contain a large amount of volatile solids whlch tend to putrefy, creating 

unpleasant odour problems. Therefore, thls method is generally not sUltable for handlmg 

these sludges wlthout pnor stabilization. 
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A tYPICal sludge drymg bed (FIgure 52) consists of 15 to 30 cm (6-12 mches) of 

coarse sand, underlam by approxImately 20 to 45 cm (8-18 mches) of graded gravel 

rangmg m Slze from 0.6 to 4 cm (I 1/2 Inches). Open-jointed tlles of 10 to 15 cm (4-

6 mches) dIameter spaced at 2.5 to 6 m (8-20 ft) are laId m the gravel to provIde dramage 

for lIqUid passmg through the bed. Sludge IS applied to the drymg bed in a layer of 20 to 

30 cm(8-12 mches), depending upon local clImatic conditions, and allowed to dry for two 

to four weeks. After drymg, the sludge IS removed and disposed of In a landfIll or used as 

a fertIllzer. 

Enclosing drying beds wIth glass can Improve the performance of the 

dewatermg process, particularly m cold or wet climates. In some cases, only 67 percent 

of the area requIred for an open bed IS needed for an enclosed bed (41,56). 

DesIgn criteria for sludge drymg beds are (41,56): 

Solids loading: 50-125 kg/m 2• annum 

(l0-25 Ib/ft2/yedr) 

Area reqUirements: 0.09-0.23 m2/person 

(1.0-2.5 ft2/capita) 

Sludge drying tIme: 

SIze of beds: 

Number of beds: 

2 to 4 weeks 

6-10 m wIde X 6-30 m long 

(20-30 ft wide X 20-100 ft long) 

At least 2 

A reduction of more than 60% In the sludge volume will generally be achIeved 

m the sludge drying bed. Dried sludge has a coarse cracked surface and IS black or dark 

brown. The mOIsture content IS usually less than 70%. 

PeriOdIC testmg of the water content of the sludge should be carned out to 

determine whether the sludge IS sufficIently dry to be removed from the drymg beds for 

fmal dIsposal. Sludge can be removed by manual shovellmg or mechanICal scraping. After 

the dried sludge IS removed, levelling of the sand bed IS necessary before the next batch 

of sludge IS applIed. Because a portIOn of the sand is likely to be removed wIth the sludge, 

the sand should be replemshed penodICally. 

Well-dIgested sludge dIscharged to drymg beds usually presents no odour 

problem. Poorly-dIgested sludge IS offensIve m odour and dewaters slowly. Oil, greases 

and other fatty, floatmg materials clog the sand and should not be deposIted on the beds. 

Rainy, snowy or extremely cold weather wIll adversely affect the performance of the 

sludge drying bed; therefore, the beds are sometimes covered wIth glass or other 11ght 
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transmlttmg materials in a structure sImIlar to a green house to give protection against 

ram and snow. 

4.5.4 Application of Sludges to Agricultural Land. The method of ultImate dIsposal 

of waste sludges should be selected m accordance wIth local, provmclal and federal 

requirements. WhIle no sludge residues, grit, ash or other solids should be dIscharged wlth 

treatment plant effluent, care must also be taken that the fmal procedure does not result 

m the mdlrect degradation of surface waters, groundwater, aIr or land surfaces. 

Wastewater authorities are lImited to two methods of sludge disposal: 

conversIon processes (incineratIon, pyrolysIs, compostmg), and 

land disposal (landspreadmg and landfIlling). 

Conversion processes are normally too expensive for small communities; mcmeratlon and 

pyrolysis due to energy costs, and compostmg because it is labour-intensIve. Land

spreading and landftlling are generally recogmzed as the chOIces of disposal for small 

systems. 

One other alternative for the dlsposal of sludges from small plants is to haul 

the sludge to a larger sludge treatment facIlity in a nearby municipality. The feasibIlity 

of thIS method depends on the haulIng dIstance, quantity of sludge, and capaCIty available 

m the larger plant for processing the sludge. Dewatermg by gravity thICkemng to reduce 

the sludge volume may be necessary to reduce the haulmg cost. 

DistributIon on land is the most common method of disposal of wastewater 

sludges. The rate of application considered acceptable will depend on the system 

obJectIves. An agricultural appllcation rate, where the objective IS to recycle nutrients, 

wIll be lImited by the mtrogen or heavy metal loadmgs. HIgher loadings may be used 

when: 1) detailed envIronmental impact monitoring IS bemg conducted; 2) reclamatIon of 

strip-mined land, or appllcatlon to forests or sod farms is being considered; or, 3) non-food 

cham crops are grown on the site. 

Planning a land applIcatIOn project begins WIth the collectIon of basic data on 

sludge characteristIcs, SOlIs, clImate and pertinent regulations. 

Sludge data should mclude: 

a) Current and future sludge quantIties - Cost estimates, land area requirements, SIte 

lIfe and appllcation rates are all based in part on sludge production quantitIes. 
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b) Percent total and volatIle soilds - Total solids content WIll mfluence transportatIon 

and application method. VolatIle solids content is an Important indIcator of 

potentIal odour problems. 

c) Nitrogen, phosphorous, and potassIum - These provide informatIon on the fertIlIzer 

value of the sludge. 

d) Heavy metals and specific orgamc compounds content - These provIde informatIon 

needed to determine the maximum annual or total application quantItIes. 

e) Pathogens, parasites and VIruses - These data are useful m assessmg the degree of 

stabIlIzation. 

Precipitation, evapotranspiratIon, temperature and wmd data are Important 

parameters for determming: 1) the length of the growing season; 2) the number of days 

when sludge cannot be applied; and, 3) the storage requirements. Long periods of storage 

wIll be necessary if the growing season is short. Storage capacity must also include 

periods when inclement weather and frozen ground prevent sludge application. 

Information on regulations governmg sludge generation and disposal can be 

obtained from provincial regulatory agencies. In some cases, provmces may not have set 

poilcies regarding use of sludge on land, but information on accepted practices may be 

available. Throughout the planning stage, local regulatory offIcials and landowners should 

be aware of the sludge dIsposal strategies being consIdered. 

Site selection procedures begm after it has been confIrmed that suffIcient land 

IS avaIlable for a sludge application program. A rough estimate of the land area requIred 

can be obtamed by dIVIding the total known or estimated quantIty of sludge by an assumed 

applicatIOn rate. 

PotentIal application SItes are evaluated based on the land use, topography and 

soil propertIes. Once an InitIal screenmg has identified the most suitable sites, more 

detailed evaluation can be made, includmg consideratIon of: 

a) proximIty of SItes to homes, commercIal centres, towns, etc.; 

b) ready access from all-weather roads; 

c) prevailing wmd directlOn; 

d) soIl depth to groundwater and dIstance to nearest surface water; 

e) total acreage available on farms being considered as dIsposal sites; 

f) crop history; 

g) prevailing soIl types present and theIr suitabIlity for sludge addItIon; 

h) field slopes and general topography. 
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The established crop growmg patterns In the commumty have usually 

developed because of favourable soIl, clImate and economIC condItions, and should 

normally be maIntamed. One possible exceptlOn could occur 1f the cropping pattern is 

restrICted to a Single crop. In this case, addItIonal crops could Increase the opportunIty 

for applying sludge over a longer perIOd, or during dIfferent seasons. 

Sludge applicatIOn rates are calculated In the same manner as commercial 

fertilizer applicatlOn rates. Annual application rates normally recommended by 

reguld tory agenCIes for agricultural solls are based on the mtrogen and metal content 

(cadmIum, lead, ZinC, copper and nickel) of the sludge and the crop being grown. The 

"plant avaIlable mtrogen" from sludge IS Important In determmmg the applicatIOn rate. 

From the compositIOn of a sludge, available nitrogen can be calculated (56): 

+ -AvaIlable N = NH4 + N03 + 20 percent of orgamc N. 

The life of a sludge applicatIon SIte IS based on the cumulatIve amounts of 

lead, copper, nickel, zmc and cadmium applied to the soil. These limits are designed to 

preserve the sod capaCIty for growing useful future crops. 

In Ontario, to preclude ground and surface water contammation and to control 

the rate of accumulatIOn of phosphorous and metals in sod, it IS suggested that the rate of 

application of sewage sludge should not exceed the eqUIvalent of 134.5 kg/ha (120 lb/acre) 

ammomum plus nitrate nitrogen over a fIve-year period (59). Sludge applicatlOn rates 

have been based on ammonium plus nitrate mtrogen because these forms of nitrogen are 

readIly available for crop use. If sludge is to be used m commerCIal sod production, the 

frequency of applIcation can be increased to every four years or the eqUivalent over a 

four-year period. The restriction of 134.5 kg/ha every four years for commerCial sod and 

every five years for other crops is not set to restrIct nitrogen application. ThIS 

restrictIOn IS set to control the rate of accumulatIOn and prOVIde a wider dIstributIOn of 

the phosphorous and metals In soIl, and faCIlitate their utilizatIOn by crops. It also allows 

some lead time to fmd. out more about the impact of metals before soils are contammated 

significantly. 

When sludge is applied to agricultural land, the metals present maY' have 

detrimental effects on ground and surface water systems, soil, crop and hIgher food cham 

elements because of: 

metal build-up In soil, 

metal effects on plant growth, 
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metal uptake by plants and subsequent transfer to animals and humans, 

surface water contaminatlOn VIa erOSlOn and surface runoff, 

groundwater contamInatlOn VIa leaching following long-term metal build-up In the 

sod. 

A two-fold approach Involving maXImum allowable metal concentration in sod 

and acceptable sludge quality IS currently being consIdered In OntarIO to control the level 

of heavy metal accumulatlOn in soils and crops, and to ensure that soil metal levels do not 

build-up to exceSSIve proportlOns. This concept IS summanzed in Table 21 (59). 

Metals that are likely to approach crltlCal levels under Ontano conditlOns are 

arsenIC, cadmIum, cobalt, chromIum, copper, mercury, molybdenum, nickel, lead, 

selenlUm and zmc (Table 21, column 1). Mean metals concentrations In uncontammated 

OntarlO SOlI are given In Table 21, column 2, based on a survey of metals levels In 

agrIcultural soils conducted by the Ontano Ministry of Agnculture and Food (59). About 

300 samples taken from the plough depth were collected from soils cropped With 

vegetables, frUIts, cash crops, fIeld crops and pastures to establish background levels. 

Once a sludge amended soil has reached the maXImum recommended metal 

content (Table 21, column 3), no more sludge should be allowed on that partIcular SOlI. 

Therefore, maXImum recommended metal loadmgs in kilograms per hectare (assuming 

that 1 hectare of soil to the plough depth weIghs 1844.4 tonnes) are gIven m Table 21, 

column 4. 

In addltlOn to setting recommendatlOns for metal loadmg rates, It IS also 

necessary to determine the acceptabIlity of sewage sludges for agricultural use. The 

ammOnium plus nitrate nrtrogen to metals concentration ratios m the sewage sludge 

prOVIde a relatIvely simple approach to determining whIch sludges are sui table for 

agncultural applicatlOn. Sewage sludges WIth ammonrum plus nrtrate nrtrogen to metal 

ratIOS larger than or equal to specifIed values (Table 21, column 5) are acceptable for 

agrIcultural utilizatlOn, whereas those WIth lower ratios are unacceptable and therefore 

should not be spread on agrIcultural land. 

Also Important In any sludge utilizatIon plan IS consideratlOn of SUrVIVing 

pathogens, paraSItes and VIruses. Organrsms whlCh survive sludge treatment processes can 

become potentIal hazards by: 

contaminating ground and surface waters; 

transmitting diseases to man or animals having access to sludged land; 



TABLE 21 METAL CRITERIA FOR SEWAGE SLUDGE APPLICATION (59) 

2 3 4 6 7 

Phase I Phase II 

MInimum Ammonium Number of Sewage Ammonium Plus NI tra te 
Plus NItrate Sludge ApplIca- NItrogen (NH4 -N plus 

Mean Metal MaXImum MaXImum NItrogen (NH4-N) tlOns to GIve N03 -N) to Metal RatIOS 
Content of Recommended Recommended plus NOrN) MaXImum Recom- ReqUIred to gIve MaXImum 
UncontamInated Metal Content Metal AddItIOn To Meta RatIOS meded Metal Recommended Metal Content 
OntarIo sOIls In SoIl to SoIl ReqUIred In Content In soIl In SoIl (Column 3) In 50 

Metal (ppm) (ppm) (kg/ha) Sewage Sludge (Column 3)* ApplIcatIOns 

ArsenIC 6.5 J3 14.6 100 10 500 

CadmIum 0.7 1.4 1.6 500 5 5000 
>-

Cobalt 4.5 18.0 30.3 50 10 250 0'\ 
\.n 

ChromIum 14.0 112 220 6 10 30 

Copper 25.0 100 168 10 10 50 

Mercury 0.08 0.5 0.9 1500 10 7500 

Molybdenum 0.4 1.6 2.7 250 5 2500 

NIckel 16.0 32 35.9 40 10 200 

Lead 14.0 56 94.2 15 10 75 

Selenium 0.4 1.6 2.7 500 10 2500 

lInC 54.0 216 363 4 10 20 

* Based on 54.4 kg (120 Ib) ammonium plus nItrate nitrogen per applIcatIOn and sewage sludge haVIng mInimum ratIOs. Number of 
applIcatIOns for cobalt and copper are rounded off to 10. 



166 

infecting man or animals through fruits, vegetables or other crops grown on sludged 

land. 

Both VIruses and parasitic ova and cysts can survive sewage treatment and 

sludge digestion; once deposIted in the environment they are capable of survivmg for 

relatively long periods m an infective state if the condItions are suitable. However, wIth 

safeguards such as mmimum distances from wells and water courses, restrIctlOn of 

immediate access and some limItation of fruit and vegetable crops, there appears to be 

little danger to public health associated wIth spreading digested sludge on agricultural 

land. Past experIence in Canada has indicated that there is, in fact, very little risk to 

either human or animal health, smce no cases of mfection have ever been associated wIth 

agrIcultural use of sewage sludge (60). 

The transportation of sludge from the treatment plant to the application sIte 

IS most easily accomplished in small communities by the use of tank trucks. ThIs provides 

flexibility in locating land applicatIon sItes and scheduling hauling, and permits direct 

application. Commercial tank trucks are available from companies handling equipment 

for sewage and sludge. If sludge disposal requirements are small, and the applicatIon site 

is relatIvely close to the treatment plant a farm tank wagon and a tractor may be 

suffIcient to prOVIde the necessary service. 

An effective monitoring program, and its associated costs, must also be 

considered during the planning stages of a land application program. MOnitoring is 

necessary to evaluate the success of a project. Factors of prime consideration are: 

public health impact through disease transmIssion, 

toxiC materials and their Impact, 

nitrogen compounds and their impact on ground and surface waters. 

The objectives of system monitormg can be fulfilled by developing a program WhICh 

evaluates: 

a) applied sludge characteristIcs, 

b) soil characteristIcs, 

c) groundwater and surface water characteristics, 

d) quality of vegetation produced. 

SpecIalized testing methods will normally be specified by the local reg!J1atory 

agency. 
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4.5.5 Use of Sludge for Landfill. Wastewater sludges, both stabIlized and 

unstabilized, may be used satisfactorily for landflllIng. Generally, only stabilized sludges 

are recommended for landfilling. However, stabilization may not be required in all 

provinces and speCial procedures for landfilling such sludges should be followed closely. 

Several alternative methods and sub-methods are used in sludge landfilling, 

including (61,62): 

1) Sludge-only trench fill 

a. narrow trench 

b. wide trench 

2) Sludge-only area fill 

a. area fill mound 

b. area fill layer 

c. diked containment 

3) Co-disposal 

a. sludge/refuse mixture 

b. sludge/soil mixture 

For sludge-only trenches, subsurface excavation is required so that sludge can 

be placed entIrely below the original ground surface. Trench applicatIons require that 

groundwater and bedrock be sufficiently deep to allow excavation and still maintain 

sufficient buffer zones between the bottom of sludge deposits and the top of groundwater 

or bedrock. At sludge-only area fills, sludge IS usually placed above the original ground 

surface. Because excavation is not required and sludge IS not placed below the surface, 

area fill applications are particularly useful in areas wIth shallow groundwater or bedrock. 

In area fills, the landfilling usually consists of several consecutive lifts or applicatIOns of 

sludge/soil mixtures and cover soil. Stabilized sludges are better sui ted for area filling 

than unstabilized sludges. A co-disposal operation is defmed as the deposit of sludge at a 

refuse landfill. In a sludge/refuse mixture operation, sludge is deposIted at the working 

face of the landfill and applied on top of the refuse. The sludge and refuse are then mIxed 

as thoroughly as possible and covered with soil. In a sludge/soIl mixture operation, sludge 

is mIxed with soil and applied as interim or final cover over completed areas of the 

landfill. One advantage of the sludge/soil mixture operation is that it removes sludge 

from the working face of the landfill where it may cause operational problems, whIle at 
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the same time the mixture can be used to promote vegetation over completed ftll areas. 

Only well-stabltzed sludges are recommended for use in sludge/soil mixture operations. 

The potential nuisance or health hazards that may occur must be considered 

when selecting sites for landfill operations. The landfllling method used is dependent on 

the site characteristics, and the acceptab1ltty of a given combination of landfill method 

and site are, in turn, dependent on the characteristics of the sludge. Therefore, the first 

step in planning a landfill operation is a thorough mvestigation of sludge characteristics, 

followed by concurrent evaluation of available sites, and the land filling method to be 

used. 

Table 22 1S a compilation of sludge characteristics and slte conditions, and 

suggested landfilling methods (61). It is important to note that there may be no one best 

method for a given sludge or site. Rather, amenable landfiUmg methods for given sludges 

and sites are suggested. 

Monitoring at a sludge landf1ll usually addresses potent1al groundwater and/or 

surface water contamination, and occas1onally gas migrat1on. The type and nature of a 

monttoring program is highly site specific and a hydrogeologist should be consulted. 

4.6 Physical-Chemical Treatment 

Physical-chemical processes, such as chemical coagula t1on, sedimentation, 

filtration and carbon adsorption have been successfully used m the treatment of domestic 

sewage and a number of industrial wastes. They can be used independently to provide a 

complete treatment of wastewaters, thus eliminatmg the need for biological treatment, 

or combmed with a biological treatment system to improve the plant performance. 

Chem1cal coagulatiOn and f1ltration are ,used to remove suspended solids, whereas 

activated carbon is employed to adsorb soluble organics in the wastewater. In many 

cases, sedimentation is incorporated mto the process to remove settleable solids. 

Chemical coagulat1on 1S used to remove phosphorus. 

Compared to biological treatment systems, physical-chemical processes have 

the following advantages: 

a) They can be brought into operation or restarted quickly and easily. Unlike the 

biological process, seedmg and acclimatization of sludges is not required. 



TABLE 22 SLUDGE AND LANDFILL SITE CONDITIONS (61) 

Sludge SolIds Sludge 
Method Content character IStiCS Hydrogeology Ground Slope 

Narrow trench 15-28% Unstabilized or Deep groundwater <20% 
stabIlized and bedrock 

Wlde trench >20% UnstabIhzed or Deep groundwater < 1096 
stabilized and bedrock 

Area fIll mound >20% StabIlIzed Shal10w groundwater SUItable for steep terrain as 
or bedrock long as level area IS prepared 

for mounding 

Area fi111ayer >15% UnstabilIzed or Shal10w groundwater SUItable for medium slopes but 
stabilized or bedrock level ground preferred ...... 

(J'\ 

\.D 

Diked containments >20% StabilIzed Shal10w groundwater Suitable for steep terrain as 
or bedrock long as leve 1 area IS 

prepared insIde dIkes 

Sludge/refuse mixture >3% UnstabilIzed or Deep or shal10w <3096 
stabIlIzed groundwater or 

bedrock 

Sludge/soIl mixture >20% StabilIzed Deep or shal10w <5% 
groundwater or 
bedrock 
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b) Physical-chemical processes are less subject to upset from temperature changes. 

TheIr performance is not affected by the presence of toxic components in the 

wastewater. 

c) Very hIgh effluent quality can be obtained in a well-desIgned and operated physICal

chemIcal treatment system. Sigmficant phosphorus removal can usually be achieved 

simultaneously in the system. 

The disadvantages of the physical-chemical processes are: 

a) The total costs of physIcal-chemical plants are generally greater than those of 

comparable biological systems. The capital costs for the two systems are 

approxImately the same; physical-chemical processes requIre less land area and tank 

volume but these savings are offset by the costs of automatIc control systems, and 

sludge and chemIcal handling systems. The operating costs of physical-chemical 

plants are relatively high, prImarily because of chemical consumptIon, although thIS 

cost dIfferential IS substantially reduced where chemIcal phosphorous removal is 

requIred in biological treatment processes. 

b) Physical-chemical processes produce greater volumes of sludge than biological 

processes. The characteristics of the chemical sludges make handling and disposal 

more dIfficult. 

c) Although the operation of phYSICal-chemical processes IS relatively simple, mainte

nance of the required control equIpment may reqUIre more than a biological plant. 

No attempt has been made to identify the number of physical-chemical 

treatment systems presently treating waste flows of less than 450 m3/d. There are 

therefore no capital or maintenance cost data for small systems. 

The most common unit processes employed In a physical-chemical plant 

treating wastewaters from small communitIes are chemical coagulatIon, sedimentatIon, 

fIltratIOn and carbon adsorption. DetaIls of the design, performance, and applIcations of 

these processes, together WIth the disposal of chemically precipitated sludge are covered 

in a U.S. EnVIronmental Protection Agency report entitled "Physical-ChemICal 

Wastewater Treatment Plant DeSIgn" (64). 

Independent physical-chemical treatment of mumcipal wastewater is relatIve

ly new. Several manufacturers are developing or have developed package physical

chemical wastewater treatment plants. Presumably, the applIcation of independent 

physical-chemical processes has been lImited by the costs and lack of experience with the 
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systems. However, as more stringent effluent regulations come Into effect the use of 

independent physIcal-chemical treatment systems may be expected to increase. 

4.7 Disinfection 

The elimination of bacteria and VIruses In treatment plant effluent before 

dIscharge into receiving waters used for water supplies or recreation by man is the main 

functlOn of disinfectton. The most common method of disinfectlOn of water and 

wastewater IS chlorination. Alternative processes include ozonation, ultra-vIOlet 

radiation, gamma IrradiatIon, high lime treatment and heat treatment, to mention a few. 

These various alternatives, as yet, are unproven and/or uneconomical for use in small 

wastewater treatment systems and will not be discussed In this report. 

4.7.1 Chlorine Reactions. Chlorine does not kill bacteria and viruses directly, but 

rather by forming hypochlorous acid, as shown In the following reaction: 

+ -C12 + H20 ~ HOCI + H + CI 

HOCI -- H+ + OCl-

(hydrolysis) 

(ionization) 

When chlorine is added to water for disinfection, it also reacts with any orgamc and 

Inorganic materials that might be present. Such reactIons complicate the disinfection 

process because the chlorine demand of these materials must be satisfied in additIOn to 

demand associated WIth the dIsinfection reactions. Factors which affect chlorine 

reactIons Include (65): 

a) pH. Chlorme compounds are most effective in bacteria and virus destruction at low 

pH. The pH of an effluent may be lowered, but at low pH values, the liquid effluent 

IS corrosive and toxic, and must be raised above 7.5 before effluent discharge. 

b) Temperature. Reaction rates in the chlorine contact chamber fluctuate with 

temperature (Increase with increased temperature and decrease at low tempera

tures). Longer detentIon times may be required in cold weather to achieve the 

desired level of bacterial kIll. 

c) Turbidity. The presence of solids has a negative influence on the efficiency of 

chlorinatIon of wastewater. Bacteria can be concealed within turbidity particles 

and are then immune to the chlorine. For this reason, chlorine should be added after 

solids removal (e.g., after secondary clarifiers) In the treatment system. 
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d) Ammonia. Chlorine, when added to treatment plant effluent, will react with 

ammonia accordmg to the following equations to produce monochloramine and 

dichloramine, respectively: 

NH3 + HOCl .. NH2 Cl + H2 0 

NH2Cl + HOCl - NH Cl2 + H2 0 

ChemiCal combmations with ammoma or other nitrogenous compounds decrease the 

bactencidal effect of chlonne. The amount of chlorine applied must be mcreased to 

satisfy the chlorine demand of mtrogenous compounds if the required d1sinfection is 

to occur dunng a specified contact time in effluent containing ammonia. 

e) Organics. Chlorine w1ll also combine With compounds other than ammonia in a 

treatment plant effluent. For example, phenolic compounds, protein, ammo acids 

and other compounds w1ll react with chlorme, exerting a chlorme demand and 

makmg the addition of h1gher levels of chlorme necessary for d1smfection. 

f) Reducing substances. Inorgamc substances such as sulph1des, sulph1tes, ferrous and 

manganese ions react with chlorine and exert a chlorme demand. Agam, higher 

levels of chlorine must be added to achieve the desired level of disinfection when 

these substances are present m treatment plant effluent. 

4.7.2 Chlorine Demand Measurement. The difference between the amount of 

chlorme added to wastewater and the amount of chlorine residual (combined and/or free 

available chlorine) remaming at the end of a specified contact penod 1S the chlorme 

demand. The chlonne demand for any glven water varies with the amount of chlorine 

apphed, the desired res1dual, the time of contact, the temperature, pH and the amount of 

chemiCal and organic contaminants m the wastewater. Test measurements of chlorine 

demand should be conducted with a chlorine solution, or w1th hypochlorites, depending 

upon the form that will be used in pract1ce. Chlorine demand can be readily measured by 

treating a series of samples of the effluent m quest10n With varymg dosages of chlorme or 

hypochlonte. The effluent samples should be at a temperature within the range of 

interest and, after a spec1f1ed contact period, determination of residual chlorine in the 

samples Will demonstrate which dosage has satisf1ed the requirements of the chlorine 

demand m terms of the desired residual. Both the contact time and required chlorme 

residual will be specified by regulatory agencies. 

