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Abstract

Of the wastewater treatment plants (WTPs) in the province of Québec that are effecûng a
phosphorus (P) removal prograrn, chemical addition and precipitation is the primary fonn
of P-removal, with biomass growth and/or enhanced biological P-removal (EBPR)
providing secondary removals. An overall P-removal of approximately 66% was achieved
at th~sc WTPs in 1994.

Dessau Inc. of Laval, McGiII University and École Polytechniqlle were contracted by the
Ministry of the Environment and Fauna of Québec to perfonn an evaluation of chemical
P-removal from Québec municipal wastewaters and the optimization of existing processcs.
Part of this evaluation and optimization involved c1arifying the mechanisms and
interactions during chemical P-removal. Many key models from Iiterature were reviewed,
but were not entirely adequate.

A static steady-state P·removal model was therefore developed, accounting for the
reactions and removals of soluble and particulate fonns of orthophosphate and
polyphosphatelorganic phosphorus. The model traces the path of each P·fraction
throughout the chemical removal process, accounting for P-precipitation and adsorption,
as weil as reductions of TSS and BOO,. Computer programs were constructed for the
model, with specific programs written for primary treatment, activated sludge, biofJ1tration
and facultaûve aerated lagoons.

Samples were gathered at Il WTPs during June-July 1994; these field data were uscd to
calibrate the computer prograrns. Computer program output generally agreed with the
field data to within 10%. Several of the WTPs sampled obtllined a total-P removal of
approximately 90% with metal dosed:P molar ratios often below 1.

1
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Résumé

Parmi les stations de traitement des caux usées du Québec qui éffectuent une
déphosphatation, la précipitation accomplie avec une addition de produits chimiques est la
première méthode de déphosphatation. La croissance de biomasse et/ou la
déphosphatation biologique accrue accomplissent ~a déphosphatation secondaire.
L'efficacité de la déphosphatation de ces stations en 1994 était d'environ 66%.

Dessau Inc. de Laval, McGiII University et l'École Polytechnique furent détenus par le
ministère de l'environnement et de la faune du Québec pour évaluer la déphosphatation
chimique des eaux usées des municipalités québécoises et d'optimiser les processus
existants. Compris dans cette évaluation et cette optimisation était une étude des
mécanismes et interactions présente durant la déphosphatation chimique. Plusieurs
modèles présent dans la Iitérature disponible furent étudiés, mais aucun ne fut adéquat

Un modèle statique à état continu fut dévelopé qui tenait compte des réactions ct les
enlèvements des formes solubles et particulaires d'orthophosphate, de polyphosphate ct de
phosphore organique. Le modèle suit le trajet de chaque forme de phosphore le long du
processus d'enlèvement chimique tenant compte de la précipitation et de l'adsorption du
phosphore, ainsi que la réduction des concentrations des MES et de la DBO,. Des
logiciels furent dévelopés pour le modèle incluant des programmes spécifique pour le
traitement primaire, de boues activées, la biofiltration et les étangs aérés.

Onze stations furent échantillonnées en juin et juillet 1994. Ces données servirent à la
calibration des logiciels. Les logiciels était en accord avec les données accumulées à 10%
près. Plusieurs des stations échantillonnées obtenaient une déphosphatation d'environ
90% avec des rapports entre les ions métalliques dosées ct le phosphore souvent inférieur
àun.
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Chapter 1. INTRODUCTION

1.1 Background and Situation ln Québec

•

Municipal wastewater discharge is one of the main contribulors to the eutrophication of

rcceiving water bodies. Population growth and the use of fertilizer and household

detergents combine to increase the amounts of nitro;;tn and phosphorus in lakes and

rivers. In the epilimnion layer, the aquatic zone where the majority of photosynthesis

occurs, phosphorus (P) is usually the Iimiting nutrient, therefore increased amounts lead to

increascd biological activity during summer months (lmboden, 1974).

Detergent phosphorus bans help to reduce wastewater treatrnent plant (WTP) effluent-P

levels, and assist in reducing eutrophication since most P in detergents is in the bioavailable

form (Hartig et al., 1990). Reductions at the point of origin of industrial sources cao

further reduce P-Ioading to WTPs. These are not, however, solutions to the difficulties

encountered in reducing WTP effluent-P, since discharge concentrations are oCten only

temporari1y stabilized. Even with these regulations and programs, further reductions in

municipal effluent-P levels are required. Chemical dosing to control effluent-P levels,

alone or as a supplement to biological processes, has therefore hecome widespread in

wastewater treatrnent (de Hans et al., 1993; Jenkins and Hermanowicz, 1991).

Wastewater discharges generally have a significant effect on the P-concentration in

rcceiving water bodies, when comparing levels upstream and downstream of a lypical

WTP. Garber (1977) demonstrated that a 75% reduction in effluent-P during fuIl-scale

studies with fenic chloride greatly reduced the effcet of a wastewater on the river into

which it was discharged. Furthermore. Bothwell (1992) demonstrated in experiments

adding P-slugs to river a1gal communities that a1gae exposed to P-concentrations of

60 J.Ig PIL for 1 minlhr grew as rapidly as those exposed to continuous concentrations of

1 J.Ig PIL. In order to prevent eutrophication of receiving waters. it is therefore important

to further understand P-removal proeesses so that stable 10w effluent-P levels cao he

maintained.

1



•

•

Chapter 1: Introduction

As part of Québec's Program for Exploratory Environmental Rescarch, Dessau Inc. of

Laval, McGilI University and École Polytechnique werc contracted by the Ministry of the

Environment and Fauna of Québec (MEF; rcferrcd to as MENVIQ prior to 1994) to

pcrform an evaluation of chemical P-rcmoval from Québec municipal wastewaters and the

optimization of existing processcs.

As of January 1994, 70% of the population in Québec was scrved by WTPs.

Approximately 70% (2.5 Mm3/d) of this wastewater is treated by WTPs that must meet a

certain effluent·P concentration, vil. 0.5·1.0 mg PIL. In Québec, 26% of P·loading to

receiving waters is from municipal WTP effluents; the remainder is from non-point

sources. 79% of Québec's WTP efflucnt-P is of human origin; the remainder cornes from

various detergents and cleaners (Grenon, 1994). Fonns and distributions of phosphorus in

municipal wastewater vary according to a wastewater's characteristics, but municipal

wastewater contains on average:

• 50% orthophosphates;
• 30% polyphosphates;

• 20% organic phosphorus (Jenkins and Hermanowicz, 1991).

In 1992, the wastewater undergoing sorne form of treatmen1 in Québec contained

approximately 3 000 tonnes (t) of P in the influenL Wastewater containing 2000 lIy P

was treated by plants using sorne fonn of P-removal, and 1000 tJy P enters WTPs that

have no P-rcmoval programs. Furthermore, 30% of Québec's population has no

wastewater treatment, and the majority (74%) of P-Ioading to receiving waters is from

agricultural sources.

The main P·removal process in Québec is chemical addition and precipitation; sccondary

removals are also achievcd in biological treatment processcs - biomass growth and/or

enhanced biological P·removal (EBPR), The most common metal salts used in chemical

P-precipitation are ferric chloride, a1urn or ferrous sulfate. On average, 66% P-removal is

2
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achieved in these plants, leading to a 700 tJy P·release from WTPs with P-removal

(Gosselin, 1995).

WTP processes must be invcstigated more in·depth, examining the efficiency of, and our

knowledge surrounding, P·removal processcs. Global parameters such as total P, COD

and TSS are too often uscd to derme wastewater trcatrnent objectives, process

specifications and operational parameters. P can be found in a number of diverse

particulate and soluble forms; therefore, its characterization in wastewater is of great

importance in understanding the complex interactions that take place during the various

processcs studied in this rescarch.

1.2 Oblectlves

In order to clarify the mechanisms and interactions during chemical P-removal, a

phosphorus mass balance model was needed, one that would account for soluble and

particulate forms of orthophosphate and polyphosphate/organic phosphorus. The model

presented here traces the path ofeach P·fraction throughout the chemical removal process,

accounting for P·precipitation, hydrolysis and adsorption, as weil as solids removaJ.

Computer programs were constructed, with the model incorporated into specific programs

written for primary treatrnent, activated sludge, biof1ltration and facultative aerated

lagoons. Over 99% of the wastewater treated in Québec is done so in WTPs of the types

covered by thesc computer programs. This thcsis presents the laboratory results and data

analysis of field sampling carried out during June and July, 1994, at 11 WTPs across

Québec. The field data were uscd to modify and calibrate the four types of çrograms such

that the output mimicked the field data as closely as possible. The calibration results are

discusscd, with a view ta deriving mechanistic insights from the parameter values.

This model and the ensuing computer programs were to serve as reiatively accurate

prediction tools, assisting in process evaluation and comparison at the level of conceptual

design, for a subsequent phase of the MEF study•

3
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Chapter 2. LITERATURE REVIEW

This chapter includes a summary review of current P-removal treatment processes and the

generally accepted mechanisms applicable to chemical precipitation. More specilically. it

includes a rcview of P-removal modelling, an important field of investigation in P·removal

processes and mechanisms.

2.1 Process Technologies

Several publications summarize conventional and novel P·rcmoval technologies and

processes, their efliciencies and applicability to wastewater treatment (Comeau and

Paradis, 1994; Wiechers, 1986; Yeoman et al., 1988), thercfore this will nol be discussed

al 1ength in this lileralurc rcview. EPA Desil:n Manual: Phosphorus Remoyal tabulates

extensive performance data for chemical addition lo WTPs for P·rcmoval (EPA, 1987).

Certain more rccent information pertinent lO chemical P-removal combined with other

removal technologies is, however, presented in Table 2.1 be10w.

Further to Table 2.1, rcsearch has been carried out on the effects of chemical dosing on

biological P·rcmoval processes. ln vitro tests showed that fercic ions cause cytoplasmic

membrane damage to EBPR baeteria, causing release of po1y·P; this was nol observed

with ferrous ions (de Hans and Orcben, 1991) The authors recommended taking particular

care when dosing chemicals lo activated sludge (AS) systems, for the following rcasons:

• An apparent suppression of EBPR mechanisms, also observed by Ullter (1991);

• Mixed liquor has an inhercnt capacity for chernical P·rcmoval even with no chernical
addition (the extent depending on influent characteristics); and,

• Residual capacity for P-fwtion in mixed liquor rcmain:; when dosing is ceased. still
observed after one full sludge age, imp1ying efficient fercic phosphate fIXation in the
biomass•

4
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Source WTP Description Specifies mole Ml!!!g!s P-Reduction Comments

mole~ (unless otherwlse stated)

Brooks. 1994 Sirofloc™ Process Alum coagulation. 1.3-1.9 7.5--*l.9 mg PIL as Po. - AlIP of 1.3 Ü 70% Al of is
adsorption 10 magnetite AIl> recycled.
partlcles. foUowed by - Treaunenl lime of < 20 min
magnetite-magne! if have a magnetite s.g. of 5.2
f1occuIatlon and settlinl! velocilV of 10m1h

de Haas et al•• ASwithEBPR Alom dosed from ISO 0.8-1.8 7.9--+\.0 mg PIL as P'O<
1993 to 350 ml!lL AIl> 5.6--+0.7 mg PIL as po....

de Haasand Experiments with AS FeJ+ fonned in situ from Fe"
Greben. 1991; and syntheÛC was more effective at P
Lijklema. 1980 soluûons precipitation than Fe3+ added

directly
den Engelse. 1993 Acûvated sludge Marginal improvement 1.5 Effluent PO. < 1mg PIL Effluent-P < 0.1 mg PIL

in P-removaI at (Fe2
+ or Al3i difficuIl to aclùeve becanse of

Me:Pof2 effect ofeffluent TSS
Eggen et al, 1991 Crystakctore AS effluent passed CrystaIactore; lIIustrales imponaoce ofsolids

pol- precipitates as through reactor, then 7.5-+1.7 mg PIL as PO. removaI 10 aclùeve 10w Pdl

Ca3(PO'>2 in a Ca2
+ rapld sand lilters Rapid sand filters:

and OlT rich reactor 1.7--*l.5 mg PIL as PO.
Fujitnoto et al. Anaerobic sludge Dosing ferric chloride 1.1 90% removal of High %removaI. although

1991 digestors to supematant to (Fe3i 193 mg PIL as PlO< residual P-concentration is
assisl upstream EBPR 72 ml! PIL as PO. stiU relatively hil!h

5
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Table ;.1: Synopsis of P·Removal Performance (continued)

Soun:e WTP Description Specifies moieMed... P·RedueUon Comments
moleP_ (unless olberwlse staled)

Leeuw and de Aclivated sludge Comparison of EBPR FeSO. dosing E8PR: I~O.9 mg PIL - EBPR perfonned as welI or
Jong.1993 vs. conventional AS beller than AS with

with side-stream AS: 1O~2.5 mg PIL side-stream P-stripping.
P-stripping - EBPR required oceasional

FeSO. dosing 10 maintain
effluent oualilV.

LOtter. 1991 Mixed liquor bateh ML spiked with 1.1 SO~ 1 mg PIL as PO. Ferrous s"1lts hall slower
tests: 't =30 min SO mg PIL as PO. (Fe2+orFe~ reaetion rates \han ferne. but

same final results: presumably
because of lime for oxidation of
Fe2+~Fel+.

LOtter. 1991 Extended aeration Successful P-rem 2.0 Effluent PO. < 1 mg PIL Had lost EBPR while dosing
with alum dosage. (Ae~ aclùeved 95% of the lime alum; small degree ofEBPR
theneffluent withFeSO. retumed when FeSO. dosing
deteriorated; regained began.
P-rem bv dosIl1l! FeSO.

Nieuwstad et al•• Aclivated Siudge SimuIllU1eOUS pree. and SimuItaneous: SimuItaneous: Premature flUer foulïng al

1988 filtration; 2.6-6.S(Fe~ 0.6--+0.06 mg PIL as p.. higherMe:P
Post-precipitatiOIl and Post: n.a. Post:
filtration. 5.4-+0.4 m~ PIL as p..

Olesen.l990 Rotor- aerated Ferrous sulfate 0.7 to 1.1 1O~0.9 mg PIL
oxidation ditehes dosinl! (Fe2~

Rensinlt et al.• Phostrip" supematant Phosttip": P-removal from EBPR mixed 8-15 mg PIL p...;"r - Ca3(PO.h has possible
1991 fed to a Crystalactor" llquour by addilion of excess aœtate reduced to less \han future industrial uses.

onder anaerobic ConditiODS. then MLSS 0.1 mgPIL - Approximately
removal 4 k~Ï<o.e."Vr) oelIets formed.

6
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LaboralOry tests indicated that "continuous iron salt addition...results in reduced chemical

precipitation efficiency which in turn leads to high required chemical doses" (Ltltter,

1991). The author hypothesized that the build-up of metal phosphates on the biomass

affected the membrane transport system and, in tum, EBPR efficiency. As expected with

chemical dosing, a reduction in the fraction of long-chain po1y-P in the sludge was

observed, therefore a more accurate indicator of the effects of chemical addition on EBPR

might be the change of the metabolic rate or activity of EBPR bacteria during chemical

addition. Results also suggested that long-chain poly-P storage was lower during chemical

addition.

2.2 Coagulant Chemistrv and Removal Mechanlsrns

Iron chemistry in water and wastewater aquatic systems is reported to be the same as that

of aluminum (pankow, 1991). Trivalent aluminum and iron cations are generally !Jelieved

to exist in solution with six hydrated water molecules, as [Al(H20)613+ or [Fe(H20)6l3+

(Matijevic, 1961; Pankow, 1991). Rebhun and Lurie (1993) presented a sirnplified version

of Al(m) coagulant-flocculant chemistry as foUows:

(If'

[A1(H20)6l3+ ~ [Al(H20lsOH]2+ ~ [~(OH)I,l3+("Il ~ [A!a(OH)20l4f.("Il ~...
p>ljlll<lizali... pli 4 ID 7

At higher pH values, there is a greater abundance of aluminate in equilibrium solutions:

00- 00-

... ~ [Al(OHh(H20hl. ~ [Al(OH)4r
IIbIÔDC pli

Calionic polymers such as [A!a(OHhOl4f.("Il are the principal hydro1ysis products and the

effective flocculants, especially in the removal of dissolved organic matter (DOM) (NarIds

et al.• 1991; Rebhun and Lutie. 1993). Many other monomeric and polymeric species are

reported to exist in these aquatic systems.

Given the nature of calionic inorganic coagulants such as aluminum and iron salts. the

most significant coagulation mechanisms involved in P-removal are expected to !Je

7
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precipitation with the coagulant, adsorption to the surface of a precipitated species and

entrapment, or sweep floc, of parûculates. Perikinetic flocculation, or random Brownian

motion, and orthokinetic flocculation, caused by mixing and settling. combine to increase

parûcle size and settling (Montgomery, 1985).

Rebhun and Lurie (1993) summarized the removal mechanisms of DOM (humic and fulvic

acids) by ferric or aluminum salt addition. At a pH of 6·7, the rcaction of DOM with

monomeric and polymerie Al complexes is kinetically faster than the precipitation of

Al(OHh(s), although Al(OH)3(S) is the principal fmal precipitate. The DOM·AI

precipitates are then removed through adsorption and other interactions (e.g. sweep floc if

unsettleable) with Al(OH)3(S). Jiang et al. (1993) concluded that metai hydroxide

precipitation and sweep floc played a significant role in the removal of both parûculate and

dissolved organic malter at higher coagulant doses. Jiang et al. (1993) also proposed the

adsorption of polymerized cationic coagulant species onto the surface of particulate

organic matter (algae) and the precipitation of DOM as significant removal mechanisms.

Due to the inherent P-content of certain forros of organic matter, P·removal might follow a

similar behaviour as do DOM and particulate organic matter.

Sîmilarly, de Haas and Greben (1991) observed an adsorptive behaviour with ferric

phosphate fIXation in AS biomass. Reaction pathways proposed by Dousma and Bruyn

(1976) (in Lijklema. 1980) suggested very effective phosphate binding to polymers forroed

after the addition of concentrated metai solutions to phosphate solutions. Complexes with

Al:P molar ratios as low as 1:1 were observed. Simi\ar reaction pathways and

intermediates are proposed elsewhere (pankow, 1991; Rebhun and Lurie, 1993).

Removal. or insolubilization of pol by adsorption to a hydroxide surface results in the

release of an OH". Competition between pol and OH" ions explains the higber ieveis of

P-removal observed at pH values less than neutrality (Lijklema, 1980). A pH of

approximately 5 was found to he the optimum for phosphate adsorption. Hydroxide

precipitates were observed to still have an appreciable adsorptive capacity for phosphates

after 1 br ofcontact with phosphate solutions.

8



•

•

Chapler 2: Lileraturc Review

Even though pH values and ranges quoted in the literature vary for optimal P-removal, it is

generally agreed that iron salts have a lower optimal pH, but that significant P-removal can

still bc achieved over widc pH ranges. Optimal P·removal occurs in the following ranges:

pH~8 for Fe2• ; pH = 5.5-6.5 for Al3+ ; pH = 4.5-5.5 Fe'· (EPA, 1987; Recht and

Ghassemi, 1970).

2.3 Phosphorus Remova! ModeJllng

Models dealing with phosphorus bchaviour, distributions and/or removal have bcen the

subject of research not only when considering chemical P-removal in wastewater

treatment, but also in modelling EBPR, solidlliquid P·models in wastewater lagoons with

no chemical addition, as weil as modelling the dynamic interactions bctween soluble and

particulate phosphorus in eutrophic lakcs (Comeau ct al., 1985; Houng and GIoyna, 1984;

Lung et al., 1976). As weil, databases have bcen asscmbled with considerable amounts of

information on efficiencics of P-removal using chemical addition (CANVIRO, 1988;

Prested et al., 1977)

Six key papcrs were reviewed dealing specifically with predicting and/or modelling

P-removal from wastewater through chemical addition and precipitation; these will he

discusscd bclow.

In 1972 under the Canada-Ontario Agreement on Great Lakes Quality, Prested et al.

(1977) developed algebraic relationslûps hetween influent phosphorus and chemical

dosage, in anticipation of the 1.0 mg PIL effluent limit to he instituted during 1974-76. Dy

regressing data from jar tests and full-scale treatability studies, the goal was to develop

expressions sufficiently reliable for preliminary design, perhaps reducing or even

eliminating jar testing requirements. The resulting equations predicted actual chemical

doses to within ± 30%. In full·scale operation with fenic chloridc and alum, the molar

ratios of metal added to phosphorus in the wastewater at the point of addition, to aclûeve

an effluent of 1.0 mglL, were as follows:

9



• Chapter 2: Ulemlure Rcvlew

Chemlcal Raw Wastewater Addition Mlxed Llquor Addldon
(motar ratios) (molar ratlos)

Fe:P 1.8 0.9
Al:P 1.2 0.7

These results favour ehemieal addition to the mixed liquor. A parallel cost analysis

favoured ferrie chloride over alum. Similar results reponed by EPA (1987) found ferric

chloride to he more efficient on a molar basis during mixed liquor addition.

Pôpel (1969) assumed that the principal insoluble complex formed upon addition of an iron

or aluminum coagulant to wastewater was of the form Meu(OHhu(PO")n'ill (n and m art

stoichiometric coefficients), and that hydroxyl and phosphate ions were the two Most

important ligands in terms of affmity towards complex formation with Fe3+ or A13-+ (Fe3-+

used as an example). It was assumed that in pH ranges of 3-6 and 8-11, exchanges talce

place continuously until equilibrium is reached:

for a pH range of 3-6:

Feu(OHhm(P04)D-m +dOlf + 2dH20 =Feu(OH)3(m+4) (P04)lHZl-4 + dH2Po.. 2.1

for a pH range of 8·11:

Feu(OHhm(PO")D-1D + 2dOff + dH20 = Feu(OH)J(m+4) (P04)lHZl-4 + dHPOi" 2.2

A pH of 6-8 is usually encountered in sewage treatment. therefore both of these equations

apply partially with the equilibrium constant stated as follows:

K =pll(OH:)Y 2.3

•

where: K =equilibrium constant;
P, =the final phosphate concentration after precipitation.

as HlPo.. and HPO..2-;

d = stoichiometric coefficient

and l<z <2.

10
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K is thcrefore a measure of the degree of precipitate fonnation of the metals dosed with

the phosphate and hydroxyl ions. Ptlpel's model was therefore based on representing the

exchange reactions in the fonn of a Freundlich adsorption isothenn:

2.4

where: Pil =initial and fmal phosphate concentrations
C. =amount of coagulant added (moles MeIL)
k. q l, q2= empirical constants from general fonn of

FreundIictt isothenn

The model's basic fonn, Equation 2.7, resu]ts from algebraic manipulation of this general

fonn:

2.5

where: e ={Pi - Pr} 1Pi =removal efficiency

~ =C./Pi

k' =k i kq2ll1IIa

Plotting E vs. the logarithm of the L.8.S. of Equation 2.5 yïe]ds the foUowing equation,

linear for 0.45 < E < 0.95:

•

where: b =slope of the line
c = vertical intercept

Equations 2.5 and 2.6 combine to give:

E = kl + k2'log~ + k3'logPi +k.·pH

where: kl = c+ b'log(k'}
k2 =b
k] = b·ql

~=b'q2

11
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At constant phosphate and pH values. Equation 2.7 reduces to:

e = k' l + k2·log~

where: k' l = k. +kJ·logP...... - k.,·log(pH.m.,)

Pllpel's experimental results suggested that the Me:P ratio and the initial P·concentration

both had a significant effect on the removal efficiency. but that pH on the other hand. was

of no significance if close to neutra1ity. Results a1s0 indicated that particular wastewater

compositions inl1uenced the efficiency of the coagulation process. and that ferric chloride

had a more stable perfonnance over a range of operating conditions than did alum.

Ferguson and King (1977) developed what seems to be the ftrst steady-state unit-process

P-removal model based explicitly, at least in part, on solid:liquid chemical equilibrium.

This model describes the precipitation of orthophosphate using alum. ultimately to

detennine the residual phosphate concentration foUowing a given chemica1 dose. The

model does not consider the removal of total-P, the possibility of an adsorption removal

mechanism, nor the fate of precipitated A1P04(s), the removal of which is assumed to be

100%. Wastewater is assumed to have a constant flow and composition.

Ferguson and King assumed that A1P04(s) was less soluble than A1(OHh(s), and would

precipitate ftrSt Contradictory to thennodynarnic data, the authors found "compeUing"

evidence against adsorption and supporting precipitation in the 5-8 pH range. although

they suggested that adsorption might be responsible for high remova1s observed in other

studies at pH above 8 or below 5. These assumplions were not discussed in detail.

Three possible conditions, or "removal zones", for P-removal were described in this paper:

Zone 1: Stoichiometric removal Insufficient aluminum added, therefore the

phosphate that is removed is directly proportional ta the alum dose;

Zone n: Less than stoichiometric removal Doses approaching stoichiometry,

calculated from the solid:liquid equi1ibrium of the aluminum phosphate

precipitate; and,
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Zone fi: Stoichiometric aluminum dose exceeded by 25%; aluminum hydroxide

and phosphate precipitate. A single residual phosphate concentration is

possible for a given pH assuming solid:liquid equilibrium.

First, it was necessary to estimate the fma'. pH based on what was expected following

chemical addition, and once ail reactions had taken place. This depended on the initial pH,

the chemical nature of the wastewater 1.0 he trcated, the precipitation that occurred and the

CÛ2 transport during treatment. The operational pH range was assumed to he 5.0 to 7.5

in Zone l, with a decreasing operational pH range near 6.0 in Zone III. Recht and

Ghasscmi (1970) also observed that as the dose of coagulant increased, a higher degree of

P-removal was possible, but that the pH range for optimal P-removal narrowed.

The precipitate in Ferguson and King's model had an A1:P stoichiometric ratio of 1.4, the

simplest representation of which is Ah...P04(OH)!.2Cs). A1H2POl+(aq) was, for simplicity,

assurned to he the single rcsidual A1-P complex, thus excluding polymeric species from this

study. Stability constants for the aqueous and solid phase phosphate and hydroxide

complexes were such that the model's phosphate residual conformed with laboratory

results, and was in relative agreement with values quoted in the Iiterature.

Zone 1removal involved determining the fmal pH to ensure that it was in the proper range,

and then calculating the phosphate removed based on the aluminum added.

For Zone II, mass bal&.~ces for AI and P04 were solved for one equation with two

parameters: pH and (P04Î1ÙtW - Al...J1.4). Figure 2.1 shows the rcsults of these

calculations, the y-axis reprcsenting the sum of ail soluble phosphate rcsiduals. The

authors arbitrarily set the boundary hetween Zone 1 and II as the point where the

calculated residual exceeded the stoichiometric rcsidual by 25%.

Zone nI calculations relied on the previously mentioned assumption, that the aluminum

hydroxide-phosphate spccies was preferentia11y fonned over aluminum hydroxide. From

phase equilibria at a given pH, ail concentrations were fIXed if bath solids prccipitated.

13
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The Al3
+ concentration was flXed as a function of pH from the A1(OH)3(S) solubility

equation. and thcrefore the minimum pol concentration was also fixed.
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Figure 2.1: Soluble Resldual Phosphate and pH Ranges where Zones of MocIei
Apply

(Source: Ferguson and King, 1977)

The phosphate residuals in an cases consisted of different complexes depending on Ihc pH

of the systems.

•
Kavanaugh et al. (1978) developed a model predicting the perfonnance of P~removal

through post-precipitation with ferric ions. Specifica11y, the authors elaborated an

equilibrium model for dissolved orthophosphate remov~ a flocculation model and a model
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of solids removal in a sludge blanket clarifier {SBC}. Not ooly are the f1occulation and

solids removal models of interest to those seeking design iirnits for new or existing

processes, or insight into the effects and sensitivity of principal process parameters, but

they are also of interest in this thesis because of the significant effect which effluent TSS

have on effluent total-P concentrations.

The P·removal model assumed that hydroxyl and phosphate ions compete for fenic ions in

solution, and that the soluble phosphate concentration was controlled by FePO.{s}.

Neglecting the presence of soluble iron·phosphate complexes or other iron or phosphate

species, the following equation described the final orthophosphate concentration:

P" = ~'o + ~(t1l',J +le

where:
P., ,Plo =equilibrium and initial soluble ortho - Pconcentrations, respectively

6 1+1 -~
1+1

~ =FedouJ ;1 =Fe{OHh {final}
P.o FePO.

le = KFd'O.c,) [1+ OH- + (OW}2 ]

a{1+1) KF.COHl,· KF•COH)' •KF.oH"

[

H+ {H+}2 {H+}3 ]-1
a = 1+ . + + ~----:':--":'-__--

KH1O." KH,PO'· KHPO,', KH,PO.· KH,PO'- •KHPO,'-

The model assumed that fenic ions reacted ooly with phosphate ions ("f=Ü) wben the metal

dosed to phosphate molar ratio (~) was less than or equal to l, and that iren hydroxide

was formed for P>1 (when 1=~ . 1). Adjustments of 1 were required in some cases so

that predicted results agreed with experimental results. These discrepancies were

explained by hydroxide/phosphate ligand competition, as well as the possible existence of

other precipitates and adsorbed complexes•

15
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Knvanaugh et a1.'s (1978) fiocculation model described the change in the number of

primary particles. with a rough fit between the obscrved turbidity removal data and the

flocculation model.

2.9

•

where: 01 =particle concentration
e =hydraulic retention time
G =root mean square velocity gradient

K.u =eilpô; lX =fraction ofeffective particlc collisions
1t

cl» =floc volume fraction =~ 4
1t ''i l

. ni
3

ô=partîcle sile distribution

rI = mean particle radius

Assuming that residual TSS is proportional to the concentration of primary particles (nI).

this model can be used for preliminary predictions of required values of 9 and G for

desired solids removal.

Two sotids removal models for the SBC were proposed, one based on an unrealistic solicls

removal of 100%, that predicted a theoretically impossible value of a =8 (must have

ëi < 1) when calibrated with actual data. The other model represented the sac as a

suspended deep-bed mter. with the fluidized partîcles trapping incoming suspended solids.

The authors recognized that the models required further study before being used for

anything but estimating design limits and sac feasibility.

Another phosphate precipitation model based on chemical equilibria was developed by

Arvin and Peterson (1980). They proposed that phosphate precipitates as 1 calcium­

metal-phosphate complex, as a function of the pH, calcium activity and the ionic strength

of the water at a fixed Me:P ratio. As an aduition to their cartier wode. carbonale wu

16
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includcd in the precipitation product, thus accounting for prior deviations from laboratory

results. Experimental resuHs indicated the presence of bath calcium and carbonate in the

phosphate precipitatc. the principal phosphate being precipitated represented as:

where: k. m, n. u, f, c and h are stoichiometric coefficients

Other metal oxides, hydroxides, carbonates and phosphates are assumed to precipitate as

weil. The equilibrium soluble phosphate concentration (Cp) is written as:

Cp =CH:zPOi +CHPOl + CCaHPCMaq) +CCaPOi

Combining the relationships defuting the solubility products. complexation and acidity

constants of the solid phase, soluble complexes and the acids involved in the system under

consideration, the following general fonn of the phosphate concentration relationship was

derived in previous work:

2.10

•

where: al =activity ofcompound i: W, Ca2
+ or HCOi

Cl =a constant containing the solubility products

p, t =constants dependiâg on the composition orthe pophate soUd complex

'Yh 'Y2 = aetivity coefficients of mOllI)- and divalent JODS (same value used for 1i.Iœ.
charged ions)

Kc.l, Kc.2=CaHPo.,(aq} and CaPO; complexation cœstaDts

K2,Po K]'p = H2PO.."and HPOl acidity constaIn

Dosage affects the value of the constants IJ and e, through relationsbips between the

stoichiometric coefficients of an species in the Ca·metal·phospbate precipitate. Depending

upon the Me:P ratio and on other system conditions. different solids precipitate, resulting

in Many possible relationships and subsequent expressions for IJ and e. The authors aIso
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derived an expression for the hydrogen activity corresponding to the minimum phosphate

solubility.

Optimal phosphate removal was reported in the pH range of 6.6-8.8. The authors

attributed these considerably higher results (compared to Ferguson and King, and Recht

and Ghassemi, 1970), to different reference points, in that sorne reported results were

functions of the operating conditions. whereas theirs were with respect to specific fIXed

system values. Other observations included:

• Minimum phosphate solubility at high calcium activity; highly pH·sensitive
phosphate solubUity atlow calcium activities;

• Minimum phosphate solubUity and reduced sensilivity to pH changes at low
bicarbonate activities;

• Similar performance for iron- and aluminum-based chemicals;

• Lower phosphate solubility at higher chemical dosage;

• Lower oplimal pH al higher dosages; and.

• Reduced or eliminated bicarbonate activity significance with (i) iflcre<lSCd

coagulant dosage (decreased e value) and/or (ü) increased sludge age (and
hence. precipitation times).

Luedecke et al. (1989) constructed a chemical model for fenic addition assuming four

precipitation regions:

• No precipitation;

• Precipitalion of a fenic hydroxy-phosphate solid;

• Precipitation ofa fenic hydroxide solid; or.

• Co-precipitation of both solids.

Similarly 10 several previously discussed models. this model was based primarily on

solid:aqueous equilibrium behaviour of iron phosphate and iron hydroxide complexes. Il

was centred on the formation ofa fenic hydroxy-phosphate precipitate:

r'Fe3+ + pol' + (3r - 3) ·mf H Fe,PO.(OHh,.3(S) pK.=? %.u
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FerPO..(OH)3r-J(S)
and

FeOOH(s)

FeOOH(s)

No precipit.

c.­.

A
-Or---......,........,..,..~,..,..---.......,............,..,.TT""-----.....,~~""':I-
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to-

•

~
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10-1 10° 10' 102
CFe,doge (mg/I)

FIOR ;'2: PredpltaUon Regions for p8=6.8
(assumed values r=2.5, pK.=96.7, pKno=-21.S)

(Source: Luedecke et al., 1989)

•

The authors assumed a value of 1'=2.5, while analysis of laboratory data indicated a

pK.=96.7. Figure 2.2 was derived from mass balances and equilibrium concentration

expressions for the components of this system. The authors noted tltat fixed

concentrations of Fe3+ (Cr/·) and pol (Cp••) co-exist under conditions of Clr

precipitation at a given pH, as did Ferguson and King (1977). Conditions follow for the

1hree possible precipitation regions remaining:

• nQ precipitation: the concentration of iron dosed (CFe,"') is less than the fixed
soluble iron equilibrium concenttaûon (CFc..);

• ferrit bydroxide precipitation: influent phosphate (CP• .....> is less than the
maximum equilibrium soluble phosphate concentration (Cp"); Of,
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• feujc hydroxy-phQsphate precipitatiQn: CP. I0Il_ and CFc. dole are less than Cp"
and CFc", respectively, but insufficient irQn is dQsed tQ reduce the phosphate
concentratiQn tQ Cp". (CP" calculatedfrom relationships of Equation 2.H, the
dissociation ofphosphates and FeJ

• hydrolysis)

The Luedecke et al. (1989) mQdel predicted a decreasing Fe-dQsed:P-rcmoved ratio with

decreasing Cp,cq, clQse tQ the r value Qf 2.5. Values Qf Fe·dosed:P-removed increased

sharply at Cp" when fercic hydrQxide is fQrmed. The authQrs suggested that the observed

trend Qf an increasing Fe-dQsed:P-removed ratio with decreasing CP,.q (past their predicted

Cp") was due tQ phQsphate remQval thrQugh adsQrptiQn Qn the precipitates, in competition

with hydroxyl groups.

The authQrs therefQre split CP. "1 intQ twQ fractions, a fmal dissQlved residual (CP....) and

that adsQrbed Qn the precipitates (Cp, 1dI). EquatiQn 2.12 aCCQunts fQr the adsQrption

equilibrium:

[PO·3-L
CP... = k• . X.' [ ]3

On-

where: k. =adsorption coefficient
X. = amount of adsorbent adjusted for the number ofhydroxyl groups

= (3r-3)·Cp..... +CFc,....
Cp, =concentration of hydroxy-phosphate precipltale
CFc, = concentration hydroxide preclpltaIe

2.12

•

With this additiQn, 1.eudecke et al. (1989) predicted simi1ar CP. la vs. Fe:P behaviQUf in

their model as cQmpared to their laboratQry results.
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2.3.1 Summary

Models prescnted here vllIY in their degree of complexity and applicability. Only one

(Kavanaugh et al.. 1978) considers subsequent solids removal, and even then as a separate

case; adsorption is neglected by ail except Luedeckc et al. (1989). POpel predicts the fmal

P-concentration using a Freundlich isotherm to model the competitive adsorption of

phosphate and hydroxyl to a metal hydroxy-phosphate precipitate. In brief however, the

models discussed here deal only with soluble ortho-P, and on one hand, this is a benefit

because of the detail which sorne of them give to this fraction's behaviour. On the other

hand though, considering only soluble ortho-P is a1s0 a limiting factor in overall WTP

performance modelling.

The earliest modelling effort by POpel (1969) describes the complete removal process in

one "black box" equation, and therefore bas limited application in describing treatment

bottlenecks and deficiencies. Experimentally determined model parameters varied

considerably due to wastewater characteristics and physical process parameters, therefore

this model can be used only for forecasting removaI efficiencies in the range of 45% to

95%. Similarly, the algebraic \inear equations derived by Prested et al. (1977) are useful

for predicting treatment performance and chemicaI demand, but have reIatively high

(± 30%) variability and uncertainty.

The foundations of several models are based on chemicaI equilibria, even though !bey

elaborate on different aspects of the P-removal mechanisms and behaviour. Ferguson and

King (1977) assume stoichiometric removal at low doses, orthophosphate residual

determined by chemicaI equilibrium with other species. and a fIXed residual

orthophosphate determined by solid:liquid equilibrium under conditions of overdose.

Simi\ar assumptions and precipitation regions were applied in the Luedecke et al. (1989)

and Kavanaugh et al. (1978) models, with respect to assuming that metal cations react

preferentially with phosphate ions. and that metal hydroxides are formed at higher doses

and under various other conditions.
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Ferguson and King's (1977) experimental work highlighted the value of adjusting pH

before coagulant addition in tenns of increased efficiency in phosphate removal and

therefore decreased chemica1 requirements. However, since it is limited to soluble

ortho-P, it has limited application, to primary or secondary effluents of rclatively stable

composition and low in particulate-P.

Kavanaugh et al. (1978) did not consider a hydroxy-phosphate precipitate as did other

models reviewed here (Arvin and Peterson, 1980; Ferguson and King, 1977; Pllpel, 1969)

nor did they consider the mechanism of phosphate adsorption onto iron phosphate or

hydroxide. Specifically, their model estimates the chemica1 doses requircd for a particular

residual soluble orthophosphate. Kavanaugh et al's solids removal models might provide

valuable tools in estimating particulate P-removal, given the relationship between TSS

and P.

Degree of complexity or attention to relatively insignificant detcils are not prcrequisites in

elaborating an effective P-removal predictive mode\. Arvin and Peterson's (1980) model

and observations can be simplified in sorne cases, for example, by stating that lower

phosphate residuals and wider optimal pH ranges are possible in low a1kalinity wastewater

(also observed by Kavanaugh et al., 1978), or that high chemica1 doses, or high sludge

recycles rates, can overcome the difficulties encountered with high alkalinity wastewater.

The objective behind the construction of sorne models was not only to predict dosage

requirements, but aIso to predict the fonn and concentration of effluent phosphorus. The

foci of some models are dramatically different An integrated approach is needed,

considering the overall picture in tenns of the interactions between removal mechanisms

and the ramifications this may have in tenns of the treabnent efficiency of other

wastewater parameters.

22



•

•

Chaplcr 3: MateriaJs and Mctbods

Chapter 3. MATERIALS AND METRons

Field data were required conceming the physico-chemical P-removal step in WTPs of

various types across Québec, in order to calibrate the computer programs, as weil as to

obtain further infonnation on general perfonnance. Field sampling was therefore

necessary.

The analyses that were perfonned on each sample are Iisted in Table 3. I. Results of

particular tests perfonned on samples from each W1P are found in Chapter 4 and in

Appendices. Figure 3.1 illustrates a sample's history during a typical day of sampling, as

weil when the various analyses took place. Samples were generally gathered before noon

and were 24-hour composites where possible. When a W1P had no composite samplers at

a desired sampling point, a portable composite sampler was insla1led the day prior to

sampling. When no composite sampler was available (failure or unavailability), lhree

separate grab samples were taken and combined.

Samples were placed in coolers with ice packs and transferred to the appropriate

laboratory, McGill University Environmental Engineering Laboratory or Proserco Inc.,

depending upon what analyses were required. McGill used Iùgh density polyethylene

{HOPE) containers washed and rinsed with hydrochloric acid and deionized water between

uses (APHA et al., 1992; McGill University, 1992). Proserco supplied single use HOPE

containers with the appropriate preservative.
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Homogenization

Flltered Samples

Analyses: ~
- COD
- Total-P

- Ortho-P •
- P-Hydr

•

Composite
Samples
24 Hour - 1 L

or

pH and temperature measurement

Figure 3.1: Sample History

PROSERCO
Analyses:
- BOOS c8rbonll.ceous
• AI or Fe
- 11.11 s1udge analyses
• McGilI qUlI.lity control

McG1LL
University

Non·fiItered Sampies
Analyses:
• COD
- Total-P
- Ortho-P
- P·Hydr.

100 mL taken trom well-mixed
sample for alkallnlty analysis

- TSS and VSS
Using glass fibre
filters

Glass fibre filtration
(Whatman 934/AH)

•
Membrane Filtration
Millipore (0.45 pm)
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SampUng Point

Measurement lnfIuenl/Emuent M1xed L1quor Inlermedlale Point Siudge

Total phœphorus x x x x
(nUered and un· (un·fiItered)

nllered)

Orthophœphate x x x
(mlered and un·

nUered)

Polyphosphates x x x
(mlered and un·

(St·Georges only) (Long-chain) (St-Georges only)nltered)

Inorganlc phosphorus x

TSS x x x

vss x x x

TS x

VS x

BODs x

COD x x x
(nltered and un·

nUered)

AlIFe x x

Alkallnlty x x x

pH x

Temperature x

F10wrale x

Chemlcal dosage x
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For the P-analyses performed at McGiU. a procedure was developcd in which two

absorbance readings were taken on each sample. the flrst measurement taken at a set lime

before the rmal reading. This arose from inconsistent resuIts found in triplicate P analyses

perfom:.ed before the sampling began. A new manufacturing method had apparcntly

resulted in sorne PhosVer 3® pouches receiving inadequate amounts of chemical. ln order

to be confident with the analytical results, a second peuch of PhosVer 3 ® was added 10

those samples from a set of duplicates or triplicates that seemed to have incomplele colour

development as compared to the others in a sel. Consistent results were then obtained.

3.1 Orthophosphates

The same procedure was used for f1ltered and unfùtered samples. Samples wllre

homogenized before analysis. Analyses for reaclive·P were performed in duplicate on the

day the samples were gathered, as per Hach Method 10011 (ascorbic acid coloration)

(Hach Co., 1993), using a Spectronic 200 spectrophotometer at À=890 nm with a red

fùter. An initial absorbance reading was taken at 5 minutes of reaclion lime, and if a

significant difference between the duplicate readings was observed, another PhosVer 3®

pouch was added to the sample with the lower absorbance. The rmal absorbance was read

at 10 minutes. The ortho-P analyses were, in facl, tests for reactive-P. While it is true that

small amounts of condensed·P and poly·P will hydrolyze to the soluble form during

storage and analysis, it is impossible ·to measure this fraction during field studies. The

reactive·P analysis was performed immediately upon arrival at the laboratory, and is

assumed to represent the ortho-P fraction.

3.2 Total Phosphorus

The same procedure was used for f1ltered and unf1ltered samples. Samples were

homogenized before analysis. Total·P analyses were performed in triplicate on the day the

samples were gathered or the following day. Hach Method 10013 (sulfuric acid/persulfate

digestion, ascorbic acid coloration) (Hach Co., 1993) was used with a Spectronic 200
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spectrophotometer at ).::890 nm with a red fIlr.er. An initial absorbance reading was taken

at 20 minutes of reaction time, and if a significant difference between the triplicate

readings was observed. another Pho5Ver 3® pouch was added to the sample with the

lower absorbance. The final absorbance was read at 30 minutes.

3.3 HydrolyzableP~

The same procedure was used for fIltered and unmtered samples. Samples were

homogenized before analysis. Hydrolyzable-P analyses were performed in triplicate on the

day after the samples were gathered. Hach Method 10012 (sulfuric acid digestion,

ascorbic acid coloration) (Hach Co.. 1993) was used with a Spectronic 200

spectrophotometer at ).::890 Dm with a red mter. An initial absorbance reading was taken

at 20 minutes of reaction time, and if a significant difference between the triplicate

readings was observed. another PhosVer 3® pouch was added to the sample with the

lower absorbance. The final absorbance was read at 30 minutes.

3.4 Long.Ohaln PoIyphosphate

Mixed liquor samples were homogenized before anaIysis. The long-chain polyphosphate

tests were carried out as soon as the samples arrived in the laboratory, following the

procedure described by Comeau et al.• (1990). The procedure required adding sodium

acetate to a rIDai concentration of approximately 250 mgIL to a fresh sample of mixed

liquor. followed by an anearobic stirring phase. Filtered ortho-P tests perfonned on the

mixed liquor sample before and after the anaerobic phase indicated the ortho-P

concentration that could be attributed to EBPR.

3.5 ~

Filtered and unmtered COD tests used the same procedu..-e, and were canied out in

duplicate on homogenized samples. Closed reflux method COD tests (Hach Company,

1992) were perfonned on the same day as samples were gathered or on the following day•
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Absorbancc was read using a Spectronic 200 spectropholomeler al ;'=620 nm with no

light fIIter.

3.6 Alkallnlty

AIkalinity analyses (APHA et al., 1992; McGill University, 1992) were performed as soon

as the samples arrived in the laboratory. Un·fIIlered non-homogenized samples were used.

3.7 TSS and VSS

Filtrations were performed as soon 8 Ille samples arrived in the laboratory. TSS and VSS

were carried out using methods 2540-0 & E in SUlOdard Methods (APHA el al., 1992).

The following volumes of samples were used, teslCd in duplicale or triplicalC:

• 100 mL of deionized walCr for the blank

• 50-+100 mL of influent

• 100 mL ofeffluent

• 10 mL of mixed liquor

3.8 Detection L1m1ts and Quallty Control

Approximately 10% of the tests carried oul al McGill University were repeated al

Proserco's laboralory. These results are indicated with brackets in Tables A4.l lO A4.22.

Significanl differences were often observed belWeen TSS and VSS results from McGill

analyses and the quality control perfonned al Proserco. Following consultation with

Proserco, no satisfactory explanation was found; Proserco did nol use Whatman brand

glass fibre ftlters, bul this is nol expected lo be responsible for the observed discrepancies.

As greal care was taken in perfonning tests in duplicate or lriplicate al the McGill

EnvironmentaI Engineering Laboralory, these results were used for the data anaIysis and

computer program calibration. The McGill and Proserco me. detection limits are listed in

Table 3.2.
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Laboralory Analysh Detection L1m1t Unlts

McGill PbosphaleS and IOtaI o.os· mgIL
phosphorus (P)

COD 12· mgIL

Proserco Ine. BOD5 2 mgIL

Tolal iron (Fe) 0.02 mgIL

Total a1uminum (AI) 0.8 mgIL

Phosphates (P) O.OS mgIL

Inorganic and tolal 0.10 mgIL
phosphorus (P)

• Detection IimilS calcuJated as per APHA et al., 1992

•

In accordance wilh S!Mdard Methods (APHA el al., 1992), standards and spiked samp1es

were inc!udcd as a regular part of the Jesûng regime. The percentagc recoveries of ail

quality control Jesling at McGill are lisJed in Table 3.3.

Table 3.3: Pereentage Recovery for Standard and Spiked Samp1es

Orthophosphate Total COD
Phosphorus

Standard 98± 1.9% 97±2.4% 100±3.l%

Spiked Samp1es 97 ±2.l% 98±3.6% 100±2.1%

One shoncoming of the 1aboratory procedure was encounJered in ftIJering high

concentrations of mixed liquor. Obtaining 10 mL of ftItraJe was a difficult and Iime­

consuming task, and since it was to be used for the analyses of soluble componenls only,

the flIJer was not eluJed. With such dense residuc on the ftIJer, colloidaJ or soluble matJer

may have becn retained in the filJer paper, possibly disJorting the results.
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Chapter 4. FIELD SAMPLING AND DATA ANALYSIS

4.1 Field Samplin~

Sampling was carried out at II WTPs in Québec over a live week pcriod during June and

July 1994. These were chosen such that at least one WTP using each major type of

treatment found in the province would be visited. Each WTP visited uses chemical

P·removal in their treatment train with either an iron or aluminum bascd coagulant; severa!

WTPs receive alum sludge from municipal water purification plants. A maximum of four

sampling points pcr day was planned for each WTP, depcnding upon the typc of treaUTIent.

Table 4.1 presents a summary of the dates, number, and sampling points during visits to

each WTP.

In the following sections, the units and terms employed are defmed below:

• concentrations of aIl forms of P are given in mgIL of P; the long-chain poly-P
results are an exception, being quoted in terms of g Poly·P released pcr g of
MLVSS in the sample;

• the Me:P ratios represent the amount of coagulant added divided by the
amount of total phosphorus at the point of dosage, both quoted on a molar
basis;

• the removal efficiencies for various P·fractions are quoted on an overall
(influent-effJuent) basis, and do not account for any mass flux (lue to
transformations (precipitation, adsorption. or hydrolysis);

• sludge contents of Fe, Al and Pare quoted on a dry mass basis;

• phosphorus concentrations are totaI·p unless otherwise stated; and,

• unless otherwise stated, ail values quoted are averages.

Results from aIl plants sampled are summarized in Table 4.2. and discussed in the

following subseetions.
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W1'P Tratment Type eo.gulant SlImpling Dates SlImpUng

1994
Points

MUC Exlended • FeCI3 05.Q6-08/07 IIEIS

Fabreville Exlended Primary A1um 18-t21l07 lIE/S

Pincourt iActivaled Siudge A1um 29/06-tO1107 lIE/MIJS
Convenlional

FeCI3 20-21107

VietoriaviIle Acliv8led Siudge Fe2(SO.h 05.Q6-08/07 IlE/MUS
Convenlional (+ Biological)

St-Jean BaptiSIe Activaled Sludge A1um 29/06-t0lI07 IIEIS
Oxidation Ditcb (+ Biological)

Marieville iActivaled Siudge Biological 12-13/07 lIE/MIJS
Oxidation Dilcb

Cbâteauguay BioffilJ'alion A1um 18-t21107 lIEIBWIS

Rigaud Facultative Fe2(SO.h 25-t27/07 lIEIMIS
Aeraled Lagonn

St-Georges SBR Alum sludge 11·13·15/07 lIE/MIJS
(+ Biological)

Haute-Bécancour SBR Fez(SO.h 12-13-15/07 lIE/MIJS
(Black Lake) (+ Biological)

+ Fe2(SO.h 15/07
periodically

Mont St-Gregoire RBC A1um 25-t27107 lIEIMIS

•

Legend: 1: Influent foUowing saeening
E: Final effluent
ML: Mixed liquor prior lO cbemical addition
BW: Biofdrcrbackwasb
M: Intermediale lreatmeot point prior lO cbemica1 addition
S: Siudge
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Par.mder .·.brc"ille C.U.~L Pineourt Victoria". ISt~t.n Maric\'i1 O1itcau R.i~aud" St.~r~ Uautr-Bi MtoSt-Gré Avnagc·

mlliL % mlliL % mlliL % mlliL % mlliL ~. mlliL ~. mlliL ~. mlliL ~. mlliL ~. mlliL ~. mglL ~. mglL %

InOurnt
Pioi 2.72 100 1.9 100 152 100 3.36 100 9.12 100 4.6 100 1.8 100 4.44 100 2.1 100 1.8-1 100 5.8 100 3.56 100

l'sol 1.78 65 0.64 34 0.95 63 2.05 61 5.67 62 2.76 60 0.86 48 2.83 64 0.9 43 1.21 66 4.1 11 2.16 61

l'solO 1.69 62 0.43 23 0.69 45 156 46 5.34 59 2.44 53 0.14 41 2.54 57 0.11 34 1.08 59 4.05 10 1.93 54

l'sol N-O 0.09 3 0.21 Il 0.26 11 0.49 15 0.23 3 0.32 1 0.12 1 0.29 1 0.19 9 0.13 1 0.05 1 0.23 6

l'psrl 0.94 35 1.26 66 0.57 38 1.31 39 3.45 38 1.8-1 40 0.94 52 1.61 36 1.2 51 0.63 34 1.1 29 1.40 39

l'plrlO 0.2 8 0.09 4 0.03 2 0.53 16 0.9 10 0.07 2 0.21 15 0.9 20 0.6 28 0.08 4 0.62 Il 039 Il

"""rl N-O 0.14 21 1.11 62 0.54 36 0.18 23 2.55 28 1.17 38 0.61 31 0.11 16 0.6 29 0.55 30 1.08 19 1.01 28

M.:P 2.03 2.83 1.90 0.60 0.60 1.80 1.00 0.90 - 1.25 1.60 I.S~

Moisr Ratio
Emuml
Plot 0.14 100 0.51 100 0.17 100 035 100 0.51 100 0.2 100 0.53 100 1.00 100 0.63 100 0.45 100 3 100 0.52 100

l'sol 0.12 16 0.12 21 0.05 29 0.31 89 0.25 44 0.06 30 0.25 47 0.44 44 0.22 35 0.06 13 0.65 22 0.19 36

l'solO 0.09 12 0.03 5 0.04 23 0.29 83 0.22 39 0.04 20 0.23 43 0.26 26 0.18 29 0.04 9 0.63 21 0.14 27

l'sol N-O 0.03 4 0.09 16 0.01 6 0.02 6 0.03 5 0.02 10 0.02 4 0.18 18 0.04 6 0.02 4 0.02 1 0.05 9

pp-rt 0.62 8-1 0.45 79 0.12 11 0.04 Il 0.32 56 0.14 10 0.28 53 0.56 56 0.41 65 039 81 235 18 033 64

l'plrlO 0.24 32 0.11 30 0.04 24 0.02 5 0.11 19 0.05 25 0.14 27 0.49 49 0.16 25 0.2 44 1.9 63 0.11 33

!Pi.lrI N-O 0.38 52 0.28 49 0.08 41 0.02 6 0.21 37 0.09 45 0.14 26 0.07 1 0.25 40 0.19 43 0.45 15 0.16 31

Rt.o,·aI
Pioi 1.98 13 1.33 10 1.35 89 3.01 90 8.55 94 4.4 96 1.27 71 3.44 17 1.41 10 139 16 2.8 48 3.04 85

l'sol 1.66 93 0.52 81 0.9 95 1.14 85 5.42 96 2.1 98 0.61 11 239 8-1 0.68 16 1.15 95 3.45 8-1 1.91 91

l'solO 1.6 0.4 0.65 1.27 5.12 2.4 0.51 2.28 0.53 1.04 3.42 1.19

.... N·O 0.06 0.12 0.25 0.47 0.2 03 0.1 0.11 0.15 0.11 0.03 0.18

0
pp.rt 0.32 34 0.81 64 0.45 19 1.21 97 3.13 91 1.1 92 0.66 10 1.05 65 0.19 66 0.24 38 -0.65 -38 1.01 16

l'psrlO -0.04 -0.08 -0.01 0.51 0.19 0.02 0.13 0.41 0.44 -0.12 -1.28 0.22

Pl..rlN-O 0.36 0.89 0.46 0.16 234 1.68 0.53 0.64 035 036 0.63 0.85

• cxcfUna:: nives ma Monl-St~ Car inIluem IDJ mIlOnJ,.~pn!ua from VldœUnlle CCC' cffiuenlW rcmonJ

- ~d1 nnablc rauIts; ."cn,t 0(JuIf m.:I Oddu n!ua
Nat. tNt hetJoN"'Rem:HeCt".. rd SURI to 1(j()%. and thaII: negatJve results nXa1e an W'lC:fea$e lr'I trvs lrattJon D'e'et' the ueatmenl proœss
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4.1.1 Fabreyl!!e

Fabreville is a physico-chemical W1P treating municipal wastewater in Laval. a large

island municipality North of Montreal.