Chlorme feeder capaCities are normally rated m terms of kg/d (ib/day) of 

chlorine required, and may be calculated as follows: 
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Chlorine requIred (kg/d) = Dosage (mg/L) x MaxImum Plant Flow (mgd) X 4.54 

or 

Chlorine requIred (lb/day) = Dosage (mg/L) X Maximum Plant Flow (mgd) x'10 

TypIcal chlorine requIrements for treated wastewaters are shown In Table 23. The 

chlorine requIrement WIll vary according to the qualIty of dIscharged effluent and the 

requIred contact times and chlorine residuals, as specified by regulatory agencies. 

TABLE 23 TYPICAL CHLORINE DOSAGES FOR DISINFECTION (65) 

Type of Wastewater Chlorine Dosage Range 
(mg/L) 

Primary effluent 5 20 

Secondary effluent 2 8 

ChemIcal precipItatIOn effluent 2 6 

Trickling fIlter effluent 3 15 

MultI-medIa fIlter effluent, 
following activated sludge plant 1 5 

4.7.3 Chlorine Compounds. The chlorine compounds In most common use at 

wastewater treatment plants are calcium and sodIum hypochlorite, and chlorine gas. 

CalcIum and sodIum hypochlorite are usually used In small treatment plants because of 

the relatIve safety In handlIng (65). 

CalcIum hypochlorIte IS avaIlable commercIally In eIther a dry or wet form 

wIth hIgh-test calcium hypochlorite containing at least 70 percent avaIlable chlorine. In 

dry form, calcIum hypochlorite IS available as a powder, granules, compressed tablets, or 

pellets (granular and pellet form preferred) whIch can be mIxed wIth water to a 

concentratIon 5 kg of chlorme per 50 L of solution. Because of ItS oxidIzing potentIal, 

calcIum hypochlorite should be stored in a cool, dry location away from other chemICals, 

In corrOSIon-resIstant containers. 

Sodium hypochlorite solutIOn is available in strengths from 1.5 to 15 percent 

available chlorine. The solutIOn decomposes readIly at high concentratIons and IS affected 

by exposure to lIght and heat. It must, therefore, be stored In a cool place In a 
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corrOSIOn-resistant tank. Where sodium hypochlorite is available at a reasonable cost, itS 

use should certamly be investigated by the design engineer. 

Chlorine may also be supplied to treatment plants as a liquified gas in high 

pressure containers varymg m Size from 68-kg (l50-lb) cylinders to tonne containers. In 

general, plants usmg 136 kg (300 lb) of chlorine per day need 68-kg containers; plants 

usmg up to 900 kg per day would use tonne containers. Local availability of chlorme and 

the policy of the supplier may also govern the choICe of container size. 

4.7.4 Chlorination Apparatus 

Pellet feed chlorinator. The pellet feed chlormator consists basically of a rectangular box 

fitted with an intake pipe at one end (up to 30 cm or 12 inch diameter) and an adjustable 

weir plate at the outlet. The entire plant flow of treated wastewater passes mto the 

chlorinator through the inlet adaptor, or pipe. As the stream of water flows past the feed 

tubes contaming the chlorme tablets, active chlorine is released into the wastewater by 

the dissolving action of the water m contact with the tablets. A weir at the outlet end of 

the device (selected to match plant capacity) controls the water level m the chlormator, 

whIch actually controls the chlorme concentration in the water. As the incommg water 

flow rate mcreases, the water level in the chlonnator nses, immersmg a greater number 

of tablets. When the incoming flow rate decreases, the water level in the chlorinator 

drops, exposmg fewer tablets to the water. From the chlorinator, the chlorinated 

wastewater flows mto the chlonne contact tank where it is held for the specified time to 

permit effective bactena killing action. Although each chlormator is furnished complete 

with four feed tubes and a selection of weirs, the actual number of tubes to be filled with 

tablets, and the weir to be used m the process are determined by the average daily flow 

rate through the plant and the required reSidual chlorine content (66). 

The tablets, WhiCh are sold under the brand name Sanunl 115, are a 

combination of calcium hypochlonte and 1,3,4,6-tetrachloroglycoluril, a patented 

compound. The chlorinator itself comes m three basic models WhiCh are capable treating 

up to 227 m
3

/d (50,000 gpd). Figure 53 illustrates the largest model available. Little 

long-term operating information is available on the Unit at this tune. Perhaps the major 

concern about the pellet feed chlorinator is the ability, or inability, to control chlorine 

residual. Evaluation tests conducted by Ontario Ministry of the Environment revealed 

that the Sanunl 155 tablets had a tendency to dissolve very rapidly and release excess 

amounts of chlorine (67). Because of this, the number of days of service yielded by the 

chlorinator between the reflllings of the feed tubes was only a small fraction of the time 
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suggested by the manufacturer. Thus, the system would require more frequent mainte

nance than expected (i.e., the unit should be checked once a day and tablets replenished as 

necessary). 

Hypochlorite solution feeders. The most satisfactory means of feeding calcium or sodium 

hypochlorite solutions is through chemical metering pumps. These units are available in 

capacities up to 22.7 m3/d (5000 gpd), with adjustable stroke, variable speed drive and/or 

adjustable V-belts for varying feed rates. Control of feed rates to provide a chlorinated 

effluent with the required residual under varying flow conditions may be accomplished 

manually or automatically by a control device, as discussed in section 4.7.5. 

The disinfection process, utilizing hypochlorite feeders, involves preparing a 

dilute aqueous solution in a storage tank and injecting the appropriate dosages into plant 

effluent. This technique requires daily preparation of chlorine solution and regular 

maintenance of the feeder to ensure proper disinfection of the sewage effluent. 

Mechanical mixing devices, plastic or ceramic storage tanks, and piping and valving are 

required in addition to the metering pumps. 

Chlorine gas feeders. Gas chlorination should only be used as a method of disinfection in 

facilities operated by full-time trained operators. The operator using chlorine gas must 

be adequately informed on safety measures and operational procedures. This is best 

achieved through training courses such as the Ontario Ministry of the Environment's Gas 

Chlorination Workshop (68). 

There are two methods of chlorine gas feeding: direct and solution feed. The 

direct feed chlorinator can supply up to 136 kg (300 lb) of chlorine gas per day directly to 

the treated wastewater. The chlorine cylinder pressure alone operates the chlorinator, as 

illustrated in Figure 54. This type of equipment is not recommended except under 

conditions which prevent the use of solution-feed chlorinators. A solution-feed apparatus 

meters chlorine gas under vacuum and dissolves it in a small amount of water, or treated 

effluent, to form a concentrated solution which is then applied to the treated effluent. 

At 20°C, one volume of water will dissolve two to three volumes of chlorine gas, or about 

7000 mg/L. Figure 55 illustrates a solution-feed chlorinating device. 

The range of chlorine feed rates available in gas chlorinators depends on the 

type of metering elements used, namely orifice and rotor control meters (65). The 

maximum 24-hour capacity of these meters is usually specified by the manufacturer and, 

in general, the range available varies from 0.7 to 3600 kg per 24 hour-period. Gas 
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TWO INDIVIDUAL GENERAL PURPOSE CYLINDER UNITS 
OR ONE PAIR OF AUTOMATIC SWITCHOVER UNITS 
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CHLORINE CYLINDERS 

FIGURE 54 DIRECT FEED CHLORINATION SYSTEM - LOW CAPACITY 1-45 kg/d 
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chlorinators may be applIed where the minimUm wastewater flow is approxImately 
3 22.7 m /d. 

Econormc and safety consideratlOns should be Investigated In all mstances 

where gas chionnation is being contemplated for srnall wastewater treatment systems. 

The many safety deViCes and handlmg precautions that must be designed Into chlorme 

handling faClhties are too numerous to mention m this document; designers are referred 

to Local regula tory agenCIes and eqUipment supp llers for complete detatls. However, some 

fundamental consideratlOns mclude: 

a) Safety requires that the chlorme eqUipment and storage room be sealed off from the 

rest of the control budding and, when pOSSIble, a fIxed glass VieWing Window be 

mstalled on an Inside wall for observatIon of the chlorine eqUIpment. Separation of 

the chlonnator room and the chlorine container room is conSIdered good practIce. 

Access to the chlorine room should be through an extenor door openmg out and 

equipped with panic hardware. 

b) VentiLatlOn IS requIred for all chlorme equipment rooms. The ventiLatlOn Intake or 

the exhaust fan must be located at the floor level. An exhaust fan with guard and 

shutters is ordInanly mounted at floor level on an extenor wall and operated 

intermittently as required. An alternate method consists of an extenor fan With 

intake duct run to the chlor me room floor. Good practice reqUires an air change 

every three minutes. Vent fan control should be Located outSide the chlorine room. 

c) A self-contamed breathing apparatus should be mounted outSide the chlorme room 

for protectlOn against chlorine gas leaks. 

d) The chlorme eqUipment room must be heated to maintain a minimUm temperature of 

21°C. The chlorinator and auxiliary water suppLy should be maintained at a 

temperature above lOoC. 

e) In small mstallatlOns feeding less than 91 kg (200 lb) of chlorine per day, a minimUm 

of 6 m2 of floor area is conSidered adequate. 

£) Gas cylinders In use should be set on platform scales, flush With the floor, and the 

loss of weight used as a POSitive record of chlorine dosage. 

4.7.5 Control Systems. Four baSiC chlorine control systems are available (68): 

manual control, 

flow proportlOnal or open loop control, 

direct reSidual or closed loop control, 
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compound loop control. 

These systems are used mainly In the operatIon of hypochlormators and gas chlorinators. 

As noted In SectIon 4.7.4, chlorine feed rates wIth pellet feed chlorinatIOn are established 

through operatIonal experience. Flow proportIonal automatIc control IS usual1y used at 

smal! Installations for reasons of cost and SImplICIty of operatIOn. 

/'vlanual control conSIsts of stoppmg and startmg the chlonna tor by hand and/or 

adjustIng the chlorIne feed rate manually as requIred to mamtam the speCIfied chlorme 

reSIdual m the contact tank. ThIS method IS perhaps most commonly used wIth 

hypochlorlnators, and less often wIth gas chlorinatIon systems. 

In the flow proportIOnal or open loop control system, the chlorme feed rate is 

adjusted 10 accordance wIth a command signal from a flow meter or pump starter. The 

chlorinator may be automatIc start and stop, or manual start and stop. The dosage rate IS 

manually set and the control devIce varies the rate in relation to volume of flow. This 

method of control permIts ma10tenance of the desIred chlorine reSIdual under condItIOns 

of varyIng flow; however, VariatIOns m chlorme demand due to varYIng sewage strength 

are not taken mto account. The feed rate of a hypochlorinator IS controlled automatICally 

by a varIable-speed drive, or electnc or pneumatic stroke-length positIoner. A vacuum or 

water supply controller IS used to vary the rate of chlorine feed from gas chlor1Oation 

devIces. 

The closed-loop control system operates on the pr10ciple of feedback of 

chlorme reSIdual mformatIOn to the chlorinator control for comparIson with a control set 

pOint. The operatIOn conSIsts of the follOWing steps: 

a) Continuous samples are wIthdrawn downstream from the point of chlor1Oation and 

analyzed for chlOrine reSIdual. 

b) A recorder compares the measured residual wIth the desired residual and determ10es 

whether It IS necessary to mcrease or decrease the chlorme feed rate. 

The compound loop control system is a comb1Oation of an open loop and a 

closed loop system. When flow mcreases, the chlormator adds the mathematICally correct 

amount of chlorine to mamtain the dosage rate. Downstream a sample IS wIthdrawn and 

analyzed to determ10e whether chlorine demand has changed. If so, informatIon is relayed 

back to the chlormator and the dosage rate is corrected. When flow remams constant, but 

chlorine demand does not, closed loop control IS applIed. Conversely, when flow varies 
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and chlorine demand remains constant, flow proportional or open loop chlorination control 

IS used. When both flow and chlorme requIrements vary, compound loop chlormation 

control IS used to maintain the desired resIdual of chlorine. 

4.7.6 Mixing. The objective of the chlorine mixing process is to provIde rapId 

intImate mixing of the chlorine solution with the wastewater stream. Ideally, the mixing 

mechanism should be able to homogenize the chlorine solution and the treated effluent in 

a fractIon of a second. The mixing process practIced is usually a functIon of the 

treatment system layout. As illustrated m Figure 56 mIXing systems Include m-Ime, 

mechanical, hydraullc jump and baffling mIxing. Each of these alternatives provIdes a 

turbulent treated effluent into which the chlorine SolutIon is Injected. In-line and the 

hydraulIc Jump methods of mixing are most commonly employed In small systems. An 

interesting and relatIvely new mIxing Unit under observatIon by pollutIon control agencies 

in Canada and United States IS the jet disinfection system. The basic components of the 

system are a pump, a jet nozzle assembly, and a flbreglass reactor tube mounted on a 

baffle. The system is manufactured commercially and is available as a "package" 

installatIOn. 

4.7.7 Chlorine Contact Chambers. Chlorine contact chambers are used In 

wastewater treatment to ensure adequate contact between the chlorine solution and the 

wastewater prIor to dIscharge. They are located immedIately after the mixing chamber In 

the treatment plant flow sequence and, In the past, have consisted of anything from 

circular or rectangular tanks to long outfall pipellnes. There is currently no commonly 

accepted crIteria for the design of chlorine contact tanks but gUIdelines are beginning to 

emerge. A suggested approach to designing a chlorine contact tank includes the follOWing 

steps: 

a) Determine the contact tIme necessary to obtain the required level of dismfectIOn. 

ThIS contact period is normally specIfied by regulatory agencies. A value of 60 

minutes at average flow rate, or 30 minutes minimum contact perIod at maximum 

flow rate is suggested. 

b) Determine the required volume of tank using the formula 

T = V/Q 
where: T 

V 

Q 

= 
= 
= 

the theoretIcal detention tIme (minutes), 

volume of tank (gallons), 

average flow rate (gpm). 
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c) A chlorine contact tank should simulate plug flow conditions. This is best 

accomplished in a rectangular basin, complete with longitudinal baffling. The most 

significant factor in the configuration of the chamber is the length-to-width ratio, 

where length is defined as the total length of passes of the tank, and width as the 

width of a single channel of the tank. The minimum length-to-width ratio of 40:1 is 

necessary to obtain optimum plug flow conditions. Longitudinal baffling has an 

advantage over other forms of baffling in that the number of 180 0 turns is reduced, 

thus reducing non-uniform flow and stagnation, while optimizing length-to-width 

ratios. 

d) Baffle spacing is determined by the average velocity at design flow 2.44 m/min or 

8 ft/min average velocity. 

e) The width of the turn path should be equal to one-half to one-third the spacing 

between the baffles. 

Figure 57 shows the layout of a rectangular chlorine contact chamber. 

FLOW LENGTH:WIDTH RATIO 40 : 1 

~ ~~~~----------
~l.------------------- L ------------------~ 

L:W RATIO = 10:1 

FIGURE 57 CHLORINE CONTACT CHAMBER WITH LONGITUDINAL BAFFLING 
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4.7.8 Monitoring Requirements. In-plant control of the dlsmfectIOn process entaIls 

the determmation and fulfillment of the chlorine reqUirement of the treated effluent. 

Chlorme requIrement may be defined as the amount of chlorine which must be added per 

unIt volume of treated effluent to produce a deSIred result under stated conditions. The 

result may be based on any number of criteria, such as a stIpulated cohform density, a 

specifIed resIdual chlOrine concentratlOn, or others. In each instance a definite chlOrine 

dosage WIll be necessary. 

In most instances, the deSIred result is a specIfied chlorine residual, as 

requIred by regulatory agencIes. Such residual may be determined manually by eIther the 

iodometrlc method as described in Standard Methods for the EXaminatIon of Water and 

Wastewater, APHA, AWWA, WPCF, 14th edition, 1975, or for more accurate 

measurement at low residual levels, by an amperometnc tltrator. Accurate manual 

control of chlorine resIdual may be impOSSIble due to the great vanations in flow and 

strength of sewage. 

In small plants, chlorine residual should be checked and recorded at least each 

day when the maXImum flow enters the plant. This normally ensures a suffICIent chlorine 

dosage during the rest of the day. It may also be advisable to readjust chlorine feed rates 

during the night when the flow and chlorme requIrement IS much lighter. Automatic 

dosage control facihties, usmg open-loop, closed-loop, or compound-loop control systems, 

WIll have to be calibrated occaSIonally to ensure fulfIllment of chlorine requirements 

throughout varymg flow condItions. ThIS reqUIres httle time. 

It should be understood that the chlorine resldual is not an absolute value, but 

rather a practical and realistic approach to the control of sewage dlsinfection (and to 

estimating the chlorine reqUired). Bacteriologlcal tests, usually conducted by regulatory 

agenCIes as part of a surveillance program, are undertaken to ensure that proper 

dismfection of the plant effluent IS being performed. 

The operator of a plant should record all chlorine residual measurements and 

the amount of chlorme used each day. Not only does this glve the operator a comparison 

of the dosages and reSIduals, but also prOVIdes evidence to regulatory agencies that proper 

disinfectlon is being performed continuously by the operating staff. 

4.7.9 Summary. The most popular method of disinfecting treated effluents from 

small sewage treatment systems is chlonnatlon. Chlorination is achieved through the use 

of calclum or sodium hypochlorite or gaseous chlorine. 
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Two methods of d1smfectlOn using a hypochlonte compound are ava1lable. A 

relat1vely new type of chlormatlOn system 1S des1gned to dispense chlorine from spec1a11y 

formulated samtizing tablets. Some of the attractive features of the system are that it 1S 

slmple, adjustable and operates contmuously with minimal attentlOn. It has no mov1Og 

parts, and needs no power, mixing dev1ces, solution tanks or pumps. Tests conducted 

reveal that the unit 1S capable of attaining levels of dis1OfectlOn comparable to 

dis1OfectlOn w1th calcium and sod1um hypochlonte solutlOns (67). Major d1sadvantages of 

the umt are the apparent lack of operatlOnal control over chlorine res1dual and the 

relat1vely h1gh cost of the chlorine tablets. Hypochlorite solution d1sinfection systems are 

perhaps the most common method of chlonnation in sma11 wastewater treatment systems 

today. Whereas the imt1al capital cost of the chemical metermg pumps and ancillary 

equ1pment is higher than the pellet feed chlonnation system, greater operational control 

and lower cost of available chlorme are advantages of hypochlonte solutlOn chlormation 

systems. 

Gaseous chlorine 1S rarely used 10 the dlSlnfectlOn of effluents from small 

wastewater treatment systems because of the h1gh cap1tal costs involved m prov1ding the 

feed10g equ1pment and other auxihary facihties needed to ensure safe handhng of this 

tOX1C gas. Gas chlormators must be installed in a separate room equipped with an exhaust 

fan. 

Four bas1c control systems are available for chlorine feed systems. Of these, 

manual and open-loop control systems appear to be the most v1able considerations for 

small wastewater treatment systems. 

Table 24 summanzes the costs of various alternat1ves in chlorme feed 

equipment. 

4.8 Dechlorination 

Concern currently eX1sts regarding the effects of chlorine and chlorammes 

upon the aquatlC environment. In some mstances, as defined by apphcable regulatory 

agenc1es, it may be necessary to deSIgn a dechlorinatlOn process into a wastewater 

treatment system. Dechlorination processes applicable in sma11 wastewater treatment 

systems include hold1Og ponds and the add1tion of sulphur compounds. 

4.8.1 Holding Ponds. The rate of chlorine destruction in holding ponds is not well

documented. It has been observed that free chlorme 10 a secondary effluent exposed to 
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TABLE 24 COST SUMMARY FOR CHLORINATION EQUIPMENT* 

Chlorine Feed Method 

Hypochlor ina tlOn 

i) Pellet feed 

11) SolutIOn feed 
(including one meter 
pump, two solution 
tanks, one mechanical 
mixer) 

Gas Chlor ina tlOn 
(chlorinator only) 

* Manufacturers' costs, 1976. 

Plant Flow 

(m3/d) 

6.8 
45 

227 

22.7 
454 

up to 
454 

Capital Cost** 

$ 120 
190 
340 

1400 
3000 

1800 

** ChlorinatIon feed equIpment only, unless specIfIed otherwise. 

Chlorine Cost*** 

$5.38/kg 

3.31/kg 

o .88/kg 

*** Electrical and manpower costs to be conSIdered as well In overall O&M. 

bnght sunlIght decayed from 2.0 to 0.2 ppm In approximately 0.5 hours. Monochloramine, 

however, decays far more slowly. 

A holding basin for the purpose of dechlorination should be shallow, about 1.2 

to 1.8 m deep, to allow sunlIght to penetrate the entire liquid, and sized for 24-hour 

retentIOn to obtain a chlorine resIdual of about 0.1 mg/L. Short-circuiting of the 

chlorinated lIquid should be prevented by baffles at the influent and effluent outlets to 

the cell (69). 

A major dIsadvantage of this method of dechlorination is the space required 

for the construction of the shallow pond. 

4.8.2 Sulphur Compounds. The additIon of sulphur dioxide is probably the method 

most used for dechlorination in a larger treatment systems. Its common use is at least 

partIally a result of its similarity to gaseous chlorine in its supply, dissolving, and feeding 

characteristics. It is able to remove both free chlorine and chloramines in a nearly 

instantaneous reaction (69). 

EquIpment used to meter sulphur dIOxide additIon is Identical in all respects to 

that for metering chlorine. SodIUm sulphite, sodIum biSulphite or sodium metasuiphite 

solution addItion is controlled by a metering pump (similar to hypochlorite feed). Sulphur 
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dlOXlde may be added to chlorinated effluents USing gaseous flow controllers as dIscussed 

for chlorme gas. Contact tIme m thIS process IS not important, but good turbulent mlxmg 

between the dechlormatIng solutlOn and the chlormated effluent must be ensured (70). 

For small plants, a Inechamcally-mlxed tank wIth a resIdence tune of two to fIve minutes 

should be adequate. Dosage control of the dechlormating agent can be effected 

automatically by a chlorine resIdual analyzer WhICh relays the mformation to a control 

panel, activatmg the dechlormatIOn process, or manually by determining the chlorine 

resIdual and mJectmg proportionate amounts of sulphur dIOXIde until the deSIred resIdual 

level IS achIeved. Table 25 summanzes the chemiCal reqUIrements for dechlorinatIOn. 

TABLE 25 CHEMICAL REQUIREMENTS FOR DECHLORINA nON (70) 

Sulphur Compound 

SodIum bisulphite NaHS03 
SodlUm sulphIte Na2S03 
S02 (gas) 

Dosage (Part/Part C12) 
-------------------

1.46 

1.77 

1 (m practIce) 

Sulphur dIOXIde addItIon for dechlormatIOn reduces alkalInity and will reduce 

the pH of low-alkalInity wastewater. Table 26 shows the loss of alkalInity WIth the 

varIOUS addItIves and also IdentIfIes chemIcal addItions necessary for alkalinity 

restoratIOn. Another major conSIderation In the use of sulphur dIOXIde and other sulphur 

compounds IS that they also react WIth dIssolved oxygen. Control of the quantIty of 

chemical added IS very important because excess dosage will remove oxygen from the 

effluent and pOSSIbly the reCeIVing water. 
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TABLE 26 ALKALINITY LOSS AND RESTORATION BY CHEMICAL ADDITION (70) 

Alkalinity Loss or RestoratlOn 
Chemlcal Added (as CaCo3) 

1) AlkalLnIty Loss (as CaC0
3

) 

Chlorine 

Sulphur dloxlde 

Sodlum bisulphlte 

SodIUm sulflte 

2) Alkalinity Restoration (as CaC03) 

Llme 

LIme 

Caustlc 

Soda Ash 

1.41 mg/mg of chlorine 

2.8 mg/mg of chlorine removed 

1.38 mg/mg of chlorine removed 

1.38 mg/mg of chlorme removed 

0.74 mg/mg of Ca(OH)2 

0.54 mg/mg of CaO 

0.8 mg/mg of NaOH 

1.06 mg/mg of Na2C03 
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5 EFFLUENT DISPOSAL ALTERNATIVES 

The dIsposal of an effluent from a srnal1 wastewater treatment system wlll 

normal1y involve one of three disposal methods: 1) subsurface land dIsposal; 11) discharge 

to a surface body of water; 11i) surface land disposal. The fIrst of these three Items, 

subsurface land dIsposal, has been dIscussed extensIvely m Section 3. The fol1owmg 

sectiOn outhnes pertment informatiOn pertaining to the dIsposal of wastewater effluent 

via surface water or land dIscharges. Because of the many dIfferent design criteria and 

regulatory agency requIrements assocIated with thIS tOPIC, it is suggested that more 

detalled mformation be obtamed from local agencIes. 

5.1 Effluent Discharge to Surface Water Bodies 

Effluent quallty requIrements for a wastewater treatment mstallatiOn 

dlschargmg to a surface water body will be given to the desIgn engmeer by the regulatory 

authority having JUriSdICtiOn in the area concerned. A combmatlOn of effluent standards, 

gUldelmes and/or codes of good practICe are used by these regulatory agencIes to clean up 

and prevent pollutiOn to a recelvmg envIronment, WIth emphasis normally placed on 

practIcal solutlOns based on avallable pollutiOn control technology. General mformatlOn 

on outfall design and location is contained herem as background material. 

Shorelme release of treatment plant effluents is rarely a satIsfactory method 

of dIsposal al1d, m most mstances, IS not permItted by regulatory agencIes because of poor 

dispersal and mlxmg characteristICs in recelvmg waters. To avoId situatlOns where the 

zone of influence of a dIscharge could extend mdes downstream along a shorelme, many 

regulatory agencies require the mstallation of an engineered outfall. 

The desIgn, locatiOn and operation of an outfall should be estabhshed on a 

case-by-case basis, in consultatiOn with local regulatiOns offIces, and should be based 

on (71): 

a) the physIcal, chemICal and blOloglcal characterIStiCS of the body of water; 

b) the present and future uses of the body of water; 

c) the quality of the wastewater effluent being discharged. 