The influent is fpd through a canal from the grit removaYfiocculation basins to three

parallel reclangular primary sedimentation tanks. With a maximum flowrate of 36 000

m)Id. the retention lime in the grit removaYfiocculation basins is approximate1y 15

minutes. with an additional 5 minutes in the canal feeding the sedimentation tanks. A fme

screening unit was not operational during the sampling period.

The FabrevilJe WTP must meet a monthly effiuenttotal-P concentration of 1.0 mg/L. and a

mean annual concentration of 0.8 mg/L. To achieve Ibis. liquid a1um is injected mid-way

thraugh the aerated grit removal basins to effect a physico-chemical P-removal. A pre­

mixed solution of Percol 725. an anionic flocculant aid, is added to the fIow at the exit of

these basins.

Sampling at Fabreville took place from Iuly 18-21. The East interceptor, 100% of which

a1ways undergoes physico-chemical P-removal, received a flow of 15 000 m)/d during Ibis

period, at a temperature and pH of 17°C and 7.5. respectively. Alwn was dosed at 4.6

mg AlIL with a 0.2% (mlv) solution of Percol 725 to wastewater containing 2.70 mg PIL

and 86 mg TSSIL. At the lime of sampling, ferric sulfate was dosed to the sludge

reservoirs for odour control. Approximately 15 m)/d of sludge with a solids content of

28% (mlm) is produced. Out of interes!, a sample of the falter press flltrate was taken on

Iuly 19 and analyzed for soluble orthophosphates. The P concentration was < 0.05 mg/L,

a result of the inherent P-fixing ability of the chemica1 sludge. but perbaps aIso due to the

addition of fenic sulfate. Results from laboratory tests are compiled in Tables A4.l and

A4.2.

The Fabreville W1P had a total-P removal exceeding 70%, with the efDuent concentration

a1ways lower than 0.80 mgIL. ~e soluble-P perœntage removal was between 87% and

97%. The influent P was composed mainly of orthophosphates. The concentrations of
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the variables of interest were relatively constant, particularly those in the effluent,

indicating a reasonably stable treatmenL

Since soluble non-ortho-P was not found in any appreciable quantities in the influent,

adsorption of this fraction to Al(OHh was not expected to he a significant removnl

pathway at Fabreville.

Particulate-P removnl, which ranged from 25 to 65%, seemed to he the limiting factor in

achieving higher levels of total·P removnl. Non·ortho-P represented 77% of the

particulate-P in the effluenL As expected from physico-chemicnl treatment, the

concentration of particulate ortho·p was higher in the effluent than in the influenL

However, unlike other WTPs sampled, this fraction's influent concentration was relatively

high (5 to 20% of influent-P).

Soluble BOD~ removnl was significant: 54%.

The concentration of n1uminum increased across this WTP, from 0.25 mg AlIL in the

influent to 0.8 mg AlIL in the effluenL Sludge contained 4.5% Al and 2% P.

4.1.2 Montreal Urban Communlty

The Montrenl Urban Community W1P (MUC) uses primaI)' treatment consisting of

screening, grit removal, and sedimentation tanks with chemical addition.

Ferric clùoride in solution is added at the entrance to the grit removal tanks, while Percol

902, a high molecular weight anionic polymerie flocculant aid, is added at the exit of these

tanks. The MUC must respect an effluent total-P limit of 0.5 mgIL annualIy, with a

weekly maximum of 0.75 mgIL.

Samples were gathered from the MUe W1P on July 5, 6, and 8, at which lime the flow

was 2.27 Mm3/d at a temperature of 210 e and a pH of 7.3. This wastewater contained

1.90 mg PIL and 96 mg TSSIL. On the days sampled, fenic clùoride was dosed at 9.5
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mgIL Fe. combined with 0.48 mgIL of polymer solution. Results from laboratory tests are

compiled in Tables A4.3 and A4.4.

On July 4 and 5. a broken one·way valve in a conduit linking the South interceptor to the

Rivière des Prairies led to an increased flow and dilution of the influent This can be seen

most notably in the results of the p. BOOs. and COD tests from July 5. found in Tables

A4.3 and M,4.

The results of most analyses were relatively constant for most variables. The effluent

concentration of total-P was 0.57 mgIL. corresponding to a 70% removal. Soluble

ortho·P removal exceeded 90%. 19% apparently from adsorption of soluble non·ortho·P

to iren precipitates (eg. Fe(OHh).

The concentration of particulate ortho·p was always higher in the effluent than in the

influent, a behavioural pattern expected from this type of treatment. given incomplete

removal of precipitates. Particulate non-ortho·P removal was between 70 and 80%. This

WTP's treatment in terms of P-removal would clearly benefit from more efficient TSS and

particulate-P removals.

Nearly 2 mg FeIL of the injected coagulant was found in the effluent in combined soluble

and particulate forms. the high concentration attributed to the high ratio of Fe:P at the

addition point. This substantial dosage was. however. necessary in order to reach the

required average annual effluent concentration of 0.50 mg PIL. The sludge contained

1.8% Fe and 6,4% P.

4.1.3 Pincourt

Domestic wastewater from a population of approximately Il 000 is treated at the Pincourt

WTP in a conventional activated sludge process. The influent undergoes fine screening

following bulk screening. This stream is then combined with the mixed liquor recycle

before being fed to the three aeration basins. the effluent of which is fed to the secondary
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clarifiers. The grit removal units and sand fI1ters were not in opemtion during the sampling

campaign, nor was the sludge digestor.

Pincourt's effluent-P limit is 1 mgIL. Alum is usually used for P·removal and no polymer

is used. The coagulant is added in the conduits between the aeration basins and the

secondary clarifiers. Fernc chloride trials occurred from July 5 to August 26.

Pincourt was sampied from June 28-July 1 duling operation with alum, as weil as on July

20 and 21 during the fernc chloride trials. Duling the first pcriod of sampling, the flow

was 9 300 m3/d, the temperature was 17°C and the pH was 7.5. Alum was added at

2.8 mg AlIL to wastewater containing 1.51 mg P/L and 120 mg TSS/L. During the fernc

chloride trials, the flowmte was 5 800 m3/d, to which 4.65 mg FeIL was added. Results

from labomtory tests are compiled in Tables A4.5 and A4.6.

The abnormal results of July 21 with respect to P, COD, TSS and VSS are likely due to

the fact that ail samples gathered on that day were gmb samples since the composite

samplers were not functioning properly. The samples were gathered during mid-moming,

at which lime the wastewater is more concentrated. It should aIso be noted that it mined

on June 27-28, which explains the significantly higher flowmtes during this sampling

period.

The total-P concentration in the effiuent was 0.18 mgIL, representing a removal of 90%.

Soluble-P was always removed in excess of 95%, while the removal of the soluble non­

ortho-P fraction was nearly 100%. Even though the influent concentration of the soluble

non·ortho-P was not always significant (0.10 to 0.50 mgIL P), it seems that adsorption to

mixed liquor biomass is an apparent advantage of the activated sludge treatrnent process,

also observed by de Haas and Greben (1991).

Particulate-P had a removal of 80%, 10wer than that of the soluble·P fraction, and

accounted for 65 to 80% of the effiœnt total-P. The concentration of particulate ortbo-P
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was slightly higher in the effluent than in the influent, a result of incomplete chemical solids

removal.

EBPR was observed at this WTP even though there were no intended anoxic or anaerobic

zones in the aeration tanks. MLVSS contained 0.27% g poly·P/g VSS.

The removals of 8005 and TSS were 93% and 88%, respectively. Laboratory tests

indicaled that the sludge contained 3.5% P and 4.5% AI. Chemical addition did not

necessarily raise the concentration of mela1s in the effluent since half of these samples

contained Jess aluminum than the influent

4.1.4 Vlctorlaville

This WTP treats the wastewater of approximately 39 000 people from the municipalities of

Victoriaville, Arthabasca and Ste·Victoire using a conventional activated sludge process.

Approximately 50% of the flowrale to this WTP is from a margarineledible oil plant, with

lower f10ws coming from a coffm facoory and a textile milI.

Following screening, the influent is fed in paral1el into four 3 500 m3 rectangular aeration

tanks. ACter secondary clarification in four paral1el 690 m3 rectangular tanks, the

wastewater is directed to eight sand ffilers before being discharged.

Vicooriaville must meet an effluent IOtaI-P concentration of 1.0 mgIL between May and

November. A 12% solution of ferric sulfate is added al the exil of the aeration tanks 10

effecl this P·removal.

Samples were gathered from Vicooriaville on July 5, 6 and 8. Ouring this period, the

flowrate was 35 000 m3/d al 16°C and a pH of 7.3. Ferric sulfate was dosed at

3.5 mg FeIL 10 wastewaler containing 3.36 mg PIL and 95 mg TSSIL. Results from

laboralOry tests are compiled in Tables A4.7 and A4.8.

The concentration of 10taI-P in the effiuent was 0.36 mgIL, corresponding to a removal of

90%. The percentage removal of soluble ortho-P was OII1y 80%, this low removal no
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doubt a result of the low Fe:P ratio (0.6); similarly, onIy 85% of the soluble·P fraction was

removed. As observed at Pincourt, the removal of soluble non·ortho-P was nearly 100%.

The sand fùters following secondary clarification lead 10 a 95% removal of particulate-P.

EBPR was present at this WTP even though there were no intended anoxic or anaerobic

zones in the aeration tanks. MLVSS contained 0.37% g poly-P/g VSS.

The effluent concentration of iron was less than 0.04 mg FeIL and the sludge contained

4.3% Fe and 3.5% P.

4.1.5 St.Jean Baptiste

The St-Jean Baptiste WTP uses two oxidation ditches (l 000 mJeach) operating in parallel

to treat municipal wastewater from a community of approximately 2 250 people as weil as

the effluent from a pouilly slaughter house. The two secondary clarifiers are each 350 mJ

in volume.

The influent is fed to the oxidation ditches following screening and grit removal. In order

to meet the effluent limit of 1.0 mgIL P between May and November, liquid alum is added

at the exit of the oxidation ditches.

Sampling occurred at this WTP from June 28-July 1. The flow at this time was 2 500 mJ/d

at a temperature and pH of 17°C and 7.2, respectively. A1uro was dosed at 5.1 mg AlIL to

wastewater containing 9.12 mg PIL and 266 mg TSSIL. Results from laboratory tests are

compiled in Tables A4.9 and A4.l0.

Severa! process anomalies occurred during the sampling campaign. Rain on June 27 and

28 led to an increase in the WTP's flow from 1850 mJ/d to the measured 2 SOO mJ/d.

Process conduits were washed with a bleach solution on June 27 which rnay have \ead to

lower treatment efficiency the following day. An aerator was not functioning on June 27

and 28. Lastly, the slaughter-house was closed on July 1 for the Canada Day national

holiday, evident from the decreased concentrations of severa! parameters that day.
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The concentration of total·P in the effluent was 0.57 mgIL, representing a removal of

94%. Soluble·P had a removal of 96% while particulate-P and ortho-P (both soluble and

particulate fonns) had removals of 96% and 88%, respectively. The apparent adsorption

of soluble non-ortho·P onto metal hydroxide precipitates (approximately 90% removal)

was observed at St-Jean Baptiste as weil.

The concentrations of BOO" COD and TSS were almost halved after the slaughter house

was c1osed, while the P-concentration decreased by only 10%. The concentration of AI in

the effluent (0.62 mgIL) was lower than that in the influent (5.1 mgIL), although the

mechanisms of this high removal efficiency are unknown. The ratio of AJ:P was 0.6. The

sludge contained 5.6% AI and 3.6% P.

4.1.6 Marlevllle

The Marieville WTP treats the wastewater from approximately 5 000 people with two

oxidation ditehes operating in paralleI. As weil. this WTP receives the effluent from bath a

cheese and a glue factory. The wastewater is directed to the two aeration basin/clarifier

units following screening and grit removal.

This WTP must meet an effluent·P concentration of 1 mgIL between May and Novë'imler.

EBPR is the principal method used at this WTP. Feeric sulfate is added as needed if the

operators feel they will exceed their effluent requirements.

During the July 12, 13, and 15 sampling, this WTP received a flow of 3 800 m3/d at a

temperature and pH of 22°C and 7.5, respectively. On July 15, 14.7 mg FeIL was dosed.

The influent contained 4.6 mg PIL and 125 mg TSSIL. Results from laboratory tests are

compiled in Tables A4.11 and A4.12.

On July 5, the contents (scum, solids, etc.) of the secondary clarifiers were completely

recycled into the aeration tanks as part of the regular plant maintenance. This significantly

increased the FIM loading to the aeration tanks and created localized anearobic zones.
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The quality of the treatment could therefore have deteriorated for a certain time foUowing

this recycle.

The effluent total-P concentration was 0,20 mgIL, corresponding to u removal of 96%.

This was through EBPR and other mechanisms, since ferric sulfate was only dosed for 18

hours on the last day of sampling. MLVSS contained 0.16% g poly-P/g VSS, Removals

of most P-fractions approached 100%. The poor %-removals of ortho-P were due to the

low influent concentration of this fraction,

TSS and BOD, had removaIs of 92% and 96% and effluent concentrations of 9 and 5

mgIL. respectively.

During normal operation. iron concentrations were lower in the effluent than in the

influent When ferric sulfate was added. the iron concentration in the effluent rose from

0.35 to 1.21 mg FeIL. Sludge contained 6.5% Fe and 2,5% P, which suggest that iron is

dosed on a more regular basis,

4.1.7 Châteauguay

The Châteauguay WTP operates twelve bioftlters to treat the domestic waslewaler from a

population of approxirnately 45 000.

ACter sereening. the wastewater passes through two parallel grit removal tanks and is

directed to three parallel prirnary clarifiees, each with a volume of 945 m3
• The fine

sereens following the decanters were not in operation during the sampling. Treatment

continues with the biofiltration step, the numller of units in operation depending upon the

flowrate. Each ftIter bas a surface area of 49 m2 and is 2 m deep. The theoretical solids

retention capacity before washing is 2.5 kg TSSlm3 of ftIter bed. When backwashed. the

biological sludge is recycled to the bead of the treatment train before grit removal. Fllter

effluent undergoes ultraviolet disinfection before discharge. Sludge undergoes two-stage

anaerobic digestion before dewatering and disposai.
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Châteauguay may not excced 1 mgIL tolal-P in its effluent, and therefore doses a standard

liquid alum solution in a rapid mixing unit upstrearn from the primary clariliers.

During the July 18-21 sampling dates, the Iiowrate was 34 100 ml/d at a temperature and

pH of 18°C and 7.5. respcctively. An alum dose of 2.5 mg AIIL was added to wastewater

conlaining 1.8 mg P/L and 60 mg TSS/L. P and TSS concentrations at the chemical

addition point were actually much higher than t!Je~ values bccause of the recycled

bioliltration sludge. Results from laboratory tests are compiled in Tables A4.l3 and

A4.14.

The daily effluent tolal-P concentration at this WTP never exceeded 0.60 mgIL,

representing a removal of 70%. P-disUibutions were relatively constant over the sampling

dates. Due to its dilute nature, this wastewater is particularly weil suited for treatment by

pre-precipitation and bioliltration.

The relatively low ratio of Al:P (approximately 1.0), as weil as possibly puur primary

clarifier performance, could explain the poor removals of both soluble and particulate-P

{approximately 70%J. As at other biologica1 WTPs, the 83% removal of soluble non­

ortho-P was significanL

Both TSS and BOOs removals were approximately 80%. The concentration of Al in the

effiuent was less than 0.2 mgIL, while the s1udge contained 4.0% Al and 3.2% P.

4.1.8 Rigaud

Three aerated lagoons in series treat the wastewater from Rigaud. a municipality with a

population of approximately 2 400. The WTP also treats the effluent from a neighbouring

food processing plant and the Federal Customs and Excise training facility. Eacb lagoon is

33 Cl wide, 137 m long and 3 m dcep, designed to treat a f10wrate of 2 000 ml/d. The

retention lime for each lagoon is approximately 10 days.
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Arter screening, the influent is fed to the lagoons. The flrsttwo lagoons are aersted. The

fust haIf of the third lagoon is aerated intelmittently, the second haIf bchaving as a

sedimentation basin. The WTP had operated for live years as of the summer of 1994; in

1993 the sludge depths in the fust and second lagoons were 0.3 and 0.2 m, respectively.

The 0rerator had noticed no subsequent increase in sludge depth.

The Rigaud WTP must meet an effluent limit of 1 mgIL total-P between May and

Novembcr. In order to meet this limi!, fenic sulfate is added in the conduit bctwccn the

second and third lagoons. Alum was used during the fltSt year of operation.

Samples were gathered from July 25-27 and again on Octobcr 25 and 26. ln July the

flowrate was 1600 m3/d at a temperature and pH of 20°C (10°C in Octobcr) and 7.6,

respectively. During the two sarnpling periods, a fenic sulfate dose of 5.3 mg FeIL was

added to wastewater containing 4.4 mg PIL and 140 mg TSSIL. Results from laboratory

tests are compiled in Tables A4.15 and A4.l6.

The laboratory results from the July and Octobcr influent sarnples varied considerably,

both irom one period to the nex!, and within each sampling period. Long retention limes

in aersted lagoons explains this bchaviour, due to the lag lime bctween the influent and the

effluenL The concentrations and P-distributions at the point of dosage and in the effluent

were much more constanL Rigaud is fed by severa! pumping stations that are flow­

activated and as such, the wastewater reaching the WTP can have widely varying

characteristies. In July the effluent total-P concentration was 0.65 mg/L, whiJe in Octobcr

it w~,· . c; mgIL. In genera!, 20% of the soluble-P and 50% of the particulate-P were

remo\' "; :a the fICSt two lagoons.

Even though the Fe:P ratio was low (0.9), the perccntage removal of soluble ortho·p

resulting from chemical addition was 90%. During the July sarnpling. soluble non-ortho-P

compriscd 2% of the influent total·P. whiJe in Octobcr this value was 19%. It is possible

that temperatures affect not only the treatment efficiency but the P-distributions in the
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influent 5easonal aclivity at the food processing plant might a1so affect influent-P

concentrations and distribu.ions.

The percentage removal of particulate-P varied between 62% and 88% in July. and 0 and

52% in October. This significant decrease can be explained by the lower temperatures in

October. BOOs and TSS removals a1so decreased with temperature, while the iron

concentrations in the effluent rcmained constant This suggests that temperature

fluctuations. within operating ranges. affect biological activity or TSS and particulate-P

rcmoval more than it does chemical precipitation and sedimentation.

Iron in the effluent (1.9 mg FeIL) is likely in the forro of FeP04 since Fe:P ratios are

relalively low. As well, the effluent VSS is presumably resuspended biomass because

aerators at the head of the last lagoon impede sedimentation of solids of low specific

gravity. The effluent TSS and VSS concentrations were higher in October than in July.

The treatrnent efliciency in terms of P-removal would likely have increased significantly

using flow- or load-controlled dosing and/or with improved solids removal.

4.1.9 St.Georges

St-Georges is one of two WfPs in Québec using the sequencing bateh reactor (SBR)

treatrnent process. This WfP receives the wastewater from a population of approximately

19 000 and the effluent from a textile milL

The influent undergoes screening and grit removal and is then fed alternately to one of

three SBRs. each with a volume of 6 430 mJ
• An aerated mixing stage follows the filling

stage, followed by an unaerated (anoxiclanaerobic) mixing stage, and finalIy a

sedimentation stage.

The WfP's effluent-P limit of 1 mgIL totaI-P is achieved mainly through EBPR with no

chemical products being added at the WfP. Alum sludge is. however, pumped into the

sewer network from the municipal water purification plant
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Samples were gathered from this WTP on July II, 13 and 15, during which time the

nowrate was 14400 ml/d, at a temperature and pH of 17°C and 7.3, rcspectively. The

wastewater contained 2.1 mg P/L and 110 mg TSS/L. A power failure on July 9 and 10

could have affected the microbial population and in tum the effluent quality in the days

that followed. Results from laboratory tests are compiled in Tables A4.l7 and A4.18.

Since many of the variables of interest in the analyses had relatively small influent

concentrations, the percentage removals may seem low. The effiuellt total-P concentration

was 0.63 mg/L, corresponding to a 70% removal. The influent-P was composed of 43%

soluble-P and this fraction's removal varied between 66% and 93%. There was no

apparent relationship between the soluble-P removal and that of particulate-P, this latter

being between 53% and 88%.

Particulate onho-P represented 19%-46% of the influent-P, a result no doubt of the alum

sludge in the wastewater, and had removals of between 38% and 95%. Paniculate-P in

general was reduced by 66%. Due to alum sludge, the concentration of particulate ortho­

P in the influent was high; this WTP's influent-P contained the highest percentage of

particulate ortho-P of aIl the plants sampled. Although the daily values varied widely, the

concentrations of influent particulate onho-P were higher at St-Jean Baptiste, Rigaud and

Mont St-Grégoire than at St-Georges. 11Iis is Iikely due to the low nowrates and

significant industrial loads at the former three WTPs, leading to relatively concentrated

influents.

Another apparent benefit of the alum sludge in the influent is the 76% removal of

soluble-P. Soluble-P removal decreased from 92% at pH=6.9 to 65% at pH=7.4, in

agreement with EPA (1987) and Recht and Ghassemi (1971). It was unclear if variables

other than the pH change affected the P-removal behaviour at St-Georges.

The significant linear relationship between TSS and particulate non-onho-P in the influent

suggests that the alum sludge loading from the filtration plant is not constant VSS in

mixed Iiquor contained 0.28% long chain polyphosphates, evidence of the EBPR at this
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WTP. The concentration of a1uminum in the effluent remained constant at approximately

0.25 mg AUL. while the sludge contained 2.8% Al and 2% P.

4.1.10 Haute.Bécancour <Black Lake>

The municipalities of Thetford Mines and Black Lake, approximate population 30 000, are

served by this WTP, the only SBR in Québec treating municipal wastewater other than St­

Georges. The Ihree reactors each have a volume of 7 350 m3
• The treatment process is

essentially the sarne as that of St-Georges.

The effluent-P concentration Iimit at this WTP is 1 mgIL. This is achieved not only

through the P·uptake due to biomass growth, but also by adding fecric sulfate slugs to the

reactor in use during each cycle.

Sarnples were gathered from Haute·Bécancour on July 12, 13 and 15, during which lime

the flowrate was 22600 m3/d and the tempcrature and pH were 14°C and 7.7,

respcctively. Ferric sulfate was added at an cquivalent of 4.1 mg FeIL to wastewater

containing 1.8 mg P/L and 71 mg TSSIL. Results from laboratory tests are compiled in

Tables A4.l9 and A4.20.

The effluent total-P concentration was 0.45 mgIL, corresponding to a removal of 76%.

The soluble-P removal was 95%, the majority of which came from the precipitation of the

ortho-P since this was the predominant fraction in the influent soluble-P. Soluble non­

ortho-P represented 7% (0.13 mg PIL) of the influent, and 4% (0.02 mg PIL, not

measured) of the effluent The relatively high (85%) removal of soluble non-ortho-P is a

trend common to the biological WTPs.

As expected from an incomplete removal of FePO•• the concentration of particulate ortho­

P was 10wer in the influent (0.07 mglL, 4% of the totaI-P) than it was in the emuent

(0.20 mgIL, over 40% of the total-P). The pcrcentage removal of particuIate non-ortho-P

was 65%, but because of the poor particuIate ortho-P removal, the overall particuIate

P-removal was 38%.
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No significant rclationship existed between the TSS and BOO,. and the concentrations and

distributions of the various fonns of phosphorus. A significant fraction of the iron added

(35%, 1.5 mg FeIL) was lost in the effluent; it is difficult to say in what fonn these losses

were. Siudge contained 1.0% P and 3.2% Fe.

4.1.11 Mont-St-Grégoire

This WTP uses a rotating biological contactor (RBC) process to treat the wastewater from

a small municipality and the effluent from a poultry fann and slaughter house.

Following screening the influent is directed to a primary clarifier (182 ml) that overflows

into the RBC tank. The RBC has a surface area of 10 777 m2
• The Ilow is then dirccted

to a secondary clarifier with a volume of 166 ml.

The phosphorus effluent discharge limit set for this WTP is 1mgIL. A liquid alum solution

is added midway through the RBC tank in attempts to meet this limit

During the July 25-27 sampling period. the Ilowrate was 160 rnl/d at a temperature and

pH of 20°C and 7.9. respectively. An equivalent alum dose of 8.2 mg AlIL was added to

wastewater that contained 5.8 mg P/L and 170 mg TSS/L. Results from laboratory tests

are compiled in Tables A4.21 and A4.22.

This WTP obtained a 50% removal of total-P with effluent concentrations of 3.0 mgIL.

Severa! pertinent observations can be made with respect to the treatrnent at this WTP.

Considering the WTPs already discussed. an 85% removal of total-P is expected with an

Al:P ratio of 1.6. Poor mixing and/or short circuiling at the point of addition are h'kely

largely responsible for the poor treatrnent observed at Mont St-Grégoire.

The alum solution presently in use was received three years prior to the sampling date; it m
possible that sorne crysta1lization had occurred. and that this is responsible for a coagulant

conduit blockage on July 27. Higber effiuent-P concentrations were observed \hat day

with respect to the other days' samples. however the influent concentrations were bigber as
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weil. A power failure on July 23 might have had some Iingering effects on the lreatmcnt

performance at the time of sampling.

Consistent with other biological lreatment processes, significant removal of soluble

non-ortho-P was observed. Since there was a considerable increase of particulate ortho-P

from 0.62 mg/L in the influent to 1.90 mg/L in the effluent, the performance of the

secondary clarifier is questionable. There was a 60% removal of particulate non-ortho-P.

At 90%. BOO, removal was high, while the TSS concentration in the effluent was

50 mg/L. The concentration of AI was approximately 2.0 mg/L in the effluent, and the

sludge contained 4% P and 4% AI.
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•

Refer to Table 4.2 for pertinent results from the laboratory analyses

Difficulties with interpreting the field data arise when comparing absolute against

percentage removals. The St-Jean Baptiste field data is a good example, where 0.3 out of

0.33 mg P/L soluble non-ortho-P is removed. Small variations in the absolute value of the

P-removed will have large effects on the observed % removal rate, and must be considered

when reviewing the field data results and analyses. Conversely, a P-fraction accounting for

a more significant amount of influent total-P, but with a lower absolute removal, may have

misleadingly low % removaIs.

Discounting phase changes, the removal of particulate-P from ail WTPs was 77%,

excluding the unrepresentative results from Victoriaville and Mont St-Grégoire.

Particulate-P ranged from 14% (VictoriaviUe) to 87% (Haute-Bécancour) of the

effluent-P. Activated sludge WTPs are exceptions, with particulate-P removals exceeding

80%. lmproving clarifier perfonnance or the addition of a solid-Iiquid separation step

(such as the sand fùters at Victoriaville) would no doubt improve the perfonnance with

respect to P-removal, given that the majority of effluent-P is in the particulate fonn.

A1though the proportions of soluble ortho- and non-ortho-P in the effluent varied

according to treatment type, soluble-P in the effluent was generally found in the fonn of

ortho-P. Depending upon the Me:P ratio, up to 95% removal of soluble-P was obIerved

at different WTPs, leading to an effluent soluble ortho-P concentration below 0.10 mgIL.

Table 4.2 illustrates that several WTPs obtained a total-P removal of approximately 90%

with Me:P ratios often below 1.0. High leveIs of P-removal were achieved at other WTPs

with higher ratios of Me:P. Generally, more chemical is needed for precipitation during

prirnary treatment than in secondary treatment due to a more variable influent, competing

reactions (EPA, 1987), and the concomitant contaminant removal with biological

processes; this is evident with the enhanced perfonnance of tbe activated sludge and

oxidation diteh WTPs.
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In generaI. WTPs using iron-based chemicals (ferric chloride, ferric sulfate) had higher

melaI ion concentrations in the effluent than the WTPs using aluminum based chemicals

(alum, alum sludgel. Higher ratios of A1:P ncarly always led to higher concentrations of

AI in the effluent

WTPs incorporating some type of biological treatment (with the exceptions of Rigaud:

aerated lagoon and Mont St-Grégoire: RBC) had soluble non-ortho-P removals in excess

of 79% and ernuent concentrations below 0.05 mgIL.

Microorganisms in an activated sludge WTP that have only met their metabolic

requirements contain 2% g P/g VSS (Metcalf and Eddy, 1991). EBPR is considered to be

a significant removal mechanism when the P-concentration in the mixed liquor is equal or

greater than 0.1 % g poly-P/g VSS on a dry basis (Comeau et al., 1990). Four WTPs

therefore had EBPR:

• Victoriaville:
• St-Georges:
• Pincourt:
• Marieville:

0.37%
0.28%
0.27%
0.16%

•

It was surprising to find such values at Pincourt and Victoriaville. WTPs that were

supposedly stricUy aerobic. However, a low residual dissolved oxygen (DO) value,

intermittent fluctuations in DO or anaerobic "dead zones" in the basins could explain Ibis

behaviour.

A1though this behaviour was not certain, it seems that at St-Georges, with a decrease in

pH (within operating limits), there is an increase in soluble-P removal.

4.2.1 Phosphorus ys. SoIids Relatlonsbips ln Wastewater

SeveraI significant relationships between TSS and P were observed in the field data, as

summarized in Table 4.3. The results from Ibis study indicate that effiuent suspended

solids contain from 3-4% P, confinning that TSS bave a significant effect on the effiuent
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P-concentration. Only P:TSS ratios with standard deviations Jess than ± 10% were

tabulated.

Table 4.3: Wastewater P:TSS Relatlonshlps

WTP Parameter or Interest Ratio P:TSS
(mus:maa

'" average)

Fabreville Effluent P-tot 3.0
Fabreville Effluent P-part 2.5

MUC Influent P-tot 1.9
MUC Influent P-part 1.3
MUC Effluent P-part 1.8

Victoriaville Influent P-tot 3.6
Marieville Effluent P-part 1.4

Châteauguay Influent P-tot 3.0
Châteauguay Effluent P-part 2.4
Rigaud (July) Effluent P-tot 4.4
Rigaud (Iuly) Effluent P-part 2.7
St-Georges Influent P-tot 1.9
St-Georges Influent P-part l.l

Haute-Bécancour Effluent P-tot 3.1
Haute-Bécancour Effluent P-part 2.7
Mont St-Grégoire Influent P-part 1.4
Mont St-Grégoire Effluent P-part 4.2

Note: all values quoted ou a dry basls
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4.2.2 Metal to Phosphorus Ratios ln the Sludge

The average metal (iron or a1uminum) to P-ratios dosed and found in the sludge are listed

in Table 4.4.

Table 4.4: Metal:Phosphorus Ratios; Dosed ta Wastewater and Sludge Content

WTPj metal used DOSEDTOWW SLUDGE

Me:P·total Me:P·total Me:Inorganic·P

Fabreville; Al 2.0 2.6 3.3
MUC;Fe 2.8 2.4 3.3
Pincourt; Al/ Fe 1.9/- 1.5/0.7 1.8/1.0
Victoriaville; Fe 0.6 0.7 0.9
St-Jean Baptiste; Al 0.6 1.7 2.3
Marieville; Fe 1.8 1.4 1.6
Châteauguay; Al 1.0 1.5 1.8
Rigaud; Fe 0.9 - -
St-Georges; Al - 1.6 3.0
Haute-Bécancour; Fe 1.3 1.9 3.0
Mont St-Grégoire; Al 1.6 1.0 1.4

NOle: ail raUos quoled on a molar basts

The Fe or Al:P distributions in the sludge should give some idea of removal efficiencies

and mechanisms. Neglecting solids not associated with chemical precipitation, ratios

greater than unity (in Me:P-total in the sludge) at some WTPs suggest that a significant

amouRt of hydroxide is precipitating and/or the precipitate is in the form of a

hydroxy-phosphale precipitate.

Given the poor operating conditions at Mont St-Gregoire, the low Me:P ratios in the

sludge are not surprising considering that since a significant amouRt of the dosed

a1uminum (>1mg A1IL) is lost in the effluent (in combined soluble and solid forms). little

of the metaI is expected to have reacted with the P.
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Chapter 5. PHOSPHORUS MASS BALANCE MODEL

5.1 Developmenta! Motive

As discussed in Chapter 1. a significant amount of the P·load to Québec receiving waters

originates from WTP effluents. The treatment processes of principal interest arc physico­

chemical, activated sludge. biofiltration and aerated lagoons. since WTPs of these types

together account for over 99% of the municipal wastewater treated in Québec (Gosselin,

1995).

Difficulties arise in identifying the shortcomings in P·removal processes. in terms of

treatment types and the removal mechanisms involved in each treatment. A need exists for

a comparative tool by which to evaluate the most promising replacement technologies for

Québec. This tool must distinguish between physico-chemical (precipitation.

sedimentation) and biological (EBPR and biomass growth) phosphorus removal.

Furthermore. it must distinguish between different p·forms since each treatment type

affects and/or removes these fractions differently. A WTP's influent-P distribution

depends strongly on the source of the wastewater (municipal, industrial), therefore this

model must allow for these variations.

ln pursuing this goal the objectives were to:

• Deve!op a conceptual mode! for P-mass balances;

• Prepare computer mass balance programs incorporating this mode! into
pertinent treatment processes; and.

• CaIibrate each program with field data.

These resu!ts will be applied to the next phase of Ibis Québec MEF study.
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5.2 CQnceptual Model DescriptlQn

Fcw data exist detailing P·forms at various stages of different treatment processes.

therefore a mechanistic model was developed in order to approximate this treatrnenl. This

model was based most specifically on the following mechanisms:

• Chemical precipitation of soluble orthophosphate;

• AdsorptiQn of soluble poly/organic phosphorus;

• Hydrolysis of particulate poly/organic phosphorus to soluble orthophosphate; and

• Sedimentation of the particulate phosphorus forros.

The reactions Qf metal cation-based coagulants in wastewater are relatively weil known

(Luedecke et al., 1989; Pankow, 1991; Rebhun and Lurie. 1993). For the purposes of this

model, we are assuming that the metallic cations will react preferentially with soluble

orthophosphate anions in the following manner, where Me3+ is in the form of Al3+ or Fe3+

(EPA. 1987; Hart and Lorange. 1995):

Me3+ + P04~ -+ MeP04

where: •

•
•

•

Mw Ratio of FePOJFe =150.8/55.9 =2.7

{55.9 g of Fe (162.2 g FeCl3; 370 g Fe2{S04h"9 HzO) reacts with
31 g of P tQ forro 150.8 g of FeP04)

Mw Ratio of Fe:P = 56131 =1.8

Mw Ratio of AlPOJAl = 122127 = 4.52
{54 g of Al (594.5 g of A}z{S04h'14 H20) reacts with 61.9 g of P
to form 243.9 g of AlP04)

Mw Ratio of Al:P =27/31 =0.87

Therefore. the production of metal phosphate is determined as follows:

FeC!): (PiDf' Pdr) x 1.8 x 2.7
Alum: (P;"r. Pdr) x 0.87 x 4.52

•
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Remaining coagulant is assumed to react with the wastewater's alkalinity and to form

metal hydroxide precipitates (with soluble non-ortho-P adsorption occurring) in the

foIlowing manner:

Me:l+ +30U' -+ Me(OUh

• Mw ratio of Fe(OHh/Fe = 107/56 = 1.91
• Mw ratio of AI(OHh/Al =78127 =2.89

Therefore, the production of metal hydroxide is determined as foIlows:

FeCh: [(Fe dosage) - (Pinf - PdJ) x L8] x 1.91
Alum: [(AI dosage) - (Pinf - PdJ) x 0.87] x 2.89

5,2

•

Figure 5.1 represents a graphical interpretation of the physico-chemical P-removal mass

balance model. The left-hand side represents the P-disUibutions in the wastewater

influent, the right-hand side represents the P-disUibutions foIlowing chemical addition

(usually being the wastewater effluent). Liquid streams are split into soluble and

particulate forms, and each in turn into ortho-P and poly/organic P-fractions. The streams

atthe bollom of the figure comprise the solid-phases (sludge) resulting from precipitation,

adsorption, and sedimentation. P in the sludge is assumed ta originate from :

• Inherent concentration in biomass;
• Decanted chemical precipitates; and/or,

• Decanted influent particulate-P.

A key feature of this model is that precipitated solids decant with less than 100%

efficiency, and condensed P-forms found in the influent hydrolyzc and decant with varying

efficiencies. This aspect of P-removal is not addressed in the other models reviewed in the

literature.

From the field data, values for the influent and effluent were known. This model then

represents a hypothesis, expanded upon in the computer programs that foIlow, offering an

explanation for the mechanisms which result in the effluent and sludge values in the field

data. This explanation is offered in the form of the suggested values of the calibrated
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model parameters. Computer programs ensued and arc explained in detail in Chapter 6.

The actual values of the model parameters were detcnnined by calibrating the computer

programs with the field data from Chapter 4. At any point along this model's lreatment

train, 100% of the inlluent·P can bc accounted for in various fonns. Table 5.1 summarizes

the distributions of P·fractions at ail poinlS prior to and following chemical addition for

P·removal. These distributions were calculated using the calibrated model parameters

from Table 6.1. which were then.selves arrived at from the field data. Figure 5.2 presenlS

one such example, iIIustrntin:; the resullS of the Primary Clarijier··Ferric Ch/oride

program's calibmtion using the MUC WTP field data. Referring to Figure 6.1. Table 5.1

rcpresenlS the P·distributions around the pomt of chemical addition; further lreatment

steps in the proccsscs studied are accounted for in the individual computer program~-

Some of the models reviewed in Section 2.3. such as those of Ferguson and King (1977)

and Luedecke ct al. (1989), IJSC adjusted equilibrilim constanlS. and make additional

compensation through insencd constanlS and sometimes entire reaction mechanisms. so

that their predicted results were in agreement with experimental data. The model

developed here effected the same allowances through ilS model parameters. with estirllated

values provided through the calibration sequence.
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FIGURE 5.1

FATE OF PHOSPHORUS IN A WASTEWATER TREATMENT PLANT
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Table S.l: Distributions of Forms of Phosphorus ln the Mass Balance Model

•

Phys. Actlvated Siudge U10nlter Aerated
Olim Luoons
Alum Fe,(SO.), Alum Alum Fe,(SO.h

% % % % %

Influent
Soluble Phosohorus 65 61 62 48 64
Ortho·p 62 46 45 41 57
Poly/Org. 3 15 17 7 7

Particulate Phosnhorus 35 39 38 52 36
Ortho-P 8 16 2 15 20
Poly/Org. 27 23 36 37 16

Poly/OrI!.-+Soluble Onho·p 2.7 4.6 7.2 3.7 2.9

Precipitates
MePO. 60.2 41.5 49.6 32.2 50.9
Poly/Org. precipltate 1.7 14.3 13.6 4.7 0

Sludge
P insol ortho from decanted MePO. 55.4 39.4 47 23.5 45.8
P losol poly/org. from decanted poly/erg. 1.6 13.5 13 3.3 0
orecioitate
P iosol ortho from influent particuIate·P 4.2 6.4 0.8 6.5 11.0
P iosol poly/org. from influent particuIate·P 11.6 12.9 20.1 23.3 7.4

Emuent
P sol ortho from influent 4.7 9.1 1.5 12.5 9.0
P sol ortho from hydrolyzed P insol ooly/org. 0 0.5 0.9 0 1.1
P sol poty/org. 1.3 0.8 3.4 2.4 7.0

P iosol ortho from influent particuIate·P 2.8 9.6 1.2 8.5 9.0
P insol onho from non-decanted MePO. 4.8 2.1 2.6 8.7 5.1
P iosol poly/org. from influent particuIate·P 12.6 5.0 7.8 10.0 4.6
P insol poly/org. from non-decanted poty/erg. 0.1 0.7 0.6 1.3 0
precipitate

NOle dia!: ·Influenl dlSUibuuOllS arc gcncrally from Table 4.2 and model paramelCrS uscd III caJQI\alc
imermedialc and final distributions arc from Table 6.1; cfOucol distributions are I!Icœfore DOt
in every case lbc same as lbc field data in Tables 4.2 or 7.1
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Chapter 6. COMPUTER PROGRAMS

6.1 Introduction

Preliminary computer programs were developed using Lotus 123. These were then

modified using Microsoft Excel4.0 into the computer programs that were the basis for the

present study. The computer programs were calibrated, and in certain cases modified,

using available data from the field sampling, for the following treatment processes:

• Primary clarifier with chemical addition (fenic chloride and a1um);

• Activated sludge with simultaneous chemical precipitation (fenic sulfate and
a1um);

• Aerated lagoons with chemical addition (fenic sulfate); and

• 8iofiltration with pre-precipitation (alum).

The mass balance model described in Chapter 5 was applied at the "ADO" points in Figure

6.1 for each treatment process (i.e. the point where chemicals were added), while the "X"

points indicate whcre samples were gathered during the field sampling.

ln addition to including the physico-chemical P-removal model, the computer programs

include mass balances for TSS, VSS and 800,; sludge characteristics are also described in

the output Refer to Appendix 8 for examples of the final calibrated computer programs.

ln these computer programs. the user must supply values for the shaded cells, and mass

balance calc:J1ations are automatically completed. Initial P-distributions were left as user­

defmed variables, a1though results from laboi'lllory analyses yielded suggested values and

ranges. Refer to Table 4.2 for average P values from ail WTPs sampled.

Since the processes for which these programs were developed have certain inherent

differences in terms of treatment mechanisms, each program contains particular model

parameters that may not he found in other programs. With the database available from the

field sampling, the calibrations provided the closest approximations of the parameters for
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modelling the treatment processes in the computer programs. Table 6.1 lisls the model

parameters applicable to cach treatment type. as weIl as the average results from the

respective calibrations. Refer ta Figure 5.2 for an examplc of a graphical interpretaLion of

the effects which the Primary Clarifier ~ Ferrie Chloride calibrated paramcter values have

on P~distribuLions for the MUe WTP field data.

Phys-Chem x
___A,DO ~...(__•

'->~~~~: "-

X

x

x•

_.~x
x

Biofiltration x

Aerated Lagoons

Fleure 6.1: Process Dlagrams and ChemicaJ Addition Points

The parameters through which the computer programs were calibrated are built·in

inefficiencies ta allow for non-optimal chemical reactions or removals during treatmenL

The user can modify the model parameter values in the computer programs as new

infonnation becomes available, or based upen inherent characteristics of a SJ.ecific

treatrnent pracess.

•
The results of the calibrations. aJong with the field data. will help shed light on the removal

mechanisms of the different processes, and oulline other teehnical characteristics such as

sludge production, P·removal efficiency. and non-stoichiomettic metal dosage
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requirements. The following sections will outline the assumptions made in the computer

programs as weil as the calibration methodology and results.

6.2 General Assumptions

The assumptions and simplifications used in constructing the computer programs resulted

from several stages of development and modification and were made to the oost

knowledge of the author and associates of this projecL As stated in Chapter S, programs

for each treatment process centred on the mechanistic model for chemical removal

presented in Figure 5.1. This model follows the stoichiometry presented in Equations 5.1

and 5.2. Assumptions pertaining to the computer programs in general are as follows:

• Operating pH is close to neutrality, and chemical addition causes no significant
a1kalinity depletion; both assumptions proved valid according to the field data;

• Soluble-P use due to biological growth is equal to 2% of VSS produced, or 2% of the
yield multiplied by the BOO, removed (soluble or total, depending upon the treatment
type);

• Soluble:total BOO, is on average 60% in the influent and 80% in the effluent (as
indicated by Châteauguay and Fabreville data).

Values for the yield tenns were either preset (aerated lagoons) or detennined during

calibration (activated sludge); the bioflltration program did not include a yield tenn, since

the VSS production was dctennined empirically (sec Section 6.5). Other assumptions that

are particular ta a treatment type are Iisted in the following sections.

6.2.1 General Computer Fromm Calibration Methodology

Fmai values of the computer program parameters were obtained during calibration. lbese

suggested values were based on the programs and the field data; as mentioned in Chapter

5. the user may wish to alter them based on further infonnation. It is aise possible that

ditTerent combinations of parameter vaIues would yield the same outpuL For example,

values ofortho-P and non-ortho-P % removals are not always the same. but in some cases•
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they could have been with modification of the chemical precipitale % removal. It was not

possible to make conclusions on certain aspects of the treatment mechanisms.

Refer to Table 6.1 for final parameter values from calibrated computer programs.

The calibration methodology involved a conventionallùerarehical procedure, as iIIustrated

in Figure 6.2. The decision-making process used in calibrating the computer programs

followed a systematic approach based on the mechanistic processes affecting each

treatrnenttype.

A procedure resulted, demanding intuitive and rational decision-making in order to

calibrate the programs. Reliable initial estimations of many model parameters in Step 2.0

of Figure 6.2 were possible using field data. In proceeding to Step 3.0, the sensitivity of a

treatrnent process (and therefore, of a computer program) to a given parameter, or set of

parameters, was evaluated before deciding on a path to follow when continuing with the

calibration. This suggested what modifications to effect, and therefore wlùch parameter to

adjust, during a calibration sequence.

For example, the program output variables are more sensitive to adjustments in the

efficiency of chemical precipitate removal than to the efficiency of influent particulate-P

removal, considering the significant mass flux from soluble forms to precipitated solids

following chemical addition. Close attention must therefore be paid to the removal

mechanisrns particular to a treatment process wben carrying out a given calibration. TIùs

decision-making process varied depending upon the treatment type in a particular

computer program. The procedure to follow was not obvious, as outlined in the foUowing

sections.
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1.0
A ssign Values to

2.0
Assign Values to Certain

Model Parameters

3.0
A djust Values of

Relevant Model Parameters

ModelOutput == Field Data?

YES

•

M odel Calibration Run Complete

Figure 6.2: General Calibration Methodology

The quantity and consistency of field data detennined the rigour, and to a certain extent,

the accuracy of a particular program calibration. The most representative data sets from

the sampling campaign were used. It was decided prior to commencing the calibrations

mat a ±20% agreement between the field data and computer program output would be

considered acceptable. As shown in Table 7.1, models were generally in close agreement

with field data. When possible. several calibration "mos" were completed for a given

program. The Calibration for a given treatment lyJY.;'s pl'Ogram wa.:. completed by taking

the average of the most successful u mns", i.e. tho'se Ûlat most c10sely mimicketl the field

data.
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Model Parameter Fe AS BF AL
Cali values in % unless otherwise speeilied) FcCl Alum Fe,(SO.h Alum Alum Fe,(SO.)

IVSSCDWSS 87 78 - - 80 ·
SS(D)flSS 72 56 - - 88 ·

jLoading from Siudge Treabllent - - 5 5 - -
lY(kg VSS produeed/kg BOO, consumed) · · 0.9 0,8 · 0,5
jK.J(day"') Endogenous Respiration - · 0.01 0,025 - 0.37'"

lParticulate Ortho-P Decanted' · · · · · 10
Particulate Non·Ortho-!' Decanted' · · - · · 10

Molar Ratio of Me:P(at point of dosage) 2.83 2.03 0.6 1.9 1.04 0.97
Particulate Non-Ortho-P Hydrolyzed 10 10 20 20 10 20
ta Soluble Ortho-P'
~oluble Ortho-P reacting with Me 94 93 82 95 72 85
Soluble Non·Ortho-P Adsorbing ta Me(OH), 52 58 95 80 65 0
lExeess Coagulant Reacting with AIka1inity 77 84 100 100 96 0

IVSS(D) Decanted 90 90 - - 90 -
IvSS(ND) Decanted 35 18 - - 18 ·
SS(D) Decanted 95 90 - - 90 ·
SS(ND) Decanted 30 15 · · 32 ·
~SDecanted - · 99.8 99.8 · 90
P.emical Preeipitates Decanted 75 92 95 95 73 90
~ODs(Particulate) Decanted 90 82 · · 82 -
Particulate Ortho-P Decanted" 60 60 40 40 43 50
Particulale Non-Ortho-P Decanted" 68 48 70 70 11 50

1B0D,(Soluble) Reduction 75 46 - · 46 -
Siudge Solids Conlent 3 3 · · 3 -
raroculale Non-Ortho-P Hydrolyzed 0 0 10 10 0 20
ta Soluble Ortho-p"

•
•

••
•••
NOIe:

not applicable
before dosage
afterdœage

at20·C
Sec Nomenclature for defmitioos
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6.3 Prima" Clarifier

Separate programs were developcd for processes using ferric chloride or alum. The

laboratory rcsults of four days of sampling at the Fabrcville WTP, compiled in Table A4.l

and A4.2. scrved in the calibration of the Primary Clarifier· Alum computer program.

Four indepcndent calibration runs werc performed, and the rcsults were averaged to

provide the final calibrated model parameters. Field data from three days of sampling at

the Montreal Urban Community WTP, compiled in Tables A4.3 and A4.4, scrved to

calibrate the Primary Clarifier· Ferric Chloride computer program. Pararneters pertinent

to this treatment process are Iisted in Table 6.1. Refer to Appendix B for a sample output.

6.3.1 Assumptlons

Further to general model assumptions, one major assumption was made in order to

calibrate the Primary Clarifier l'rograms (and Biofiltration), vil. that 90% of the

decantable inert suspended solids (lSS(O» and volatile suspended solids (VSS(D»

fractions are scdimented. and furthermore, that when combined, thesc fractions form 95%

of the TSS removed during treatment Non-decantable ISS (lSS(ND» and VSS

CVSS(ND» are assumed to form the remaining 5% of TSS removed during treatment

With thesc assumptions and the laboratory results for influent and effluent TSS and VSS,

one can then calculate initial calibration values for the following parameters:

• The amount of the foIJowing solids fractions removed during treatrnent:

• VSS(D)
• VSS(ND)
• ISS(D)
• ISS(NO)

• The ratios of VSS(O)IVSS and ISS(O)nSS in the influent.
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6.3.2 Methodology

From Figure 6.1. the calibration sequence and decision-making process for this progrnm

were as follows:

In attempts to calculate the amount of excess coagulant reacting with alkalinity. severa!

variables must be considered, including Me concentrations in the influent and effluent

(soluble and particulate. phosphate- and hydroxide-associated ete.), Me concentrations in•

Step 1. (1)

(Il)

Step 2. (1)

(ii)

Step 3. (l)

(Ii)

(IiI)

(Iv)

Set influent variables using field data.
Set initial P-distribulions using field data.
With the previously discussed assumption of 90% decantable solids
removal. calculate initial values of VSS(D), VSS(ND), ISS(D), and
ISS(ND).

• Me:P: accurate estimation possible with field data;
• Particulate non-ortho-P hydrolyzed to soluble ortho-P: set at 10% for
processes with relatively short (=1 he) hydraulic retention limes (hydrolysis
parameter at exit of clarifier set at 0 for this program);

• Soluble ortho-P reacting with Me: accurate estimation possible with fJeld
data;
• Soluble non-ortho-P adsorbing to Me(OHh: accurate estimation possible
with field data; and
• Excess coagulant reacting with alkalinity: for many reasons, this is a
difficult parameter to estimate, and will be discussed separately below.
Decantable and non-decantable solids removal values may need slight
adjustment, especially if chemicaI solids fonn a significant fraction of the
effluent TSS (sec discussion in Section 7.2).
The effluent concentration of particulate ortho-P, and non-ortho-P if a
significant quantity of the soluble phase is adsorbed (see 2. (II) above),
govems the value of the chemicaI precipitate removal efficiency parameter.
BOO, (soluble and total) removals result from direct calculations using
laboratory results.
Fme-tuning is accomplished by adjusting the particulate ortho- and
non-ortho-P removal efficiencies (since chemicaI precipitate removaI values
exert the greatest effeet on these effluent variables).
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the sludge, and sludge production itself. In ail computer programs, MeP04 and Me(OHh

fractions are removed with the same efficiency (same parameter). With few precise values

for sludge production available from the WTPs, the percentage of excess coagulant

rcacting with alkalinity must bc estimated from the influent and effluent Me concentrations

from laboratory results. also using the prcviously estimated percentage of coagulant

rcacting with soluble ortho·P. This is a rough approximation, since the exact fate of the

metals found in the influent is unknown. and the characteristics of the metals leaving the

WTP in terms of phase and chemical composition are not clear.

The above procedure yields a low estimation of the soluble non-ortho-P reaction with

alkalinity. because Me found in the influent is not expected to pass through a treatment

process untouched. and therefore the change in Me concentration across a WTP is \ilœly

due not only to inefficient chemical solids rcmoval, but to other physico-chemical factors

as weil. However, since this parameter selVes more to fme-tune the computer programs. it

has a diminished effect on the effluent·P distributions and concentrations.

6.4 Actlvated Slud"

Programs were developed for WTPs using a1um or ferric sulfate. Because of inconsistent

laboratory rcsults (mostly at Pincourt), it was necessary to use averages of the influent and

effluent concentrations and P·distributions from the field data Iisted in Tables A4.6-A4.9

for calibrating both Activated Siudge programs. Parameters pertinent to this trcatment

process are Iisted in Table 6.1; high Y values and low K.t values in the activated sludge

programs were necessary to obtain the sludge productions quoted by WTP operators.

Refer to Appendix B for a sarnple output

6.4.1 Assumptlons

Further to the general assomptions previously Iisted. it was assumed in constructing this

program that:

• MLVSS concentration remained the same with chemical addition.
• VSS are 100% biodegradable.
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6.4.2 Methodology

From Figure 6.1, the calibration sequence and decision·making proccss for this program

were as follows:

•

Stcp 1. (1)

(li)

(1II)

Stcp 2. (i)

(li)

Stcp 3. (i)

(li)

(lll)

Assign reasonable values to effluent variables using field data.
Set influent variables using field data.
Set initial P·distributions using field data.

• Set aeration basin volume and MLSS concentration from field data, .Ihl:n
vary y and I<.J within typicaI ranges until the program's daily sludge
production approximates actual values;

• assume MLVSS = (%VSS in the influent) . (MLSS);

• 't, FIM and e ail calculated using conventionally accepted methods
(Metcalf & Eddy. 1991);

• Me:P: accurate estimation possible with field data;

• Particulate non·ortho·P hydrolyzed to soluble ortho-P: set at 20% for
processes with longer (severaI hours or more) hydraulic retention limes
(hydrolysis parameter following secondary clarifier set at 10%);

• Soluble ortho-P reacting with Me: accurate estimation possible with field
data;

• Soluble non-ortho-P adsorbing to Me(OHh: accurate estimation possible
wilh field data;

• Excess coagulant reacting with alkalinity: for many reasons. this is a
difficult parameter 10 estimate (see discussion in Section 6.3.2).
Influent loading coming from sludge treatment assumed to be 5% (included
in Step 3. because even though this parameter is located at the beginning of
the program and calibration sequence, it is unverifiable).
The effluent concentration of particulate ortho·p, and non·ortho-P if a
significant quantity of this soluble phase is adsorbed (see Section 6.3.2,
Step 2.(iI), governs the value of the chemicaI precipitate removal efflCiency
parameter.
Particulate ortho- arld non-ortho-P removal efficiencies allow for fine·
tuning since chemicaI precipitate removal values exen the greatest effeet on
these effluent variables.
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ViclOriavillc had sand filters following the secondary \:Iarifiers, lherefore in comparing the

Acti·.'ated S/udge • A/utn computer program rcsults with field date, it was assumed in lhis

case that particulalc·P values in the efnuent from the secondary clarifiers were rcduced by

a further 50%.

6.5 BlonUra!lon

The Biojiltmtion computer program was calibrated for prc~esses using a1um. The

program compriscd the integration of a biofiltration unit into the Primary Clarifier

program, the effluent from the latter bcing fed to the fonner. The procedure and data used

to effect this calibration differcd notably from other programs. Four days of field data

(Tables A4.10·A4.11) and four months of opcrational reports supplied by the WTP

operators complemented each other, neither of the two providing aIl neccssary data.

Opcrational reports supplied the concentrations of ail influent varihbl<:s. while the

P-distributions uscd were from the average influent rcsults from field data. The program

was calibrated such that the biofiltration efnuent mimickcd as closcly as possible the

concentrations from the monthly reports. and the distributions from the field data. Final

calibrated parameters rcprcscnt the averages of thrce mns. Parameters pertinent ;(1 this

trcatment process arc listed in Table 6.1. Refer to Appcndix B for a sample output

6.5.1 Assumptlons

Equations 6.1 and 6.2 were obtaincd through a linear regression (R2 = 0.57 and 0.77,

rcspcctively) of two months of opcrating da!.'\ provided by the WTP opcrators:

TSS.rr = 14.03·TSSj•, +22.9 6.1
# of filters . volume of one filter

BOD,(S).rr= 98.78· BOD,(S);"I -9.2
# of fùters . volume of one fùter

6.2

•
Note: all concentrations in Equations 6.1·6.3 are ln kg/d and pertain lO the biofiller in1luent or

effluent
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In addition, while Equation 6.3 is specific to the Québec Urban Community biol'Utration

pilot plant data from which it was derived in 1986, Chllteauguay's data fit well, therefore it

was also incorporated into the program:

VSS (backwash sludgc) = 0.75 . (VSS..,· VSSe/f) + 0.43 . (BOO,(S)..,·
BOO,(S)e/f)

6.3

•

Biofiltration backwash sludge is recycled to the hcad of the WTP, 1I1ong with supcrnatant

from sludge digestors and sludge dewalering. According to WTP operators, this

combined additionalflow is approximately 7·8% of the WTP influent flow; il~ composition

was calculated from average monthly values from opcrational reports. Given the

composition of the WTP influent (field data and monthly reports). an automatic calculation

of the composition of the fmal influentto the primary clarifier was thus incorporated into

the computer programs.