Outfalls m freshwater streams should extend below the lowest anticipated 

water level, and desIgned to make use of the available dllution. Outfall orientatlOn 

affects the dispersal of wastewater m streams. Because sewage IS normally warmer than 

receivmg waters, It tends to rise to the surface layers of a stream. ObvlOusly, 
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countercurrent discharge will produce better dispersion than cocurrent discharge, 

provided the energy of waste discharge is great enough to force the plume far enough 

upstream (71). 

The release of wastewater into lakes creates special problems. W10d and 

thermal currents establish complex flow patterns 10 lakes, and water masses tend to 

acquire a vertical and horizontal balance which may be upset by external forces. Onshore 

and offshore winds, prevailing currents, seasonal stratification, ice cover, and stagnation 

are all variables that can affect the behaviour of a wastewater effluent discharg10g into a 

lake. Detailed hydraulic and hydrographic studies are required to avoid potential 

problems (71). 

Marine outfalls are designed to provide optimum protection of the beneficial 

uses of the receiving waters (e.g., recreation, shellfish harvest1Og, etc.). Like lake 

waters, coastal waters are colder and heavier than wastewater effluents. Discharged at 

some depth below the surface, effluents rise 10 columns and, on reaching the surface, fan 

out radially. Mix10g of the two waters is mamly a function of w1Od, currents and tides. 

Dispersion and dilutiOn are increased by subsurface horizontal discharge and multiple 

outlet ports. Simple circular ports appear to be adequate for small wastewater 

discharges (71). 

Outfalls should be constructed so as to be protected agamst the effects of 

floodwater, tides or other hazards. Navigational hazards must also be considered in 

design10g outfall sewers. A manhole should be provided at the shore end of all gravity 

sewers extend10g 1Oto receiving waters. 

5.2 Surface Land Disposal of Effluents 

Surface land disposal may be a feasible alternative for dispos1Og of secondary 

effluent from domestic waste sources where direct release to a receiving body of water is 

not possible or desirable. This method of disposal provides additional effluent polish1Og 

through contact with soil and cover crop. Land disposal for domestic wastewater most 

commonly follows facultative or aerated lagoon treatment, but can be used for disposal of 

other secondary effluents. Proper design and operation of a land disposal system is 

important to avoid problems such as surface pond1Og and groundwater pollutiOn. The 

following section provides information on acceptable design and operational cnteria. 

Local regulatory agencies Will provide detailed information. 

Figure 58 illustrates two basic methods of applYing treated effluent onto land, 

i.e., spray irrigation, and ndge and furrow irrigation. Figure 59 further illustrates two 
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SPRAY IRRIGATION 

RIDGE AND FURROW 

FIGURE 58 IRRIGA nON TECHNIQUES 
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spray irrigation approaches. The first method involves the application of a liqUId to a soIl 

surface at a specified rate such that the entire loading is disposed of VIa evaporatIon or 

percolation into the soil (standard spray irrrgation). An alternative to thIS standard 

method involves the applicatIon of a lIquid at a rate in excess of the evaporative and 

percolatlve properties of the sIte. This method results in liqUId runoff (overland flow), 

WhICh IS collected and returned to the irrigation system or discharged to a receIving 

stream (72,73,74,75,76). Of the three alternatIves, standard spray IrrIgation is the most 

commonly used for land applIcatIon of domestic secondary effluent in Canada. 

At present, spray Irrrgation sites are approved by provIncial authoritIes on a 

sIte-specIfIC basis. In some provinces, gUidelines for such systems have been recently 

prepared or are currently being prepared. These should be consulted when desIgning .3. 

system. Due to potential health hazards, raw domestIC wastewater should not be sprayed 

onto land, and it IS generally preferred that only properly disinfected secondary effluent 

be sprayed. Excessive loadings WhICh may cause runoff, ponding and odours, as well as 

Winter applicatIOn which can result In equipment problems, destruction of vegetative 

covers, inadequate waste treatment, etc., should be avoided. 

The loading intensity of a spray Irrrgation system should not exceed the 

infIltratIve capacity of the soIl. Loading intenSIty is defined here as the Instantaneous 

application rate of treated effluent onto the soIl surface. ThIS deSIgn parameter, usually 

specified in millimetres per hour, IS a function of the characteristics of the irrigation site, 

Includmg soil type, ground slope, crop cover and effluent qualIty. The loading intenSIty 

frequently ranges between 4 and 6.4 mm/h (0.16-0.25 inches/hr), and may occasionally 

reach 12.7 mm/h under optImum conditions. 

The hydraulic loading rate is a design parameter WhICh IS a function of loadIng 

Intensity, total spray fIeld area and the duration of the spray season. ThIS parameter, 

normally expressed in millimetres per hectare per day (in/acre/day) or mm per hectare 

per week (in/acre/wk), is affected by soil condItions, climate, crop cover and wastewater 

ponding, and determined by on-site pIlot testing. A tYPical range for hydraulic loading IS 

between 37.7 and 156.9 mm/ha/wk (0.6 and 2.5 m/A/wk) and occasionally, under ideal 

conditIOns, up to 251 mm/ha/wk (4 in/ A/wk). 

Organic loading rates for spray irrigation systems are defined on an indiVidual 

basis (pilot testing). However, empirical rates have been developed based on experience 

and are normally in the vicinity of 78 kg BOD/ha/d (25 Ib BOD/acre/day). Organic 
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overloads due to spray irrigation can damage or kill vegetation, severely clog the soil 

surface, and cause leaching of organIC material into the groundwater system. 

Unless proper irrlgation management is practiced, high total dlssolved solids 

(TDS) m wastewater can cause a salImty hazard to crops and build up salt concentrations 

in groundwater. Local agr lcultural agencles should be contacted for speclfic mformation. 

Nitrate mtrogen in effluents sprayed on land can leach through the soil and into 

groundwater, where It lS a potentlal health hazard. Because nitrogen compounds are 

mostly removed by crop uptake and harvesting, It is advlsable to limit the nitrogen loading 

m a spray operatlon to the amount that crops can asslmllate. 

Table 27 shows some typICal values of mtrogen uptake for a variety of crops. 

More accurate values per taming to Canadian conditions may be obtained through local 

agricultural representatlves. 

TABLE 27 TYPICAL VALUES OF CROP UPTAKES OF NITROGEN (73) 

Nitrogen Uptake 
Crop kg/ha/yr Ob/ A/yr) 

Alfalfa 173 - 247 (155 - 220) 

Red clover 86 - 141 (77 126) 

Sweet clover 177 (158) 

Coastal Bermuda grass 538 - 673 (480 - 600) 

Corn 174 (155) 

Cotton 74 - 112 (66 100) 

Fescue 308 (275) 

Mllo maize 91 (81) 

Reed canary grass 753 - 402 (226 - 359) 

Soybeans 105 - 127 (94 113 ) 

Wheat 56 - 85 (50 76) 

Phosphorous applted onto land in a spray irrigation process is removed from 

the treated effluent by fixation in the soil (adsorptIon and precipitation) and by crop 

uptake. Long-term phosphorous loadings are important because the fixation capability of 

some soils may be limited over the normal lifespan of the system. For this reason, the 

long-term fixation capacity of a soll should be estimated by a soll chemlst or other 
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qualified expert. Exhaustion of the soil-fixation property is most critical for coarse

textured soIls with little calcium, iron or aluminum content. Phosphorous that reaches 

surface waters and/or Intercepts groundwater flow may aggravate eutrophicatIOn 

problems. 

Exchangeable catIons, particularly sodium, calcIum, and magnesium IOns are of 

concern as well. High sodium concentrations in clay-bearing soils have the effect of 

disperSing the soil partIcles and decreasing the soIl permeabIlity. To assess the hazard, a 

sodium adsorption ratio (SAR) has been developed by the U.S. Department of Agriculture, 

Agricultural Salinity Laboratory, and IS defined as follows: 

SAR = Na + / [(ca2+ + Mg2+)/2 ] 1/2 

where Na +, Ca2+, and Mg2+ are concentrations of the respectIve IOns in mil11-equivalents 

per 11 tre of water. High SAR (greater than 9) values may adversely affect the 

permeabIlIty of solls and, as a result, decrease Infiltration. Other exchangeable cations, 

such as ammomum and potassium may also react with sOlIs. OccasIOnally, hIgh sodium 

concentratlOn In soil can also be toxic to plants, although the effect on permeabIlity wIll 

generally occur fIrst. 

Trace matenals, such as heavy metals, are retained in the soil matriX through 

adsorption, ion exchange and precipitatIon. Although many of these elements are 

essential for plant growth, they may become tOXIC to both plants and mICroorgamsms 

when applied at high loading rates. If preliminary sampling shows orgamc chemicals or 

heavy metals present in significant concentrations In the sprayed effluent, potential 

effects of the discharged waste on the receiving enVIronment should be investIgated by a 

specialist. 

Pathogens may be present even in disinfected secondary effluents and, as a 

consequence, effluent IS not normally sprayed onto crops for direct human consumption 

(e.g., tomatoes, lettuce or root crops such as potatoes, beets, or turnips). Effluent 

irrIgation of pasture and or forage crops used for ammal consumptlOn is often permitted 

where Isolation or storage is prOVIded subsequent to effluent applIcation. Further 

Information regarding spraying of varIOUS cover crops with secondary effluent should be 

obtained from local health, agrIcultural and/or envIronmental staffs. 

In addition to the physical, chemical and blOloglcal properties of the 

wastewater and soil, climatic consideratIOns must also be made. The effect of 

precIpitation on the design of a spray irrigatIon system is twofold: 
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a) The average annual rainfall must be consIdered in determmmg actual hydraulic 

loadings on the sprayfieid. The area of the sprayfleld must be increased to 

accomodate both the hydraulic loading rate from the spraying operatIon as well as 

preClpi tat ion. 

b) Intense storms of sIgnificant duratIon can cause extenSIve ponding and temporary 

shutdown of spray operatIons. Contmgency storage facIlitIes must be provIded In 

the waste treatment system for such situatIOns. 

The rate of mIcrobial activity (and BOD reduction) IS directly related to 

temperature; bacterial reactIon rates approximately double wIth every 8°C rise m 

temperature throughout normal Canadian operatmg temperature ranges (78). Microbial 

actIvIty IS necessary to mamtam percolatIon propertIes in the receIvmg soil. In addItIOn, 

spray systems should not be operated during below-freezmg periods because of the 

pOSSIbIlity of cloggmg nozzles, damage to cover crop and equipment, and madequate 

waste treatment. Storage faCIlities (five to seven months) must, therefore, be prOVIded. 

EvapotranspIration, whIch mcludes evaporatIOn of liqUId from soIl and plant 

foliage and transpIratIOn from vegetative growth, accounts for conSIderable mOIsture loss 

from the fIeld. It should, therefore, be mcluded along WIth precipItation m calculatIons of 

deSIgn hydraulic loadmg and land reqUIrements. EvapotranspIratIon is affected by several 

varIables mcludmg hours of sunlight, the crop being irrIgated, nature of soil, etc. These 

variables must be investIgated at each site to assess theIr effects on the deSIgn and 

operatIOnal process. Agricultural speCIalIsts should be of valuable assistance m the early 

stages of deSIgn. 

Wmds SIgnifIcantly mcrease the travel of aerosols durmg spray operatIons. 

Because pathogens may be carried by these aerosols, an adequate buffer zone must be 

prOVIded around the perimeter of the spray£ield. The width of these buffer striPS may be 

up to 122 m (61 m average), dependmg upon local conditIOns and regulatory reqUirements. 

The followmg factors are Important when assessing a spray field for dIsposal 

of a treatment plant effluent. 

VegetatIve cover. There are two basic approaches to growmg crops on a spray fIeld, and 

each has a direct effect on the deSIgn of the irrigatIOn system. If the prime intent of 

IrrigatIOn is to dIspose of effluent, then the maXImum effluent applIcatIOn will be the 

deSIgn Criterion, and hIgher loadmg rates than those required for plant growth will be 

used. In such cases, crops of lesser economic value can be used. However, when optimum 
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crop Yield is the design criterion, in additIon to the requirement to dispose of treated 

effluent, then the effluent must be applIed only as requIred for optImum crop growth. 

Standard IrrIgatIOn design practice IS followed in the latter case. 

The selectIOn of a sUItable crop for a spray fIeld requIres consIderatIOn of the 

following factors: 

a) The water requirements and tolerance of the crop must be such that It can 

WIthstand wetter-than-normal conditIOns, including a frequently saturated soil. 

b) The nutrient requIrements, tolerances and removal capabilities of the crop must be 

adequate for spray IrrIgation. 

c) The sensitIVIty of the crop to Inorgamc IOns (partIcularly salts) may be an Important 

factor, depending on the qualIty of effluent being sprayed. 

d) PublIc health consIderatIOns related to the ultImate use of the crop must be 

examined. For example, crops grown for direct human consumption should not be 

Irrigated WIth a secondary effluent. 

e) Ease of cultIvatIOn and harvesting are often Important. 

£) Numerous crops, even wooded areas, have been successfully irrIgated using 

secondary effluent, but grasses such as canary reed and timothy are often preferred. 

In such cases crop value is not Important and seeding is not requIred annually. 

InformatIon regarding optImum cover crops for partIcular areas should be obtained 

through local agr icultural representa tl ves. 

5011. PermeabIlity and infIltrative capacity are important SOlI propertIes WIth regard to 

allowable effluent applIcatIOn rates. PermeabIlIty IS a measure of the ease WIth WhICh 

effluent passes through soil, while infIltrative capaCIty determines rate at WhICh effluent 

enters the SOIl. Both are partIally dependent on soil texture, suggesting that SOlI texture 

is an apprOXImate indIcator of aUowable hydraulic loading rate, as indIcated In FIgure 60. 

Generally, sands permIt greatest hydraulic loadings while clays severely limIt hydraulIc 

loadings. Since it IS dIfficult to relate permeabilIties and infIltratIve capaCitIes directly 

to allowable loading rates, loading rates are best determined by pIlot studIes conducted at 

the sprayileld. 

Excess sodium ion buIldup In the soIl, as measured by the SAR level, wIll 

destroy soIl texture and permeabIlIty In soils WIth sigmflcant clay content. Phosphate 

removal by fixatIon In the soIl IS hIghest In fine-grained soIls WIth plentiful supplIes of 

calcIUm (for alkaline soIls) or alummIUm and Iron (for acidIC soils). Better BOD and 

pathogen removal is generally provided by fme-grained SOlIs due to longer retentIOn tlmes. 
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Land availabIlIty and use. Adequate land area, as determined by loading lImItations, must 

be avaIlable at reasonable cost near the eXIsting or proposed pretreatment facIlItIes. 

Unless provincial gUIdelines determine the buffer zone, a 65.6 m (200 ft) wIdth IS 

recommended for spraying of dIsinfected secondary effluent. A mInimUm dIstance of 

32& m (1000 ft) from resIdences or other places of habItation is recommended unless 

speCial measures are taken to prevent drift. 

Topography. To aVOid runoff and erOSIOn problems, average slopes should not be 

exceSSIve. Table 28 Illustrates runoff coeffIcIents as functions of topography, vegetatIon 

and soIl texture. SItes WIth coeffICients up to 0.35 are generally SUItable for spray 

Irrigation. SItes WIth a runoff coefficIent between 0.35 and 0.l.j.0 may be used for low-rate 

IrrigatIon effluent. InconsIstencies In the topography, such as depressIOns or ruts, should 

be avoIded or filled to prevent stagnatIOn or channeling of the effluent. 

TABLE 28 VALUES OF RUNOFF COEFFICIENT (72) 

Topography & VegetatIOn 

Rural Woodland 

Flat 0 to 5% slope 

RollIng 5 to 10% slope 

HIlly 10 to 30% slope 

Pasture 

Flat 0 to 5% slope 

Rolling 5 to 10% slope 

Hilly 10 to 30% slope 

Cultivated 

Flat 0 to 5% slope 

Rolling 5 to 10% slope 

Hilly 10 to 30% slope 

Open Sandy 
Loam 

O.l.j.O 

0.25 

0.30 

0.10 

0.16 

0.22 

0.30 

0.l.j.0 

0.52 

Clay and SIlt 
Loam 

0.30 

0.35 

0.50 

0.30 

0.36 

O.l.j.2 

0.50 

0.60 

0.72 

TIght Clay 

0.l.j.0 

0.50 

0.60 

O.l.j.O 

0.55 

0.60 

0.60 

0.70 

0.82 

Groundwater. A minimum soil depth of 1.97 m (6 ft) to groundwater IS requIred to 

prevent groundwater pollution. (Groundwater moundmg following commencement of 
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spray mg should also be consIdered as a possIble route to the pollutlOn of groundwater). 

Groundwater flow dlrectlOn and veloClty must be determmed to assess the effect of 

groundwater quallty lInpalrment. A groundwater specialist should be consulted regarding 

the general impact of the IrngatlOn system upon the groundwater. 

Treatment and storage of effluent. The treatment and storage of an effluent destined for 

disposal via spray IrrIgation are vItal factors m the successful operatIon of a spray 

Irrigation system. 

Most regulatory agenCIes require secondary treatment of domestic wastewater 

prior to disposal by spray IrrIgation. ThIS level of treatment IS desirable to: 

reduce odours; 

Improve operatIonal efficIency and rellabillty of the system by reducmg sollds 

content, and thus the possibillty of spray nozzle and soIl clogging; 

provide an effluent which may be dIsmfected more effectively. 

The provIsion of an effluent WhICh may be disinfected more effectIvely IS an important 

requIrement for publIc health reasons. DisinfectIon aIds m the protectIon of health and 

hygIene of persons in dIrect contact wIth the wastewater and crops, as well as reducing 

the potentIal hazard of aerosol contamination. DIsmfection of effluent IS usually 

mandatory for Irngation of food crops, parks, golf courses, etc. 

Storage IS requIred mamly for: 

a) wmter effluents when IrrigatlOn IS not bemg practiced (five to seven months); and 

b) perlOds when Irngation IS not bemg practlced due to equIpment breakdown or 

saturated field condItions (intense storms). 

Storage IS commonly provided in the form of a lagoon enclosed by constructed berms. 

Smce provIsIon for wmter storage is commonly requIred m Canadian lagoon systems, it 

follows that treatment by lagoon IS qUIte appropnate from a cost-effective pomt of VIew 

for a system disposmg of secondary effluent by spray Irngation. 

Effluent dIstnbutlon equipment. A fixed sprmklmg system basIcally consIsts of a main 

pipeline (or several main pipeimes dependmg on the size of the spray irrigation system) or 

header feedmg several lateral extenslOns. Evenly spaced nser pIpes WIth sprinkler heads 

are mounted on top of each lateral. PIping may be laId on the ground surface or buried. 

Above-ground systems are less costly to Install but more likely to be damaged, especially 

durmg cultivatIon and harvestmg (If not moved), than buned systems. AluminIUm pIpmg is 
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often used for above-ground systems but may have a short workmg life due to corrosion. 

PlastIc or asbestos cement pIpe are most often used for buried systems. Dram valves 

should be located at vanous low points in the lmes to allow water to drain away and 

prevent in-line freezing. 

Sprinkler spacing may vary from 13 x 20 m (40 x 60 ft) to 33 x 33 m 

(l00 x 100 ft) and be rectangular, square or tnangular. 

Nozzles vary m SIze from 0.64 to 2.54 cm (0.25 mch to 1 mch) openmgs. 

Nozzle discharge can vary from 15 to 378.5 LIm (4 to 100 gpm), wIth a range from 30 to 

95 LIm (8 to 25 gpm) being tYPIcal. Discharge pressures can vary from 207 to 690 kPa (30 

to 100 pSI). 

RIsers are usually galvamzed pipe of sufflClent height to clear the crop bemg 

grown (usually 0.98 to 1.31 m for grasses). 

Valves are usually mstalled to control the flow of wastewater to the mdividual 

laterals. These valves are usually controlled manually in small irrigation systems, but 

automatlC and semi-automatic control systems are available. 

Two types of portable sprmklmg systems are also avallable and in use m 

Canada. One type resembles the fixed set system except that the irrigation pipes are 

moved manually from one valve to the next along the mainlme. ThiS system requires 

considerable labour and at least three laterals to provide contmuous operatIOn. A second 

type of portable sprmkler is mounted on wheels and can be moved manually to different 

areas of the field for spraymg as required. Some self-propelled irrigation systems are 

avaIlable but these have not been extensively used for effluent application, with the 

exceptIon of the centre pivot system WhICh has receIved limited use (72,73,74,75,76). 

System desIgn and mstallatiOn. The desIgn effluent hydraulic loading can be determined 

from the relationship: 

PreCipItatIOn + Effluent loading = EvapotranspIratiOn + PercolatIOn 

EstImates of preCipitation can be obtamed from meteorologIcal records. EvapotranspIra

tiOn rates for selected cover crop(s) should be obtained from local agncultural representa

tives. Rates of percolation for a gIven site (soIl) can best be determined by on-Site pIlot 

testing. One procedure for pIlot testmg IS described in reference (76). Design percola

tion, m some cases, may be limited by geologIcal or groundwater condItiOns at the SIte. 

Generally, hydraulic loadmg rate governs sprayfieid areal reqUIrements for 

mstallations spraymg secondary effluent. Basically, the area required equals the effluent 
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flow rate divided by the design hydrauhc loadIng. Organic loadIng and nutrient loadIngs 

should also be calculated to ensure they are not exceSSIve. If such is the case, the spray 

area must be enlarged to reduce the critical loading to wlthm acceptable and safe limits. 

Additional land area wIll be required to provIde a buffer zone as well as space for storage 

faclhtles and future expansion. 

DesignIng the loadmg mtenslty permIssible at a spray site entails the Imple

mentatiOn of a pilot testIng program to assess the sIte capacIty. 

Alternate applicatIon-restIng penods are requIred for successful operation of a 

spray dIsposal system. The restIng periods must be of suffICIent duratIon to: 1} allow 

decomposItion of organic materIal, thus enabling the sprayfleld to regam its InfiltratIve 

capacity; and 2) permIt the effluent to draIn from the soil. Resting periods normally vary 

between four and ten days. ApplicatIon periods (8 to 12 hours are tYPlcaI), If too long, 

may result m excessive losses in InfIltrative capacity and ponding. The application

resting cycle wIll vary WIth sOlI texture, sOlI depth, and soil water-holdIng capacIty. The 

optimum applicatiOn-restIng cycle for a particular system may be determined by the pilot 

testIng (noted above) and some experimentatIon durmg Initial operation of the system. 

Adherence to thIS apphcation schedule may not be possIble durIng periods of heavy 

ramfall, hIgh WInds, sewage treatment plant upset or harvestIng of cover crops. 

The spray fIeld should be dIVIded into sectIons to provide the fleXIbility 

reqUIred by the operatIng schedule. Based on desIgn loadIng Intensity, selectiOn of rated 

nozzle flow rates and correspondIng spray dIameters, and appropriate nozzle(s} SIzes can 

be undertaken, along with the determinatIon of sprmkler and lateral arrangements. 

The reqUIred pumpIng head can be determmed from sprInkler pressure require

ments and losses in the system due to friction, elevation variatIon, etc. Pumping capacity 

wIll be determined from the wastewater flows expected. 

When Installing a spray IrrigatIon system, provincial policy and/or regulations 

pertaining to spray system location wIth respect to water supply wells, Inhabited 

dwellings, etc. must be observed. InstallatIon procedures should avoid causing excessive 

soIl erosion or compactiOn of the spray field absorption area. 

System management. OperatIon of valves on laterals and/or the movement of portable 

sprinklers will be reqUIred, usually on a dally basIs, to maintain the specified spray 

applicatIon schedule. Crop cutting, harvesting, and possIbly reseeding must also be 

undertaken with a frequency depending largely on the type of cover crop. In addItion, 

routine pump maintenance WIll normally be carried out during the spraying season (as 
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speCifIed by manufacturers), including occasional clearing of clogged nozzles and replace

ment of IrrIgation system components due to corrosion. 

Monitoring reqUIrements may include monitoring of groundwater, soIl crops, 

applied effluent and nearby surface waters. The monItoring necessary at a particular 

installatIOn may depend on the geology, soils, groundwater hydrology, system SIze, and 

other consideratIons, as determined by the provincial authorIty responsible for approval of 

the system. Small systems (I.e., 455 m3/d or 100,000 gpd) spraying dISinfected secondary 

effluent from mainly domestIC sources should not generally reqUIre extensive monitoring. 

Cost. When land IS purchased for use as a spray irrIgatIOn Site, the capltal cost of the 

irrIgatIOn system fluctuates as the price of land varies. In some Instances, land costs may 

be suffICIently high to render spray irrigatIon unfeasible compared to advanced 

wastewater treatment alternatIves WIth surface water dIscharge. 

The capital expenditures for land may be offset, at least partially, by: 

a) USing the land for spray irrIgatIOn and cash crops which gIve annual returns on the 

Investment, 

b) forming agreements with local landowners to use theIr land for spray dIsposal of 

effluent In return for the benefIt of haVing their crops irrIgated at no cost. 

ConstructIon costs, even for systems having the same deSign capacIty, vary 

widely due to varying SIte conditions, lengths of reqUIred pIping, faCIlities, etc. Table 29 

outlines some typical costs for constructIon of a spray Irrigation system. 

Labour reqUIrements Will depend mainly on the type of disposal system and its 

SIze. Table 29 estimates labour costs for a 455 m3/d IrrigatIOn system. 

Pumping equipment consumes most of the energy Input to an irrigatIon system. 

Generally, the energy source is electrICity WIth gas or diesel fuel used occasIonally under 

speCial CIrcumstances. Energy (electricity) costs can be estimated from the known rate 

of electrIcity consumption of the designated motor(s) for the pump(s), expected pumping 

duration, and electriCIty rates for the area. 

Extra costs may be incurred for analysis of samples collected to comply With 

condItions of a specified monitoring program. Local provinCIal or municipal lab facIlitIes 

may eliminate the need to use commercial lab faCIlitIes. 