6.5.2 Methodology

An iterative calibration ensued, adjusting the primary clarifier paramelers until the

computer program's biofiltration effluent values matehed the field data as closcly as

possible.

Accordingly, the calibration methodology was as follows:

Step 1. (1) Set influent concentrations 10 WTP (before recycle) using monthly averages
from operation reports.

Compurer program then automatically calculates feed ta primary clarijiers.
(il) Sel initial P-distributions.
These distnbutions were calculated using bath the field data and the manthly
reports: the same valru:s were then a/ways used.

Step 2. Same procedure followed as Step 2 in Section 6.3.2.
Step 3. Same procedure followed as Step 3 in Section 6.3.2.

The final goal was not only 10 have the clarifier effluent mimic the data from the
manthly reports. but ta have the computer program's effluent from the
biofiltration units match the manthly reports and field data as closely as possible

in terms ofconcentrations and distributionr, respectively.
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Using the actual values of physical characteristics of the ftIters (numbcr. area, depth) and

data from monthty reports, values were calculated for the following parameters. in

agreement with theoretical values:

• (kg TSS retained)/{ml of /ilter media), beforc backwash;

• (ml sludge produced during each backwash)/{ml of /iller media); and.

• opcrational time bclween backwashes.

6.6 Aernled LagoollS

The aerated lagoon computer program was modified and calibraled for WTPs using fefric

sulfate. Averages of the field data from sarnpling on July 25-27 and Oclobcr 25 and 26 al

the municipality of Rigaud. summarized in Tables A4.l6·A4.17. were used 10 calibrate the

programs. with some data rcjected due 10 extreme values. Pararneters pertinenl 10 this

lrealrnenl process arc lisled in Table 6. I. Refer 10 Appcndix B for a sarnple output

6.6.1 AssumptiollS

The Québec MEF favours the Eckenfelder equations for the design of facultative aerated

lagoons (applied 10 the flIsllwo lagoons in a series of al leasl three, or the flISI in a series

of Iwo lagoons):

Sc
So

= 1 . C.F.
1+ K· 1

6.4

•

wherc: So = Influent BOO,oo. mg/L
S. = Effluent BOO,oo. mg/L
K = Overall flISt-order BOO, rcmoval rate COI'.stant, d'I

1= Hydraulic retention lime ofone lagoon. d
C.F. = Correction factor. to allow for \urger deposits subject to anaerobic

decomposition (I.2 in summer; 1.05 in winter)

Particulate-P forms werc assumed to have a 10% removal in the lagoollS UpStreaIn of the

chemical addition point; field data indicated bighly fluctuating values for these parameters.
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6.6.2 Methodo!ogy

Further 10 these assumptions, the calibration methodology was as follows:

•

Step 1.
Step 2. (1)

(II)

(Ill)

Step 3. (1)

(II)

(Iii)

Set infiuent variables: tempernture, fiow. concentration. disUibution.
y and K are fIXed at most commonly obscrved values in Qu~bcc, vi7. 0.50
and 0.37. respcctively.
Sel number of lagoons and dimensions: program calculates hydraulic
reteniÎon Lime and tempcrature·adjusted K.
Same procedure as outlined in Section 6.3.2, Step 2. (II) (Pnrticulate
non-ortho-P hydrolyzing to soluble ortho·P set at 20% bcfore chemical
addition and 20% after. due to the long retention times involved).
Calculate net TSS removal across ail lagoons. accounting for VSS
production from B005 removal.
The effluent ,;onccntration of particulate ortho-P. and non-ortho-P ü a
significant quantity of the soluble phase is adsorbcd.~e Step 2. (ü) in
section 6.3.2) govems the value of chemical precipitate removal elftciency
from the last lagoon.
Particulate ortho- and non·ortho-P removal efficiencies allow for fine­
tuning since chemical precipitate removal values exert the greatest effect on
these effluent variables.
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Chaptcr 7: Calibration Results and Discussloo

CALIBRAnON RESULTS AND DISCUSSION

•

This chapter will discuss specific aspects of the P mass balance model and ensuing

computer programs, and in sorne cases, present recommendations for future investigations

and possible improvements. As weil, the calibration results and agreement with field data

will be presented and discussed. Fmally, aceas of interest and attention for WTP

P·removal performance improvement will he discussed. For a synopsis of the field data,

refer to Chapter 4.2.

7.1 Callbrlltion ResoUs: Agreement wlth Field Data

At the outset, it was decided that an a priori error of 20% was acceptable in a program

output's agreement with field data. Fmal model pararneters were chosen in a heuristic

mu.nner, rejecting poor runs on a rational, intuitive, case·by-case basis.

7.1.1 Wastewater EroDent Variables

Table 7.1 repre,'ents the agre~ment between average effluent values at the WTPs used in

the calibrations, and the average calibrated computer program output for the given

treatment types.

Output from Primary Clarifier computer programs, except for VSS variab!~, was in

excellent agreement with the field data, attributable to the consistency of both the field

data and model parameters from the individual calibration runs. Deviation in VSS

variables is attributed to the variation of influent TSS:VSS ratios, as weil as the possibility

that the decantable and non-decantable solids removal assomptions discussed in Section

6.3.1 are not valid. even though Biofiltration VSS predictions, based in part on the same

assumptions, are relatively accurate.
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Computer Program Output Agreement wlth Flelù Dnta

•

PC AS BF AL
Emuent Variable FeCl Alum Fel(SO.) Alum Alum Fel(SO.)

Jolv OcL

Total·P Field Data (mgIL) 0.57 0.74 0.35' 0.17 0.64 0.66 1.5
Outnut Al!l"eement (% +2 +3 +6' +0 -17 +33 -55

Soluble·P Field Data (mgIL) 0.12 0.12 0.31 0.05 0.25 0.24 0.72
Output Al!reement (% +11 +33 -JO +0 +7 +70 ·42

P:u'Uculate Field Data (mgIL) 0.45 0.62 0.04 i 0.12 0.28 0.40 0.80
.p Output Al!reement (% +1 -13 +50' +0 -17 ·d8 -41

TSS Field Data (mgIL) 24.6 24.6 - - 9.0 15.0 42.0
Output Al!reement (% -9 +4 - - +3 +7 -29

VSS Field Data (mgIL) 19.4 23.0 - - 6.0 10.0 30.0
Output Al!reement (% -34 -17 - - +7 +40 -JO

BODs(T) Field Data (mgIL) 12.7 14.0 - - 5.7 <5 20.0
Output Al!reement (% +3 +2 - - -19 - -57

PC Primnry Clarifier
AS Activalcd Sludge
BF BioŒlrnIion
AL Aeratcd Lagoons
• Assuming lbal 50% of lbe sccondnry clarifier ernuenl panicuJate.p in lbe computer progrnm

oulput is rcmoved bi lbe sand fiUer.;

The output from the Activated Sludge programs was in close agreement with the fœld

data. The only comparison though, can be between P-concentrations, since TSS, VSS and

BOO, concentrations 'Nere flxed as a requirement at the beginning of the program.

Output from the Biofiltration programs mimicked actual field data within the limilS sel

The 19% difference for BOO, is insignilicant at such low concentrations (-5 mgIL) and

the 17% difference for P-total represenlS a concentration of merely 0.1 mg PIL.

Inherently difficult to model, Aerated Lagoons programs did Dot provide output in close

agreement with the field data. The influent data varied considerably from one day to the

nex!, even with composite samples. Since solids removal is particularly sensitive to

temperature fluctuations, it was not surprising that effluent particulate-P was higher in

October than il! Joly. Furthennore. the computer programs' TSS and total-P effluent

variables were in poorer agreement with field data in October than in July, Difficulty aIso
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occurred in using the Eckenfelder equation (Equation 6.4) because it did not predict BOD,

weil, but this did not affect the P·rcsults significantly since there is such a large ratio

(100:2) bctween the two.

7.1.2 Siudee Productfon and l'-Content

Output from computer programs included sludge concentrations of particulate total-P,

ortho·P and non-ortho·P, while laboratory data provided the concentrations of total·P and

inorganic-P. Much supposition would be rcquircd to use the field data and program

outputs for anything but the comparison of total·P concentrations in the sludge.

Referring to Table 7.2, Primary Clarifier programs predict the P-content of fmal sludge

rcasonably weil. A comparison between Activated Sludge output and field data is not

possible since the programs do not include calculations of the sludge P·contenL

Discrcpancies between the Biofiltration program's output and field data are Iikely due to

the fact that analyses were perforrned on digested, dewatered sludge, while '!Je program

outp:it represents decanted primary sludge.

Table 7.2: Phosphorus Content of Sludge: Computer Prograrn Output and Field
Daia

Computer Predfcted Actual
Program (P:TSS) (P:TSS)

(mau:maul (mau:mau)
PrimDry C1IuifUlr 1.4 1.8
FeCI)
PrimDry C1Iuiflilr 2.6 2.0
Aluna
BiofllJralion 0.7 3.1
Aluna

NOle: ail values quolCd on a dty basis

No specific parameters served the function of calibrating sludge production in the

computer programs. Comparisons were. however. possible between the models' predicted

sludge production, and the values of sludge produced as quoted by W1P operators. Refer

to Table 7.3 below.
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Table 7.3: Siudge Production: Computer Program vs. Actual

Computer Predicted Actual Comments
Prol!l'am Production• Production•

Prlmary ClarifUir 117l!Mm' 120.5 t1Mm' Prcdicled production ealeulated using
FeCIJ (·3%) (1993) average 1993 flowrale (1.75 Mm'/d)

slnce value durlng sampllng WI\S

eonslderablv Iùl!hcr (2.27 Mm'/d).
Primory Clariflu 79.5l!Mm' 82.7 t1Mm'
Alum (-3%) (1992)
Activated Sludge 0.8 tld 0.56 tld No sludge dJgestion.
Alum (+42%) (01-06/1994)
Activated Sludge 2.6 tld 2.4 tld Assuming 40-50% VSS reduetion
Fe,(SO')J (+8%) (1993) durinl! aeroble digestion".

reductionBioflltration 2.7-4.0 tld 1.9 tld Assumlng 40-80% VSS
Alum (+42-110%) (1992-92) durlnl! anaerobie digestion".

AlI sludge production values are on a dry basls
• Stringenl comparlsons (using tIMm') oC Prlmary Clarifier progmms werc reallzed uslng the large

database assembled ill earlier stage oC MEF sludy (Hart and Lorange, 1995)
•• Mell:nIC and Eddy, 1991

Because of the attention given 10 solids removal and the consislenl field data, Primary

Clarifier programs predict sludge production to within 3% of aclual productions. The

comparison was done with averages from an extensive database of sludge production

assembled at an earlier stage of this study (Hart and Lorange, 1995), since no specific

sludge production data were available at the time of sampling.

An indirect sludge production calibration was possible in Aetivated Sludge programs by

modifying the kinetic coefficients 50 that a program's production matched as closely as

possible that quoted by WTP operators. Taking into account reduetions in VSS during

sludge digestion, Aetivated Sludge programs, particularly the Ferrie Sulfate program,

predicted sludge production reasonably weU. The 0.24 tld (+42%) difference observed in

the Alum program is likely due to a combination of the abnormaUy high influent f10wrates

at the WTP used to calibrate the program (Pincourt) during the fll"st sarnpling period, the

relatively narrow seope afforded by the sarnpling period, and/or inaccuracies of quoted

sludge production values.
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As discusscd in Section 6.5.1, Equation 6.3, and therefore the Biofiltration program's

biofilter backwash sludge VSS concentration, represented field data and monthly reports

relatively weil. Châteauguay's primary sludge (including biofiltration backwash) is

anacrobically digested, therefore assumptions and further calculations are necessary in

order to compare the program output and field data. Even so, the programs do not predict

sludge production very cIosely (+42-110%). Refer to the values and comments in

Table 7.3.

Aerated Lagoons programs calculated sludge accumulation as per Roche (1986), although

no comparison was possible. and it was not a focus of this research.

7.2 Computer PrOgrBl1§

The applicability of a given computer program to a WTP with the same lrealment type. but

significantly different influent characteristics. is of importance. The same % removals may

not apply if the absolute values of a given contaminant's removal were significantly

differenL The inherent mechanistic behaviour is not likely to change significantly in

different WTPs with the same lrealment type. but the programs May need tailoring, as do

various lrealment proces.oes. to the characteristics of a given wastewater. As discussed at

the outset of Chapter 6, the user may wish to alter model parameter values in light of

further information on a specific lreatment process or WTP.

Luedecke et al. (1989) observed that approximately 27% of particulate-P and 5% of

soluble non-orthophosphate was hydrolyzed to soluble orthophosphate during control

experiments. The hydrolysis parameter values of between 0-20% in the computer

programs are therefore reasonable in light of these observations.

ISS and VSS removal caicuIations. and the assumptions behind them. do not explicitly

take into account solids flux between soluble and precipitated species following chemical

addition. For example. using the average values from Table 4.2 and the model

assumptions. the average quantity of MeP04 precipitated is at least 9 mg PIL, while the

concentrations of TSS removed gener.illy have much higher values. However, if the
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influent TSS was low and there is significant production and poor rcmoval of MeP04 or

Me(OHh, chemical solids could fonn a significant fraction of both the solids rcmoved and

effluent TSS. In such cases, the ISS and VSS rcmoval parameters would rcquirc further

adjustment during the later stages of the calibration sequence so that model rcsull~

mimicked the field data. A usefui modification to the programs wouid therefore bc to

separate the influent TSS, effluent TSS and prccipitated chemical solids variables. a1lowing

for parallel calculations.

With respect to the discussion in Section 6.2.1 on coagulant rcaction with a1kalinity and

metal r1istributions, a similar bcneficial modification in the computér programs wouId

include metal (Fe or Al) mass balances, distinguishing bctween soluble and particulate

fonns. This would afford much greater insight into the fate of dosed metais and P in a

WTP, in tenns of interactions and P-removal mechanisms.

Akin to the discussion on reaction with alkalinity. severa! models discussed in Chapter 2

evaluate the Me:P ratio in their principal prccipitate, a metal hydroxy-phosphate. The

model of Luedecke et al. (1989) predicts en initially decrcasing Fe:P ratio (to

approximately 2.5) with a decrcasing residual equilibrium soluble phosphate concentration

(CP. "1); Fe:P increases sharply at the minimum phosphate solubility when fenic hydroxide

is fonned. They suggested that the increasing Fe:P ratio with decreasing CP. "1 observed in

their laboratory resuIts was due to phosphates being also removed through adsorption on

the precipitates, in competition with hydroxyl groups. Although the principal prccipitate

of the model prcsen!ed in Chapter 5 was a metal phosphate, adsorption to metal

hydroxides was also explicitly inc\uded in the model's removal mechanisms and subsequent

computer program calculations.

Furthermore, this P-removal model always included simultaneous consideration of

phosphate precipitation, hydroxide fonnation and subsequent adsorption, unlike sorne of

the modeIs discussed in Chapter 2 (Ferguson and King, 1979; Kavanaugh et al., 1978;

Luedecke et al., 1989). The output from the computer programs did not a1ways alIow

for the calculation of Me:P sludge ratios, which can serve as an indirect estimation of
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Me:P ratios in precipitated scUds. Me:P ratios from the field data. listed in Table 4.4. can

provide indications as to the P-removal mechanisms at each WTP.

Examining another aspect of the field data and computer program calibration results. the

average calibrated "soluble non-ortho-P adsorption to Me(OHh" parameters for the

Activated S/udge prograrns. and the high % removaIs observed at the biological WTP

(cxccpt Rigaud and Mont St-Gregoire) are of interest. Bunch and Grifin (I992) observed

rapid reductions in BOOs and COD in a contact stabilization AS process. and theorized

that colloidal and particulate organics were adsorbed to the microorganisms and used at a

latcr timc as substrate. Field data suggest sirnilar behaviour in the WTPs sampled.

especially since Me:P ratios are on average less than 1; the high % removals of TSS

inhcrent in weIl-run AS processes should not be overlooked.

7.3 Irnprovernents to P·Remova! Performance

Several aspects of an overall treatment process must be considered when weighing

alternativcs to irnproved WTP P-removal performance. For example. coagulant fast­

mixing and slow-mixing stages must maxirnize efficiency and effectiveness through

chemical dose and flocculation lime. while considering both fmancial and operational

constraints. Furthermore. den EngeIse (1993) advised using load-controlled dosage in

larger WTPs serving in excess of 100 000 p.e.• when the savings (i.e. chemical use. sludge

production) would outweigh the costs of on-line equipment and maintenance. Increased

influent monitoring would allow process adjustments in response to WTP performance.

thus ensuring a more consistent and acceptable effluent

In addition. when adding chemicals to an AS process to supplement EBPR. one must

consider the chemica\ choice. the best point of chemica\ addition. load-controlled chemica\

dosagc. and thc possible need for pH adjustment Chemical addition should focus on

removing only the P not removl:d by biologica\ processes. One suggestion to accomplish

this is a control strategy. providing stable p. COD and TSS removaIs, that ceases chemical

addition when effluent ortho-P drops below 0.5 mg PIL (Ultter. 1991). The oplÏ11li1Jltion
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of chemical P-rcmoval processes. with or without parallel biological trealment. leads to

concomitant rcductions of COD and TSS (Levine et al.• 1985; Rand Dcvelopment Corp.•

1971).

As observed from the relationships in Table 4.3 and from the Iiterature (den Engelse. 1993;

Nieuwstad et al.• 1988). it is clear that particular attention must he paid to TSS rcmoval.

since it is a potential boille·neck in achieving acceptable effiuent-P levels. WTP inOuent·P

is generally evenly distributed across particle sizcs (15·35% soluble. <0,45j.1m) (Levine ct

al.• 1985). Following primary and secondary trealment. the majority (50-70%) of

effluent-P is associated with f1lterable solids. even when coagulants arc uscd. These

authors also reported experimental rcsults whereby chemical treatment prcfercntially

removed particulate-P associated with particles larger than O.lj.lm; 30-85% of TOC in the

settled wastewater was associated with this particle size. Low molecular weight « 1000

amu) substances were not affected by coagulant dose. while higher molecular weight

(>10000 amu) substances werc removed by up to 90% at higher (unspecified) doses.

At lower temperatures. Marklund (1993) noted that SBR effluent concentrations of P and

TSS incrcased. with longer retention limes having no effecL Effluent TSS concentrations

below 20 mgIL were recommended to achieve an effluent-P of less than 1 mg PIL. Cripps

and Hanreus (1993) noted that in WTP ponds. most of the effluent·P was in the particulate

form - and under 5j.1ffi - which will not seule even with long quiescent conditions, least of

all in the pH. hydraulic and temperature gradients commonly found in WTPs. The

turbidity and median particle size in the pond rcgions with long retention limes were not

10wer than in the main stream near the effluenL Remaining particles did not have the

ability (mass. density) to settle. therefore improvements werc rcquired for the initial

coagulation and Oocculation conditions.

WTPs must he regarded as overall integrated systems. the global picture demonstrating

that modifications to one trealment train have impacts on others. Many alternatives exist

when attempting to improve a WTP's P·rcmoval performance. from changes to the main

process used. to relatively simple variations in operating conditions.
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Chapter 8. CONCLUSIONS

A~ part of an overail study of chemical P-removal in Québec, a P mass balance model was

constructed. tracing soluble and particulate orthophosphate and poly/organic phosphorus

forms across a chemical P-removal process. Through assumptions and simplifications. the

model accounted for the main mcchanisms that are generally accepted today as the

principal pathways for P-removal following chemical addition: orthophosphate

precipitation, soluble phosphorus adsorption to hydroxide precipitates, and the hydrolysis

and sedimentation of influent particulate phosphorus. P mass balance models were

incorporated into computer'programs representing the four WTP types responsible for the

treatrnent of over 99% of the wastewater treated in Québec: Primary Clarijiers. Activated

Sludge. Biofiltration and Facultative Aerated Lagoons. The goal was to devise a flexible

tool for process comparison, one that would detail P-fractions across the solidlIiquid

streams. The user must input values for influent variables, and the computer programs

yield the effluent values. Calibrations provided suggested values for the treatment

parameters upon which the model is bascd, and around which the computer prograrns

were constructed. The user has the option to modify these parameters if needed.

8.1 Field Data

Data were collected during field sampling at Il WTPs across the province; this database

willlikely be of value to other researchers. From an anaIysis of the results in Chapter 4,

the following conclusions can be made:

• severa! WTPs obtained total-P removal of approximately 90% with Me:P-total ratios
often below 1; up to 95% removal of soluble-P was observed at different WTPs with
Me:P ratios from 0.6 to 1.8;

• The majority of effluent-P was in the particuIate fonn, with the exception of
Victoriaville which passed its secondary effluent through sand fùters, illustrating the
importance and effect ofsolids removal on overall P-removaL
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• EBPR existed at supposedly strictly aeroblc activated sludge WTPs (Pincoun and
Victoriaville);

• WTP performance. espccially particulaœ P-removal. slgnificantly deteriorates with
decreases ln temperature;

• Biological treatment supplemented with chemlcal addition, generally had soluble
non-ortho·P removals in excess oC 79% (effiuent·P <0.05 mg P/L); and

• WTPs using iron based chemical (FcCh or Fe2(S04),) generally had higher effiuent
metal concentrations than did WTPs uslng alumlnum based coagulants (alum. alum
sludge);

8.2 Mass Balance Model and Computer Prograrns

The computer programs were calibrated such that their output mlmlcked field data as

closely as possible. Il c::n he concluded thal:

• Computer program output generally agrccd WiL't field data generally wlthin 10% (ca.
20% discrepancies in Biofiltration representing insignlficant absolute diCCerences);

• The Aerated Lagoons program modelled the field data poorly duc to the diCficultics in
modelling this treatment process. inconsistent field data and the relative inapplicability
of the Eckenfelder equation;

• Primary Clarifier programs modelled sludge production quite closely; Activated Siudge
programs modelled sludge production reasonably well (FelS04JJ more so than Alum);

• The excellent calibration resullS in the Primary Clarifier programs were due partiy to
the consistent field data (Iiquid stream calibration resullS). and partIy to the availabi1ity
(Cor comparison purposcs) oC a database accumulated at an earHer stage oC the MEF
study (sludge stream calibration resullS); and.

• Only a terse comparison oC predicted vs. actual sludge P·content was possible; Primary

Clarifier programs predicted the P-content to ±22-30%.
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Sources in the literature, observations, and conclusions formed during and foUowing the

calibrations suggested many possible future modifications to the chemical P·rcmoval mas.~

balance model and the associated computer programs, for example:

• modifications to the computer programs .'10 that P·fractions' mass fluxes, and hence
solids frartions (which are both accounted for in calculalions), arc clearly expres.~d for
analytical purposes;

• analyses for soluble and particulate metals in the influent and effluent, which would lend
further insight on the fate of dosed metals and the nature of me taIs and chemical SOlill~

in the effluent;

• further analyses on solids in the innuent and efnuentto beller define the dccantable and
non·decantable fractions.

From the calibration resullS, the existing model, and computer programs built around it,

reproduce with reasonuble accuracy the quantitative and qualitative effecl~ of chemical

addition for P·removal, and can therefore he employed as a use fui predictive tool for

conceptual design.
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Table A4.1: Laboratory ResuUs; Fabreville

•

Sample Fluw l>U5C: pli TL,l1IP l'('n'KN·I·) l'(inorl!.) COIl(F) COIl(N·F) IlOI)l(~,I) IlOIll('.') ,\I(ll1t) Fc(lul) 1\lhlinitv
ml/d m.AVL 'c mg/L mg/L ml!!L mg/l mg/l mg/l ml!lL mg/L mgCaC03tL

07/1l1l9-I

lnnucnt Easl-I LCOII1oo5ÏtC 15131 U 7.49 2.30 64(58) 101 <10 51 <0.10 198

Emu"'l Eas'-I L composi'e 7.61 0.65 29 55 6 14 0.90 179

\>c,,,.ctcd ,Iudgc(mglkg)" 18800 14200 -Inoo

07/19194

Inllucnt Easl-t Lcomposite 4.5 7.60 17.0 3.44 58 208 30 0.40 0.89 210

E01u"'I~-ILcomposi~ 7.60 15.0 O.K9 28 81 12 15 0.70 0.31 182

Dcwa.ctcd ,Iudgc(mglkg)" 20700 16200 46300 7800

07/20/901

lInnu"'l Eut-1 L comoosi~ 15648 4.5 7.38 17.0 l.KI 45 147 25 43 <0.20 199

Emum.Bu~lLœm~ik 7.46 15.0 0.75 31 55 10 14 <1.00 17.

Ocwllcn:d sludgc(mW1r;g)·· 18500 16600 51200

07121194

Innu"" Easl-I L composilc 14345 5.0 7.64 17.6 2.31 37 125 24 40 <0.20 197

Emuenl Eut-I L composi.e 7.59 17.0 0.67 20 37 13 13 <0.70 178

Dc"...ctcd s1udgc(mglkg)" 21300 15600 35700

•• In,'q dry basi.
Nole: F"IJ'RI in brac:km COftCspon4 ta qu.ality control pcrformed by ProICfl;O (or M..-GiIIl'nivcnity

1\2
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Table A4,2; Laboratory Results; Fabreville

•

S.m,.. TSS' VSS" P.I"tfTS.~ .··I"tJ\'SS P-TUT.\I. 50UfDl.[ PilUSPIlOR11S pA.RTln'lATt: l'III)SI'. ((lN' ':.

ToL.1 0 .... NUQ-Ortl... Tubll ()rt~tI ~t.,.-()rt~

~IL mo/L ... ... mo/L m.IL "" ~ ... mo/L ... mo/L .. ~ ';' mo/L il!.
07118J9.1

lnl1uenl East-I L composite 'O.6m.0) ....4(31.0) 2.' 3.6 2.30 0.69 Jo.O 0.69 Jo.o 0.00 0.0 1.61 70.0 0.55 13.' 1.06 '"-,
lEfIluenl F.ast··1 L composite 20.1 16.0 3.1 4.1 0.6\ 0.09 13.8 0.01 10.8 0.02 J.I O.:'iti '6.1 0.2-1 J'" 0.12 49.1

Ucwa1cRd sludge(m&J1l:a)·· 290600 197600 UUIOQ

07/19194

Wluent East-I L combC)site 8S.7 7• .3 4.0 4.1 ]..14 2.02 511.7 1.95 56.7 0.07 2.0 1.-12 41.3 O.:!O ... 1...., J5.5

IRfnucnl Eut··. L eomDQSite 27.0 24.5 l.J 3.6 0.M9 0.15 16.9 0.11 12.4 0.04 4.5 0.74 83.1 0.27 JO.3 o.n 51.8

Dewatered sludRe(mallut)t'· 299600 193000 10700
upanûnt(dudae tratrncnt) ~.os

0712l>94

lnflucntEut-1 LcombOlÎte 84.7 72.3 3.3 3.' 2." 1.94 ",0 1.94 69.0 0.00 0.0 0.87 31.0 0.12 4.J 0.75 '''7
l2mucnl Eut-l L comDOsite 26.3 18.1 2.. 4.0 0.75 0.09 12.0 0.09 12.0 0.00 0.0 0.60 88.0 0.21 '''0 0.45 60.0

~.crcddudac{ml'kll·· 262300 111200 IHSOO

D1atm

lnfluml Eut··. L comoosile 9].0 81.0 2.5 2.9 2.31 1311 59.1 1.19 SI.5 0.19 lU 0.93 40.J 0.29 Il.6 o.... 17.7

lEmucnt East··1 L comoolit.e 24.5 17.5 2.7 lJI 0.61 0.14 21." 010 lU 0.04 o..• 0.5' 'H.. 0.25 J7.J O.:!S 41.3

jatcmls1udae(mJ!\:a)·· 189900 129900 :!1300

• TH CId 1VS instud otTSS and VSS torthe sludgc

•• ms'ka (dry bail) exccpl for TS and lVS
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Table A4.3: Laborato.oy Results; M.U.C.