Repair or replacement of system nozzles, pIpes, and pumps is frequently 

reqUIred. Since the frequency of such repaIrs is diffICUlt to predict, it IS probably best to 

set up a contingency fund. 
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TABLE 29 ACTUAL COSTS FOR 455 m3 /d SPRAY IRRIGA nON EFFLUENT 
DISPOSAL SYSTEM IN THE U.S. (79) 

Liquid loadmg rate, mm/wk (in/wk) 

ReqUired spra yfield area, ha (acres)a 

Total land area, ha (acres)b 

Capital Costs 

Land @ $1235.50/ha 

Earthworkc 

Effluent pumpingd 

Transmission pipinge 

Winter storagef 

Distribution pumpingg 

DistributiOn (spraying)h 

Total capital costs 

Operating costs 

Labour 

Materials 

Power 

from (79) as are all cost estimates. 
assummg 6.07 h3 for wmter storage, 2 ha for buffer strips (61 m), etc. 
assummg 945 m of cut per hectare. 

63.5 (2.5) 

10 (25) 

18.2 (45) 

$ 22 500 

8 800 

80 000 

10 000 

30 000 

50 000 

50 000 

$250 000 

$ 4000/yr 

400/yr 

700/yr 

$ 5 100/yr 

a 
b 
c 
d 

e 
f 
g 
h 

effluent pumping signifies pumpmg from secondary facilities to sprayfield or wmter 
storage facilities - assumes 46 m pumpmg head. 
assummg 305 m of 15-cm buned pipe (forcemam). 3 3 
assuming seven months storage required, i.e., 30 wks x 7 days x 455 m = 95 550 m • 
pumping from water storage facilities to spray field - assumes 15 m pumping head. 
a buned solid set system. 
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6 SMALL W ASTEW A TER COLLECTION SYSTEMS 

The need for a treatment plant presupposes that some means has been 

provided to collect and transport sewage to the plant site. In sparsely populated areas, 

tank trucks may be used, but in most small systems there Will be some type of sewer 

system. There are currently three types of collection systems, all of which use piping to 

convey the sewage: 

graVity systems, 

pressure systems, 

vacuum systems. 

The graVity sewer is by far the oldest, commonest and most reliable, even 

when lift statiOns must be used to overcome natural low spots In the collection system. 

The other approaches are relatively recent and have application In speCial circumstances 

when conventional approaches are either too costly or technically too difficult to use. 

In thIS section the baSIC propertIes and relative merits of each of these 

systems are discussed. The economics of each are compared and tYPICal applications are 

noted. 

In all cases, the designer of a sewage system must know how much sewage will 

be handled and treated over the design hfe of the system. ThiS WIll Include detaIls on the 

following items: 

populatIon served (25-year proJection), 

volume of sewage per capita, 

type of system (domestIc, commercIal, industrial), 

rate of sewer infiltration, 

SOlI condItIon or type, 

total land area served (25-year proJection), 

receiving sewage system capacity, 

proximIty to water supply systems. 

It IS very important to design the collection system to handle the long-term 

needs (25 years mimmum WIth 50 years not uncommon), even if the treatment system is 

designed on a short-term basis, with proviSiOn for future expanSiOn. 
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6.1 Conventional Gravity Systems 

The great advantage of gravity systems IS reliabillty. A well-deSIgned and 

constructed gravity sewer wIll last 50 years or more with mInimal maintenance. Under 

most normal situatIons of soil type and topography this will be the most economIC system. 

Gravity systems may be classifIed according to the type of wastes conveyed. 

Combined sewer systems are deSIgned to receive domestic sewage, industrIal wastes and 

storm water, whereas seperate sewer systems Involve two separate systems, one for the 

collectIon of sewage and Industrial wastes and the other for the collectIon of storm water. 

Durmg the past 50 years the trend has been away from combined systems because of theIr 

impact on treatment plant siZing, operation and costs, and toward the Installation of 

separate systems. Recommended practIce In small systems is to separately collect 

sanitary and storm water flows and to treat only the sanitary portion. 

6.1.1 Sizing Gravity Sewers. The SIze of sewer pipe IS based on the maXImum 

sewage load expected over the deSIgn life of the system. The slope of the pipe must be 

sufficIent to maintain a velOCIty of 0.6 m/s (2 fps) In sanitary and 0.9 m/s (3 fps) In storm 

sewers. These minimum flows ensure that the sewer is self-scouring in most normal 

SItuations. A slope of 1 In 100 (l %) WIll generally give 0.6 m/s velocity but will depend on 

pIpe SIze and type. In general, a large sewer running to capacity needs less slope than a 

smaller sewer running to capaCIty. If the flow is the same in a large and small sewer 

(varYing percent fIlled) the slope needed In each case is roughly the same. For detailed 

deSIgn of graVIty sewers, reference should be made to the document, "DeSIgn and 

Construction of Sanitary and Storm Sewers", WPCF Manual of PractIce No.9 (80). 

6.1.2 Pipe Materials. There are flve types of sewer pipes available for use in a 

graVIty collectIon system: 

plastIC, 

concrete, 

vitrifIed clay, 

asbestos cement, 

cast iron. 

WIth small systems, the fIrst four are SImilar in cost and effectIveness. 

PlastIC has the advantage of being lighter, and thus eaSIer to handle during installation, 

than the other types of pipes. Increasing use of plastic pipe in sewer systel]1s is eVIdent, 
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particulary for pipe SIzes up to 46 cm (18 inch). Cast iron is perhaps the most expensIve 

pipe In use and is utilIzed mainly where hIgh structural loads will be imposed In the sewer. 

InfiltratIon should be avoIded and is achieved with rubber, concrete or metal seals. 

6.1.3 Maintenance. Maintenance of gravity sewers IS achIeved by desIgning a system 

wIth manholes at intervals of 100 to 150 metres. This allows the use of mechanical 

cleaning equIpment to remove scale or bUIld-ups of grease and to unclog plugged lInes. 

Manholes also allow air to enter the sewer to prevent the productIon of anaerobIc 

condItions and hydrogen sulphide gas. Normally, If the sewer flow IS greater than 0.6 m/s 

and manholes are correctly designed and spaced, gas production problems wIll not arise. 

6.1.4 Cost. The cost of sanitary sewers IS most influenced by the type of material 

used, installation requirements, SIze of the system and location of the project. A survey 

of the installed cost of sewage collectIon systems in small commUnities indIcated costs 

ranging from $594/person (popUlation 500) to $1195/person (81). 

6.2 Lift Stations 

6.2.1 General. In many graVIty systems It is necessary to fIrst dIrect sewage to a 

local low point by gravity and then to pump it to the central treatment plant or to a main 

collector at a higher elevation. ThIS pumping is performed by a lift statIon. Clearly thIS 

IS a mechanical system and ItS relIabIlity must be very high since the gravity system 

feeding sewage to the statIOn can't be turned off. HIgh relIabIlIty is essentIal In the 

design of the hft statIon and its ancIllary eqUIpment and services. In the event of failure, 

sewage will overflow the sump of the hft statIon and spIll Into the local environment. 

ThIS may cause a seriOUS health and environmental problem. Another cause of spills may 

be Inadequate design capaCIty. If the sump or pipe SIZing cannot handle the worst case 

flow, the sump WIll naturally overflow. Ideally, some storage or bypass capaCIty could be 

included. Standby pumps and alternate electrical power source should be included 

wherever pOSSIble. 

6.2.2 Types of Stations. There are two main types of lift station: a dry pit and a 

wet pIt. 

In a dry pit (FIgure 61) '~he pump shaft, which may be vertical or horizontal, 

takes ItS suction through a pipe from an adjacent sump or wet well. The exterior of the 

pump IS dry at all times, permItting easy inspection and maintenance. Also, there is less 

chance of corrOSIon of the pump casing, shaft, bearings, and other parts. 
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DRY PIT 
CENTRIFUGAL PUMP 

LIFT STATION 

FIGURE 61 DR Y PIT PUMPING STA nON 

In a wet pit the pump is immersed In the liquid handled. Figure 62 shows a 

tYPical pump of thiS type. It can be Installed In a round, square, or rectangular metal or 

concrete sump. Where one pump does not have sufficient capacity, two or more pumps 

may be used in a single sump. 

6.2.3 Protection of Pumps. Although many smaller pump stations operate 

efficiently without screens, pumps are such vital pieces of equipment that they should be 

protected. Screens are the most common form of protection. For a small plant, a basket 

type screen may be most applicable. Many variations of the bar screen are available but 

In general are applicable only for large plants. A commInutor, or alternately a macerator 

pump, may provide a good alternative to screens. 

6.2.4 Types of Pumps. Raw sewage contains a variety of solids such as sticks, rags, 

rocks, hair, etc. These can clog the pump and damage rotating or stationary parts, 

reducing pump efficiency or causing complete stoppage of the Unit. A number of clogless 

or nonclogging centrifugal pumps have been developed for use in pumping stations. 

Though the design details differ from one manufacturer to another, most pumps of thiS 

type have impellers With at most two or three vanes, or none at all. The impeller may be 

either open or closed, but the open type seems to be more popular at present. Usually, 
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the clearance between the vanes is large enough to allow any solid entering the pump to 

pass out through the dlscharge. In some pump deslgns the suction plpe IS 25 percent larger 

than the discharge, in others, both are the same size. The smallest discharge size 

recommended IS generally 10 cm (4 Inch), although some 7.6, 5 and 38 cm (3, 2 and 

1 1/2 inch) pumps are also buIlt. These smaller pumps should only be used wIth a 

macerator to prevent clogging. 

NoncloggIng sewage pumps are built as eIther hOrizontal or vertICal units. 

FIgures 61 and 62 show tYPIcal vertIcal sewage pumps with the motor mounted dIrectly on 

the pump frame. Present trends In sewage system desIgn indicate a decided preference 

for vertical pumps In almost all types of installatIOns. The advantages of vertIcal 

installatIOn include the need for less floor area, sImpler piping connectIOns, the avoidance 

of gas-accumulation problems In the pump suctIOn, and the possIbIlIty of USing extended 

shafts to isolate the motor from its pump. 

SUBMERSIBLE :~:~ 
MOTOR AND PUMP ~:~: 

INflUENT 

WET PIT SUBMERSIBLE 

FIGURE 62 WET PIT PUMPING STA nON 

EXTENDED 
SHAFT 
PUMP 

WET PIT EXTENDED SHAFT 

MOTOR 

DISCHARGE 
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6.2.5 Pump Controls. A wet well has level mdlCators which turn the pumps on and 

off m response to varymg sewage levels. If dual pumps are mstalled then some prov1s1on 

to alterna te pumps should be mcluded as a means of preventing faIlure of backup systems 

through lack of use. A wet well 1S never allowed to dram completely to avo1d damaging 

the pumps. Some systems use vanable speed pumps, whlCh provide more continUOUS pump 

operatlOn and less chance of fallure due to control malfunctlOn. The level control sensors 

should be a non-clog type such as floats or pressure-sens1tive relays. 

6.2.6 Wet Well Design. The design of the wet well 1S very 1mportant. Solids wlll 

naturally settle in the well and must be read1ly removed during the pumpmg cycle. ThIS IS 

usually ach1eved m a lift statlOn with non-submersible pumps (Figure 61) by havmg an 

adequately sloped (l to 1) bottom in the well. When pumpmg starts the sewage velOCity is 

suff1cLent to d1slodge any settled solids. In the second type of system (Figure 62), the 

pump mlet 1S placed above the well bottom and is not likely to plug. The overall SlzlIlg of 

the well must balance the need to prevent septlC cond1 hons agamst the need for a 

mlllimum pump cycle of five minutes. Th1S means a tYPical cycle of fLve minutes on w1th 

a maX1mum of 30 mmutes off. ThiS maXimum holding time also prevents any major solids 

bulld up or compaction of the solids which may settle. 

6.2.7 Flow Measurement. Where 1t 1S deSirable to measure the flow of pumped 

sewage, several methods may be conSidered. A counter can be used to total the number 

of pump cycles (apprOXimate flow measure) or a power totalizer can be used to mon1tor 

the pump motor loadlllg, Wh1Ch In turn can be related directly to flow. Ordinary flow 

measurmg dev1ces are not pract1cal because of the Interm1ttent operation of most lift 

statlOns, although they are very SUitable for continuous, var1able-speed pumping arrange

ments. 

6.2.8 Power Requirements. Electncal power requirements vary w1th the load at 

each station. In general, a dual supply (one to each pump) 1S deSirable to prevent power 

outages. In remote areas a backup generator should be conSidered. For most motors 

above 1 hp, a 550-volt, three-phase system is considered practical. Suitable design to 

ensure safety is essential In the hum1d atmosphere of a pumping station. Remote 

lIld1catlOn of major upsets (power out, current overload or overheatlllg) should be 

conSidered to alert mamtenance crews. 

6.2.9 Force Mains. The flllal component of the lift system is the force main Wh1Ch 

carries the sewage, under pressure, either to the treatment plant or to another collector 
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sewer. A major problem In force mainS is the development of septIc condItIOns. These 

condItIOns usually occur because the main IS long, unvented and subject to Intermittent 

use. Compressed aIr or chlorine can be injected into the main to reduce sulphIde 

production. /\:10st force mainS are made from cast Iron or reinforced asbestos or concrete 

pipe and sIzed to provide a velocity of 1 to 1.5 m/s (3-5 fps). To ensure scouring of 

deposIted soltds, a mInimUm velocIty of 0.75 to 1 m/s (2-3 fps), two to three tImes per day 

is recommended. Cleanout plugs should be located at low points, or perIOdIcally along the 

main. Air venting facill ties are necessary at high pOints In the system. 

6.2.10 Safety. The safety aspects of 11ft statIOns are sImilar to those considered In 

the design of manholes. Forced ventIlatIOn of wet and dry wells IS necessary to prevent 

sulphide buIldup. Normal Items such as guards on ladders and movmg equIpment should be 

provIded. DesIgn to avoid low-lYing pIpes and other tripping hazards shou1d be 

encouraged. CorrosIOn-resistant materials are necessary to prevent mechanical faIlure of 

equIpment and facIlIties, whICh In turn could create unsafe condItIOns. 

6.3 Pressure Sewer Systems 

6.3.1 General. Pressure sewer systems are analogous to force mainS except that the 

entIre collectIOn system from the house basement to the treatment plant IS run under low 

pressure (241 kPa or 35 psi). The advantage of this approach IS that the collectIOn system 

may be constructed almost completely Independent of topography. ConsIderable cost 

savings are possIble If deep excavation can be avoIded because of thIS feature, particular

ly In dIfficult constructIOn areas, such as rock. FIgure 63 shows an idealtzatIOn of these 

advantages. 

Pressure' systems function on the basis that each indiVidual facIl1ty (e.g., 

household, apartment buIlding, etc.) served by the system has a small pumping station 

located In ItS basement or shares a common pumping statIOn located on or near a property 

line wIth a neIghbour. The pumping statIOn receives sanitary wastes from varIOUS sources 

throughout a faciltty or from neighbouring facilitIes, usually by gravIty; and pumps the 

wastes Into a common, pressurized collector main, eventually dischargmg into a sewage 

treatment centre or gravIty collection sewer. Because pIped connectIons between the 

house(s) and the collectIOn line are small (i.e., 3.18 cm or 1-1/4 inch dIameter), gr mder 

pumps must be used m each station to prevent clogging of lInes. Most control agencies 

still regard pressure systems as somewhat experimental and usually apply more detailed 

analyses to applicatIOns for their use. However, the advantages are recognized when 
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GRAVITY SYSTEM 

SEWAGE TREATMENT PLANT 

LOW PRESSURE SYSTEM 

FIGURE 63 IDEALIZA TION OF PRESSURE AND GRAVITY COLLECTION SYSTEMS 

difficult situatlOns, such as shallow bedrock or a high water table, are encountered. The 

cost effectiveness under such conditlOns will ultimately lead to many more applications. 

6.3.2 Effect on Sewage Characteristics. Several differences eXist m the design 

critena of sewage treatment plants when pressure systems are used. The sewage, as 

discharged to the treatment plant, will be stronger (300-400 mg/L BOD) pomarily because 

mfiltratlOn is nonexistant. Unit generatlOn rates of 0.16 to 0.19 m per person per day (40 

to 50 gpcd) have been determmed for pressure systems, compared to 0.28 to 0.38 m3per 

person per day (75 to 100 gpcd) commonly associated with gravity systems, again primarily 

due to the absence of mfiltration and mflow contributors (82). Other areas which may be 

of concern, dependmg on the nature of the treatment facility, are the shock loadmg 

effect associated with the use of pressure sewers and the delivery of anaerobic waste to 

the treatment process. Shock loadmg occurs because of the tremendous variation m flow 

m a pressure sewer system, resultmg from activities withm each individual residence of a 

community. Because extraneous flows are prevented from entering the collection system, 

no-flow conditlOns may peoodically occur at certain hours throughout the day, followed 
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by extreme peak flow conditIOns. Anaerobic conditIOns develop withm the collectIOn 

system as the waste decomposes mSIde the pressure pipes during no-flow or low-flow 

periods. Hydrogen sulphide may be detected at the discharge of the pressure main and, 

dependmg on the sulphIde concentratIOn, may affect the settleabIlIty of the waste by 

encouragmg the growth of fIlamentqus organisms (82). Because of the speCIal character

IstICS of wastewaters dIscharged from pressure sewers, It is suggested that experienced 

deSIgners be employed when selectmg the type of treatment and any reqUIred deSIgn 

modifIcatIOns to pressure se'Ner applIcatIOns, at least until further data becomes 

avaIlable. 

6.3.3 Grinder Pumps. The drIVing force of the pressure system, grinder pumps, are 

commonly located m each premIse serVIced by the sewer, usually m the basement. ThIS 

location IS preferred prImarily because of ease of mamtenance and mcrease of serVICe 

lIfe. Figure 64 shows a typIcal household system. 

Grmder pumps are deSIgned with the fOllowmg capabIlities: 

a) ForeIgn objects In sewage are ground to produce a fine slurry WhICh wIll not clog 

eqUIpment or pipelines. 

b) The unIts can feed mto a pressure mam at nearly a constant rate regardless of 

backpressure (up to 27 m or 90 it) or can operate sequentially against a specIfIed 

backpressure. These propertIes are necessary because of the probabilIty of parallel 

operation of several UnIts simultaneously into a common street sewer. A complete 

grmder-pump mounted on a holdmg tank IS shown m Figure 65. The pump motor IS 

usually 1 hp and may be eqUIpped WIth a thermal overload and automatic restart, 

dependmg on the manufacturer. It can be run off house CIrCUIts WIthout circuit 

overloading. The motor is controlled by the water level in the tank, WhICh operates 

control CIrcuits to start and stop the grindmg-pumping actIOn. 

The sump or holding tank In the average home IS normally SIzed to hold 

approximately 0.19 m3 (60 gallons) of wastewater, but must be large enough to provide 

reserve capaCIty based on power outages In the area served. Excess volume IS undeSIrable 

as sewage may become septic. PrOVisIOn to flush the system should be available. 

Upgrading an existing septic tank system to a central pressure sewer 

collection system presents an alternative to the standard sump and holding tank. ThiS 

involves the incorporatIOn of the septiC tank Into the pressure system, where It functIOns 

as a holding tank/treatment deVice. Wastes discharging from a residence enter the septic 
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tanks, where heavy solids settle and grease and other flotables collect m the scum layer. 

The tank effluent flows to a receiving tank, or in the case of multi-chambered septic 

tanks, to the final chamber fitted with pumps, sensors, and valves required for a septic 

tank effluent pumpmg (STEP) system. With removal of solids and greases occurrmg m the 

septic tank, smaJJ centrifugal pumps may be employed for the STEP system, rather than 

grinder pumps. The cost of a STEP system should be exammed m companson with a 

grmder pump system on a case-by-case basis. The fmal cost of a STEP system should 

include septiC tank clean-out costs every two to three years. 

6.3.4 Sewer System Description. The sewer main itself is laid out as a branched 

system, without loops, to insure flow in only one direction (Figure 66). The size of the 

collectlOn lme (usually PVC construction) must be calculated, as in the gravity system, on 

the basis of long-term flows from the pump umts. Infiltration can be ignored. Air relief 

valves are required m the system to purge any air pockets. Valves are also needed every 

122 to 183 m (400-600 ft) for routine cleanout and maintenance. Check valves and a 

manual shut-off valve at each serVice connection are necessary to prevent backup into the 

sump; these latter two valves are often duplicated at each grmder-pump station to 

guarantee reliability. 

6.3.5 Operational Considerations. Currently available gnnder-pump umts are 

reliable in operation, requirmg one to two hours of routine preventive maintenance per 

year. Power outages may be a more frequent problem than breakdown, but of no concern 

if less than one to two hours duratlOn since the sump has adequate reserve capacity. If 

longer outages are common, standby power should be considered or portable pump-out 

faCllities provided. Operation and maintenance of pressure mains includes periodic 

cleaning, repair mg leaks, and replacement of broken sections. 

To date, the operational problems which have ansen m pressure systems have 

not been critical if mamtenance and spare parts were readily available. Clearly this 

feature is essential in such mechanically-dependent -systems. Build-ups of grease in the 

sump, etc. have not caused problems in commercially-available units, although some 

prototypes did fail to operate properly for this reason. The elimination of highly-abrasive 

gnt from the grinder pump is important and is basically a problem only the user can 

address. 

The management responsibility for pressure sewer systems withm a 

mumcipality must be resolved early in the plannmg of a project. Either the municipal 

authority, mdividual homeowner, or a conbinatlOn of the two will be responsible for the 
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care and mamtenance of the lower pressure systems (e.g., municipality responsible for 

pressure mams, homeowner responsible for pump statIon). The advantages of pumpmg 

statIons outside an indIvidual residence, as in the case of shared or STEP systems, are 

ObVIOUS where the mUnicipality assumes full responsIbility for the system. In some cases, 

however, the pump units must be located in the residence, and commItments and 

responsibIlities must be negotiated between the homeowners and the municipality. 

6.3.6 Costs. The cost of a grinder pump Unit, mcludmg a prorated share for the 

main sewer system, IS approxImately $2500 for a normal home system (82). The cost for 

sewer mam materials IS the same as for a force mam of the same SIze. Excavation costs 

should be much lower. In fact, if excavatIon IS not cheaper, the decision to use a pressure 

system would be questionable. The operatmg cost IS power only and is around $6 per year 

(1.2 m3/d (300 gpd), 200 kWh/yr @ 3¢/kWh). Mamtenance costs are estImated to be $50 

per pump per year. O&M cost for the pressure mam will be approximately $62/km/yr 

($100/ml/yr) (82). 

6.3.7 Design Example (82). The system shown m FIgure 66 can be used for a 

simplifIed desIgn example, assuming a scale of 1 cm = 36 m. The following are also 

assumed: a) PVC mains of 5.1 cm (2 inch) nominal diameter, except for a 7.6-cm (3-mch) 

mterceptor (branch 7); b) service lines of 3.2 cm (1.25 mch) nominal diameter PVC; and 

c) grmder pump units. 

Umt installed costs are assumed to be: 

7.6 cm PVC pIpe @ $l3.00/m 

5.1 cm PVC pIpe @ $10.00/m 

3.2 cm PVC pipe @ $ 6.50/m 

Serv ice line connectIOns @ $35.00 each 

GP Units, including 

electrical hookup @ $2000 each 

Cleanouts wIth 

manual air-relief 

valves @ $500 each 

A rough estimate of the capital cost of this system is: 

7.6 cm pipe (240 m) = $ 3 120 

5.1 cm pIpe (960 m) = $ 9600 
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3.2 cm pipe (1740 m) = $ 11 310 

ConnectIons (38) = $ 1 330 

GP Units (38) = $ 76 000 

Cleanouts and valves (7) = $ 3 500 

TOTAL $104 860 

This represents a cost per home of about $2 760. 

Two things are vIvidly shown in thIS example: the economical nature of the 

pressure sewer, and the high cost of grmder pumps. It is because of the latter that shared 

pumpmg statlOns or septic tank effluent pump (STEP) systems are bemg used. In many. 

rural areas, sewers are now required because poor soil condltlOns have obviated continued 

use of the original septlC tank - sOlI absorptIon system. If this were the case m the 

example location, STEP Units could be SubstItuted for the GP Units at a cost of about 

$1000 per installation as compared to $2000 for the GP mstallation. ThIS substitution in 

the prevlOus example would reduce the cost per home to about $1760. 

The O&M costs for the example mstallation would approxImately be: 

Pipe: 2940 m @ $62/km/yr = $182/yr 

GP: 38 Units @ $50/yr = $1900/yr 

Power: 38 units @ $6/yr = $228/yr 

TOTAL $2310/yr 

ThIS amounts to an O&M cost per home of $60.79 or a monthly cost of about 

$5.07. The amortized capItal cost must be added to thIS to obtain the total monthly cost. 

No engineermg, legal fees, or other additional costs are considered for thIS example. 

Therefore, amortization of the $104 860 capItal cost over 20 years at 10 percent interest 

YIelds an annual cost of $324.10 per home, or $27.01 /month. The total monthly cost per 

home 1S then $32.08. 

From the prevlOus discusslOn of the O&M costs for GP and STEP systems, 

there is not enough eV1dence to justify a difference in the O&M cost estimates for these 

two types of pressure systems. Therefore, the substitution of STEP units for GP units in 

the above example would Y1eld a monthly cost per home of $5.07 for O&M plus the 

amortlzatlOn cost of the STEP system computed on the same basis as the GP system. The 

amortization of the $66 860 cap1tal cost yields an annual cost of $206.64/home, or 

$17.22/month. Therefore, the total monthly cost for the STEP system IS then $22.29. 
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The foregoing example IS admIttedly crude, but It gives some idea of the cost 

estImating procedures necessary to evaluate proposed pressure sewer systems. AddItIonal 

factors wIll have to be evaluated to properly accomplIsh such an estImate In a real 

situatIOn. 

6.4- Vacuum Systems 

6.4-.1 General. LIqUId transport in the vacuum system (FIgure 67) IS accomplIshed by 

pressure dIfferentIal: atmospheric pressure at the upper side of valves, and approximately 

half an atmosphere of pressure In the vacuum tank and pIping network (38 to 1+5 cm (15 to 

25 Inches) of mercury). A vacuum collection system is relatively independent of grade 

changes; up to 5 m (15 feet) of head is possible. 

Advantages of a vacuum collectIOn system are: 

a) InstallatIOn costs are lower than for a gravIty system because there IS less trench 

excavation. The pipe can be installed In the same trench as a water main and can 

follow ground topography wIthin lImIts of slope to transport pockets. 

b) Matenal costs are also less because small-dIameter pipes are used. 

c) Groundwater mfIltratIOn is minimal and therefore wastewater treatment is more 

economical because of the reduced flows and higher concentration of solids. 

d) RepaIr or replacement of damaged pIpes can be done qUIckly and at low cost 

because the lInes are close to the surface. 

fIGURE 67 
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DIsadvantages of vacuum systems include: 

a) The system IS totally power dependent. To safeguard agamst power fallure, a 

duplicate power supply may be necessary. 

b) The system IS sensitIve (less forgivmg) to proper design and mstallation. The pIpe 

network must be fully sealed to mamtam vacuum pressure in the system. 

c) The maXImum 11ft In the vacuum system IS approximately 5 m. ThIS restricts the 

topography on WhICh the system can be used. 

6.4.2 Effect on Sewage Characteristics. Flows from a vacuum system reportedly 

exhibIt greater hourly VariatIons than gravIty flows because of the storage and intermit

tent discharge features of the central vacuum station (83). In addItion to flow varIabiltty, 

the storage of raw wastewater at a central station Impltes that bIOlogIcal degradatIOn of 

organIc materIals could occur, resultmg m delIvery of an anaerobIc lIqUId to the 

treatment facdi ty. 

LImited investIgatIOns have been carried out to determine the compositIOn of 

sewage collected by vacuum systems. The strength of the raw waste will vary wIth the 

type of system, I.e., a vacuum toIlet incorporated into the plumbmg of the house, or 

conventIOnal plumbing m the house with an mterface valve outsIde. BOD concentratIOns 

from the former system may De 2000 to 2500 mg/L (84); whereas the latter system may 

have BOD concentratIons of 300 to 350 mg/L (83). 

6.4.3 System Description (85,86,87). The vacuum sewer system IS not actually one 

system, but rather a number of systems which are used to meet a variety of requIrements. 

A "black water" system transports wastewater from tOIlets and urmals, while all other 

household wastewater ("grey water") IS transported by conventIOnal methods. Alterna

tIvely, grey water may also be transported by vacuum wIthin a resIdence. The black and 

grey waters may be transported In separate pIping networks ("two-pIpe system"), or 

combined m the same pipe (lione-pipe system"). 

As can be apprecIated, vacuum toilets and grey water vacuum systems have a 

sIgnifIcant effect on the volume of water used withm a resIdence. The vacuum toIlet uses 

less than 1.2 L (l qt) of water per flush, compared to the 10 to 18 L used by conventional 

Units. The water used in vacuum toIlets is primarily for cleanmg the bowl since very little 

water IS requIred for waste transport In the vacuum mam. 

The on-Ime system, a VariatIOn of the one-pipe system, allows conventIOnal 

plumbing wIthin the home. A wastewater admIttance valve (Interface valve) IS Installed 
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outsIde the residence at the end of the gravity serVlCe lateral to connect the conventlOnal 

plumbmg to the vacuum system. The sewage is then propelled through the vacuum main 

to a central collectmg station. From the collectmg statlOn the sewage IS dIscharged to a 

gravIty sewer, force main, treatment plant, lagoon, etc. 

In Canada, most communities are located m areas with plenty of avallable 

water. Thus the water-savmg vacuum tOIlet and m-house grey water vacuum system are 

rarely used. However, a vacuum system m conjunction wIth conventlOnal m-house 

plumbing may prove to be a viable alternative m many sItuations, includmg hllly or rocky 

terrain, low-densIty areas, and areas havmg adverse grade conditlOns, or high water 

tables. 

6.4.4 Vacuum Collection Lines. Sewage collection llnes m an "on-Ime" vacuum 

sewage system are categorized as follows: 

a) gravIty servIce llnes, 

b) vacuum service lmes, 

c) mam and branch llnes. 

The gravIty servIce llne IS the pIpe running from the residence to the interface 

valve. ThIS pipe will have a continuous downslope to the interface unit. In some instances 

(dry chamber interface units), the gravity serVIce llne IS used to store a llmlted volume of 

wastewater, WhICh then actIvates the mterface valve (see Figure 68). The gravIty pIpe 

must be installed to the speciflcatlOns of the vacuum system supplier. 

Vacuum serVIce lmes are the laterals which branch off the main vacuum line 

to connect wIth the interface Units. The pIpe SIze for vacuum serVIce lmes IS normally 

50 mm (2 inches). 

The mam or branch l1nes of a vacuum system connect the central vacuum 

collectmg statlOn to the service lmes. Pipe sizes in the mam and branch lmes are 

normally 76 mm (3 mches), 102 mm (4 mches) and 152 mm (6 mches). Vacuum lmes are 

PVC or ABS m construction and may be up to 2440 m (8000 ft) m length. 

There are two types of mterface Units: 

a) dry chamber (wastewater storage in gravIty pIpe), 

b) wet chamber (wastewater storage in sealed off sectlOn m chamber). 

Standard mterface Units are used when sewage IS collected from one or two 

houses. DesIgn capaCIty of the standard Unit is as follows: 
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2390 L (525 gallons) 

341 L (75 gallons) 

When the expected sewage volume from a single source exceeds the volume 

allowed for an interface Unit, an Interbuffer unIt IS used. This unit allows considerable 

storage capacity and is designed to permIt withdrawal of a large volume of sewage whIle 

maintaining the optimum aIr to water ratio. An interbuffer unit consists of a larger wet 

chamber, discharge valve sensor/actIvator and an air inlet valve. The vacuum serVIce 

lateral IS usually larger in diameter than that for an Interface unit. 

Interface units consist of a sensor/activator and a dIscharge valve which are 

totally vacuum operated. Storage of sewage upstream of the unit (typically 14 to 23 L) 

results in a slIght pressure rise 00 to 15 cm) at the sensor/activator. The interface valve 

opens and the wastewater IS pushed into the vacuum service line by atmospheric pressure. 

The sensor/actIvator opens the dIscharge valve only If there is at least 20 cm Hg vacuum 

at the valve. 

A quantIty of aIr (80 to 120 L) enters the vacuum pIpe behind the sewage plug, 

settling up a pressure differential in the service line. This pressure differential transports 

the waste Into the vacuum main and toward a central vacuum collection facIlity. Because 

of the fr IctlOn WhICh occurs between the lIqUid plug and the pIpe wall the plug must 

eventually break down. The aIr which was trapped behind the plug then breaks through It 

and is evacuated from the system. To reform the plug, the pipe is fitted WIth "transport 

pockets" at intervals; the wastewater flows by gravity to these pockets during non

transport periods. Once the liquid plug has been reformed In the transport pocket, an 

Increase in the upstream pressure, created by the admission of aIr to the system at some 

pomt upstream, wIll cause the plug to be transported further down the pipe untIl it again 

breaks down. The transport of wastewater in vacuum pipes is, therefore, Interrmttent 

rather than continous. Transport takes place when a sufficIent pressure differentIal forms 

across a plug of wastewater. 

PIpe slopes and distances between transport pockets -vary according to 

topography and the specific detaIls of a site. Standard transport pockets are placed at 

60 m (200 ft) intervals, with the interconnecting pipe at a minimum 0.35% downslope. 

The standard transport pocket has a 23 cm (9 inch) vertical dimenSIon. Should the spacing 

between pockets be reduced whIle maintaining the minimum slope of 0.35% a small net 

lift will result. A minimum drop of one pIpe dIameter from one transport pocket to the 

next transport pocket is reqUIred. 
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Lift pockets are used when UphIll transport of wastewater is required and the 

net lift gIven by standard pockets is insuffIcient. A 11ft pocket is identIcal to the standard 

transport pocket except that It IS larger . At a minImUm spacing of 15 m (50 ft), lift 

pockets provide a net lift of 30 cm per pocket for 152 mm-pipe, 46 cm for 102 mm-pipe, 

and 61 cm for 76 mm-pipe. No pockets are requIred for downhill transport of wastes. 

Inspection ports are another Important component of the vacuum main which 

must be considered In the design of the collectiOn systems. These ports allow access to 

the bUrled pIpe and facilItate investIgatiOn of problems wIth the vacuum pIping. The 

inSpectiOn port is connected Via a riser down to the transport pocket, or In the case of 

downhIll transport, dIrectly to the main lines. 

Figure 69 is a profile of a vacuum sewer designed for uphill transport of 

wastewater. 

6.4.5 Vacuum Collection Station. The vacuum collection station is the heart of the 

vacuum collection system and, as such, consIderable attention must be paId to designmg 

and installing the Unit. The station consists of vacuum collectIon tanks, vacuum pumps, 

sewage dIscharge pumps and an automatic controller (87). 

Vacuum collection tanks provide a vacuum reserVOIr for the system, vacuum 

buffer for the vacuum pumps and a reserVOir for the sewage dIscharge pumps. The 

vacuum pumps are completely automatIC. The discharge pumps are coupled to the bottom 

of the collection tank In a dry pit configuration and periodically automatIcally discharge 

sewage from the tanks to the receIver. All systems are normally prOVided WIth back-up or 

standby pu mps. 

The collection statIon IS automatically controlled via a pre-buIlt controller. 

The controller accepts SIgnals from mercury float SWItches in the collectmg tanks and 

vacuum sensmg switches on the tanks, and provides appropnate instructIons to the 

vacuum pumps and dIscharge pumps (87). The controller prOVIdes VIsual indIcation of the 

operatIons and conditIons of the system, and can be provided WIth a remote alarm. 

6.4.6 Operational Considerations. The complexity of the vacuum equipment reqUlres 

training of operating personnel to properly maintain a vacuum sewer system (83). 

Manufacturers recognize thIS and are reacting WIth Improved technical aSSistance and 

operatIon and maintenance manuals to assist operating personnel. As is the case when 

dealing With other pIeces of mechanical equipment, O&M of vacuum systems entails 

normal operation and maintenance, preventive maintenance and emergency maintenance. 
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Components of the vacuum system whIch requIre specIal attentlOn are the 

vacuum mterface valves and the central collectlOn statlOn. It 15 estImated that four hours 

per connectlOn per year should be allocated to operatlOn and preventIve mamtenance (83). 

Breakdown mamtenance wIll requIre time m add1tlOn to preventive mamtenance tasks. 

Long-term operatmg information for vacuum systems m Canada 15 requIred before a 

preClse breakdown of operatIon and mamtenance requlrements can be provlded. 

6.4.7 Costs (85). The actual cost of vacuum sewer systems 111 Canada cannot be 

determmed until more installatlOns have been bullt m this country. The cost wdl depend 

on local labour costs, construction materials prices, transportatlOn costs and, for some 

Items, import dutIes. 

Experrence m Europe and the Bahamas has mdlcated that, under condltlons 

whlch favour the use of vacuum sewers, the capital cost of vacuum systems lS roughly 

two-thlrds that of comparable gravIty systems. However, each proposea mstallatwn wdl 

require mdividual consIderation because of the varrations m the physIcal and economlC 

factors whlch determll1e the ultlmate cost of any system, and because the type of vacuum 

system used wIll vary according to local requlrements. 

Mamtenance and operational costs also depend to a large extent on local 

condltlons. The amount of tlme requIred for operation and maintenance depends pnmarlly 

on the size and type of vacuum system consldered, but wlll also be mfluenced by such 

factors as user abuse and the seventy of the local cllmate. The cost of electrrc power 

can be estimated by determmmg the number, sizes, and operatmg perIods of the vacuum 

and sewage pumps. The cost of replacement parts, vehIcles, and consumable materrals 

may be estImated based on life expectanCles and estImated consumptIon rates, as well as 

on suppliers' price llsts and transportatIon costs. 

ComparIsons of the operational and mamtenance costs of vacuum sewer 

systems and equIvalent conventional systems m Canada may also be produced when more 

experIence is acquired. It has been reported that, over a perIod of eight years, the fIrst 

large-scale SwedIsh vacuum installation has produced lower operatIonal costs than a 

conventlOnal mstaliatlOn of the same size (83). 
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7 REGULATORY AGENCY REQUIREMENTS AND THE APPROVAL PROCESS 

7.1 Introduction 

Fulfil1ment of regulatory agency requirements With respect to public health 

protectiOn and pollutiOn prevention and control is a major concern of those mvolved m 

plannmg wastewater disposal facilities. This concern often becomes frustration when it is 

realized that each level of government (provincial and federal) has its own interpretation 

of "fulfil1ment of pollution control requIrements", and that departmental contacts at 

these respectlve levels may vary dependmg upon the circumstances involved m the 

project. 

To allevlate some of this confusion, the following sectIon defines the steps 

required m gaining approvals from regulatory agencies, specIfles governmental agencles 

and their areas of responsibllity m public health and environmental protection, and 

describes a method of preparation of project information for presentation to regulatory 

agencies when mitiatmg a proJect. 

7.2 Purpose of Regulatory Agency Requirements 

The purpose of regulatory agency standards and guidelines is to ensure that a 

consistent and satIsfactory approach towards wastewater treatment is maintained. 

Specific criteria and gUldelmes developed by regulatory agencies are mtended to assist 

both the agency and the designer. To the agency, they are means of ensurmg a minimum 

standard of treatment, an effluent of acceptable quality, a methodology in system 

approval, and a format for report preparatIon and review. To design engineers, guidelines 

are useful in determining the scope of the field work to be undertaken, in determinmg the 

process or processes most applicable for the area under investigation and m reducing 

errors of omiSSiOn. 

When reviewmg standards or guidelines, it should be noted that there are two 

basiC types of criteria used in Canada for the control of water pollutiOn. These are: 

a) Criteria dealing With the quality of the wastewater being discharged from a 

wastewater treatment plant; and 

b) criteria dealmg with the qualIty of the receiving water, e.g. lake, river, bay, stream, 

etc. 

The former are known as "effluent Criteria", while the latter are known as 

"water quality Criteria". The principal difference between effluent Criteria and water 
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qualIty criteria lIes In the fact that the latter take Into account dilutIon and the 

assimilatIve capacity of the receiving water, while the former deal specifically wIth the 

wastewater being discharged from a plant. In Canada, most of the criteria in use are 

effluent cntena. However, where a province or region expenences a wide variation In 

receiving water use, effluent cnteria may be adjusted to take Into account desired qualIty 

of a receiving water body. Cntena, often presented In the form of acceptable hydrauhc 

and organic loadings or pollutant concentratIons, are Important to project InitIators 

because they establish a minimum acceptable level of qualIty In deSIgn and constructIon 

of sewage works. 

7.3 The Approval Process 

FIgure 70 Illustrates the pOSSIble steps involved in gaining necessary approvals 

for the constructIOn of sewage works from regulatory agencies. BrIefly, It IS noted that 

the process consists of a general planning stage, a preapplication conference WIth agency 

staff, the granting of certlficates to indicate temporary and final approval of the project, 

and approval of tendering and construction activities. It is emphaSIzed that the actual 

mechanics of regulatory agency approval processes WIll vary from province to province In 

Canada. The major steps of regulatory agency review procedures are discussed In thIS 

sectIOn. More speclfic Information on such procedures should be available from local 

agenCIes. 

7.3.1 Facilities Planning. An initial meeting WIth the local regulatory agency IS of 

major importance before planning. To prepare for these dISCUSSIons, applIcants must 

familiarize themselves WIth the follOWing aspects of theIr project: 

a) Problem Identification and delineatIon of planning area. To establish whether a 

project WIll be acceptable, and therefore whether the applicant should proceed to 

the first stage of the actual approval process, staff of envIronmental and/or health 

agencies WIll WIsh to discuss the following Information in general terms at 

preapplication conferences: 

1) location of the proposed project, 

11) prOXImity of eXIsting and proposed development to the sewage project, 

ill) the possible effect of new areas of development on eXIsting or proposed 

sewage facilIties, 

IV) the point of effluent discharge (If applIcable), 

v) the method of sludge handlIng (If applicable). 
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The first three Items deal pnmarily with the area affected by the proposed sewage 

proJect. In defmmg the planning area, the applicant should be aware of all eXlstmg 

and proposed development, as well as any eXIsting sewage facilities withm the area 

concerned. Should the applicant represent a municIpality or regIon, delineatIon of 

the plannmg area should encompass the entIre commUnity, including those areas 

subject to future development. If the applicant is proposing a major project wlthm a 

commumty (e.g., the construction of a housmg subdIvisIon complete wIth sewage 

facIlitIes), It is essentIal that the implicatIons of such a project be presented on the 

baSIS of the impact on the entire community and the effect, If any, on eXIsting 

water and sewage facIlities in the community. 

To assess the effect of d proposed project m an existing community, the applicant 

must flrst famIliarize himself WIth the eXlstmg system. This IS best accomplished 

through an mventory-type mvestigatIOn. An inventory will mclude informatIon on 

the nature of existing water supply and sewage collection and treatment systems, 

deSIgn capaCItIes, actual flow conditions and any major problems frequently 

encountered with the systems. 

b) Inventory of envIronmental conditions. To establish a baseline from which to 

measure envIronmental effects of proposed wastewater facilities, existmg enVIron

mental values and resources should be considered in the planning stage of a sewage 

project. Natural resources and natural beauty, wlldhfe, recreatIOnal areas (e.g., 

beaches, parks) and hIstoric sites WIthin the boundary of the plannmg area should be 

flagged and discussed thoroughly WIth regulatory agenCIes at initial meetings. 

7.3.2 Preapplication Conference. The type of works for whiCh approval IS to be 

obtained will be vaned, and for this reason agency reqUIrements for each applicatIon will 

dIffer. In some cases, the supportmg mformation which must accompany an application 

for approval WIll be extenSIve and detalled, whIle mothers, hmited data will be reqUIred. 

It is essential that project mltiators dISCUSS their proposals for sewage works WIth 

regulatory agency personnel prior to preparing any reports or plans. 

TOpICS of interest to regulatory agency personnel at these initial meetings 

have been discussed in section 7.3.1. Project mitiators must determme the actual steps 

mvolved in gaining approval for their proposal, the standards and/or guidelmes under 

which they must design and construct theIr proposed sewage works, and approprIate 

pomt(s) of contact WIthin the regulatory agency throughout the project. 
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7.3.3 Temporary Approval. A temporary approval, sometimes referred to as an 

approval m prmciple, is required by a project mitiator prior to proceedmg with formal 

planning and design of sewage works. In some cases, as determmed at preapplication 

conferences, a temporary certiflCate may be obtamed simply by fdlmg m an applicatiOn 

form after imtlal discussiOns With approval agency staff (e.g., projects such as mmor 

extensiOns to eXlstmg sewer systems or mstallatiOn of a septic tank system at an 

mdlvldual home). Otherwise, if the proposal mvolves major works, agency personnel Will 

require the applicant to develop a formal proposal for submissiOn along with the 

applicatiOn for temporary approval. 

A formal proposal, although varymg m the degree of compleXity from agency 

to agency and from situation to situation, may be a prelImmary design report. Without 

lumtmg the scope of thiS prelimmary report, It may contam a diSCUSSiOn of the points 

itemized by the regulatory agency, as well as pertinent mformatiOn on capital costs and 

operatiOn and maintenance requirements. In some mstances, the proposal may be subject 

to public scrutmy (I.e., public hearmgs) and m such cases It IS advisable to include Viable 

alternatives to the proposed works, as well as capital and operatmg costs of the 

alternatives. An example of the type of mformatiOn required m a detailed prelImmary 

deSign report IS presented m SectiOn 7.5. 

Upon recelvmg temporary approval from the regulatory agency (after review 

of the application form and the supporting document(s», applicants may proceed to the 

next step m the process: formal plannmg and deSign of sewage works, and applicatiOn for 

fmal approval. 

7.3.4 Final Approval. To obtam fInal approval, an applicatiOn must be submitted to 

the regulatory agency along With adequate supporting mformatiOn. The Infor rna tlon , 

reqUired to constitute a complete applicatiOn does, of course, vary depending on the 

nature and extent of the proposed works. For the most part, appllCations for fInal 

approval w1l1 fall Into three general categones: 

a) sewers (samtary, storm, combmed), 

b) pumpmg statiOns, 

c) treatment works (IncludIng treated effluent and sludge disposaI). 

The support mformatiOn required for each of these categones Will be specified by the 

regulatory agency and could include such items as background InfOrmatiOn on the 

population to be served WithIn the deSign life of the works, sewage charactenstlCs 
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(hydraulic, biological, chemical), detailed drawmgs (c1vil, mechamcal, electncal), des1gn 

criteria, equ1pment speciflCations, umt cap1tal costs, projected annual costs, etc. Where 

treated liquid 1S being discharged to a rece1ving stream, informatlOn concerning the pomt 

of dIscharge, stream flow data, water use, and chemical and bIologIcal charactenstlcs 

may be necessary. If a spray Irrigation system is proposed, eVIdence could be required to 

show that the sod and vegetat10n are sU1tabie to accept proposed applicatlOn rates 

without runoff or sIgnificant ecological effect. Where liqUId or filtered sludge 1S to be 

hauled away from the sIte for fmal d1sposal, evidence may be necessary to md1cate that 

sat1sfactory disposal sItes are avadable. 

Fmal approval certificates are granted when the pollutlOn control agency has 

reviewed the apphcatlOn and agrees wIth submitted plans and speciflCatlOns. CertiflCates 

may be issued with the conditIon that the approval IS vahd and in force for a flmte penod 

followmg the data of 1ssuance. If constructlOn of the sewage work has not commenced 

within thIS period, the certiflCate may be considered vOld and a new application may be 

necessary. 

7.3.5 Construction Inspection and Start-Up of Works. During constructlOn of 

approved sewage works, the control agency often w1l1 send out distrlCt officers for an on

sIte mspectlOn. Upon completlOn of constructlOn, It is the usual practice of regulatory 

agencIes to appraise the treatment plant by monitormg plant efficiency and assessmg the 

overall performance of the mstallation. Issue of a user's permit (permIt to operate) may 

then be authorized by the agency wIth the terms and cond1tions of plant operatIon 

outlined therein. 

7.4 Provincial, Territorial and Federal Pollution Control Agencies 

7.4.1 Provincial Regulatory Agencies. The responsiblhty for the preventIon and 

control of water pollutlOn withm many provmces m Canada 1S shared by two agencies, 

namely the health department and the envIronmental agency. Specific areas of 

responsibility may be defmed as follows: 

a) Provmc1al and munic1pal health departments. The early leg1slation pertaming to 

water pollution control was contained in pubhc health acts and was admimstered for 

the most part by provincial health departments. Recent enactments of environmen

tal legislation and the formatlOn of env1ronmental agencies has largely centralized 

w1thin a smgle administrative agency all env1ronmental actlv1t1es, mcludmg water 

pollution control. With the exceptlOn of a few provinces private sewage disposal 
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systems are at present the only systems remaining under the jurisdIction of or active 

surveIllance by some provincial health departments. Although a nationally agreed 

definitIOn of private sewage dIsposal systems does not eXIst in Canada, such 

treatment systems may be defined as systems that are privately-owned and treat 

wastes from privately-owned buildings or structures on-sIte, and have no direct 

discharge Into a centralized collection system or treatment works. 

treatment systems may include any of the fol1owing groups: 

Private 

self-contained toilets (chemIcal, compost, Incinerator, recirculating, portable, 

etc.), 

leaching PItS, 

cesspools, 

septIc tank - tIle field systems, 

holding tanks, 

hauled sewage systems, 

package treatment plants dischargmg to subsurface dIsposal systems. 

An Individual wIshing to construct, Install, expand or repaIr a private dIsposal 

system should contact the local health officer or inspector to determine whether a 

health permIt or a permIt from another agency is required. 

b) Provincial environmental agencies. Before a municipality, company or indIvIdual 

proceeds wIth construction of a wastewater treatment system, approval from a 

provincial envIronmental agency must be obtained. Approval of private systems, as 

discussed in the preVIOUS subsection, may Indeed come under the authority of the 

provincial health department in some provinces, and this should be clarified early in 

the project. OtherwIse, the provincial envIronmental agency is the foremost 

contact when initiating a sewage works project. 

The approval mechanism for the installation of sewage works varies from 

province to province, but generally follows the steps previously suggested. 

7.4.2 Territorial Regulatory Agencies. The territorial governments have the 

mandate to upgrade community wastewater treatment systems and prOVIde financial 

aSSIstance to all communities, whether by SUbSIdy or direct grant. In addition, the 

governments are available to assist in the selection of consulting engineers to undertake 

wastewater treatment studIes In northern communities. Such requests usually come from 

virtually all communitIes except those well established and organized. 
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When an engIneermg study is undertaken In a northern community, the terms 

of reference for the study usually reqUlre the consultant to undertake a broad environ

mental mvestigation, covermg the reVlew and analysls of water supply, water servlces, 

sewerage and sewage treatment systems, and solid waste handling and disposal systems. 

The consultant must make recommendatlOns for all of these Items since most of the 

northern communities are too small to require the full-tIme serVIces of professlOnal 

engineers. Upon completlOn, the consultant's report is revIewed by the territorial 

government, community counCIl, and such federal agencies as the Department of Indian 

and Northern Affairs, the Department of Environment, and the Department of NatlOnal 

Health and Welfare. If the consultant's recommendations are accepted the report WIll 

form the baSIS upon WhICh the territorial government wIll fund the design and construction 

of the proposed samtatlOn systems. 

The consultant may become Involved In techmcal deliberatlOns with the Yukon 

or Northwest Territory Water Board when, as a result of his report, a lIcense has to be 

issued to make use of waters In the territOries. 

7.4.3 Federal Regulatory Agencies. In the federal government, there are two 

agencies adminIstering statutes relating to water pollution control for land installatlOns. 

a) Department of the EnVIronment. The Federal Department of the EnvIronment 

(DOE) has the mandate to clean-up and control pollutlOn from all land-based 

Installa tions. However, in most cases In-depth approval is conducted by the 

provincIal environmental agencies and the federal role remains an audit functlon. 