•

S.mpll: Flow OoK pli Tcmp Orthnl") Ortho{N·F) l'ItotMF) PltotMN.f) P(inOfl!.) COD(FI COJ)(N·F) BOD~llot) Fc(totl Alkllinil\'

mJld mg Fc:fL OC me'" mzIL mlUT... mglL m2iL m2lL me,l. me'L m21. m~ c,eo] 1.

0710S194

"nuent-Sol·" 11 • 46~. N ("ml". 2HoKIIl' l~••~ 7.l-S; 74.1\ 11 U IU-I n.4.! Il.56 t.61 I,IJ 1~1I -1') n~~ 17-1

J!flilleni-Il. ( ..mpolite 7. lU .!I.u • Illl~ 11.1-1 Il.111 UAlJ 4.! MI ,. ..!..a'''' lB

Scdimented IludSe(mg/kIl)·· 212~0 19UOII lC66Ol1

01.06194

IlIltllent-S..•• N 1"6~. 11 coml'. 214624'} 9.7 n."6 n.S4 0.611 1.'J1 1(, 215 711 Il.111 177

,muent-II. o;umpolite . 0.ll5(0.121 Il.21 0.01 0.S5(0.60) 52 115U'J) 1.1 2.(.5 155f1V.)

lSordimented Ilud"c(mlllklll·· 12900 610U 96000

~atcred .ludsc(m,I\.)" 171100 16-1'JO 67500

07.01!94

Innuml-ss·. N • ..S~. S eomll. 21J06JI) 9.7 0.51l 061 Il.77 2.15 6S 1111 79 "'" 170

lmillent-i 1. ~OIIlpolik -U.1I5 Il.2J 0.11 0611 -1-1 112 l'J IlIl

Sedimenkd tlu.tlc(mll"'S)·· 1-1000 IISlIO SIiSIJO

•• msli dl)' buil
Note: Fip.rcl in bradeu coIK5pOnd 10 qllllil)' control pcnormed h)' rrOKtCO for ~1.Gilll·ni\·cn;I)·
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Table A4.4: Laboratory ResuUs; M.U.C.

TS.nd lVS instad orTSS and VSS fDrthe sludgc

•• ml't. (dry basis) exccpt for lS md WB

....". TSS· \'s.~. r·tnurs.~ p·tot/VS!; 1·-TnTAI• !\OLUBLE PllOo;r.lnRl 1S PARTICUlATt: F'.IL."liPIIORUS --Toul 0"... Nnn·Ortll" Tola) Ort... Nnn·Ort."
moll m"l. ... "" ma/I. n..n. "" maiL .. mElI. "- null. "- ....11. '!. 1 ..... '1. .,

07/0_

Influent-S<l% S .. 046% fil comn, 13.0 ~U " 1.0 I.til O.:liti JU 0.14 ,... O.::!:: 13.9 1.0'i ..., O.llll: S.O 0.91 ...,
lI!mumt-l L comlKllltc '6.3 '.3 '.0 ,.. UA'J O.lK ".s 0.01 S, 0.16 JU 0.31 'LS 0.12 US 0.19 J9.u

I-'fcdamcntcd slud,c(rnw'ka)" 3'200 2OSOO ~1:!'iO

07JUI'J'J.I

lnflucnt-S4'" N .-16% S como. 107.0 77.0 1.' 2.' 1.93 0.60 JU 0.-16 U' 0.1" 7.' 13' .... O.Ol!i ... I.:!S ....
lEmuent-1 Lcom~lc 211.319 27.7 Il L. ::.0 O.SS 0.07 Il.O 0.01 ... 0.05 ... OAS 87.0 0.19 33.' O.~ 53.'

edimmtcd stud"elm.n.:.l'· ..... 22H00 12900

IDcwlllcRd aludce(malka)" 290200 145200 17"'00

07101V94

(nfIucnl-S~% N +oiS" S comD. 111.7 ".0 1.' 2.3 2" 0.77 JS' 0.s0 U.J 0..21 .2.3 13' .u 011 SI 1.::1 59.J

lEmuml-1 Lc.omDOsite 2•.] 22.3 2.3 ].1 O.6K 0.12 17.9 0.01 J.7 0.10 'U 0.56 '2.1 0.2) J'lO 036 SU

lScdimmted aJud m •• }6]00 27300 ,.000

•
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Table A4.5: Laboratory Results; Pineourt

•
•• mglkg dt}' buÎs ... g l'oly·I'rdcascd'l! V:i:i (%1 Nole: Figures in brackels cnrrc~pond10 quaiil)' control pcrforrncd by l'rOSCfl:O for ~IcGillFninrsily

S.mple Flow Doac pif TernI' OJ1hoW' Ot1ho(N·F) P(lol)(F) P(lol)(N·F) P(ino~.) COIJ(f) CODl!':-!-) BODS(lotj A1llol' F~loll Alblinily

ml!d m_~ AllI. 'C moUL ml!J1. mlV'L merL ml!ll. moUL m~;I. mll'!L me/I. m~1. m.. C.C03;L

06/211194

InOucnl-1 L compolile 66 Il 3.11 1.411 16.0 ~7 1112 66 a.95 163

fflucnl-l L compolite 1.10 1'.U (·0.10) (0.19' 13«1S1 J1«IS) <:;2 0.51 UV/Ill)
tiJlcd liquo....2 x 1 L inlL 1.05 111.5 23 ~~I

Jc\ulcrcd .ludllc(mRf!l:lIlo• 29650 26100 ~IJOO

06129/9-1

rnf!ucnl-I L comllOlitr. 9S2J 2.6 7.7U 111.5 0.112 0.46 0.92 1.11-1 47 IllII ~~ 1/..l6 DO
EJI1ucnl-1 L comllOlÏle: 7.1-1 16.5 'O.uS 0.u7 <0.05 (US 15 30 3 O_~~ IlU

tixcd Liauor-I L eompolile: 1.111 23.0 1.02 5-I.U6 0.112 102.00 311 5-1-16 361

[)c:w.tcrcd Illldllc(mKlkIl)·· 39000 24000 39300

06130194

nOucnl-1 L comoolite 10622 2.4 7.311 16.0 Il.61 0.611 0.82 1.411 119 153 ~ 1.40 III

m1uetll-1 L comllOlite 6.'H 17.0 ·11.115 Il.011 -0.05 0.23 33 49 4.5 Il.-111 209

tixcd Liquar-I L compo.Île: 7.16 19.5 lUS 64.26 0.92 1611.111 7] 65..5 lU

lcw.lcrcd Ilu4Rc(mKlkor)" 3SII[1O I~'OO SI2(11I

07/01194
~Oucnl-Il. Ct'tmpolile: 10622 H 7.53 16.0 Il.(13 Il.64 1.12 1.23 61 102 -l6 ·n.21l zUt
'ftlllcni-il. comllolile 7.12 16.0 '0.05 Il.07 0.05 (US 31 -1" 4 lUS 209
mcd 1.Ù1uo....1 L comPOlÏte 7.111 19.0 O.B S6.10 0.65 1511.10 '0 54'-1 US

0712019.. mgFc:.1.

InOucnl-1 1. comPOlÏte SSS4 S.2 17.9 1.Il3 1.91 2.14 3.20 0.39 223

EftNcnl-1 1. compolite 111.9 Il.IlS 11.14 11.07 0.34 Il.12 16~

fin4liallor-J li; 330 mL mIL 0.12 6K.67 0.1' 192.9S H3
~tetell-I'\)I~·P-·· 0.28~"

De:watcrcd a1I1dRc:(mgl\R)·· 31100 22300 l'UOO

07121194

lnf1ucnt-l s )30 mL inlL '941 4.1 1!f.2 29] 9.H J.03 22.71 979 0.4S 264

Eftluml-l s ))0 mL inlL 19.6 <0 liS 0.05 <0.05 0.1-4 III 01-4 ISI
Iiscd I..iq___l II 330 mL mIL O.OS KU' 0.09 190.11] 4~

AccIate ~-Poh"P-o. 0.26 ~.

Dnratcrcd aludlic:(m.,'hl·· 32000 2J9OIJ 11]f1()

A6
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Table A4.6: Laboratory Results; Pincourt

•
li.mplw Tli...• VSS" p·t..t/TSS P·l..t/VSS 1'·TnT,\!. liol.unu; PIiOSPllnRt15 1',\IUlt"t·t.\Tf: 1"~l!iPIUl'U'S

T....I ()rt~. Nun-l'..., .... T.tt•• Urt.... ~...'I.(lrt...

INIL mKIL 'Y. % m2l1, nqfL -". mRiL 'Y. mWl. % mE/L % mE/}. ~/. mKIL ~.

06I21l194
1Aflucnl-1 L comP05llc 139.0 89.0

EfThIcnl··1 L ~mllOll'e IS.O 14.0 1.3 1.4 O.I? 0.10

M1ltcd 1_··2. 1 L anb 5113.0 3500.0

Dcw~ .Iudllc(mllkll·· 159600 9G6OO lUi 1:!.7 2')6'>0

06129194
Infl..tnl-I L ",ml105Ilc 121.J ~.O 1.5 2.0 1.114 0.92 50.0 0.12 ".U 0.:0 5.6 0.92 50.0 0.00 0.0 c..9:: 5O.1l

EfI1..cnl•• 1 L ",mpo5lle lU 16.S 0.9 0.9 0.15 0.05 )).0 0.05 n.o 0.00 0.0 0.10 65..4 OO~ 13.0 O.OS ~O

bxcd h</liOr··1 L comPOOl\e 5193.3 3-420.0 2.0 3.0 102.00 1.02 1.0 1.02 1.0 0.00 0.0 100.9s 99.0 S3.Dot 51.0 47.~ 47.0

Ilcw.a.tcd .1..cfgc(mJ/\ca)·· 169700 92100 n.o 4::.0 39000

06I3<lI94

IIInllmt-1 L coml105Ilc 106.J 59.0 1.4 2.lli. 1.411 0.8:: s.~:z 0.61 ·11.4 0.::0 IJ.X 0.66 44.N 0.07 ~7 0.~9 40.1

·.mllml•• ) L composilc 1.1 7.7 3.0 3.0 o.n O.OS :zU 0.03 10.7 0.03 10.7 0.11i 76.7 O.llb 1U O.B S,U

fixed hQuor••1 L coml105Ite 6046.7 4060.0 2.1 4.'2 161l.lIt 0.92 0.5 0.115 o.s 0.07 0.0 16U9 99.5 MAI 37.6 104.n 61.9

lcwallCRd .llIcflldmllklll" 134100 5SJOO 26.1 64.1 35800

01101t'94

Inf1umt-1 L composite 35.7 JO.3 3.S oU 1.23 1.12 90-9 0.63 51.1 0.49 39.7 0.11 9.1 0.01 ù.8 0.10 lU

Bnucnt-I L composite 11.1 9.0 1.3 1.1 0.15 0.05 JJ.J 0.03 16.1 0.03 16.'7 0.10 66.'7 0.05 29.4 006 37.3

Mixcd liauor··1 L composite 5030.0 32.(6.7 3.1 4.9 151.10 0.65 0.4 0.5] D.J 0.12 0.1 151.-15 99.6 SS.:'i7 35.1 IOUIl ""'-4

010094

lnfluent-I L comllOsite 86.0 73.0 J.1 4." 3.::0 2.14 66.9 U] 51.0 o.n 9.9 1.06 JJ.I O_OS :!." O_9!l 30.7

EfIluent-1 L comllOlitc 1S.7 11.3 21 3.0 O.J~ 0.01 :ZU O.OS 15.2 om 6.1 0.27 7KIt 0.09 26.7 0.111 S:!-l)

Mi:cod liq..ot••l x 330 ml lInb 6166.5 4626.7 2.9 4.2 192.95 0.17 0.1 0.12 0.1 0.05 0.0 19~711 99.9 M.SS 35.5 I.:!-I_:!l Mo4

AtdIIIc lcsl-l'oly·P 0.211'.

Dcwllla'ed .1..cfgc(malkEl·· 167400 101300 18.6 JO.7 31100

07121t'94

lnfIuenl-3 • 330 ml~ 810.0 611.5 2.6 3.7 22.11 J.03 IOU 2.93 11.9 0.10 0.4 19.611 M.7 6..w 2U ....21 SIl5

IE1'rhunI-l x 330mL lITÙl Il.5 10.0 1.2 1.4 0.1 .. 0.03 18.0 0.0] 18.0 0.00 0.0 0.12 IQ.O 0.00 0.0 ....12 IC.O

lMixed Ijquor··] li: 330 ml arab 6600.0 4SSJ,3 2.9 ...2 100.ln 0.09 0.0 O.OS 0.0 OJ)~ 0.0 1OO.7~ 100 111.30 4J IDIl."" 57
~e_lcIt••Poly.P O.26~"

Dew.œrcd l1udllelmltl1la)" IS2S00 90900 21.0 1S.2 32000

• 1'8 _.l'IV! înstad orns lInd VSS for the sl..dge

•• MIII<I(Jry "",,}cucl'llor'lM ""d'IVlI

Al
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Table A4.7 Laboratory Results; Victoriaville

•

Samplc Flow Do.. pif Tcmp orthu(F) Ortho(N·f) P(loIXF) l'(.o'XN·t) Piinon.~.) COf)(F) COD(N-F) BOD5(tol) F~lot) Alkalinily

m3/d m.FeiL 'c mgl !. m.lI. m.'1. mgiL mg.!L mg·L mg'L mod. mg!!. mg CaeU] 1.

0710'194

InOucnt-1 I. ..:omnolilc 35294 ]., 7.23 16.5 1.72 2...3 2.30 3.16 hO IS'I ._.H 214

F.Olucnl-1 I.l:umpositc 6,1}.1 1lU) fI.27 a.l'} 0.28 0.32 2. 2. UtH 1~ 1

Mi.cd lilluor··J x 330 ml. ifbt. n.S7 9.1.69 0.42 202.47 .2 ~h"l 2'J~

Ocwatucd Iludgc(mg/kg)" 36200 ]1100 .. IIUU

07.06194

InJ1ucnl··II.,-"omposilo J]4]6 7..15 1(d' 1.47 I.XO I.XO 3.27 '7 17.1 ,. 1-22 'xx
EtUuena•• 1 L..:omnosilc 7.24 1".0 0.32 0.34 0.J4 0.37 32 34 <2 0.04 11.
Mixcd lil.luor-J x 330 mL ÛlSL 0.41 105.26 0..15 167.59 .) 5584 320

IAcclatcl ksl-Polv·P··· 0.37 ~.

Dewa.ercd ,ludg~mgikG'·" 34100 20.v:Y.; 37500

0710119"

Influcnt- t L \,'Omposite 32730 7.J' '6.0 1.49 2.0' 2.04 3.61 " 1""(149) 49 ~·O.O2 16)

Emuent.· 1 L cl>hlDOSite 7.24 lX.o O.2H(O.27) 0.30 0.3' 0.38(0.48) 20 22 '2 '-0.01 175(164)

till:cd lilluor-3 II: 330 ml. insl 0.3" 92.41 o." 177.," 43 '9" J;30

AccWc tes,-Po"'-.'''· 0.36'.

I>cw.....d .Iudgc(mg,kg)" 36200 33'00 47000

., mg.\.& dry buis

... g PoI)'·P rclC'.ucd.'g VSS l',)
Note: Fil'l"' in brxkcb corrnpond ta quaJil)' ~onttol rC'rtllntlcd by Pros~o:o for M..-Gill t.fni\"enit)"

AS



•

Table A4 .8: Laboratory ResuUs; Victoriaville

•

...... TU· VU· p·tuC/TSS p.loCI\'SS P-TOTAL SOLUBLE PHOSPIIORUS PARTlCUlATE PJ(OSPlloRrs
Tuta. 0 .... N""Ort.o Tou. 0 .... :\'_..ortlto

...JI. m.n. ... ... m.n. mol'. ... moiL ... molL ... m.n. ... ..11• .... M./I. ~.

07,vS/94

Influml-I L ' ••7 001." 1.6 ••• 3.16 DO n.. 1.72 .... 057 ••• 0.S7 17." 0.70 U. 0.11 53

IEfIlucnt-t L comPOlltc 2.0 0.7 15.8 4S.2 0.32 0.28 11'7.1 0.11 K'" 0.01 • .1 0.04 .2.. 0.01 U 0.0::': ...
IMixcd lMNor··) x no mL UuL 5110.0 ]7U.] 3.5 S•• 202...7 D.n 0.. 0.57 0.3 0.00 0.0 2(n.90 ".7 93.12 ..... I08.7~ 53.7

Ilk-*ted ducl&e(ma1:a)·· .,3600 79000 36200

07_

lnflucnl_1 L UlIrlDIISiI. 19.3 75.1 1.7 ....\ 1.11 "80 .... 1.47 ..... 0.3:- IP.o IAK .... O.J'\ ,... 1.1'\ J~1

lEmucnl_1 L comDo.de U '.l K.'\ .., 0.17 0... 91.7 D.l:! .... 0.02 ... a.Dl H.J O.O~ ... O.lll :!..

IMucd IMNClf'-l x ]30 ml inst. S6BO.O ~S6.7 l .• ••• 161.~9 0.45 0.3 0.41 0.1 •.04 ... 167.14 ".7 lo.a.ll6 61.6 b ....S .57.1

tc1IM \a&-Polv·P ••• O.J'T'!.

pewMeR4 dud,e(mWkI)·· Il''100 64200 141CU

0710.....

Inf1ucnt-1 L composit. 101.7 1'2.7 U U 1." 2.04 ..... 1.49 -IlL' 0.'\" ,... ..(,() ..... o.~ 1S." 1." 11<1

1Et11ucnt-.J L comnotita 35 1.0 10.9 12.7 D.lH 0.35 91.. 0.211: 7J.7 0.07 17.6 0.01 "7 0.02 53 0.01 ~

Mdcc! liauar••] .. no ml inJl. .....7 ' ....7 '.1 S.O 177.5" O.s. 0.3 o.n 0.1 0.13 ... 177.07 ".7 920:\ .... "<;.04 -&7.9

tdak lcsl-.Polv.P ••• O.16~'

__ oIudlo(m~·· 126100 16700 36200

• YS Md lVS insteM orus 11115 VSS for the stud,e
•• ml'" (dt)' *'s) cx«pl (or TS IIId lVS

•••• Poly.Prclcasedfa VSS (~.)

Ag
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Table A4.9: Laborlltory Results; St-.Jelm-Bllptiste

•

Sunr1c Flow [)oz rI! Tcrnn Orthu(I:) lJrthu(N.F) l'(Io1)(F} 1J(lot)(N·F) p(inOfIll:.) COD(~) COIllN-F] BOn,{Io>I.) AltloC) AILaliaih-

ml/d m. AH. oc m.IL mg,'L mRiL mRiL molL m2'L molL mg'1. "",'L m~C.cOJL

0U211194

nOuent... L conlDO.lile 2X6l 4.J 7.10 17.• 161 724 7.90 19>1
lmIucnt-1 L comoosilC 7.10 11tU 29 62 O.KI 179

D"",,",, ~udg«"'8.'kg)" 3T.!OO 2240U S660U

06129/94

lnducnt-I L composite 2107 S.9 1.•4 111.0 '.79 6.01 9.S~ 2j1 660 27. l.OO 210

~ucnt-I L composite 6.911 21.0 O,29(U.26) 0.35 0.32 0.51(0.56) 37«1S) 40«15) 2 <0.20 1112(130)

~...tted sludsc(mglks)" 35750 llHUO HIOO

06/)0194

nnucal-l L comnoatc 2XO) 404 7.17 IK.O 4.S7 S.K' lm 9.30 201 524 19) HO 199
~mucnl-l L comrosilc 7.0l 19.11 0.16 ILlI 0.19 o.n S6 "' (, Il.'4 17"
~\ulcm! lIudgc(mgiks)" J60SU .lISUU HJOII

071111194

Influall.I •. comnosilC 214) l.x 7.11 16.S 5.tif) tUb 5.91 Il.n: IXX 14' ilS 11 ''11
EfI1ucnt-1 L cumpositc 6.l)l} 19.0 O.:W o.lS 0.21 0.63 lo 6l 6 u.92 11ll

•• mg,ka dr)' basis

Nok: ripes in tnd:ets CCfRspond la quaJit)' control perfonned h)" Proserro fl.'ll' ~1ç(Jill rni\'cnil)'

AlO
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Table A4.IO: LaboratOl'Y Results; St-jean-Baptiste

•

Sampi' TSS· vss· p.lIJ1trss ".lutl\'SS l'.TOTAI. SOLUBLE: PIIOSJ>lIORl'S PARTICl'L\TE PI IOSPlIORl'S
Tulal Ortll.. ;-;"n.Ortllo T",-' Ort'" :-;....·Ortllo

IIll1L mE/I. -1- -1- mll/l. nl.!!!I. 'Y. 1Il.!!/I. -A- nlcll. ~.. n..~Il. .," IIIlfil. '% illE!). .,.
IW2lli'.l4

Innucnt-I L œmllOllik 410.• 305.1

:ffiucnl-I L toml* 20.7 17.7

1Jcw*tCd lIudle(ma'\g)" IU600 761100 l721l1l

116/29'"14

Iwtuml-I Lœm(lOlile 273.6 212.0 3.5 ".S 9.S4 6.07 63.6 S.79 611.7 IUB 2.9 l.47 J6.4

anumt-I L tonI(lOIile 14.3 11.0 l.6 Hi O.SI Il.J2 61.0 0.29 56.9 O.Ol 5.1 11.19 J8.0 0.06 11.8 IlU :6.1

Pew.leltd .ludge(lIla'\g)·· Ill600 l'l0l1 lS7S1l

0&']B-<J4

InIluml-1 L comllOllile 2U6 186.7 l.B 5.11 9.l0 S.OI SU 4.S7 49.1 0.-" 4.7 ".29 -16.2 1.1. lU HII 31.4
l'J1luenl-1 L compoeile Il.7 16.7 J.I J." CU7 0.19 33.9 0.16 1lU O.lIl 5.4 0.311 66., Il.14 14.5 Il.:!4 41.6

Dewalefcd Iludse<.a)o. 124400 UIOlI 36050

07/01194

ln11uenl-1 L tonIoosite Ill.9 10U 6." H." Il.52 S.9J 69.6 S.66 66.S 0.27 l..Z 2.S9 JO.-I O.SU 5.9 2.09 14.5

Eftluml-I L compOlile 2S.3 20.7 2.S l.1 Il.63 0.22 lSoS 0.20 l2.J 0.02 J.l OAI 6-I.S 0.14 21.' 027 -lU

• 1"5 and lVS iMlead o(TSS and VSS (Of elle IludllC

•• ma'\g (dry buÎl) acepl (Of TS llId lVS

All



•

Table A4.11: Laboratory Results; Marieville

•

S"""k Flow 000. pli Tm.. Otthu(F) O<1ho(N'FI P(lot)(l-) PClol)(N·F) PCinorl') COD(F) CO[lr(N·F.J BOOS(IOt) FcUoc) Allalinin..

ml/d m2A(..1. ·C m~1. mg.1. mg1. mg.'14 m2.'l. mg,L mü mg'1. mg1. 1Dl2 C.COl.L

07/12/9'-

lmnumt-t L comnosil: 39113 0 7..1IE 22 I.S2 J.14 1.% ·US 134 261 m Il.70 2').

'l1lumt-1 L <OIlUIOti.. 7.19 U ..:11.115 0.06 <0.05 0.11' :!'J J2 S lUI ".
lixcd 1imwH"-1 L insL O.lHl 33.35 0.12 93.30 -1613 m

lAccr.tc IClI-roly·p··· 0"4 -.
k>ewalcmJ ,ludgrfrnRih'" 2S900 14100 &1100

07/13i9"

!lnnucn.I-1 L COl1\DtMÎtc J799 0 7.2S 21.5 2AS 2.S2 2.01 3.&0 '67 .,6 m 1.25 21'

Eftluml-I L cOfrlltœir.e 7.30 22.5 0.05 0.12 0.12 0.19 34 JS • (1.]1 '"'Und limaor-II. ÏRlL Il09 51.97 0.13 106.29 64 1144 2IS

Accllic lal-roho.p••• O.U·.

kw.tcmt .ludlCfmwl.I·· 2MlNI 16500 'JOl ....n

01/15/9. ma Fel.

lnflucnl-IL comntlldc 3610 ....7 7.72 21.5 US 3.41 3.52 5.52 164 41S 17. 0'•• 2(,)

Eftluenl-l L comMlilc 7.10 22.> "'0.05 O.7t<O.10) <0.05 0.21(0.24) :u 40(30) , 1.21 17.
IRed IÎmJtJr-t L nL "0.u5 31.14 O.OS 14.32 J6 4199 lOI

cct.a&c lal-Poh··...•• 0.11·.
bewatcml.ludftlntIl.'·· 25200 16200 65"00

•• me\:.. dl') NsIS

•••• POIy-P rdeucd'. V55 (••)

N'ott: Fiprea in bndcts ccoapond 10 qualiIy control pc:rfonned b)' Proserco for ~I.:Gi1I L'.m.cnît)°

A12
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Table A4.12: Laboratory Resulls; Mal"Ïeville

•

Som.... TSS' \'SS· P.tullTSS P·lotl\'SS P-TOTAI. SOLUBLE PlIOSPfIORUS PARTICl.TUTE PHOsMIORl'5

Tobl Ort.o Noa·Ort.o Tota' Ortll. :"Oon·O"'.
mg/). ml/I. % % mllfl. nll/I. '/0 mg/). ", mlfl. % mu•. % mg/). '." mill. %

07/12J9.&

........-IL_iIc 12.6 6H '" 7.0 ".SS 1.96 <.1.1 1.52 33." n..... '.7 2.5. 50.' 1.6Z J5.6 Il.97 lU

EBluml-1 L ........iIc 10,1 10.7 1.7 1.7 0.11 0.0) 13.9 0.03 U.9 0.00 0.0 0.16 116.1 O." 19." 0.12 66.7

IÛlcd Iiouor-I L .... 4753.3 3046.1 2.0 3.' 93.30 0.12 0.1 0.06 0.1 0.06 0.1 91.11 .... J3.29 35.7 59.19 "'1
tdate IcII-Poly.P ••• D.lot'!.

peWatcRd. .ludgc(m&'Il:l)·· 164200 91700 25'.100

07/1JJ9.

1nIIucn1-1 L ........iIc 12'.2 121.7 2.' 3.' J.kO 2.11 71.7 2.<S ".3 0.36 ••< 1.00 26.3 0.01 1.11 0.'13 lU

!.OJucnI-1 LtomPOIilc 6.0 6.0 3.2 3.2 Il.19 0.12 63.1 O.OS 163 0.07 J6.11 0.07 J6.11 0.07 J611 0.00 0.0

fb:;cd liauor-I L IInb 5360.0 3710.0 2.0 2.1 106.29 0.13 0.1 0.09 0.1 O." 0.0 106.16 .... SUS <"" 54.11 SU
cdatC IclI-PoIy.P ••• 11.IS~it

Dcwllcrcd .'udg«~I)" 141600 44900 26300

07/15J9,4

lnflumt-I L cornDœile 162.5 las.O J." ... 5.52 J.52 63.11 J.J5 60.• 0.17 J.I 2.00 JU 0.06 1.1 1.'J.a J!'.l

~-I LeomDOIile 12.0«5) 10.0«5) ... 2.1 0.21 0.01 u.t 0.03 Il.9 0.00 0.0 0.19 l1li.1 0.05 1:1.4 tU" 66.7

fiueS liauor-I L 8Bb ,03].3 3000.0 1.' 2.1 ....32 0.05 0.1 0.03 0.0 0.01 0.0 ....27 .... 11.12 J69 53.16 63.0

eca.IG tat-PoIy.P '" 0.11"_

~.tcrcdaludaC<mw\a>" 147800 13100 25200

'YS and lVS IMtcadolTSS and VSS lorthc aludgc

"ma/kl (dry b....) acepllor TS and lVS

•••• Poly·P Rk..c4'1 VSS (''')

·A13
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Table A4.13: Laboratory Results; Châteauguay

•

SlIlTlp\C Flow 0.>... pli Tcm., <hIholFl OrthoIN·FI PIlct)(F) P1lot)(N.F} P1mOr2.) COll(f) COIl(S·f) BODSlsol) BOD~t(>1I Ailloli AlhIdt.1V
mYd mgAI'l. ·C m!!'I. m·lI. mltlL mg!!. m :11. mit {):!'l. mil'•. mil.'L mg:1. m~l. mg ('......)1.1.