ExceptIons occur when the followmg Clrcumstances prevail: 

l) the final effluent from the works will be dIscharged to an interprovincIal or 

internatlOnal water body, 

Ii) the discharge poses a potentIal threat to a fIsheries or shellflsh resource, 

ill) no active provInclal programs are currently underway, 

iv) the dlscharge poses a potentIal health threat, 

v) the dIscharge occurs wIthin an area bounded by federal property or from an 

InstallatlOn owned and/or operated by the federal government. 

The Envlronmental Protectlon SerVlce (EPS) of DOE is responsible for water 

pollutlon control m a national context. EPS, through its regional office staff, 

conducts thorough reVIews of proposed works in many areas of the country, 

particularly in the above Clrcumstances. Prevention and control of water pollution 
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at federal mstallatlOns IS admInIstered by the Federal ActIvItIes Branch of EPS. 

ThIS branch assIsts WIth the clean-up of eXlstmg federal facilitIes and ensures that 

planned federal mstallatlOns are deSIgned and operated accord 109 to best practicable 

technology and level of operatIon. A document entItled "GUIdelines for Effluent 

Quality and Wastewater Treatment at Federal Establishments" has been prepared by 

FAB and IS available at all EPS OffIces (AppendIX G). 

It IS the POlICY of DOE to consult and main tam close liaIson WIth provinCial 

governments in projects of mutual concern, and attempt to resolve WIth ItS 

provinCial counterparts, questlOns pertammg to licenSing, certiflcatlOn and other 

matters arIsmg from the constructlOn and operation of wastewater treatment 

systems. For federal proJects, EPS IS the focal pomt for liaIson WIth provinCIal and 

terri tor ial departrnents. 

b) Department of IndIan and Northern Affairs. The Northern Inland Waters Act and 

sections of the ArctIC Water Pollution Prevention Act authOrize the Department of 

IndIan and Northern AffaIrs to manage the use of all waters in the Yukon and 

Northwest TerritOries. Water Boards have been established m each territory by the 

Department of IndIan and Northern AffaIrs to license those WIshing to use terrItorial 

waters. The territorial government is generally responsIble for commulllty 

wastewater treatment but through the water use licence applicatlOn and public 

hear 109 process the Water Board IS also mvolved. DOE has a member on each of the 

\\I ater Boards and there are usually dIScussIons between the techlllcal staffs of the 

Water Board and EPS to select licence condItions. 

For further informatlOn, the reader IS adVIsed to contact the agenCIes listed m 

AppendIX B. 

7.5 Format and Contents of a Preliminary Design Report 

SubmlsslOn of a prelimmary deSIgn report to a regulatory agency IS a Critical 

step m an endeavour to gam regulatory agency approval for constructlOn of a new or 

modifIed wastewater collection, treatment and/or dIsposal system. Smce acceptance of 

the preliminary report IS the regulatory agency's IndlcatlOn to commence WIth preparatlOn 

of fmal plans and specifIcations, It IS essentIal that specifIC informatlOn be incorporated 

mto the document. Regulatory agenCIes, in all cases, will mform applicants of the data 

they require to reVIew a proposal and grant approval certifIcates. The following report 

outllne containS a list of Items whiCh may be requIred In a preliminary deSIgn document, 
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as well as detailmg a suggested format for such a document. Although it is unlikely that 

applicants wIll frequently be required to present data on all items listed, portlOns of thIS 

list may prove useful. 

Report Cover 

Prellinmary DesIgn Report, Sewage Works Proposal 

Letter of Transmittal 

A one page letter bound mto the report and includmg: 

SubmlsslOn of report to the approval agency, 

Statement of feasibIlIty of recommended proJect, 

Acknowledgement to those giving aSSIstance. 

Title Page 

TItle of project 

MUniCIpality, county, conceSSlOn and lot numbers (as applicable) 

Name, and address and telephone number of individual (firm) preparing report 

Table of Contents 

SectlOn headmgs, chapter headmgs and subheadmgs 

.\tiaps 

FIgures 

AppendIces 

Number all pages and cross-reference by page number 

Summary 

HIghlight, very briefly, what was found from the mvestlgatlOn: 

Findmgs. 

Popula tlOn - present, deSIgn (when), ultimate. 

Land use and zonmg - portIons reSidential, commercIal, industrial, greenbelt, etc. 

Wastewater characterIstlCs and concentrations - portions of total hydraulic, organic, 

and solids loading attributed to reSidential, commercial and industrial fractions. 

Collection systems projects - ImmedIate needs to implement recommended proJect, 

deferred needs to complete recommended proJect, and pump stations, force mams, 

appurtenances, etc. 

Selected treatment process - characteristIcs of process and characteristICS of 

output. 

ReCeIVing waters - eXIstmg water quality and quantIty, classiflcatlOns, and 

downstream water uses, and Impact of project on receIvmg water. 
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Proposed project - total project cost, total annual expense requirement for: debt 

service; operation; personnel. 

Introduction 

Background 

Scope 

Reasons for report (approval process). 

GUldelmes for developing the report, including prelimmary design of selected system 

and costing. 

Purpose 

PresentatIon of appropriate past history. 

General 

EXIstmg development, expansion, annexatIon, inter municIpal service, ultimate 

development. 

Drainage basm, portion covered. 

PopulatlOn growth, trends, increase during design hfe of facility 

Residential, commercial and industrial land use, zonmg, population densitIes, 

industrial types and concentrations if apphcable) 

Topography, general geology, and effect on proJect. 

Meteorology, precIpItation, runoff, flooding, etc., and effect on proJect. 

Identification of envIronmentally sensitive condItions within the planning boundary 

mcludmg areas of natural beauty, wildlife, recreational areas and historic sites. 

RegulatlOns Guidelines and Ordinances 

Presentation of applicable regulations, guidelines, and ordinances. 

Sewer use ordmance (if applicable). 

Existing contracts and agreements. 

Surcharge rates and basis for surcharge (in effect). 

Enforcement provislOns includmg mspection sampling, detection, penalties, etc. 

Existing Facilities Evaluation 

Existing Collection System 

Inventory of existing sewers. 

IsolatlOn from water supply wells (if applIcable). 

Structural condition, hydraulic capacity of existing system. 

Determmation of collectlOn system problems - overflows, infiltration, ex filtration -

by gaugmg and/or studying water supply relationship. 
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Outline repaIr, replacement and storm water separation reqUlrements and/or POSSI

bllities 

Estabhsh renovatIon priorities. 

Present recommended program to renovate sewers. 

EstImate requIred expenditure to renovate sewers and prepare ImplementatIon 

outhne. 

EXIsting Wastewater Treatment Site 

Area for expansIon. 

Terrain. 

Subsurface conditIOns. 

IsolatIon from habItation. 

IsolatIon from water supply structures. 

General aesthetIc appearance, odour problems. 

Flooding. 

Existing process facllities 

CapaCItIes and adequacy of various treatment components. 

Relationship and/or applicability to proposed project. 

Age and condItIon. 

Adaptabllity to different usages. 

Structures WhICh could/should be retained, modIfied or demolished. 

EXistmg Wastewater Characteristics 

Water consumption (from available records). 

Wastewater flow pattern, peaks, total, deSIgn flow. 

Physical, chemical and bIOlogIcal characteristics and concentrations. 

The EXisting Receiving Body of Water 

ReceiVing water base flow (as specified by regulatory agency). 

Characteristics of receiving water (as specified by regulatory agency). 

Downstream water uses. 

Impact of proposed discharge on receiving waters effluent objectives. 

Flagging of environmentally sensitive condItions (e.g., shell fish beds, spawning 

grounds, beaches). 
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ConsideratIon should be gIven to regional sewage facility planning whenever 

feasIble. MunicIpalitIes (or private installatiOns, mstitutiOns, etc.) may Jom 

together in co-operatIve regional treatment systems provided costs, as related to 

collection, treatment and disposal, as well as operatiOn and mamtenance 

commitments, are jomtly shared and deemed favourable by the partIes involved. 

Detailed mvestigatiOn of regional schemes should be undertaken if cursory review 

mdicates project feaSIbIlity. Comparison of regional versus non-regiOnal solutions 

should be made and the optimum scheme selected on the basIs of this comparison. 

Community Systems 

Site Requirements 

Comparison of advantages and disadvantages of locatmg proposed treatment works 

at either existing treatment site or new Slte(S) based on the following criteria: 

land availabIlity (zoning, local ordinances, etc.) and soils, 

expansiOn possibIlitIes, 

hydraulic reqUIrements, 

energy requirements, 

flood control, 

accessibili ty, 

aesthetics (odour problems, landscapmg, etc.), 

protectIon afforded to public health and the receiving enVIronment 

(environmental sensitivity, etc. of receivmg environment), 

public opmion, 

costs (land, serVIces). 

SelectiOn of Preferred SIte 

JustificatlOn of selectlOn based upon economlC feasibility, envIronmental 

compatablhty, compliance with applicable ordinances, regulations and guidelines. 

Collection System AlternatIves 

Inventory of proposed addItiOns. 

ConSIderation of area of service. 

Unusual construction problems. 

Alternate Collection System Costs 

Flow/waste reductiOn consideratlOns. 
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SelectlOn of preferred col1ectlOn method and/or combmation of coUection methods. 

Justification of selectlOn based upon economIC feaslbllity, environmental 

compatability, compliance wIth applIcable ordinances, regulatIons and gUIdelInes. 

Treatment Process Alternatives 

TabulatIon of requIred plant performance based upon receiving water qualIty 

criteria and effluent cnteria. 

DescriptlOn and delineatlOn (line dIagram) of applIcable treatment alternatIves. 

DIScussion of advantages and dIsadvantages of each (e.g., relIability, flexibLli ty, 

complexIty of operatIon, resource requirements, operation and maintenance 

requirements, aesthetIcs, adaptabIlity to future needs, avaIlabIlIty of power). 

CharacteristIcs of process output (e.g., contmuous or seasonal effluent discharge, 

volume and stabIlIty of waste solIds). 

Comparison of process performances. 

EstImates of alternate process costs mcludmg capItal, constructlOn, mstaUation and 

operation and maintenance estimates (aU costs on an annual basis, I.e. amortIzed 

capItal and O&M). 

Selection of preferred process. 

JustIficatIOn of selection based upon economic feaSIbIlIty, envIronmental 

compatlbihty, water quality objectives, compliance. 

Ordinances, regulatlOns and guidelines. 

Prelimmary DesIgn of Process FacIlItIes 

DiscusslOn of desIgn criterIa (average dally flow, flow varIances, waste characterIs

tic, effluent quality, treatment effIciency, design lIfe). 

Sizmg of coUectlOn system and treatment process components on basIs of above 

discusslOn and deslgn parameters. 

Liquid effluent dIsposal requirements. 

Waste sohds processmg and dIsposal requirements, support eqUipment and facilitles 

(flow measurement devices, sampling equipment, process control, work and 

laboratory area, and laboratory equIpment, safety equipment). 

Cost Summary and ImplementatlOn Schedule 

TabulatIon of capital expenditure and annual operatlOnal and maintenance requlre

ments (capItal expendIture broken down into unit costs for vanous components of 

coUectlOn, treatment and dIsposal system, and amortized over desIgn lIfe of system 

(20 years). 
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ImplementatIon schedule, mcluding immediate and deferred construction (and effect 

on costs), mterruptIOn of eXIsting utIlities and traffic interference, restoration of 

pavements, lawns, etc., operatIon of existmg treatment and dIsposal faCIlItIes during 

constructIOn perIod, scheduling of design and constructIon phases. 

AppendIces: Techmcal InformatIon and DesIgn Criteria 

Raw Wastewater CharacteriZatIOn Program 

Description of program mcluding locatIOn of momtormg statIons, duration of study, 

type of sampling eqUipment utIlIzed, frequency of sample collection, sample 

storage, method of sample analyses, and analyses performed. 

TabulatIOn of data. 

Data analYSiS mcluding dIurnal flow variations, orgamc loadings, nutnent concentra

tions. 

Collection System DeSIgn 

Design tabulations - flow, size, velocIties, etc. 

Pump station calculations. 

SpeCIal appurtenances. 

Construction problems. 

System map (report Size). 

Process facilIties design. 

CnterIa selection and basis. 

Hydraulic and organic loadings - mmimum, average, maXimum and effect. 

Unit dImenSIOns. 

Rates and velocities. 

Detention. 

Concentr a tions. 

Recycle. 

ChemICal addItive control. 

Physical control. 

Removals: effluent concentrations, etc. Include a separate tabulation for each unit 

to handle solid and liquid fractions. 

Process Diagrams 

Process configura tlOn, interconnectmg piping, flexibih ty, etc. 

Hydraulic profile. 

SolIds control system. 



Flow diagram with capaCitIes, etc. 

Operation and maintenance. 
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Routine and speCial mamtenance duties. 

Process control and laboratory analysIs. 

Time requirements. 

Tools, equIpment, safety, etc. 

Personnel requirements - number, type, quahflcatiOns, salaries, benefits (tabulate). 

Chemical Control' 

Processes needmg chemIcal addItIon. 

Chemicals and feed equipment. 

TabulatiOn of amounts and unit and total costs. 

Support Data 

Outlme unusual specifIcations, constructiOn matertals and construction methods. 

Maps, photographs, dlagrams (report size). 

Other. 



244 

8 SELECTION OF SMALL WASTEWATER TREATMENT SYSTEMS 

8.1 Introduction 

Sewage treatment systems serving small communitIes present unique desIgn 

problems. Frequently those charged wIth design are not specialIsts in sewage treatment 

and are not aware of the applIcable government regulatIons, the operatIonal problems, or 

the desIgn constraints of the systems. Even wIth a knowledge of capabIlItIes and 

lImItatIOns of alternate processes, the selectIon of the most appropriate treatment system 

IS a challenge for experienced desIgners. 

While It IS not possible to provide an explIcit selection procedure, thIS sectIon 

summarizes many of the parameters and varIables that a desIgner must consIder in the 

selectIOn process. The parameters have been categorIzed mto SIX basIc groupmgs. 

a) Treatment Alternatives 

b) Site CharacteristICs 

c) Effluent RequIrements 

d) Raw Waste Characteristics 

e) Operational CharacteristICs 

f) Cost EffectIveness 

The lIst of selectIon requirements WhICh follows describes the extent to which 

varIOUS treatment processes wIll meet specIfIc requIrements. After the requirements for 

specific sIte treatment and the effluent have been identified, the desIgner can examine 

the compatIbIlIty of the variOUS processes. By proceedmg through the lIst, incompatible 

processes may be ellmmated, consIderably reducmg the problem of selectIon. 

After the number of viable alternatIves have been established, prelIm mary 

desIgn calculatIons, based upon the design parameters in SectIOn 4, will allow a cost 

comparison to be made which wIll lead to the fmal selection. 

In some mstances, various treatment alternatives mIght appear to be 

incompatIble' wIth sIte condItions. However, one should be cognizant of the fact that 

appropriate engineering desIgn can overcome existing deficiencies and provide a more 

appropriate long-term solution to a waste management problem. For example, leachmg 

beds for septIc tanks can be located m areas where sod cover IS unacceptable by bUIlding 

a raIsed pervious bed. Similarly, although aerated lagoons are mdicated to be 



245 

temperature-sensItive and consequently could provIde less than satisfactory treatment m 

cold weather, several have been installed in the Canadian ArctiC. 

Following is a detalled listmg of selectiOn considerations which may be used as 

a natiOnal approach to evaluatmg a specifIc sIte. An in-depth case hIstory IS mcluded to 

illustrate the selectiOn process. 

8.2 Selection Requirements 

Parameter 

1. Treatment Alternatives 

a) Planmng 

b) EXIsting Services 

2. Site CharacteristIcs 

a) Topography 

b) Soil Conditions 

RequIred InformatIon 

It IS Important that regional or 
municIpal planning boards be 
consulted to reVIew the deslr
ablli ty of regiOnal or central 
treatment schemes versus on-site 
treatment for the specific 
applica tiOn. 

If on-sIte treatment IS 
contemplated, the legal and 
governmental steps leading to 
constructiOn approval (l.e., 
new system or extension of 
existing facility) must be 
determmed. 

The eXIstence of facilitIes 
that could be utIlized or 
extended to meet requIrements 
should be mvestlgated. The 
rev lew should include 
applicabIlity, desirabIlity 
and availabIlity. 

A topographIcal map and site 
inspection to determme the 
general lay of the land are 
required. These wlll help to 
elimmate certam alternatives 
and will affect the choice of 
a collectiOn system if required. 
Dramage should be investigated. 

A soils map must be obtamed or 
an actual soils survey conducted 
to determine permeabIlity, ease 
of excavation and locatiOn of 

Reference 

SectIon 7 

Section 7, 
AppendIx B 

SectIons 7.2 
and 7.5 

Section 6 

Sections 3 
and 7 
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Parameter RequIred InformatIon Reference 

any Impervious layers (rock, 
clay, etc.). 

c) Water Table The maximum water table elevatIon Sections 3 
must be determmed. LocatIOn and 7 
of wells, springs, and surface 
waters should be charted. 
ProtectIon of the potable water 
supply IS a prImary concern. 

d) ClImate The meteorological hIstory of Sections 4 
the area should be obtained. and 7 
Winter and summer ternperature 
extremes should be noted Since 
severe heat or cold may cause 
process efficIency to decrease 
for several alternatives. 
Annual precIpitation should 
also be obtained. 

e) Land Area RequIrement Area constraints should be Sections 4 
determined as this may ellminate and 7 
some alternatIves. Included In 

this would be a consideratIon of 
aesthetics and adjacent land use. 

3. Effluent RequIrements 

a) Disposal The feasibillty of the dIsposal SectIons 3 
methods should be evaluated in and 5 
VIew of site considerations 
and reCeIVing water avaIlability. 
The choIces are basically surface 
(land' or water) and sub-surface. 

Surface Land Section 5.2 

Surface Water SectIon 5.1 

Sub-surface Land SectIon 3.4 

b) Further Treatment The avaiiabillty of an SectIon 3 
Prior to DIsposal authorized SIte for dIsposal 

of waste accumulatIons from 
holding tank and septage sludge 
haulage systems must be 
investiga ted. 

c) Characteristics for Federal and/or provincial Section 7 
DIscharge regulatIons, gUIdellnes or 

objectives should be obtamed. 
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8.2 Selection Requirements (Continued) 

Parameter 

4. Raw Waste Characteristics 

a) Sources of Waste 

b) Hydraulic Loading 

c) Organic Loadmg 

Required Information 

These should be compared to the 
expected effluent quality from 
each process alternative. 

Reference 

SectlOns 4 
and 5 

A complete mventory of all Section 2 
wastewater sources contributing 
to the total flow is required. 
For an eXistmg system, a reView 
of the treatment faCilities and/or 
collection systems is necessary 
to determme additions or changes 
required. A samplmg or 
monitormg program is an integral 
part of thiS inventory. For a 
new system, the proposed mdividual 
sources of waste are used to 
estimate orgamc and hydraulic 
loadmgs. 

The actual hydraulic load 10 Section 2.2 
total dally or annual flow, 
must be determmed. As with 
orgamc loading thiS is 
determmed by i) sampling and 
flow measurement programs for 
and eXisting system or 
Ii) empirical estimates by 
source for new systems. 

Equal 10 importance is the flow SectlOn 4 
variability on a daily or yearly 
baSiS. Some systems are better 
able to handle the variOUS 
possibilities of continuous, 
cyclic or mtermittent flows. 

The design of any selected Section 4 
system Will reqUire an estimate 
of the organic loadmg. At thiS 
pomt it is important to note 
any industrial mput to the system 
as thiS input could be the source 
of toxic substances or non-domestic 
orgamcs and morganics. For an 
exist10g system, the loading could 
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8.2 Selection Requirements (Contmued) 

Parameter 

5. OperatIonal Characteristics 

a) ComplexIty 

b) ConSIstent Effluent 
QualIty 

c) Effects of Shock Loads 

d) Sludge DIsposal 
RequIrement 

RequIred Information 

be determmed through analysIs of 
collected samples. For a new 
system, estlmates are made from 
empirical values, tabulated by 
type of source. 

Certain process alternatIves are 
more complex in process deslgn 
and operation than others. The 
avaIlabllIty of skilled operators 
for such schemes m the sIte 
vicinity should be determmed 
along wIth the economIC 
implicatIOns. 

The desirabIlIty or necessIty of 
a consistent effluent quality 
should be determmed. Most well 
operated and designed systems 
are reliable in thls respect. 
However, costs may be decreased 
If perIOdic poor effluent qualIty 
can be tolerated. 

The probabilIty and frequency of 
shock loadmgs (hydraulic and/or 
organic) should be determined. 
Where shock loadmg IS a 
SIgnificant factor the selectIOn 
of a system wIth buIlt-in 
resistance is an asset. 

Pr Imary, secondary and 
physicochemical systems 
normally requIred regular 
disposal of sludge. The 
a vallabdi ty of SUI table 
sItes should be determmed. 
Disposal problems are eased 
if the sludge is stabilIzed. 

Others forms of treatment 
require regular or periodIc 
dlsposal of accumulated waste, 
for example, pump-out of a 
septic tank. PrOVISIOn for 
dIsposal of this material 
should be made. 

Reference 

Section 4 

SectIon 4 

Sections 2 
and 4 

SectIOn 4.5 

Section 3.7 
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8.2 Selection Requirements (Continued) 

Parameter Required InformatlOn Reference 
-----------------~------ ----~----------------

e) FleXIbility for 
HIgher Loadings 

f) Equahzation 
ProvIded 

6. Cost EffectIveness Analysis 

a) CapItal Costs 

b) Operating Costs 

The long-term expansion potentIal 
of the community or sIte must be 
estltnated and should Include 
population and industrIal 
growth forecasts. 

The abihty of an alternative 
to be moddled to an Increased 
loading in foreseeable future 
should be consldered. This 
IS important in the design of 
collectlon systems. 

The alternatlves should be 
analyzed to determine their 
abIlity to provide equahzatlOn 
at tlme of hIgh peak flows on an 
hourly basls. This mlght occur 
during large storms. It should 
be determined 1£ thIS is a lIkely 
eventuality for the site. 

Capltal costs of the varlOUS 
treatment alternatives will 
vary over a wIde range. 
Construction and installation 
costs should also be Included 
in the cost analysIs. 
Alternatives selected as viable 
must be costed as this wIll be 
a major functIon In ultImate 
selection. Preliminary deslgn IS 
therefore requIred to complete 
this analysls. 

The routine annual costs of a 
treatment system, including 
operatlon, maintenance and 
depreclatlon must be evaluated 
and should be capitalized over 
the life expectancy of the 
facility. 

Section 6 

Section 4 
and 6 

SectlOn 7.5 

Section 7.5 
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8.3 Case History - Provincial Park Treatment Facility 

8.3.1 Introduction. A parks commision in Ontario wIshes to proceed with plans to 

construct and operate a tent and traIler camp on a piece of land to be called Riverfront 

Park. The camp is to be located In Lot H, ConcessIon 1, TownshIp of Charlotte In Glen 

County. The site plan for the 32 hectare park IS presented In Figure 71. 

Plans for the camping facIlitIes call for the follOWing: 

a) 100 campsites: 40 tent sites, and 60 traIler sites; 

b) a central comfort statIon provIding toIlet, washroom and laundry facilitIes for all 

campers (i.e., no dIrect traIler hook-ups); 

c) a trailer dump-out facillty located adjacent to the comfort statIon; 

d) prOVIsIOn for the operation of a swimming pool; 

e) seasonal operation from mId-May to mId-October annually. 

The operatIon of the comfort station and dump-out facillty necessItate the 

consIderatIOn of a treatment system for the disposal of sanitary wastes. 

8.3.2 Treatment Alternatives. The park sIte is located approximately 32 km from a 

major city and approximately 2 km from a small village. The collection system for the 

CIty'S sewage treatment plant does not extend as far as the park. Incorporation of the 

park into a regional sewer system is deemed impractical and uneconomical. The village 

on the other hand is served by septic tanks and tIle fields. As a result of these 

consideratIOns, on-site collectIon of park wastes is Indicated. 

With thIS decision made, treatment and dIsposal optIons must be addressed. 

BaSIcally, two optIons eXIst: an on-site treatment facility with local dIscharge of 

effluent, and on-SIte collectIon with haulage and ultImate disposal of wastes to an 

authorized disposal SIte. 

On-site treatment facilitIes require some form of ultImate dIsposal or 

dIscharge of liqUId effluent. The dIscharge optIons are sub-surface (land) and surface 

(land or water). Under Part 7 of Ontario's Environmental Protection Act, subsurface 

discharge disposal systems for the treatment of sewage fall under the jurisdIctIOn of the 

MinIstry of the EnVIronment. Under the Water Resources Act, surface discharge of llquid 

effluent must also be approved by the MInistry of the EnVIronment. Park officials 

contacted the MinIstry of EnVIronment for adVIce and dIrectiOn. 

PrellmInary planning by park offIcials indIcated that there were no existing 

faCIlities that could be extended or utilized practically or economically to meet the 

requirements of the park. 
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8.3.4 Site Characteristics. The park will be located on a rIver approximately one 

mile upstream from Its confluence with the St. Lawrence River. The park site is heavily 

wooded and possesses significant aesthetiC value in ItS present, natural state. The local 

river IS widely used for recreatiOnal purposes mcludmg boatmg, fIshing and swimmmg. 

There are also a number of cottages in close proximIty to the proposed park area. FiSh 

specIes utillzmg the resources of the flver for spawnmg and general habitat include yellow 

pIckerel, yellow perch, bass and bullhead. ProtectiOn of area aesthetiCS and recreatiOnal 

resources are considered to be a great importance in the selectiOn of a treatment system 

to service the campsItes. 

a) Topography. The area topography is rated as smooth and level to gently rolling. 

ElevatIon at the site IS less than 53 m above mean sea level. Local relief IS vIrtually 

non-existent. 

b) Soil conditiOns. A sOlIs map of the area mdlcates that the soil m the majority of the 

park is a fme, sandy loam of the l'Achigan Series. ThIS series IS the imperfectly 

dramed member of the St. Thomas catena. ThIS sOlI develops from sorted outwash 

materials on level to gently slopmg topography. An undisturbed profile IS described 

below: 

AO 5-0 cm of partially decomposed vegetable matter. 

Al 0-7.5 cm of very dark grey (lOYR 3/1) fme sandy loam; friable; fine 

crumb structure; pH - 5.0. 

A2 7.5 - 12.7 cm of grey (lOYR 6/l) fme sand; smgle grain structure; pH -

1t.8. 

B2 12.7 - 25 cm of yellow-red (7.5YR 5/6) fme sandy loam; some mottling; 

friable; weak crumb structure; eVIdence of weak ortstein formation may 

be found m some areas; pH - 5.4-. 

B3 25 - 1t6 cm of yellowIsh brown (lOYR 5/It) fme sand; very friable; smgle 

grain structure; pH - 5.6. 

C Light brownish grey (lOYR 6/2) fme sand; pH - 5.8. 

This soil -layer can be approxImately one metre in thickness above the underlying 

clay. 

As mentiOned above, surface drainage through thIS soll IS Imperfect. The sOlI 

mOIsture content mdicates a very slight mOIsture deficIt in general with short 

periods of saturatIon of solls (less than 120 days). Due to the low natural fertIlity 



253 

and low organic content of thIS L' Achlgan fine sandy loam, artificial drainage 

improvement IS seldom warranted and agricultural actIvIties are generally restriCted 

to hay or pasture productiOn. ThIS soil IS, however, more useful in producing trees. 

c) Water table. iVhmstry of the EnVIronment personnel report that the geology of the 

sIte conSIsts of lImestone bedrock overlain by 12 to 15 meters of hard clay 

contammg odd layers of gravel. Above the clay is a thm surface layer of soIl whiCh 

was dIscussed in the previOUS sectiOn. 

Most wells m the area are drilled wells. The depths range from 15 to 24 m and thus 

are utIlizing the bedrock aquifers as a water source. Water qualIty reduces wIth 

depth mto bedrock as increases m hydrogen sulfide, salts and iron occur. Thus, most 

of the drIlled wells are confmed to the upper layers of bedrock. 

The groundwater table in the area is qUIte high, at times approachmg wlthm 30 cm 

of the surface. However, the level fluctuates greatly throughout the year and 

therefore there are few shallow or dug wells. 

d) Chmate. The chmate of the area is classifIed as moderate due to the mfluence of 

the Lower Great Lakes. Annual precipl ta tion ranges from 81 to 91 cm, of whIch 

approximately 25 cm, reduced to ram equivalent (10 cm of snow to I cm of rain), 

falls in the form of snow. Smce the park wIll be operated only from mid-May to 

mid-October, the winter chmatic extremes of the area will not be a factor in 

treatment system selection. 

Durmg the period of park operatiOn, mean daily temperatures will generally range 

from lOoC to 20°C WIth maXimums up to 35°C. Thunderstorms droppmg SIgnifiCant 

quantItIes of ram m a small periOd of time are not uncommon in the summer. For 

open-type treatment systems such as lagoons, the hydraulic surge from a severe 

rainfall could be a SIgnificant factor. 

e) Land area reqUIrement. The size of the park IS 32 hectares (80 acres) of WhICh the 

majority is heavily wooded. The park authorities Wish to mamtain the hIgh aesthetic 

value of the site and, therefore, the characteristics of the selected treatment 

system must be consistent with mimmum dIsturbance of the park resources. 

Systems requiring a small cleared area would be preferred. 

8.3.5 Effluent Requirements. 

a) DIsposal. Because of the hIgh water table, Impermeable soIls and poor dramage of 

the area, the applicability of a septIC tank system or other sub-surface treatment 
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process, such as aerobic tanks and leaching cesspools, would be restricted. SIte 

limItations could be overcome by a raised tile bed and other deSIgn modifications. 

However, Ministry of Environment offICIals indicated that the Impact of odour 

control chemicals, which are used In the holding tanks of trailers and campers, on 

the phYSIcal, chemical and bIOlogical processes which occur in a subsurface disposal 

system was a potential problem. Given thIS consIderation, as well as the fact that 

the bed area would be of the order of 0.5 ha In SIze, this alternative was dismissed 

as an option. 

Of the two methods of surface discharge available, surface water discharge to the 

local river was judged to be the most attractive and economical. Surface land 

dIsposal by spray irrigation was not considered in detail by park officials because of 

the addItional equipment and man-hour reqUIrements and the necessity to obtain an 

irrigatIOn site WIthin or close to the park. 

b) Further treatment prior to disposal. The adoption of a storage/haulage system 

would require an authorized treatment SIte for ultimate disposal. The neighbouring 

city's treatment plant was 32 km from the park site. Preliminary consideratIon of 

haulage deemed it to be unsatisfactory as a long term final solutIOn. 

c) Character Istics for surface water discharge. There are no specifIC regulations in 

OntariO for dIscharges from sewage treatment plants with respect to Individual 

parameters, except for phosphorus dIscharges to the Great Lakes. Objectives for 

BOD and suspended solids for dIscharge to receiVing streams are 15 mg/L. The 

phosphorous regulation of 1 mg/L is not applicable In this partICular SItuatIon 

because of the size of the plant (less than 4554 m3/d) and the fact that the ultimate 

receiver, Lake St-FrancIs, is not part of the Great Lakes system. 

Regional staff of the Ministry of the Environment investigated the assimilative 

capacity of the local river with regard to the BOD loading from the park's treated 

effluent. During the summer months the Conservation AuthOrity on the river 

maintains the flow in the river VIa a 0.6 m3/s (20 cfs) diversion. ThIS flow was 

judged suffiCIent to assimilate expected BOD loads. If chlOrine is used to disinfect 

the wastewater, river flow would also be suffICIent to dilute residual chlorine In the 

effluent to below 0.02 mg/L most of the time. The chlorine level is signifIcant WIth 

respect to toxicity considerations since the river is a productive spawning habItat 

for several fish species. 
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8.3.6 Interim Conclusions. On-s1te treatment and disposal of the park's samtary 

wastewater 15 favoured by the Parks Comm1ssion and the Ontano MIn1stry of 

Env1ronment. The central comfort statlOn and traIler dump-out statlOn are the only 

sources of waste, and a collectlOn system would be slmple and IneXpens1ve. 

A holding tank/sewage haulage system 1S Judged unattractive by the Parks 

Comm1sslOn. SolIs and groundwater cond1tlOns in the area are not conduc1ve to the 

operatlOn of a standard septlC tank - tlle fleld system. An elevated tlle flIed has been 

considered as an alternat1ve to the standard subsurface soil disposal system, but the 

potent1al risk of system fadure due to unknown reactlOns wIth odour control chem1cals 

ellminated further consIderation of th1S alternat1ve. 

The d1sposal of treated wastewaters via surface d1scharge was rev1ewed in 

terms of two alternat1ves: spray lrngatlOn onto land; and discharge to surface waters. 

The spray lrr igatlOn alternatIve was d1smissed by parks offIcIals as unfeasIble because of 

the additlOnal equIpment and man-hour requirements. D1scharge of treated effluent to a 

bOdy of water recognized as a recreational and sport f1shenes resource deems that the 

effluent be of an acceptable qual1ty, i.e., in the 15 mg/L range for BOD and 55. ThIS 

effluent obJect1ve precludes the use of a pnmary sedimentatIon treatment process or an 

aerated lagoon. 

8.3.7 Raw Waste Characteristics. 

a) Sources. The park consIsts of 100 camps1tes of wh1ch 60 are for traders and 40 are 

for tents. There IS a central comfort station including toilet, washroom and laundry 

facllit1es. There IS also an adjacent trailer pump-out facllity to be located some 90 

-120 m from the comfort statlOn. 

b) Hydraul1c load. The flow would be cyclic on a daily basIs and intermIttent on a 

year ly bas1s. 

The estImated loading from the comfort statlOn, as stIpulated by the Mlmstry of 

EnvIronment 1S: 

365 L/slte-day x 100 sites = 36 500 L/d 

(80 gal/s1te-day x 100 sites = 8000 gal/day). 

The loading from laundromats IS estimated to be 1820 L per machine per day 

(400 gallons per machine per day). For two machines, the addltlOnal hydraulic Input 

would be: 

1820 L/machlne-day x 2 machines = 3640 L/d 



256 

(400 gal/sIte-day x 2 machines = 800 gal/day). 

The volume of a smgle pump-out of a trailer holdmg tank, including rmse, IS 

estImated to be 180 L (40 gallons). At a rate of one pump-out per trailer site per 

day, the additIOnal hydraulic input would be: 

180 L/pump-out x 10 pump-outs/day = 1800 L/d 

(40 gal/pump-out x 10 pump-outs/day = 400 gal/day). 

The maximum hydraulic loading on the system is estimated to be: 

36 500 + 3640 + 1800 = 41 940 L/d. 

c) Organic load. EstImates of the load from the comfort statIOn would be: 

0.05 kg BOD/personod x 3 persons x 100 sites = 15 kg BOD/d 

(0.12 lb BOD/person/day x 3 persons x 100 compsites = 36 lb BOD/day). 

The strength of laundry wastewater varies conSIderably. However, the BOD has 

been estimated to be in the order of 200 mg/L. Therefore, the anticIpated organic 

mput from the laundry would be: 

200 mg/L BOD x 3640 L/d = 0.73 kg BOD/d 

(200 mg/L BOD x 800 gal/day = 1.6 lb ROD/day). 

The BOD contributIOn from the trailer "pump-out" IS based on the empirical rate of 

three people per trailer and a normal holdmg capacity of three days. On a total 

daily basIs, 10 pump-outs per day has been assumed. The additional loading would 

be: 

0.05 kg BOD/person/d x 3 persons/trailer x 10 pump-outs/d = 1.5 kg BOD/d 

(0.12 lb BOD/person/day x 3 persons/trailer x 10 pump-outs/day = 10.8 lb BOD/d). 

The maximum BOD loading on the system is estImated to be: 

15 + 0.73 + 1.5 = 17.23 kg BOD/d. 

8.3.8 Interim Conclusions. The estimated hydraulic loadmgs represent a further 

hmitation to the selectIOn of holding/haulage treatment alternatives. Large holdmg tanks 

and/or frequent removal of accumulatIons would be required. IndIvidual compost, 

incmerator or chemIcal toilets are not practIcal for the steady use made of the facihties 

in a central comfort station. 
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8.3.9 Operational Characteristics 

a) Complexity. The park IS located in a faIrly populated area. The Parks CommIssIOn 

plans to provIde operatIon manpower from the park's work force if thIS IS requIred 

for the eventual selection. Employment of a prevIOusly tramed operator IS not 

foreseen. Therefore, the chosen process must be sImple to operate and free of 

mechanical intrIcaCles. 

b) ConsIstent effluent qualIty. Consistent effluent qualIty is an important conSIdera

tIOn for a surface dIscharge system because treated effluent wIll be directed to a 

recreatIOnal water body. Thus, the chosen treatment process must be relIable. 

c) Effects of shock loads. The potential for hydraulic and organic shock loadmgs is an 

important consideratIOn at this facIlIty because of the variabIlIty the number of 

campers that can be on-sIte at any tIme. ResIdent fIsheries and recreatIOnal (water 

contact) actIVItIes on the river could be seriously affected by poor quality effluent 

dIscharges. The impact that odour control chemicals (found m trailer wastewater 

dumpmgs) have on the performance of bIOlogical treatment process is a further 

concern. Shock loadmgs of these chemIcals to a small bIOlogical treatment plant 

could affect the biodegradatIOn of organic material, reduce the bIOmass oxygen 

uptake rate, lower the settleabIlIty of slUdge and/or dIscolour the effluent from the 

system. In general, the qualIty of effluent dIscharged to the river could be seriously 

affected. 

GIven these condItIOns, It IS evident the park reqUires a treatment system that IS 

reSIstant to hydraulIc and organic shock loads. In addItIOn, the system should be 

deSIgned such that trailer wastewaters are: 1) segregated from other camp 

wastewaters and separately dIsposed of at an authorized disposal SIte or treated m a 

large mUnIClpal sewage treatment system; 11) stored m an on-Side holdmg tank and 

metered mto a treatment system at a rate which allows the biomass to aSSImIlate 

the chemical additives; or lll) buffered by a suffiClently large volume of wastewater 

so that the mhlbitory affect of the chemIcal addItIves WIll have neglIgIble impact on 

the treatment process. 

d) Sludge dIsposal reqUIrement. ThIS IS not conSIdered a major problem smce the 

amount of sludge will be small. StabIlized sludge could be disposed of at authOrized 

dIsposal SItes used by septIC tank cleaning operators m the area or treated at a large 

muniClpal treatment plant. 
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e) FleXIbillty for hIgher loads. ExtensIve future growth of the park is not llkely, 

aHhough some area to the west of the proposed campsItes IS avadable for 

development. 

f) EquallzatIOn provIded. The selected system should be designed to wIthstand periOdIC 

surges from the comfort statIon. 

8.3.10 Interim Conclusions. The following biological treatment processes can be 

ellmmated from further conSIderatIOn because of the cyclIc and intermIttent nature of 

the wastewater flows: actIvated sludge, contact stabIllzatIOn, and trickling fIlters. 

OperatIOnal compleXIty and lack of long-term operatIonal experience leads to the 

ellmInatIOn of a physIcal-chemical treatment system as a vIable alternatIve for thIS 

sItuatIOn. 

Although the quallty of effluent from a rotating bIOlogIcal contactor (RBC) IS 

adversely affected by hydraulIC and organic surges, the fact that the process IS simple and 

operation IS routme Implles that further reVIew be made. A flow equallzation deVIce 

would be reqUIred at the head of the RBC treatment Unit. Segregation of traIler dumpmgs 

or controlled feed may be reqUIred. 

Suspended growth bIOlogical systems remammg ellglble for ImplementatIOn at 

the camp mclude an OXIdatIon dItch and an extended aeratIon plant. EqualIzatIOn of flows 

can be desIgned mto each of these systems. SegregatIOn of trailer wastewaters or 

controlled mput Into the treatment system may be reqUIred. 

Waste stabIlIzatIOn ponds WIth seasonal discharge is the final alternatIve to be 

conSIdered. The problem WIth lagoons IS the requirement to clear a large area of land m 

order to facilltate constructIon. Further, the lagoon sIte must be removed (1000 m) from 

the camping area. AdditIonal costs would be incurred to fulfIll thIS reqUIrement. 

However, the advantages of the system are ObVIOUS. OperatIonal reqUIrements are 

minimal, segregatIOn of wastewater or controlled input of traIler wastewater to the 

treatment plant would not be reqUIred, and the Impact on the receIving water would be 

mInimal. 

Thus, m review, four practIcal alternatives remain: an RBC plant complete 

WIth equallzation facilitIes; an extended aeratIon plant; an OXIdatIOn dItch; and waste 

stabhzatIOn ponds. 

8.3.11 Cost Effectiveness Analysis. Four treatment system alternatIves remain as a 

result of conSIderatIOn of the foregomg selectIon parameters. It IS antICIpated that costs 
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for the package extended aeratIon plant and the oXIdatIOn dItch would be sImIlar and 

therefore only the former system need be costed. 

a) Capital costs. The capItal costs of three alternatIve treatment schemes are 

presented m Table 30. The total estImated cost for the package extended aeratIon 

plant is $37 660, the rotatmg bIOlogIcal contactor, $57 590, and the waste stabhza

tlon ponG, $61 710. A major expense for the lagoon system IS pIpmg between the 

source of the wastes and the proposed lagoon SIte. 

A capItal Item not lIsted In the calculatIon of costs for the mechamcal plants is the 

storage tank for reCeIVing and holding wastewater dumps from traIlers and campers. 

Assuming that the wastes could be hauled from the SIte on a weekly basis, a 13.6 m3 

storage tank IS reqUIred. ThIS tank would cost approxImately $3000 Installed. The 

cost of hauling stored wastes off-SIte would be approxImately $lOO/wk or S2200 per 

annum. A system deSIgned to receIve traIler wastes and slowly dIscharge such 

material to a mechanIcal treatment plant would cost $4-000, Includmg storage tanks, 

pIPing, pumps and auxIlIIary eqUIpment. O&M costs would be Included as part of the 

total system O&M costs. 

b) Operating costs. Operating costs are not major Items of expense for any of the 

alternatIves since the park WIll be operated only for fIve months per year. For the 

package plant, an operator would be reqUired to mspect the system dally. In 

addItIOn, electrIcal power for pumps, aIr blowers and/or shaft drIves would be 

reqUired. The operator must possess suffICIent skIll to take the necessary steps to 

control plant operatIons and to prevent upsets. The waste stabIlization pond would 

reqUIre only perIOdIC inSpectIOn and grass cutting. The operating costs for the 

package plants and stabhzatIOn pond are $7500 and $2000 per year, respectively. 

Manpower would be provided out of the park's work force. 

8.3.12 Summary. The capital costs of the alternatIves indIcate that the package 

extended aeratIon plant IS the most attractive treatment scheme. Cost effectIveness of 

each alternatIve WIth respect to total costs over the expected lIfe of the system IS 

summarIzed m Table 31. The total cost shown favours the waste stabIllzatIOn pond 

system. 

Because of aesthetIC conSIderations, the Parks CommisIOn ehmInated waste 

stabhzatIOn. The extended aeratIon system was choosen in the final analYSIS. No storage 

tank or metermg faCllIties Vvere prOVIded for traIler wastes. The ratIonale used m thIS 
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TABLE 30 SUMMARY OF CAPITAL COSTS OF TREATMENT ALTERNATIVES 
FOR CASE STUDY 

AlternatIve 

Package Extended 
AeratlOn Plant 

Rotatmg BlOloglcal 
Contactor 

Waste StabIllzatlOn 
Ponds 

Item Cost ($) 
3 --------------

45.5 m /d package plant excludmg 
excavation, mstallatlOn and pIpmg 
from comfort statIon to plant, and plant 
to river. $ 31 660 

EstImated mstallation and piping costs -
305 m of pIpe, concrete foundatIon. 

Engineermg and Contmgency 
(estimated @ 20%) 

Total Cost: 

3 45.5 m /d plant exludmg 
excavatlOn, mstallatlOn and pIpmg 
from comfort statIon to plant, ana plant 
to river. 

EstImated mstallatlOn and pIpmg 
costs - 305 m of pIpe, concrete 
foundatlOn. 

18.2 m3 equalIzation tank 
mstalled, complete wIth pumps and 
pIpmg. 

Engineermg and contmgency 
(estimated at 20%). 

Total Cost: 

SIte cleaning and grubbmg (1.2 ha) 

ExcavatlOn (14 880 m3 @ $2/m3). 

Feed plpmg (7.6 cm PVC) 
1000 m @ S15/m (buried to 1 m depth). 

Dlscharge pipmg 50 m @ $45/m. 

Engmeermg and contingency (@ 20%). 

Total Cost: 

$ 5 000 

$ 1,000 

$37,660 

$ 37 990 

$ 5 000 

$ 5 000 

$ 9 600 

~57 590 

$ 4 500 

$ 29 760 

$15 500 

$ 2 250 

$ 10 300 

$61710 
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TABLE 31 PRESENT VALUE AND TOTAL COST ESTIMATES FOR THE 
WASTEWATER TREATMENT AL TERNA TIVES FOR CASE STUDY 

Treatment CapItal 
Alternative Cost 

Package Extended $ 37 660 
AeratIOn Plant 

Rotatmg BIOlogICal $ 57 590 
Contactor 

Waste StabIlIzatIOn $61710 
Pond 

Storage Tank and $ 3 000 
Haulage OperatIOn 

Storage Tank and $ 4 000 
Controlled Feed Operation 

Present 
of O&M 

$ 63 852 
($7 500) 

$ 63 852 
($7 500) 

$ 17 027 
($2 000) 

$ 18 730 
(~2 200) 

Value* Total 
Cost 

$111512 

$121 442 

$ 78 737 

$ 21 730 

$ 4 000 

* The "present value" of annual operatmg costs was calculated by assuming the 
following: 

projected lIfe of each of the treatment systems of 20 years. After this perIOd 
It was assumed addItions or alteratIons would be reqUlred. 
mterest at 10%. 

FIgures m brackets represent estImated annual operating and mamtenance cost or 
base fIgure for present value calculatIOn. 

decIsion was that, should the dIscharge of these wastes prove to have an adverse affect on 

the operatIon of the extended aeratIOn plant, remedIal actIons would then be taken. 

8.3.13 Governmental Approval. Formal applIcatIOn to the Mmlstry of the 

EnVIronment for the approval of the proposed treatment scheme for the RIver Front Park 

was made m October, 1975. MInistry approvals staff suggested modIfIcations to the 

initial deSIgn WhICh were Incorporated mto the fmal system design. Upon completIon of 

EnVIronmental Ministry reVIew and subsequent reVISIons to the applicatIOn, a meetmg of 

the EnVIronmental Hearing Board was called on February 10, 1976. At thIS meetmg the 

general publIc as well as specIfic local government representatIves were gIven full 

opportunity to raIse questions, venture opinions and otherwIse be heard concernmg the 

mstallatIOn of the treatment faCilIty. As a result of thIS meetmg, the EnvIronmental 

Hearing Board recommended that approval be granted. The MunicIpal and Private 

Approvals SectIon of the Approvals Branch concurred with thIS recommendatIon and 

mformed the Parks CommlsIOn of theIr deCISIOn on February 27, 1976. Fmal approval was 

granted on March 30, 1976. 
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APPENDIX A 

GLOSSARY * 

Acidity: 

The quantitative capacIty of aqueous solutions to react with hydroxyl ions. It is measured 

by titration with a standard solution of a base to a specific end point. Usually expressed 

as milligrams per litre of calcium carbonate. 

Activated carbon: 

Carbon particles usually obtained by carbonization of cellulosic matertal in the absence of 

air and possessing a high surface area and a'dsorptive capacity. 

Activated sludge: 

Sludge floc produced In raw or settled wastewater by the growth of zoogleal bacteria and 

other organisms in the presence of dissolved oxygen. It is through these mIcroorganisms 

that the orgamcs in the wastewater are decomposed to a simpler and more stable form. 

Activated sludge process: 

A biological wastewater treatment process in which the wastewater is brought into 

contact with the activated sludge in an aeration tank. The sludge IS subsequently 

separated from the mixed liquor by sedImentation and wasted or returned to the process 

as needed. The supernatant is discharged over the weir of the settling tank for disposal. 

Adsorption: 

A taking up of gases, liquids or dIssolved substances by the surfaces of solids with which 

they are in contact. 

Aeration: 

The supply of oxygen by introductIOn of air into the treatment system. 

* From "Pollution Abatement in the Fruit and Vegetable Industry", Volume I - Basics 
of PollutIOn Control, published by the U.S. Environmental Protection Agency, Office 
of Technology Transfer, Washington DC, 1975, and "Alternative Methods for 
Treatment and Disposal of Community Wastewaters", by R.D. Wetter and M. W. 
Slezak, published by the British Columbia Water Resources SerVIce, May 1975. 
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Aeration tank: 

The tank "'here the wastewater IS mixed with return sludge and aerated. 

Aerobic: 

0) A conditIOn characterized by the presence of dissolved oxygen In the aquatic 

environment. 

(2) LIving or taking place only In the presence of molecular oxygen. 

Algae: 

Organisms containing chlorophyll which grow In the presence of sunllght, inorganic 

nutrients and carbon dIOxide. 

Alkalinity: 

The capacity of water to neutralize aCids, a property Imparted by the water's content of 

carbonates, bicarbonates, hydroXides, and occaSIOnally borates, sIlicates and phosphates. 

It IS expressed In mIlllgrams per litre or eqUivalent calcIUm carbonate. Domestic sewage 

IS usually sllghtly more alkaline than the water from which It IS derived. 

Anaerobic: 

(l) A conditIOn In which dissolved oxygen IS undetectable In the aquatic environment. 

Usually characterized by formatIOn of reduced sulphur compounds such as sulphides 

under septIC conditIOns. 

(2) LIVing or taking place In the absence of molecular oxygen. 

Assimilative capacity: 

The capacity of a natural body of water to receive wastewaters wIthout deleterIOUs 

effects to aquatic hfe or human actiVities. 

A vailable chlorine: 

A measure of the total oXidiZing power of chlorine compounds. 

Autotrophic bacteria: 

Bacteria whICh derive their carbon and energy from the oXidation of inorganIC matter. 



273 

Biochemical oxygen demand (BOD): 

The quantity of oxygen use(J m the biochemical oXldatlOn of organic matter in a specifiea 

nme, at a speClfted temperature, and under speClfled condltlOns. A test used m 

measuring the biodegradable orgamc components m the wastewater as specified m 

StandaL~~iethods f~~ th~_ ExariUnatl~~~!~~_~ter __ ~.9_\Y_':.l_~tewater, 14th edltlOn, Amencan 

Pubhc Health AssoclatlOn, American Water Works AssoClatlOn, and Water PollutlOn 

Control FederatlOn, 1975. 

Biological oxidation: 

The process whereby lIVing orgamsms In the presence of oxygen convert the orgamc 

matter contamed m wastewater Into a more stable or mIneral form. 

BOD load: 

The BOD content, usually expressed In pounds per umt of tlfne, of wastewater passmg Into 

a waste treatment system or to a body of water. 

BOD:N:P ratio: 

The ratIO, based upon analysIs of wastewater passIng Into a waste treatment system, of 

the BOD to total m trogen to total phophorus contaIned In the waste stream. To assure a 

nutrient balance WIthin a biological treatment system, a ratIO of 100:5:1 IS generally 

recommended. 

Breakpoint chlorination: 

AddltlOn of chlorme to water or wastewater until the chlorIne demand has been satisfIed 

and further addltlOns result In a reSIdual that IS directly proportlOnal to the amount added 

beyond the breakpOInt. 

Buffer action: 

The actlOn exhIbited by certaIn chemIcals that resist a change In the aCIdity or alkalmlty 

of a solutlOn. In surface water the pnmary buffer actlOn IS related to carbon dlOxlde, 

bicarbonate and carbonate equIllbna. 