071111194

Influent··l L comPOsitc 35187 2.3 7.47 19.0 ~9 91 <0.10

Emu."t•• \ L composite 7.17 19.0 O.~5 O.~7 0.37 0.S6 16
..,..,

<2 3 <0.10 I~

'-kwllSh sll.ld~c•• 1 L com".··. u,:!4 7.17 O.~O 1~.8S 21 "~,, ~17

"c~ Icst••I'uly.P Il O.O~ ~.

[)cwalcml sll.ldllc(m~'l:8)" 28800 25100 4(,~

07119194

Intlumt··1 \. ",'m""s,lc H~M 2.~ 1H.l1 o... ~ n.·)(~ O.~4 1.67 12 114 If, 21 . Il:!!' :'~1

i1l1l.1ml··l L com......lc l'I.S Il.IM O.'~ 0.21 u.~~ III :~ 4 ~ ·fI~1

___~n

a-:kwasll s1udll.c··1 L ÙUL..•• 0.S5 35.90 0.61 62.95 65 ~~ 311

Acetate tcst-Polv.P /tIl 0.03~'

Dcv.·81cm:1 sludie{m~\g)" ~ 2·000 39::00

07/2019.l

lnI1uent··l L comPOSIte 12285 2.6 7.~ 18.6 0.91 1.08(1.21 1.0: l-9U211 30 10"11711 16 30 <0.:0 21<;41651

'llluent•• 1 L com""..1c 7."6 19.2 0.19 O.~I 0.11 O.~II 17 \0 " S -0.20 I~

Daclr.wllSh stuJIte-.l L msL.... Or:!~ S.SI O.~ lU7 I~ 391 :~

~·aIcml s1udle{ml'1cg)" 3)800 26~ "QlOO

07r.!1t94

lnI1uCIII-1 L,_s,le 3l:511 :!... 7.11 l~.~ O.~6 1.00 1.0\ 1.79 28 100 19 n <(1.:" :16
Eft1uaIt-1 L CCll11(IOSIte 1.16 18.9 O.lll 0.35 0.21 0.54 IS :6 " 6 <~-20 197

flc,I,.~ slI.lJ,c(mg 'tll)" 31900 :ZOOO 3~~

•• ml'tl dry Nsu

"·6 cnl's umr1ct!den dunn,!he tolOfilla' toad;..·8S!t C)'c11!. Cl'mtolltN ""d on.ilylrd
.... sr.tos wnrtts lakuul thd'~gmnml"f!he to.olÎlttt I>..k"..... Jul~' 19. anof t" .......J.!he rtlJ "f!he }o.><l...ash Juty 20

Il l ''uly·r ",'._.1', \·S~ ('.)

S<'lc:FI~ III I>n<:Lcu c"'""l"Ond t<> quahty 'Mlrot rerf,'nncJ }o,. 1.....>Cl"Co j ... \l.t ;,III'nl\<"f'\,tv

A14
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Table A4.14: Laboratory Results; Châteauguay

TS and TVS INlcadofTSS lInd vss for Ihc ,Iudae
••~I (dry bMiI) exccpt forTS and TVS

••• 6 paba ..mplcs takcn durinS the bioftltcr batkwuh c)oclc, comhincd and analyzcd
•••• sm- .amples takcn allhc bcginning of the biolill"hacLwuh July 19, and lowlnb r e md of the backwash July 20

M' 1 Poly·P Rlcucd'a VSS (%)

Sample YSS. \'s.~. P·toVTSS p.toU\'ss l'·TOTAL SOLUBLE PlIOSPIIORllS PARTlClJLATE PlIOSPIIORl"S

Tota' Ortllo I\"on.()rtb Total Ortl&o :'\"0II-0n.o

mRIL mRIL % % mr:lI. m"'L '... mRIL % mRIL '... mRIL % m.IL •• m'I\. %

07J11194

lnflucnl-I L roInlJOlilc
I!Jlhaml-1 L (OInpulÎlc ..] 6.7 6.7 ••• Il.Sf, tU7 66. 0..1S 6>-5 0,02 J.I tU" J3.9 11.t:! :u 'lIl7 1:.5

KIl...h.ludft-1 L'OMO.··· 421.' lIs.n J.' U I·US 0.311 2.0 0.2" J.I o.... ... U.SS "'0 6.'J.1 ....7 7.62 ~U

ccutc Ic*I-Polv·P '" Il,02-.

bwalcfed .ludle (mw'kl)·· 352200 .47101) 211100

01/19m

~1-ILcom...m: '6.7 5S.0 2.' J.O 1.61 0.'4 JU D.,u 2.., 0.09 !O. U] 67.7 IlSI Jo.] 1I.62 J7.1
~fftuoml_1 L CGmDOlilc 12.5 7.' ..] 7.2 0.'4 0.21 ] ... 0.11 ll.J 0.03 !o6 o.]] 61.1 o.... 2!.' 0.19 JS.l

ack.ub.b!ltC-l LInb···· 2066.7 1....7 ].0 '.2 62.95 0.61 1.0 0.55 O•• 0.06 o.. 62.3" 99.• 3S,lS ...2 26.99 41.'
~cctalc ICII-Poly·P III O.UJ~.

kJcwaleted .tud ., 221600 94300 31U0IJ

.7n0l9.

1-1 Lcomporilc 61.7/211 '2(24) J.I J.7 1.91 1.02 SU 0.91 47.6 0.11 !.9 0,19 .... 0.11 8.. 11.72 J7.5

1-1 Lt:lJfttIJœilc 14.0 1.7 J.' B O.... 0.19 J9.6 0.19 39.6 n.Oll o.. 0.29 .... 0.12 2!.U 0.17 35.4

B..:k....h .llIdft-1 L 1Dab···· 565.0 ·&)0.0 .., 2.. 11.41 0.29 J.' 0.22 1.6 0.07 0.1 X.IX ... 5.29 6>-5 2.19 ].l,

Dcwatered .Iuditdmltlll.lrl·· 365500 162500 ]JII)(I

01121194

lnfIucnl-1 L tomPOlilc 60.' ....5 J.U J.7 1.79 1.01 .... 0.16 48.. 0.15 ... 0.7JC 43.6 0.14 7.1 tl.~ J!ol

bluml-I L CClmPOlÏlc 1).0 .., '.2 '.7 0.5" 0.21 J'" 0.18 ll.J 0.03 "6 O_]J 61.1 0.11 31.5 0.16 29.6

a>cwllcrcd .!udlc(malkll)" 214500 125600 319011
, ..

A15
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Table A4.15: Laboratory Results; Rigaud

•

Sunplc Flow 1)00, pli Tom. Orthu(f) Ortho(N-F) 1'(101)("" Pl""XN-F) p(inorl2.) CUD(.ol) CUD(IoI) 80()5(5ol) nOD5{toC) Fc(IOI) AlUlinity

mlId mA: Feil. ·C mlt-l. mwl. m~..L mwl. mlo!.'L mll,l. mwt. mel. m.t. ml!CaCOIL

07125iV4

WIuml-IL.". 1145 ••• 7.511 20.0 Il.5",, 13.111 Il.97 1S.1S '0. .,6 310 1I.6. m

Eftlumt-I 1. "".
7.51 27.0 0.26 0.61 tU'" 0.61 37 .. <, 2.00 2SI

lntmncdiale-I L uab 7.67 26.' 2.46 2.112 2,]6 2.., .. 87 ln

0712(,~

Influml-I LcOtnpollitc Inl ... 7,41 0.52 J.21 0,·.0 3.60 98 283 76 0.6) 139

-mucnl-l L Rnb 0.2] 0.511 0.22 0.62 41 6' <2 1.9<1 2SJ

. e-I L IPD.b 7.U 2.2. 2.115 2.21 2.94 60 117 2n
~edirncnled.tudllrimll:1url·· 13700 9900 lSSSloO

D71271'U

Wluml-II. com~ite 1690 ,., 7..... 2.64 2.75 2.70 3.76 ". 217(90) 77 lU'" J60

ftluent-I L lrI"ab 7.15 0.22 0.59 0.26 0.61 37 '7 "'5 2.10 ,,.
ilntmncdiale-I L lI'I"ab 7.12 2.27 2.50(2.10) 2.31 2.85 .. .9 270

tdimmled .ludlfC'fma,\If'" .1M1lI1I .11 SIIU lS'H,fMI

Itl'2YJ..1

WIuml-IL_"",;IC 15U 5.' J.SU 4.1)11 '.60 5.10 130 420 UO no 0.11 ''''
l1!L_-IL- Il.0 0.26 0.72 0.44 1.10 '0 65 13 no 1.70 no

. 11._ Il.0 2.50 2.Kn 2.80 ].So ., .. 17 2SO 0.24 2SO

10"26.''9''

1PI1umJ-1 1. 'Pm""'de 15]2 5.8 ]StJ 4.]0 .l.S0 S.]O 81 420 '2 m 0.62 400

fl_-IL_ Il.0 0.].\ 1.10 1.00 1.90 " 6' 9 19 1.70 no!L_
11.0 2.S0 ] 20 2.'0 ].SO " 96 Il 20 0.10 2SO

•• o(:ompoIdC oflumpka oClbe boaom ltuJgc ln the thU"d Iagoon

-m&\. dry NID
Sotc: Figura in bB.:Leu (orrapond 10 qtWi~· control pMonncd il)" PnKm:o (or ~ld.iiJll·njnBit)·

A16
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Table A4.16: Laboralory ResuUs; Rigaud

•

....,.. TSS· vss· P·llltfTS.~ P·lotl\'SS p-TorA•• SOLUBLE PliOSPIIORll5 PARTlClTL\.TE PllnSPllORI~s

T....' 0 .... :'\o......()"." Tu"" Urtw :\·....·Ort~.

m.n. _IL 'Y. 'Y. m2l1. molL "" m.IL "" m.1L "" m.lI. "" mon. ~. _n. '!..

U7/Z"'9-4

rnnuml-I L ..... US.3 133.8 9.9 lU 15.75 13.97 8'" 13.5~ 115.. O.... 2.R 1.71 lU D.n: I.< 13. ...
uent··) L lItnb !S.a 4.3 4.S 15.11 0.61' 0.26 JIU 0.26 JU 0.00 0.0 0.'*1 61.• 035 SU 0.01 103

lntamedlalc-I L uab n.3 30.5 1.4 '.3 2.SS 2.46 lI6.J 2.... ...> 0.00 O." 0.39 tJ.7 0.36 lU 0.0l '.1

0712&!M

lnflucnl-I L cotnDOsite 112.9 92.4 3.:! 3.9 3.60 0.52 .4.4 0.5::! 14.4 0.00 00 3.08 115.. 2.69 74.7 0.39 10.8

lHmucnt·.1 L lD'IIb 14.3 1.3 4.3 •.> 0.62 0.23 37•• 0.2.1 J7.1 0.00 D.O 0.39 62.. 03> S6.S 0.04 6.S

lntamediate-I L 36.3 26.11 ... 11.3 2.94 2.211 77.6 2.211 77.6 0.00 D.O 0.66 11.4 057 19." 009 3.D

edirnaltN slud..elmRllurl·· "300 2>000 13700

01127194

lnfJuenl-1 L composite 913 80.0 4.1 4.7 3.76 ::!.lD 71.7 2.64 70.1 0.06 t.6 1.06 Z8.3 0.11 2.9 O.9~ 2S.J

lEIIlucnl-1 L &nb 55.7 12.3 1.2 >.> 0.68 0.26 JIU 0.22 JI.< 0.04 S, 0.42 61.8 0.37 54.4 O.OS 1.4

lntamedialc••J L Rnb 40.3 28.0 1.1 10.2 2.HS 2.11 81.1 2..27 79.6 0.04 1.4 0.>4 1'" 0.21 ... D.JI 10.9

edimcntcd slud.elmR4:.)·· 21000 8700 ]6800

10I2SI94

Infll.lcnt-I L comDOsite 168.0 14].0 3.0 3.' :'i.10 3.60 70.6 3.50 .... 0.10 2.0 1.50 19.4 OSO '.8 1.00 19.6

IEmucnt-1 L Rnb 3S.0 23.0 3.1 4.' 1.10 0.44 40.0 0.26 23.. O.lH .6.4 0.66 600 0.46 41.11 0.:0 18.2

lntamediale-I L 39.0 32.0 9.0 10.9 3.S0 2.KO KOU 2.SIl 71.4 0.30 ... 0.70 10.0 0.30 ... 0.40 IL'

10I26m

~"'l-I LmmDO.i.. 11'6.0 IS6.0 2." U S.JO 4.S0 .... '.SIl 66.0 1.00 ,... UJIO IS' 0.00 'SI 0.00 0.11

I.IUlt··1 L 1U.b SIl.O 36.0 3." S.] 1.90 1.00 SU 033 17.4 0.67 J5.3 0.90 47.4 0.90 47.4 0.00 D.D

lntcrmedL.tc-1 L uab 46.0 36.0 1.' '.7 J50 2..HO 00.0 2.SO 7U 030 ... 0.70 ZOO 0.70 Zo.D 0.00 0"

• YS and 1"S mstead ofTSS and VSS for the sludge

•• IT1&'ka (dry basis) cxccpt for 1'9 and lVS

•••composite of 1 samples ofthe boUom sludgc in the third lagoon

Al7
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Table A4.17: Laboratory Results; St-Georges

•

5Mnple Flow Dose pli Tcmp OrIhO(H OrIho(N·n l'(byd)(F1 P(Iwd)(N.F) l'(tol)(f) l'(tot)(N·fl l'(inor~.) CODCFI COD(N.F BODS(toll Alltoll AIk,,]lIufy

ml/J ·C mglL mlt'L moVL mlt'L mltiL mlt'L mlliL rr.lI.-1. mlt'L mltiL mgL m~CaC03.L

O7fllm

Inl1uont•• 1 1. comlKl.... Il MS Ahun 1.'\6 17.0 0.11\ 1.10 1.11 2.,19 -1'1 ~ 'il) Hl(} I~-I

Iilllutlll··1 1. cumlKl.... .Iudge 1.-10 111.0 lUI D.S'} 0.36 0.% -10 11 Il O.,"\() 11~

filiN IIguor•• 1 l iMt.••• 0.111 13.113 0.22 31.76 -10 192] 161

AcdMe tat··Polv.'" O.:!le.

~unm""sllldlle(m"ll.I'· :0=:00 IlllIIJ

"III"W

lnI1uonl•• 1 L com"".... U79] Ahlln 1.11 17.0 0.S210.ro 0.92 0.16 0.S9 0.10 2.lJl)(UO) 118 Ill-!{131l1 39 1.1\0 1~12J)

B11Ilftll•• 1 L com""..lc .l"dge 7,6J Il.\ 0.111 0.21 0.01 0.011 0.24 039 61 7Z 1 ·O.~ 121

I\IL'N ""uor··::! li; SOO mL inst.··· O.1S 20.11-1 0.0-1 19.50 0.22 -111.61 69 2'}11I 159

AcdMe tnl••l\)ly.P'" 0.'10·.

0111 S>"J.t

Inlluonl..1 L eom"".... 1S670 AlI"n 6.92 17.0 0.80 1.2:! 0.00 0.76 0.119 1.81 6Il 201 6] ~ç.o 121
E!lluonl-I L ..,.,.,..,.... sJudle 7.11 111.0 0.0\ 0.19 0.00 0.21 0.07 O.S] "... S2 6 0.'10 ln
IIllN bQU"""::! Il SOO mL inIt.•••• 0.32 Il.-111 0.02 16. liS 0.36 4H16 S-I 2~1l6 ln

IAc_e_··PoIY.p" 0.]2 ~_

Ised.......lcd ....JIe(OM ..Vmtil".I.. ::0100 10600 21lZOO

Dc---.1 s1ud.e(07f UXIft&'1la)·· 20900 11-100 21SOO

•• m5'1t. Jry b_..
••• Nmple IIlt.:m.Rer:! 000 Stt\.'I\<i. of. 7 ::00 _onJ mlJun, ')'c1e lIaJ oloroN

••• Ulnf'lc IIlt.:ftI.Rer J 000 _Jsof. 7 ::00 _ond mllllllil c)'c1o haJ d.psed

•• 1111\'1)'.'nkaoN" \'SS<')

!II"'.: ."p-eI 1ft lof*:tl'tl ccnaponJ to qll.lllly conln,ll'crt"nneJ "Y ""'!-Ut" (,'r M.lillll'nl\tt"S.ly
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•
Table A4.1S: Laboratory Results; St-Georges

•

Sam" TSS" vss· P·lntITSS P.lollVSS P.TCJT.\I. SOLUBLE PlI0~'PIIOR1TS PARTICIUTE PlIOSPllURllS
Toul Ortllo :'\oa.()rt.o TotAl Ort.o :'\oa.()rt...

.~ 1Il~ ·1. ·1. h"!.II. 1Il~ ~. m2ll % mlUL -/. iD~ .4- ml:/L .~ ml/L ....
01/11f9.t

lIOucnI-1 L ~""'IlO&_ 123.1 1~.6 1.9 J.2 2.J9 1.11 46.6 O." 35.5 0.27 11.1 1.2. 53.4 D.U 1ll.9 0.13 34.6

!ftluqat-I L 'lIII1IN»iIc 21.0 19.1 lA 4.9 Il.96 0.l6 Jl.1 o.ll JU O.os U ....60 62.8 0.2. 29.1 0.l2 JJ.6
,fÎllcd 1iIru«-1 L _ ... 1166.1 lInl 1.1 2.1 ll.16 0.22 0.7 ....1. D.6 O.M 0.1 JI.SJ 9903 ll.M .0.0 17.11 ~

,_ IcII-Polv·P •• 0.2l·"

edimmlcd lludlc(mWkl)·· 12200 6100 20200

07/13194

1nl1Ilenl-1 L 'lIII1IN»Îk 97.9114) 64.1127) 2.0 l.1 2.IM' lJ.7l1 35.1 0.52 16.0 0.11 U I.JO 6U 0.92 4&.0 0.31 Ul.M

Eft1ucnl-1 L """IlOIiie 10.il 10.0 J.9 J.9 Il.l9 0.24 6LS 0.11 46.1 0.06 IS.4 US 3l1.5 O.OS Il.8 0.10 15.6

fÎlled \iauor-2 li 500 ml lIl'Ab••• 2740.0 1790.0 1.• 2.7 -18.67 11.22 lU D.1S O.J 0.07 0.1 "US 99.5 2069 41.5 27.76 S7.0

I\C_ IcII-Poly·P .. O.JlI~;'

011\ 51')<1

lnnuau-I LcomllO&ilC 101.0 70.1 1.7 2.7 1.17 n.•9 47.5 0.10 <11.6 0.09 ...9 0.9. 51.5 O.H 23.0 O.SS 29.4

Eft1uenl-1 L 'lIII1IN»Îte 23.0 IS.O 2.J J.S O.SJ 0.01 13.1 0.05 9." 0.02 3.8 0.~6 8&.8 O.U lU OJ2 l5IL4

MÎllcd fiau«-211 .S L a-ab•••• 2500.0 ISSO.l) 1.7 U 43.06 0.J6 0.8 0.32 0.7 O.M 0.1 ~2.70 99.1 17.16 39.9 2S.~ 5903

ACCùlc IcIt-Ptllv'P •• n.12~"

S~lcdlIudIC(mI/lll)·· 10600 6000 2UWll

DcwakRd t1udIC(mwk.)·· 114<100 95loo 20')110

• TS Md TVS inlad ofTSS Md VSS f(lf' tbe Iludle

•••• (dIy bub) Cllçq!t for TS and TVS

••• ..mple laken~ 2 000I~ofa 7200 .«und moml ~)'de hacI cùol"'cd

•••• ..mple talcn .&r ] 000 ICcmd. of. 7 200 ItttIlld mainl c)-cle had cl'I"'cd

1/1/ al'oly·P rdcucdl. VSS ('"
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Table A4.19: Laborutory ReslIlls; Hallle-Bécancollr

•

Samplc Aow Do5C pli l,=mn Ol1ho(l-) Orth..(N....> 1'(101)(1) P(lut)(N.fo) P(inorg) COIl(~) COI>tN-F) IJOlH(lot) fc(hlt) ,\Ikalinil\"

m]/d ml.: FeiL oC m~IL m~'t. molL molL mg/t m",L mg/t molL mt.!'L m'CaCO]/L

071121'}4

Influcnt-ll.composite 2"68 3.5 7.84 14.0 1.09 1.15 1.19 1.76 ]9 64 28 0.21 235

EJl1ucnt·..l Lcomnosite 7.]6 0.05 0.]1 0.09 0.52 48 56 8 1.87 223

Mixcd liquor·"1 L insl 0.17 13.40 53 1236 235

0711J1'.I4

lnfluent-I L composite 22011 4.1 7.36 1.06 1.1] 1.22 1.79 76 180 19 031 234

Effiuent-l Lcompo.ite 7.18 <0.05 0.22 0.07 0.44 74 95 8 1.76 214

fixcd liquor-I Linsl 0.22 4.21 0.23 9.72 79 1167 234

!Acetate tesl-Polv·P··· 0.03 ~.

Scdimcnlcd sludg~mg;kg)" 9500 5]00 31500

07/151'.14

lnIluent••1 L comDosite 20079 4.5 7.76 14.5 1.09( 1.10) 1.19 1.21 1.98(1.70) 50(60) 149 42 038 121
Eftlucnt-I L I:Omno,ite 7.)] 15.0 0:;0.05 0.14 <0.05 0.40 l2 SO 6 200 123

(ixed liquor-l L insl 0.06 9.12 0.14 18.39 38 1968 172

lAcetate test-Poh··P"· 0.01 ~.

~Nimenttd sludgc(mg/kg)" 10000 7100 34200

•• mgq dr)" b&5ÎJ

••• g POI)'·P rclcascd'g VS5 (~.)

Sole: Fisures in bruLcls ...-orrcspond to qualit)" l.'Ontrul perfonned hy J'rosereo for McGiIIl'ni\Oenit)°
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•

Table A4.21: Laboratory Results; Mont-St-Grégoire

•

Sample Aow Do.e pli Tem. Ortho/fI Orth,~N·f 1~lolXfl l'IloIXN·f) P(inon~.) C01J(f) C01J(N·fl BODS(tol) Alltul} Alkalinih'
ml/d m.AIII. 'c mg!" m.11. moll. moll. m[tll. moll. m~l. milil. mll,l me CaC03:l.

0712519-1

Inl1ucnt-1 L comoosilc 112 8.2 7.88 20.5 3.28 4.0·1(4.20) 351 5.36(6.00) 114(51) 319 75 1.00 357

Elllue••-1 1. compO.ile 7.41 2U 0.41 2.18 0.43 253 25 77 7 1.60 201

Intermcdiatc-l L. comPOsÎle 7.66 22.0 U6 2.92 1.64 3.41 41 145 314

Scdime.'cd .Iudge(mgflcg)" 40600 30900 38400

0712619-1

Inl1uonl-1 I.•rab 182 8.2 7.IJK 2.71 .1.112 2.71 .1 ••11) 57 127 (1.1 • n20 .lhO

ElUuent-ll.cumPOsite 7.25 nB 257 0.53 2.1)7 28 85 11 2.IU 221

Inlcnnftli.lc··1 1. cnrnrMl.\Îlc 71<4 I.K7 ! Hh 1.75 .1.3.\ 57 1.11 12K

iScdimo.'cd .Iudge(mg/ltg)" 40500 31700 39600

07127194

1.l1ue••-1 L composite 183 8.2 7.82 6.16 6.95 6.32 8.77 149 429 71 0.70 382

IEfllucnt-1 L composite 754 095 2.84 0.99 3.43 37 89 5 1.80 242

IInlcrmed.iate-1 L composite 7.76 2.79 JM 287 4.62 55 127 348
IScdimcnlcd sludgc(mg!l:R)·· 42000 30600 39300

•• mgflc8 dry blS's

Note: Figures in brad:cts (:pncspond 10 quality (ontrul rerfonncJ ". :oscn:o for M,Gill Uni\'crsity
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Table A4.22: Laboratory Results; Mont-St-Grégoire

•

-... YSS' VSS' p·tDt/TS..'i p·tol1\'s.., r·TOTAI SOI.URLE rnOSrnoRIJS PARTlClilATE pnOSPIIORlTS

Tolal Ort.o Non-Ort•• Tolo! 011" S• ..()rt"
I...n. m!IL 'Yo 'Yo m!IL m.1L 'Yo m!IL ,~ m.1L 'Yo m.1L 'Yo m!IL '" _IL '"07Œ194

nOucnt-1 L composite 162.9 108." J.J a 5.36 J.SI 6S.5 3.211 61.3 0.22 -1.1 2.01 JI.7 0.76 14.1 1032 ,4.5
I!IIlucat-1 L _po.1e SI.J U.J 4.9 6.1 2.S1 0.43 17.0 0.41 16.2 0.02 0.1 2.10 Il.0 1.77 70.0 0.J3 IJ.I

lnlarnediate-l L comPOtitc K••l ".0 J.9 S.9 3.011 1.6.. 41 1.S6 4!\.8 O.OK :L1 1.77 51.9 1.36 J,.' u.~1 Il.'
\cd oludSO<mf'1<I)" 4SI00 '7JOO 40600

07126194

I.nucnl-I Lon/> 44.1 J7.1 7.6 9.0 ]J9 2.71 10.0 2.71 10.0 0.00 0.0 0.68 '0.0 O.JI U 0.J7 10.1

rrmuCDt-1 L ccwnnolitc 61.2 J6.2 a '.2 2.97 0.53 17.9 D.n 17.9 0.00 0.0 2.~ 81.1 2.04 68.7 o.... lU

Iotamcdd1c-l L composito 74.2 RJ U 6.1 J.J] un SU 1.•7 SU 0.00 0.0 "46 ...... 0.99 ,,.. 0.41 14.1

Ied oIudsO<mf'1<S)" 44S00 26IS0 40S00

07127194

innuml-I L c:ompolÏtc 18J.J 132.0 U 6.6 '.77 6.32 11.1 6.16 70.> 0.16 1.9 2.61 ,,.. 0.79 9.0 1.12 '008
Eftlucnt-I L ccxnDOIÏlc S4.9 JJ.O 6.2 10.4 HJ 0.99 ,8.9 0.9S 27.7 0.04 J.] 2.~ 71.1 .... 55.1 O.SS lU

nlcnnedialc-I L CCJn'lPC*ilc 7J.2 '2.4 6.J ••• 4.1.2 2.K7 62.0 2.79 60.5 0.07 1-" 1.75 JU 0.90 19.5 O.IS 111.5

S<dimcolcd oludsO<mf'1<s)" «'00 26600 42UOO

• 1S Iftd TVS Ulllc..J oCTSS and VSS for dte aludsa
•• mgl1l:. (drybui.) cxccpt forTS and TVS
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APPENDIXB

COMœUTERPROGRAMS
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1.

Disclaimer

Thesc computer models arc based on a summary model and arc non-exhaustive. They
were not developcd for the purpose of design and should not bc used for Ibis. At no lime
shall Dessau [ne. bc heId rcsponsible for rcsults or decisions taken from the use of Ibis
modeI or these programs, exeept when used during work on "Volet 1 and 2" of the projeet
"D6phosphatation des caux us6es au Qu6bce".