Bulking sludge: 

Sludge floc havmg a low denSIty whIch settles poorly. 
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Chemical oxygen demand (COD): 

A measure of the oxygen-consummg capacity of wastewater. It IS expressed as the 

amount of oxygen consumed from a chemiCal oxidant in a specifIc test. It does not 

dIfferentIate between orgamc and inorgamc matter, and thus does not necessarily 

correlate wIth bIochemIcal oxygen demand. Also known as oxygen consumed (OC) and 

dichromate oxygen consumed (DOC). 

Chloramines: 

Compounds formed by the actIon of chlorine on nitrogenous compounds. 

Chlorine demand: 

The difference between applied chlorine and residual available chlorine in aqueous media 

under specifIed conditions and contact tIme. Chlorine demand varies with dosage, time, 

temperature and nature of the ImpuritIes. 

Clarification: 

The actIOn of reducmg the concentratIOn of suspended matter m a lIqUid. 

Coagulants: 

ChemiCals added to wastewater to destabIlIze, aggregate, and bind together colloids, 

emulSIOns and some dIssolved materIals. 

Coagulation: 

The process of modIfymg chemical, physical or biological condItIOns to cause flocculatIOn 

or agglomeratIon of particles. 

Coliform group: 

A group of bactena predominantly mhabiting the intestmes of man or ammal, but also 

occasionally found elsewhere. It includes all aerobic and facultative anaerobic, gram

negative, non-spore formmg bacilli that ferment lactose WIth production of gas. Also 

mcluded are all bactena that produce a dark, purplIsh-green colony with metallic sheen by 

the membrane-filter technique used for coliform identification. The two groups are not 

always IdentiCal, but they are generally of equal samtary sIgnificance. Their presence m 

water IS presumptive evidence of contamination by fecal matenal. 
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Colloids: 

Finely dlvlded solIds whlch wll1 not settle due to the electncal charge on the partlcles. 

They may be removed by coagulatlOn, blOchemlcal actlOn or membrane flltratlOn; they are 

mtermedlate between true solutions and suspenslOns. 

Combined available chlorine: 

1he concentratwn of chlorine \\ hlch lS combined wlth ammoma as chloramine or as other 

chIoro denvltlves, yet lS stIll avaIlable to oXldlze orgal1lc matter. 

Composite wastewater sample: 

A comblnatlOn of Indlvldual samples of wastewater taken at selected tlme Intervals, to 

mlnlmlZe the effect of the vanablllty of the mdivldual sample. Indlvldual samples may be 

equal volume or may be proportlOned to flow at tlme of sampling. 

Denitrification (biological): 

The converSlOn of mtrate to molecular mtrogen by specIflc mlcroorgal1lsms under tOXIC 

condltlons, l.e., free of molecular oxygen. 

Diffuser: 

A porous plate, tube, or other devlce through whlch alr lS forced and dlvided Into mmute 

bubbles for dlffuslon In llqulds. Commonly made of carborundum, metal or plastlc 

matenals. 

Digested sludge: 

Sludge digested under either aerobIC or anaerobiC condltlOns untIl the volatIle content has 

been reduced to the pomt at whICh the sollds are relatlvely nonputresClble and 

moffenslve. 

Dispersed growth: 

Non-flocculating mICroorgal1lsms whose presence In treated wastewater results m a turbld 

effluent. 

Dissolved oxygen (DO): 

The amount of oxygen dlssolved in a llquld, usually expressed In mIlligrams per lltre, parts 

per mllllOn (ppm) or percent of saturatlOn. In unpolluted water, oxygen is usually present 
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In amounts of up to 10 ppm. Adequate dissolved oxygen IS necessary for fIsh and other 

aquatic organisms. 

Dissolved solids (total): 

The total amount of dissolved material, orgdmc anG Inorganic, contained In water or 

wastes. 

E. Coli: 

AbbreViatIOn of .?-scherIchl~_C_0_1_, a species of bacterIa In the collform group and normal 

inhabitants of the intestine of man and ammals. Its presence IS conSidered mdlcatlve of 

fecal contar1llnatlOn. 

Effluent: 

(1) A lIquid whIch flows out of a containing space. 

(2) Wastewater partially or completely treated, or In ItS natural state, flOWing out of a 

reservoir, baSIn, treatment plant or part thereof. 

Eutrophication: 

The normally slow agIng process by which a lake evolves Into marsh and ultimately 

becomes unsuitable for human activities and aquatic lIfe. In the course of this process the 

lake becomes overly rIch In dissolved nutrIents (for example, mtrogen and phosphorus), so 

that an excessive development of algae results. A process In which water becomes murky 

and noxIOus odours and unsightly scum occur. In the lower layers dissolved oxygen levels 

become depressed, and bottom-awellIng fauna change from clean water forms to 

pollutIOn-tolerant forms. 

Facultative bacteria: 

BacterIa that can grow under aerobiC or anaerobIC conditions. Many orgamsms of Interest 

In wastewater stabilizatIOn are Included In Hus group. 

Filtrate: 

The lIqUid which has passed through a fIlter. 

Filtration: 

The process of passing a lIqUid through a porous medium for the removal of suspended or 

collOIdal materIal contained In the lIqUid by a phySICal straining actIOn. 
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Five-day BOD: 

The amount of oxygen used in the bIOchemlCal oxidatIon of organic matter in five days 

under specified testing conditIons. 

Fixed film process: 

A bIOlogIcal process, such as a trlCkling filter or rotating bIOlogical contactor, WhICh 

utIlIzes a mIcrobial population attached to a solId surface (captive fIlm) to remove 

organics from the wastewater. 

Fixed solids: 

The residue remaining after IgnitIOn of solids at 550°C for 20 minutes. It IS a measure of 

the inorganic material In the solIds. 

Floc: 

Gelatinous or amorphous solIds formed by chemIcal, bIOloglCal or phYSIcal agglomeration 

of fine materials into large masses that are more readIly separated from the liqUId. 

Flocculation: 

The agglomeratIOn of colloidal and finely diVIded suspended matter by chemical, phYSIcal 

or biological means. 

Flotation: 

The riSing of suspended matter to the surface of the lIqUid in a tank as scum - by aeratIon, 

the evolution of gas, chemicals, electrolYSIS, heat, or bacterial decompositIon - and the 

subsequent removal of the scum by skimming. 

F/M ratio: 

Food to mIcroorganisms ratIo: the weIght ratIo of BOD (food) In wastewater to suspended 

solids (microorganisms) in a biological treatment system. ThIS value IS used as an 

operatIOnal control criterion for activated sludge processes. 

Free available chlorine: 

The concentration of aqueous molecular chlorme, hypochlorous aCId and hypochlorite IOn. 

The relatIve proportion of the three species is pH dependent. At the pH of most waters 

and wastewaters, the hypochlorous acid and hypochlorite IOn wIll predominate. 
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Free residual chlorination: 

The appllcatIOn of chlorine or chlorIne compounds to water or wastewater to produce a 

free avallable chlorIne resldual. 

Grease: 

A collectlve name for fats, waxes, free fatty aClds, calclum and magnesium soaps, 

mIneral oils and certam other non-fatty materIals 10 the wastewater. 

Grit: 

Heavy Inorgamc partlcles of 0.2 mm in size or over, such as sand, gravel, cInders. 

Hardness: 

A characteristlc of water, lmparted by salts of calclum, magnesium and lron such as 

blcarbonates, carbonates, sulphates, chlorides and mtrates, that causes curdlIng and 

Increased consumption of soap, deposltIOn of scale in boilers, damage In some Industrial 

processes and sometimes ObjectIOnable taste. It lS expressed In mg/L of equivalent 

calcium carbonate. Waters contaIning less than 50 mg/L of hardness are considered soft, 

those contaInmg more than 50 mg/L are considered hard waters. 

Heterotrophic bacteria: 

BacterIa whlch obtaIn thelr source of carbon and energy from the breakdown of orgamc 

matter. 

Infiltration: 

(1) The penetratIOn of water through the soll from surface preCIpitatIOn, stream or 

Impoundment boundaries. 

(2) The entrance of groundwater Into a sewer through breaks, defective JOInts or porous 

walls. 

Influent: 

Water, wastewater or other llquld flowing Into a reserVOlr, basIn, or treatment plant or 

any um t thereof. 

Integrator: 

A device for mdlcatIng the total quantity of flow through a measurIng devlce, such a 

Parshall flume or welr. 
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Leaching: 

A process of draining of soluble salts, alkali and other constltuents from solls or other 

media by natural percolatlon or abundant lrngatlOn. 

Loading: 

The quantIty of waste, expressed In cublc metres or gallons (hydraulIc load), or In 

kilograms or pounds of BOD, COD, suspended or volatile (organic load) whlch IS dlscharged 

to a wastewater treatment facIlIty or water course. 

Membrane filtration: 

A method of quantitatIve or qualItatIve analysIS of bactenal or partICulate matter In a 

sample by fIltratIon through a membrane capable of retaining bacteria. 

Mesophiles: 

Bacteria that grow best at moderate temperatures, having an optImum of 20° to 40°C. 

Metabolism: 

ChemIcal changes brought about by mIcroorganisms In thelr use of food. 

mgd: 

AbbrevIatIOn for mIllIOn gallons per day. 

mg/L: 

AbbreVIation for millIgrams per lItre. A unIt used for measunng the concentratIon of 

wastewater constItuent. 

Mixed liquor: 

A mixture of sludge and wastewater undergOing actIvated sludge treatment in the 

aeratIon tank. 

MLVSS: 

AbbrevIatIOn for mIxed lIquor volatIle suspended solIds, a measure of the quantIty of 

organic solIds contained In the mIxed liquor of an actIvated sludge treatment system. 

Most Probable Number (MPN): 

That number of organisms per Unit volume that, In accordance WIth statIstICal theory, 

would be more lIkely than any other number to YIeld the observed test result, or that 
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would YIeld the observed test result wIth the greatest frequency. Expressed as densIty or 

organisms per J 00 mI. Results are computed from the number of findings of collform

group orgal1lsrns resultmg from multIple-portion deCImal-dIlutIOn platings. 

Natural purification: 

Natural processes occurring In a stream or other body of water that result In the 

reductIon of bacteria, satIsfactIOn of the BOD, stabIlIzatIOn of organic constItuents, 

replacement of depleted dIssolved oxygen, and the return of the stream blOta to normal. 

Also called self-purifIcation. 

Nitrogenous waste: 

Wastes of anImal or plant Origin that contain nitrogenous compounds. 

Nutrient: 

Elements or chemIcal compounds absorbed by hvmg organisms and used m synthesIs of 

cellular material. The major nutrIents include carbon, hydrogen, oxygen, nItrogen, sulphur 

and phosphorus. NItrogen and phosphorus are of major concern because they are 

frequently defIcIent m wastewaters, partIcularly mdustrIal wastewaters. 

Outfall: 

(l) The pomt, locatIOn or structure where wastewater or dramage dIscharges from a 

sewer, dram or other condUlt. 

(2) The conduit leadmg to the ultImate dIsposal area. 

Oxidation process (treatment): 

Any method of wastewater treatment for the oXIdatIOn of the putrescible organic matter. 

The usual methods are the actIvated sludge and tnckling fIlter processes. LIvmg 

organisms m the presence of aIr convert the organic matter mto more stable or mmeral 

form. 

Oxygenation capacity: 

In treatment processes, a measure of the abIlIty of an aerator to supply oxygen to a lIqUId. 

Oxygen demand: 

The quantIty of oxygen utIlIzed In the oXldatlOn of organic matter in a specIfied tIme, at a 

specIfIed temperature and under specIfIed condItions. See BOD and COD. 
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Oxygen sag curve: 

A curve that represents the profile of dIssolved oxygen content along the course of a 

stream, resulting from deoxygenatIon assocIated with bIOchemICal oxidation of organic 

matter and reoxygenatIOn through the absorptIon of atmospherIc oxygen and 

photosyntheSIS. Also called dlssolve-oxygen-sag curve. 

Parshall flume: 

A devIce for measurIng the flow of lIqUId in an open conduLt. It conSIsts essentially of a 

contracting length, a throat, and an expanding length. Flows through the deVIce are 

determInE'd by measuring the head of water at a specifiC distance from a sIll over which 

water passes. 

Parts per million (ppm): 

The quantity of a mmor constItuent present In one millIOn Units of the major constItuent 

of a solution or mIxture. It IS used to express the concentratIOn of dIfferent constItuents 

In the wastewaters. 1 ppm IS equal to 1 mg/L If the speCIfIC graVIty of the solution or 

mIxture IS 1. 

Percolation: 

(l) The movement or flow of water through the interstICes or the pores of a soil or 

other porous meOlum. 

(2) The water lost from an unlIned condUIt through ItS SIdes and bed. 

Permeability: 

The abIlIty of a sod to transmIt lIqUId, commonly measured as the rate of ltquld 

movement through the soil. It IS commonly expressed In centImetres (Inches) per hour and 

is sometimes used In the same sense as perVIOusness. 

pH: 

The recIprocal of the logarithm of the hydrogen-Ion concentratIon. pH values reflect the 

balance between aCIds and alkalIes and range from 0 to 14. 

Photosynthesis: 

A process in which carbon dIOXIde and inorganic substances are converted Into oxygen and 

carbohydrates WIth the aId of chlorophy 1, UtiltZIng sunlIght for energy. 
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Pollutional load: 

The quantity of matenal In a waste stream that exerts an adverse effect on the receiving 

system. 

Polymer: 

A hlgh-molecular-\velght, water-soluble flocculating agent. When added to water, It 

forms a flocculant precIpitate which wlll agglomerate or coagulate suspended matter and 

expedite sedlrnentatlOn. 

Population equivalent: 

A means of expressing the strength of wastewater. Domestic wastewater consumes, on an 

average, 0.8 kg oxygen/person/d (0.17 lbs of oxygen per capita per day), as measured by 

the standard BOD test. This figure has been used to measure the strength of organic 

Industnal waste In terms of an equivalent number of persons. For example, If an Industry 

discharges 454 kg (1000 lbs) of BOD per day, ItS waste IS equIValent to the domestiC 

wastewater from 5700 persons (454/0.8 or 1000/0.17). 

Potable water: 

Water that does not contain ObjectlOnable matenals and infective agents and IS conSidered 

satisfactory for domestiC consumption. 

Precipitate: 

The formatlOn of solid particles In a solution, or the solids that settle as a result of 

chemical or physical action. 

Primary settling tank: 

The first settlmg tank for the removal of settleable solids through which wastewater IS 

passed In a treatment plant. 

Proportional composite sample: 

A combmatlOn of individual samples of wastewater taken at selected Intervals and In 

proportion to the flow at time of sampling. 

Psychrophiles: 

Bacteria that grow best at relatively low temperatures, haVing an optimum of 10° to 

20°C. 
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Raw sewage: 

Untreated wastewater. 

Raw sludge: 

Settled, undIgested sludge from setthng tanks m a treatment system. 

Receiving Water: 

A natural watercourse, lake or ocean mto WhICh treated or untreated wastewater IS 

discharged. 

Residual chlorine: 

Chlorme remammg m water or wastewater at the end of the specIfied contact penod as 

combmed or free chlorine. 

Respiration: 

The physIcal and chemIcal processes by whlCh an organism takes up oxygen and releases 

carbon dIOxIde whereby energy IS generated from life processes. 

Retention time: 

The length of tIme that wastewater IS held In a tank or basin for treatment. It is 

calculated by divIdmg the tank volume by rate of flow. Also called detentIOn tIme. 

Runoff: 

(1) That portIOn of ram fall or melted snow WhICh runs off the surface of a dramage area 

and reaches a water body or a drainage system. 

(2) The dIscharge of water In surface streams. 

Scum baffle: 

A verticle baffle dIpping below the surface of wastewater In a tank to prevent the passage 

of floating matter. Also called scum board. 

Sedimentation: 

The process of allOWing sohds In the liquid to Sink to the bottom for easy removal. Also 

called settling or clarIflcatIOn. 

Sedimentation or settling tanks: 

Tanks or baSinS In which sedImentatIOn takes place. 
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Self-cleaning velocity: 

The rTllnImum veloClty In sewers necessary to keep solIds In suspenSion, thus preventIng 

their depOSitiOn and subsequent nUisance from stoppages and odours of decompositiOn. 

Settleable solids: 

(1) Those solids In wastewater which settle to the bottom of a sedimentatiOn tank. 

(2) The volume of solIds that settle to the bottom of an Imhoff cone In one hour. 

Sloughing: 

A. phenomenon associated with fixed film biOlogiCal treatment processes where biOlogical 

solIds budd up to a varYIng degree and then slough off Into the discharged flow. 

Sludge: 

Settled solIds produced by wastewater treatment. 

Sludge blanket: 

The layer of slUdge formed In a sedimentation tank. 

Sludge bulking: 

Sludge occupyIng excessive volumes and haVing poor settlIng charactenstlcs. 

SlUdge conditioning: 

Treatment of sludge to Improve dewaterIng and enhance dramability, usually by the 

additIOn of chemiCals. 

Sludge digestion: 

The process by which organic matter In the Sludge IS converted mto more stable 

compounds through the activities of either anaerobiC or aerobiC organIsms. 

Sludge treatment: 

The process used to remove water and/or to reduce the organIc components in the sludge. 

Sludge volume index (SVI): 

The volume In Illlllilitres occupied by one gram of sludge after 30 minutes of settlIng. 
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Sparger: 

An air diffuser desIgned to gIve large bubbles, used singly or in combination wIth 

mechanical aeration devICes. 

Sphaerotilus: 

A fIlamentous, sheath-forming bacterium, often encountered In the bIOlogical treatment 

system. The bulking sludge problem in the suspended growth systems IS usuaUy associated 

wIth the growth of this microorganisms. 

Standard methods: 

Standard :v1ethods for the Examination of Water and Wastewater, 14th editIon, published 

Jointly In 1975 by the American PublIC Health Association, the American Water \Yorks 

AssoCIatIOn and the Water Pollution Control FederatIon. 

Substrate: 

The substances (food) used by organisms for the growth (synthesis) of new cellular 

material and the productIOn of energy (respIration). 

Supernatant: 

(1) The liquid overlYing deposited solids. 

(2) The lIquid in a sludge-digestIon tank that ltes between sludge at the bottom and 

floating scum at the top. 

Surface loading: 

One of the criteria for the design of settling tanks In treatment plants; expressed In cubic 

metres of wastewater per day per square metre (or gallons per day per square foot) of 

surface area In the settling tank. 

Suspended growth process: 

A bIOlogical treatment process such as activated sludge process, in which microbial 

populatIon IS kept in suspension by compressed aIr or mechanical methods. 

Susp~ded solids (SS): 

(1) Soltds which either float on the surface, or are In suspension in liquids, and which 

are largely removable by laboratory filtering. 
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(2) The quantity of matenal removed from wastewater in a laboratory test, as 

prescnbed In ?tandard Met~ds for th~_Exam2natIOn_~~_~ter __ ~nd W_~_!.~~~ter and 

referred to as non-fIlterable resldue. 

Synthesis: 

The growth or development of cellular material by the degradation of substrate. 

Thermophiles: 

Bactena that grow best at relatively hlgh temperatures, haVIng an optlmum of lJ.5°C or 

hlgher. 

Total dissolved solids (TOS): 

See dlssolved sohds. 

Total organic carbon (TOC): 

A test expressing the concentratIOn of the organic carbon In the sample. 

Upflow contact clarifier: 

A settling tank In whlCh water enters the bottom and lS dlscharged at or near the surface. 

Vacuum filter: 

A fIlter consisting of a cylIndncal drum mounted on a honzontal axis, covered wlth a 

fl1ter cloth, and revolving WIth a partial submergence In lIquid. A vacuum IS maintained 

under the cloth for the larger part of a revolution to extract mOlsture. The cake lS 

scraped off continuously. 

Venturi meter: 

A dlfferential meter for measuring liquld flow through closed condUIts or plpes. It 

conslsts of a gradual contractIOn to a throat whlch causes a pressure reductIOn. The 

dlfference In veloclty heads between the entrance and contracted throat lS an IndlcatIOn 

of the rate of flow. 

Volatile acids: 

Fatty aClds containing SIX or less carbon atoms, WhICh are soluble In water and which can 

be steam-dIstilled at atmospheric pressure. Volatl1e acids are commonly reported as 

equlvalent to acetIC acid. 
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Volatile solids: 

Apparent loss of a resIdue Igmted at 550°C for a period of tIme suffiCIent to reach 

constant weIght of resIdue; thIS IS generally specIfIed as 20 mmutes. It IS a measure of 

the orgamc material m the solids. 

Water quality standards: 

Llmlts set by authority on the basIs of water quality criteria requIred for benefIcIal uses. 

l1mlts are lInposed on the physical, chemIcal and bacteriologIcal characteristIcs requIred 

for specIfic beneflclal use. 

Weir: 

An overflow structure bUIlt across an open channel for the purposes of measurmg the 

flow. 

Total solids (TS): 

The summatIon of dIssolved and suspended solids in the wastewater. Commonly 

determined on a weIght basis by evaporatlOn to dryness and expressed as milligrams per 

l1tre (mg/L). 

Toxic substance: 

A pOisonous substance which mactlvates or kills hvmg orgamsms. Examples are cyanides 

found m platmg and steel mIll wastes, phenols from coke and chemical operatlOns, 

pesticides, herbicIdes and heavy metal salts. 

Turbidity: 

(1) A condition m water or wastewater caused by the presence of suspended matter, 

resultmg in the scattering and absorptlOn of light rays. 

(2) A measure of fine suspended matter m l1qUlds. 
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PROVINCIAL, TERRITORIAL AND FEDERAL 

ENVIRONMENTAL AGENCY OFFICES 
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PROVINCIAL ENVIRONMENTAL AGENCIES 

Bntish ColumbIa 

MinIstry of the EnvIronment, 
Water Resources SerVICe, 
Pollution Control Branch, 
ParlIament BuIldings, 
VIctOrIa, Bntish ColumbIa 
V8V 4S5 

Alberta 

Alberta EnVIronment, 
OxbrIdge Place, 
9820 - 106th Street, 
Edmonton, Alberta 
T5K 2J6 

Saska tchew an 

Department of the EnVIronment, 
1855 VIctoria Avenue, 
Regina, Saskatchewan 
S4P OR9 

ManItoba 

Department of Mines, 
Natural Resources & EnvIronment, 
139 Tuxedo Avenue, 
WinnIpeg, Manitoba 
R3N OH6 

Ontano 

MInSI try of the EnVIronment, 
135 St. ClaIr Avenue West, 
Toronto, Ontario 
M4B IP5 

Quebec 

SerVIces de ProtectIon de L'Environnement, 
2360 ChemIn Ste-Foy, 
Ste-Foy, Quebec 
Gl V 4H2 



Prince Edward Island 

Department of EnvIronment and Tourism, 
2nd Floor, Health Buildmg. 
Box 2000, 
Charlotteto'Nn, Pnnce Edward Island 

Newfoundland 
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Department of Consumer AffaIrs and EnvIronment, 
Elizabeth Towers, 
St. John's, Newfoundland 
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TERRITORIAL WATER BOARDS 

Northwest Territorial Water Board 

ChaIrman, N. \\t. T. Water Board, 
Department of Indian and Northern AffaIrs, 
P.O. Box 1500, 
Yellowknife, N.\\I.T. 

Yukon - Territorial Water Board 

ChaIrman, 
Yukon Territory Water Board, 
200 Range Road, 
Whitehorse, Yukon 
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REGIONAL AND DISTRICT OFFICES OF THE 
ENVIRONMENT AL PROTECTION SERVICE 

DEPARTMENT OF THE ENVIRONMENT 

EnvIronmental ProtectlOn ServiCe, 
5151 George St., 6th Floor, 
Bank of Montreal Tower, 
Halifax, Nova ScotIa 
B3J IM5 

Tel. 426-6132 

DIstrict OffIce 

EnvIronmental ProtectIon SerVIce, 
365 Argyle Street, 
Fredericton, New Brunswick 
E3B I T9 

Tel. 452-3286 

DIstr lct OffIce 

EnVIronmental Protection ServIce, 
DOmlnlOn BUIlding, 
c/o D.R.E.E., 
P.O. Box 115, 
Char lotte town, P. E.I. 
CIA 4A9 

Tel. 892-8551 

DIstrict OffIce 

EnvIronmental ProtectlOn ServIce, 
P.O. Box 5037, 
St. John's, Newfoundland 
AIC 5V3 

Tel. 737-5488 

Environmental Protection ServIce, 
1550 l\\alsonneuve Blvd., West, 
Montreal, Quebec 
H3A 2A5 

Tel. 283-7377 



OntarlO RegIon 

EnvIronmental ProtectIon SerVIce, 
25 St. ClaIr Avenue East, 
Toronto, OntarIO 
M~T 1M2 

Tel. 996-7510 

Dlstr Ict Offlce 

EnvIronmental ProtectlOn ServIce, 
Rlver Road Laboratorles, 
Ottawa, OntarIO 
KIA OH3 

Tel. 998-3~20 

Western and Northern ReglOn 

EnvIronmental ProtectlOn ServIce, 
99~2 - 108th Street 
Room 804 
Edmonton, Alberta 
T5K 2J5 

Tel. ~25-~580 

DlstrIct Office 

EnVIronment Canada, 
800 KensIngton BuIldmg, 
275 Portage Avenue, 
'W mntpeg, Manitoba 
R3B 2B3 

Tel. 985-2961 

DlstrIct Office 

Envlronmental ProtectIOn SerVlce, 
P.O. Box 2310, 
Yellowkntfe, N.W.T. 
XOE IHO 

Tel. 873-3~56 

DistrIct Offlce 

EnvIronmental ProtectIon SerVIce, 
975 Avord Tower, 
2002 Victoria Avenue, 
Regma, Saskatchewan 
S~P 2R7 

Tel. 522-6671 
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Environmental ProtectlOn Service, 
Kapdano 100, Park Royal, 
West Vancouver, B.C. 
V7T IA2 

Tel. 666-6711 Ext. 240 

District OffIce 

Environmental ProtectlOn SerVice, 
Room 225, 
Federal Budding, 
Whitehorse, Yukon 
Y lA 3A4 

Tel. 667-6487 
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