The software is property of Dessau [ne.; enquiries and rcquests for copies should bc
directed to:

Dessau [ne.
1200 St-Martin Boul. West
Laval,QC
H7S 2E4
(514) 384-5660
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Primao Clarifier· Alum
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•
BILAN DE MASSE: CLARIFICATEUR PRIMAIRE·ALUN

AFFLUENT ATRAITER

Données:

Débit Im'3/d) 16296
mg/L kg/d

MES 60.6 1233
MVES 79.3 1213
D6061TI 30.0. 459
D6051S1 29.0 444
P total li 3:4 53

% de P soluble 69
% de P particulaire 41
% de P ortho dans la fraction soluble ii 97
% de P non-ortho dans la fraction soluble 4
% de P ortho dans la fraction particulaire 'i 1;4
% de P non-ortho dans la fraction particulaire 86

0.78 = MVESID)/MVES
0.22 =MVESIND)/MVES

Sommaire: affluent à traiter

0.56 - MIESIDI/MIES
0.44 = MIESINDI/MIES

•

kg/d mg/L
MVESIDI 946 61.9
MVES(ND) 267 17.4
MIES(DI 11 0.7
MIES(NDI 9 0.6
MES 1233 80.6
MVES 1213 79.3
D606lT1 469 30.0
D606lSI 444 29.0
D606(PI 16 1.0
P total 53 3.44
P soluble 31 2.02
P particulaire 22 1.42
P soluble ortho 30 1.95
P soluble non-ortho 1 0.07
P particulaire ortho 3 0.20
P particulaire non-ortho 19 1.22
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FLOCULATEUR

Données:

Rapport molaire AI/P total Idosage non- AI P l
stoechiométrique) Il l'affluent du floculateur: 2.0 11
% de P particulaire non-ortho .. > P soluble ortho 10
% de P soluble ortho qui réagit avec AI : 93
% de P soluble ortho qui ne réagit pas avec AI: 7
% de P soluble non-ortho qui est adsorbé: 58
% d'alun en excès qui réagit avec l'alcalinité: 84

!Phosphore qui réagitlmg PILI:

Dosage d'alun:

mg AIIL
mg alun/L
kg alun/d

Boues d'alun produites:

6.1
67.0

1.025

•

Quantité de AIP04 formée {mg/LI:
(kg/dl:

Quantité de AI(OHl3 formée (mg/LI:
(kg/dl:

Boues d'alun totales formées Img/LI:
Ikg/dl:

A28

7.6
116

10.7
163

18.2
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•
DÉCANTATION:

Données:

.% décantation des MVES(o): 90

.% décantation des MVES(No): 18

.% décantation des MIESlol: 90

.% décantation des MIESINo): 15

.% décantation des boues chimiques: 92

.% décantation de oB05IP): 82

.% décantation de P particulaire ortho 60

.% décantation de P particulaire non·ortho 48

.% décantation de oB05(SI: 46

·Siccité des boues décantées 1%)
.% de P particulaire non·ortho leffluent)··>p sol ortho (effluent)

Calcul de l'eWcacité du décanteur:

3
o

MES Enlévement
kg/d % kg/d

MES affluent MVES(o) 946 90 852
MVES(No) 267 18 48
MIESID) 11 90 10
MIESINo) 9 15 1

Total: 1233 74 911

MES boues chimiques: 279 92 257

Total: 1512 77 1168

•
IL'efficacité du décanteur est de

A29
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•

Boues du décanteur:

Débit a (m'3/d) 39
kg/d mg/L

MES 1168 30000.0
MVES 900 23111.1
DB05 lTl 218 5598.9
DB05(SI 205 5276.6
DB05(PI 13 322.2
P soluble 0 0.0
P Particulaire 38 988.5
P particulaire ortho 29 743.5

P particulaire non-ortho 10 245.0

P total 38 988.5

Effluent du décanteur:

Débit a (m' 3/dl 15259
kg/d mg/L

MES 344 22.6
MVES 313 20.5
DB05 (T) 241 15.8
DB05 (S) 238 15.6
DB05(PI 3 0.2
P soluble 3 0.18
P soluble ortho 2 0.15

P solubla non-ortho 0 0.03

P particulaire 11 0.75
P particulaire ortho 4 0.23
P particulaire non-ortho 8 0.52

P total 14 0.93
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Primary Clarifier· FeCh
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• BILAN DE MASSE: CLARIFICATEUR PRIMAIRE-FeCI3

AFFLUENT A TRAITER

Données:

Débit (m'3/d) 2130630
mglL kgld

MES 118.7 252906
MVES 94.0 200279
D8D5(T) 79.0 168320
D8D5IS} 47.4 100992
P total

••
2.15 4581

% de P soluble 36
% de P particulaire 64
% de P ortho dans I~ fraction soluble 65
% de P non-ortho o~ns la fraction soluble 35
% de P ortho dans la fraction particulaire 8
% de P non-ortho tans la fraction particulaire 92

0.87 -MVESID}IMVES
0.1 3 =MVESINDIIMVES

Sommaire: affluent à traiter

0.72 - MIESID)IMIES
0.28 = MIESINDIIMIES

•

kg/d mglL
MVES(DI 174243 81.8
MVES(ND) 26036 12.2
MIESID) 37891 17.8
MIESIND) 14735 6.9
MES 252906 118.7
MVES 200279 94.0
D805(T) 168320 79.0
0805(5) 100992 47.4
D805lPl 67328 31.6
P total 4581 2.2
P soluble 1631 0.8
P particulaire 2950 1.4
P soluble ortho 1058 0.5
P soluble non-ortho 572 0.3
P particulaire orthO 236 0.1
P particulaire non-ortho 2714 1.3
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flOCUlATEUR

pQnnées;

RapPQrt mQlalre fe/P tQtal (dQsage nQn· Fe P 1
stQechlQmétrlQue) â l'affluent du flQculateur: 2,8 11
% de P particulalre nQn·QrthQ·· > P sQluble QrthQ 10
% de P sQluble QrthQ Qui réagit avec Fe : 94
% de P sQluble QrthQ Qui ne réagit pas avec Fe: 6
% de P sQluble nQn'QrthQ Qui est adsQrbé: 52
% de FeCI3 en excès Qui réagit avec l'alcalinité: 7i'

IPhQsphQre Qui réagit (mg P/ll:

DQsage de FeCI3:

mg Fe/l
mg FeCI3/l
kg FeC13/d

BQues de FeCI3 prQduites:

11.0
31.9

67,890

0.59 1

•

Ouantlté de FeP04 précipitée (mg/LI:
(kg/d):

Ouantlté de Fe(OHI3 précipitée (mg/L):
(kg/dl:

BQues de Fer tQtales fQrmées (mg/L):
(kg/d):

A33

2.9
6,104

14.6
31,118

17.5
37,222



•
DÉCANTATION:

Données:

.% décantation des MVES(D): 90

.% décantation des MVESIND): 35

.% décantation des MIESIDI: 95

.% décantation des MIESINDI: 30

.% décantation des boues chimiques: 75

.% décantation de D805IP): 90

.% décantation de P particulaire ortho 60

.% décantation de P particulaire non·ortho 68

.% décantation de 0805(5): 75

·Siccité des boues décantées 1%)
.% de P particulaire non·ortho leffluent)·· >P sol ortho leffluent)

Calcul de l'efficacité du décanteur:

3.0
0.0

MES Enlèvement
kg/d % kg/d

MES affluent MVESID) 174243 90 156819
MVES(ND) 26036 35 9113
MIES(D) 37891 95 35997
MIESINDI 14735 30 4421

Total: 252906 82 206349

MES boues chimiques: 37222 75 27917

Total: 290128 81 234265

•

IL'efficacité du décanteur est de

A34
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•

Boues du décanteur:

Débit a (m'3/dl 7B09
kg/d mg/L

MES 234265 30000.0
MVES 165931 21249.2
DB05 (TI 136339 17459.6
DB051S1 75744 9699.8
DB051Pl 60595 7759.8
P soluble 0 0.0
P Particulaire 3151 403.5
P particulai ra ortho 1082 138.6

P porticulaire non-ortho 2069 264.9

P total 3151 403.5

Effluent du décanteur:

Débit a (m'3/dl 2122821
kg/d mg/L

MES 55B63 26.3
MVES 34348 16.2
0805 (TI 31981 15.1
DB05 (SI 25248 11.9
DB05(PI 6733 3.17
P soluble 351 0.17
P soluble ortho 76 0.04
P soluble non·ortho 275 0.13
P particulaire 1079 0.51
P particulaira ortho 408 0.19
P particulaire non-ortho 672 0.32
P total 1430 0.67
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Activated Siudge • Alum
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•
BILAN DE MASSE: BOUES ACTIVÉES-ALUN

EFFLUENT OeSIRt:

mg/L kg/d
MES 13.2 106
MYES 11.4 91
OB05(T) 3.6 28

AFFLUENT A TRAITER

Données:

Débit Im"3/d)

MES
MYES
OB051TI
P total

1 8000
mg/L

. \.113.0
79.0

. >6100
2.2

kg/d
904
632
408

17

% de P soluble 57
% de P particulaire 43
% de P ortho dans la Iraction soluble • 83
% de P non-ortho dans la Iraction soluble 17
% de P ortho dans la fraction particulaire 9
% de P non·ortho dans la fraction particulaire 91

Conditions de départ:

Charges provenant du système de traitement des boues
lexprimées en pourcentage des charges à l'alliuent)

%
5.0

•

Traitement
Alliuent des boues Total Total

(kg/dl (kg/dl Ikg/dl (mg/LI
MES 904 45 949 119
MYES 632 32 664 83
OB051T1 408 20 428 54
P total 17.4 0.9 lB.2 2.28
P soluble 10.0 0.6 10.5 1.31
P penlculalre 7.4 0.4 7.8 0.97
P soluble ortho 8.3 0.4 8.7 1.09
P soluble non·ortho 1.7 0.1 1.8 0.22
P particulaire ortho 0.7 0.0 0.7 0.09
P particulaire non·ortho 6.7 0.3 7.1 0.88
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CALCUL DES BOUES BIOLOGIQUES

Données:

Volume du bassin d'aératlon Im"31
Concentration des MES dans la liqueur mixte Img/LI •
Coefficient de biomasse Y ••
Coefficient de respiration endogène Kd (d"'11 •••

1500.0
5500.0

O.BO
0.025

~

• Concentration des MES dans la liqueur mixte sans ajout de coagulants
•• y = kg MVES produites/kg DB05IT) enlevées

Valeurs typiques Y: 0.4·0.B (le plus souvent utilisé: 0.5)
••• Valeurs typiques Kd: 0.025-0.075 (le plus souvent utilisé: 0.06)

Quantité de MVES produites(net) (kg/dl 176.1
Quantité de MIES enlevées (kg/dl 271.2
Quantité de boues "biologiques" produites (kg/dl 447.3

MVES dans la liqueur mixte Img/LI
Temps de rétention Ihr)
F/M (d"·1)
Age des boues (dl

Phosphore au point de dosage chimigue:

3845.1
4.50
0.08

18.44

•

kg/d mgll
P lolal 11.8 1.48
P solubla 4.1 0.51
P soluble ortho 3.4 0.42
P soluble non-orlho 0.7 O.Og
P panlculalra 7.8 0.97
P particulaire ortho 0.7 0.09
P particulaire non-ortho 7.1 0.88
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CALCUL DES BOUES CHIMIQUES

Données:

Rapport molaire AI/P total (dosage non· AI P 1
stoechlométrlquel au point de dosage chimique: 1.9 11
% de P partlculalre non·ortho·· > P soluble ortho 20
% do P soluble ortho qui réagit avec AI : 95
% de P soluble ortho qui ne réagit pas avec AI: 5
% de P soluble non-ortho qui est adsorbé: 80
% d'alun en excès qui réagit avec l'alcalinité: 100

•

IPhosphore qui réagit (mg P/ll:

Dosage d'alun:

mg Alll
mg alun/l
kg alun/d

Boues d'alun produites:

Quantité de AIP04 formée (mg/li:
(kg/d):

Quantité de AIIOHI3 formée (mg/li:
(kg/d):

Boues d'alun totales formées (mg/l):
(kg/dl:

A39

2.5
27.3
219

0.61

2.2
18

5.7
46

8.0
64



•
DÉCANTATION:

Boues chimiques produites (kg/dl 64
Boues "biologiques" produites (kg/dl 447
Total des boues produites (kg/dl 511

•

IBoues "biologiques" volatiles produites (kg/dl

1MES liqueur mixte (mg/LI

Message:
OK : MES liqueur mixte < 6500 mg/L

% décantation des MES (calculél 99.79
% décantation des boues chimiques 95
% décantation de P part Ortho 40
% décantation de P part Non·Ortho 70

1% de P particulaire non·ortho·· > P soluble ortho

Effluent du décanteur:

kg/d mg/L
MES 105.6 13.20
MVES 91.2 11.40
D805(TI 28.0 3.50
P total 1.3 0.17
P solubla 0.4 0.05
P soluble onho 0.2 0.03
P solublo non-onho 0.1 0.02
P partlculalra 1.0 0.12
P particulairo ortho 0.2 0.03
P partlculairo non-onho 0.7 0.09
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Activated Siudae . Fe2ffiQw
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BILAN DE MASSE: BOUES ACTIV~ES·SULFATE FERRIQUE

EFFLUENT DÉSIRÉ

mg/L kg/d
MES ,", 10.0 340
MVES

';,

,9.0' 306
DB05lTl ,4.0 136

AFFLUENT A TRAITER

Données:

Débit Im"'3/d)

MES
MVES
DB05lTI
P total

';:;:/::34000'" '.. ' ,
mg/L kg/d

3230
2550
1836

116

% de P soluble .;;. 55
% de P particulaire 45
% de P ortho dans la fraction soluble .. :;::: ... , .7,6~.:-;?~-: ;: .'

% de P non-ortho dans la fraction soluble 24
% de P ortho dans la fraction particulaire ' 29
% de P non·ortho dans la fraction particulaire 71

Conditions de départ:

Charges provenant du système de traitement des boues
(exprimées en pourcentage des charges à l'affluent)

%
5.0

•

Traitement
Affluent des boues Total Total

Ikg/d) Ikg/dl (kg/dl lmgll)
MES 3230 162 3392 100
MVES 2550 128 2678 79
DB051T) 1836 92 1928 57
P total 115.6 5.8 121.4 3.57
P soluble 63.6 3.2 66.8 1.96
P particulalre 52.0 2.6 54.6 1.61
P soluble ortho 48.3 2.4 50.7 1.49
P soluble non-ortho 15.3 0.8 16.0 0.47
P particulaire ortho 15.1 0.8 15.8 0.47
P particuJaire non-ortho 36.9 1.8 38.8 1.14

CALCUL DES BOUES BIOLOGIQUES

M2



•
Données:

Volume du bassin d'aération ImA 3)
Concentration des MES dans la liqueur mixte (mg/LI·
Coefficient de biomasse y ••
Coefficient de respiration endogène Kd IdA ·11 •••

14000.0
5600.0

0.90
0.010

!J.Qill;
• Concentration des MES dans la liqueur mixte sans ajout de coagulants
•• y = kg MVES produites/kg DB051TI enlevées

Valeurs typiques Y: 0.4·0.8 (le plus souvent utilisé: 0.51
••• Valeurs typiques Kd: 0.025-0.075 (le plus souvent utilisé: 0.061

Quantité de MVES produiteslnette) (kg/dl 993.7
Quantité de MIES enlevées (kg/d) 680.0
Quantité de boues "biologiques" produites Ikg/dl 1673.7

MVES dans la liqueur mixte (mg/L)
Temps de rétention (hr)
F/M(d"-ll
Age des boues Id)

Phosphore èU point de dosage chimique:

4421.1
9.88
0.03

46.84

•

kg/d mg/L
P total 89.1 2.62
P solubla 34.5 1.01
P soluble ortho 26.2 0.77
P soluble non-ortho 8.3 0.24
P partlculalra 54.6 1.61
P particulaire ortho 15.8 0.47
P particulaire non-ortho 38.8 1.14
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CALCUL DES BOUES CHIMIQUES

Données:

Rapport molaire Fe/P total Idosage non· Fe P \
stoechiométriquel au point de dosage chimique: 0.6 1l
% de P particulaire non·ortho··> P soluble ortho 20
% de P soluble ortho qui réagit avec Fe : B2
% de P soluble ortho qui ne réagit pas avec Fe : 1B
% de P soluble non·ortho qui est adsorbé: 95
% de Fe21S0413 en excès qui réagit avec l'alcalinité: 100

!Phosphore qui réagit Img P/l): O.BI

Dosage de sulfate ferrigue:

mg Fe/l 3.0
mg sulfate ferrique/l 9.9
kg sulfate ferrique/d 335

Boues de Fe21S0413 produites:

Quantité de FeP04 formée Img/ll: 4.0
Ikg/dl: 136

Quantité de FeIOH)3 formée (mg/li: 2.9
Ikg/dl: 98

Boues de sulfate ferrique totales formées Img/l): 6.9
(kg/dl: 233
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DI:CANTATION:

Boues chimiques produites (kg/dl 233
Boues "biologiques" produites (kg/dl 1,674
Total des boues produites (kg/dl 1,907

•

IBoues "biologiques" volatiles produites (kg/dl

1MES liqueur mixte (mg/LI

Message:
OK : MES liqueur mixte < 6500 mg/L

% décantation des MES (calculél 99.84
% décantation des boues chimiques 95
% décantation de P part Ortho 40
% décantation de P part Non-Ortho 70

1% de P particulaire non·ortho ..> P soluble ortho

Effluent du décanteur:

kg/d mg/L
MES 340.0 10.0
MVES 306.0 9.0
OB05(T) 136.0 4.0
P lolal 11.3 0.33
P soluble 5.6 0.16
P soluble ortho 5.1 0.15
P soluble non·ortho 0.4 0.01
P panlculalre 5.7 0.17
P particulaire ortho 1.4 0.04
P particulaire non·ortho 4.3 0.13

MS

1,3211

6380.61
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Biotiltration . Alum
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BILAN DE MASSE: BIOFILTRE·ALUN

AFFLUENT A TRAITER

Débit ImA 3/di

MES
MVES
oB05lTI
oB051S1
P total

33000
mg/L

. 102.0
·82.0

1~::~
·2.30

. .
kg/d

3366
2706
3564
213B

76

AFFLUENT AU D~CANTEUR PRIMAIRE
{INCLUANT RECIRCULATION DES BOUES)

Débit lmA 3/d) 35475
mg/L kg/d

MES 199.5 7079
MVES 134.9 4785
oB051T) 159.4 5655
oB05lS1 95.7 3393
P total 3.12 111

% de P soluble 50
% de P particulaire 50
% de P ortho dans la fraction soluble 80
% de P non·ortho dans la fraction soluble 20
% de P ortho dans la fraction particulaire 35
% de P non·ortho dans la fraction particulaire 65

•

0.80 = MVESlo)/MVES
0.20 = MVESlNollMVES

0.88 =MIESlol/MIES
0.12 =MIESINoI/MIES
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Sommaire: affluent au décanteur primaire

kg/d mg IL
MVESlD) 3828 107.9
MVES(ND) 957 27.0
MIESlDI 2018 56.9
MIESlND) 275 7.8
MES 7079 199.5
MVES 4785 134.9
D805lT) 5655 159.4
D8051S) 3393 95.7
D8051P) 2262 63.8
P total 111 3.12
P soluble 55 1.56
P particulaire 55 1.56
P soluble ortho 44 1.25
P soluble non·ortho 11 0.31
P particulaire ortho 19 0.55
P particulaire non·ortho 36 1.01

MS



•

FlOCUlATEUR

Données:

Rapport molaire AI/P total (dosage non· AI P 1
stoechiométriquel à l'affluent du décanteur, 1.0 11
% de P particulaire non·ortho·· > P soluble ortho 10
% de P soluble ortho qui réagit avec AI : 72
% de P soluble ortho qui ne réagit pas avec AI: 28
% de P soluble non·ortho qui est adsorbé: 65
% d'alun en excès qui réagit avec l'alcalinité: 96

IPhosphore qui réagit (mg P/Ll:

Dosage d'alun:

mg AIIL
mg alun/L
kg alun/d

Boues d'alun produites:

2.8
31.1

1,103

1.0 1

•

Ouantité de AIP04 formée (mg/L):
(kg/dl:

Ouantité de AIIOHI3 formée (mg/L):
(kg/dl:

Boues d'alun totales formées (mg/LI:
(kg/dl:

A49
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5.5
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•
D~CANTEUR PRIMAIRE

Données:

.% décantation des MVESID): 90

.% décantation des MVES(ND): 18

.% décantation des MIESIDI: 90

.% décantation des MIES(ND): 32

.% décantation des boues chimiques: 73

.% décantation de D805IP): 82

.% décantation de P particulaire ortho 43

.% décantation de P particulaire non·ortho 11

.% décantation de 0805(51: 46

·Siccité des boues décantées (%)

.% de P particulaire non·ortho leffluent)·· > P sol ortho leffluent)

Calcul de l'efficacité du décanteur primaire:

3
a

MES Enlèvement
k9/d % kg/d

MES affluent MVESID) 3828 90 3445
MVESIND) 957 18 172
MIESIDI 2018 90 1816
MIES(ND) 275 32 88

Total: 7079 78 5522

MES boues chimiques: 330 73 241

Total: 7409 78 5763

•
IL'efficacité du décanteur est de

ASa
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•

Boues du décanteur primaire;

Oébil a Im"3/dl 192
kg/d mg/L

ME5 5763 30000.0
MVE5 3617 18831.1
OB05 (TI 3426 17834.6
0805151 1571 8178.3
OB05IPI 1855 9656.2
P soluble 0 0.0
P Parliculaire 43 222.0
P particulaire ortho 33 174.1

P pelliculaire non-ortho 9 47.9

P lolal 43 222.0

Effluent du décanteur primaire:

Débil a (m"3Idl 35283
kg/d mg/L

ME5 1646 46.6
MVE5 1168 33.1
DB05lTI 2229 63.2
OB05151 1822 51.6
DB05lPI 407 11.5
P soluble 17 0.49
P soluble ortho 13 0.38
P soluble non-ortho 4 0.11
P particulaire 51 1.44
P partlculaire ortho 20 0.58
P particulaire no~ortho 30 0.86
P 10lai 68 1.92

ASl
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•

BIOFILTRES

Affluent des blofiltresj

Débit a (m'3/d): 35283
Img/LI Ikg/d)

MES: 46.6 1646
MVES: 33.1 1168
0805 (TI: 63.2 2229
DB05IPI: 11.5 407
DB05 (S): 51.6 1822
P tot81: 1.92 68
P sol·O: 0.38 13
P sol·N.O.: 0.11 4
P part·O: 0.58 20
P part·N.O.: 0.86 30

Donnéesj

Nombre de filtres:
Superficie d'un lit filtrant (m"2):
Volume d'un lit liltrant Im"3):
Volume de boues produites par lavagelm'3/m'3 lit flltranU:
Capacité de rétention d'un liItre avant lavage (kg MES/m'3 litliltrant):
% en 0805 IP) dans les MVES 181 des boues:
Coellicient A •
Coellicient B •
notosi
• MVESlboues de lavagel - A (MVES attluent . MVES ettluenU

+ BlDaOS affluent· oaos effluent)

Les coefficients obtenus lOfS d'essais·pilotes aux station, d"puration do la CUQ sont:

A .0.75 et B. 0.43.

.-----~--- -
Nombre de lavagesf)our cl • ;naque filtre (théorique):
Durée du cycle d'opération avant de débuter un lavage (d):

Vitesse de filtration (m"3/m"2·h) :
Charge massique (kg MES/m"3·dl :
Charge massique (kg DB05lTl/m"3·dl :
Charge massique (kg DB05(Sl/m"3·d) :

A5Z

12
49.0

98.00
5.1
2.9
95

0.75
0.43

0.531
1.884

2.50
1.40
1.90
1.55



•

•

Volume total des boues de lavage des bioliltres de tous les
filtres en prenant le nombre théorique de lavages/jour par liltre:

Boues de lavage des biofiltres

Débit a (m·3/d): 3184
(kg/d) (mg/LI

MES: 1810 568.6
MVES (B): 1426 447.9
DB05 (TI: 1426 447.9
DB05 (PI: 1355 425.5
DB05 (SI: 71 22.4

Effluent des biofiltres

Débit a (m"3/d): 32099
(kg/d) (mg/L)

MES: 322 10.0
MVES (B): 229 7.1
DB05!T1 : 182 5.7
DB05 (PI: 38 1.2
DB05 (SI: 144 4.5
P total: 17.4 0.54
P sol-O: 5.8 0.18
P sol-N.O.: 1.7 0.05
P part-O: 4.0 0.12
P part-N.O.: 5.9 0.19
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Aerated Lagoons . FezŒ.Q4h
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BILAN DE MASSE: ÉTANGS AÉRÉS-SULFATE FERRIQUE

AFFLUENT A TRAITER

ponnées:

Débit Im·3/d) 1800
Température de l'affluent aux étangs ICI 20,0
Température de l'atmosphère (C) 26,0

mg/L kg/d
MES 120.0 216
MVES 100.0 180
D805lT1 77.0 139
P total

., 3.7 7

% de P soluble .• 76
% de P particulaIre 24
% de P ortho dans la fraction soluble .95
% de P non-ortho dans la fraction soluble 5
% de P ortho dans la fraction particulaire 1 50
% de P non-ortho dans la fraction particulaIre 50

Sommaire: affluent à traiter

kg/d mg/L
MES 216.0 120.0
MVES 180.0 100.0
DB05lT1 13B,6 77.0
P total 6.7 3.70
P soluble 5.1 2.81
P partlculaire 1.6 0,89
P soluble ortho 4.8 2.67
P soluble non-ortho 0.3 0.14
P particulaire ortho 0.8 0.44
P partlculaire non-ortho 0.8 0.44
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•
LES ~TANGS A~R~S

Données:

Taux d'enlèvement K de la DBD5 @ 20 C Id"·l):
Coefficient de biomasse Y:

Note: Y = kg MVES produites/kg DB05 enlevées
valeurs typiques Y: 0.4·0.B

0.37
0.50

Etang Volume Profondeur Ir Superficie Temp. K = f(temp)
no. (m"3) lm) (dl (m"21 IC) Id' ·1)
1 J8000 4.0 10.0 4500 22.8 0.45
2 .18000 4.0 10.0 4500 24.0 0.48
3 ,18000

........... '.•...
4.0 10.0 4500 24.5 0.50

4 () 0.0 NA NA NA NA
Total: 54000 30.0 13500

Note: s'il n'y a pas 4 étangs. inscrire ·0· dans les cases ombrées correspondantes

•

.% enlèvement de P particulaire ortho avant dosage

.% enlèvement de P particulaire non·ortho avant dosage

Conditions au point de dosage chimique:

kg/d mg/L
MES 282.7 157.1
MVES 246.7 137.1
DB05IT) 5.2 2.9
P total 5.2 2.87
P soluble 3.7 2.07
P particulaire 1.4 0.80
P soluble ortho 3.5 1.97
P soluble non·ortho 0.2 0.10
P particulaire ortho 0.7 0.40
P particulaire non·ortho 0.7 0.40

A56
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• ADDITION DE Fe2!S04!3 ET CALCUL DES BOUES CHIMIQUES

DQnnées:

RapPQrt mQlaire Fe/P tQtal (dQsage nQn· Fe P 1

stQechiQmétriquelà l'affluent de l'avant·dernier étang 1.0 1 1
% de P partlculalre nQn'QrthQ" > P sQluble QrthQ 20
% de P sQluble QrthQ qui réagit avec Fe : 85
% de P sQluble QrthQ qui ne réagit pas avec Fe: 15
% de P sQluble nQn'QrthQ qui est adsQrbé: 0
% de Fe21S0413 en excès qui réagit avec l'alcalinité: 0

IPhQsphQre qui réagit Img P/L):

DQsage de Fe21S0413

•

mg Fe/l
mg Fe2IS04)3/L
kg Fe2(S04)3/d

BQues de fer prQduites:

Quantité de FeP04 précipitée (mg/l):
(kg/dl:

Quantité de Fe(OHI3 précipitée (mg/lI:
(kg/dl:

BQues tQtales de fer fQrmées (mg/l):
Ikg/dl:

AS7

5,0
33,3
59.9

8,5
15

0,0
o

8,5
15
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•

EFFLUENT

Données:

.% enlèvement des MES non·chimiQues pour les 4 étangs 90

.% enlèvement des MES chimiQues du dernier étang 90

.% enlèvement de P particulaire ortho du dernier étang 50

.% enlèvement de P particulaire non·ortho du dernier étang 50

1·% P particulaire non·ortho leffluent)··>P soluble ortho leffluent)

Effluent du dernier étang:

Débit Q Im'3/d) 1800
kg/d mg/L

MES 30.0 16.7
MVES 24.9 13.8
D8051T) 0.9 0.5
P soluble 0.7 0.41
P soluble ortho 0.6 0.31

P soluble non-ortho 0.2 0.10

P particulaire 0.8 0.47
P particulaire ortho 0.7 0.37

P particulaire non·ortho 0.2 O. la

P total 1.6 0.88

ASa




