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PARTICLE CHARACTERIZATION FOR BETTER UNDERSTANDING
. OF EFFLUENT FILTRATION

A.Adin'

Granular, deep bed filtration plays a major role in the protection of system components vulnerable to
clogging in disposal systems, including water reuse projects. It is also used to prevent organic particles
from polluting rivers and lakes. Filter design in this area is yet more of an art lacking a sound scientific
basis. ' :

The understanding of filtration mechanisms and of effluent reuse problems associated with particulate -
matter has been promoted through particle characterization studies. The work includes introduction of

particle size distribution into deep-bed filtration models, investigation of differences in particle retention

mechanisms between water and wastewater filtration; development and selection of filter media based on

grain characteristics - e.g. surface structure and shape; physical, chemical and physical-chemical

characterization of particulates in wastewater effluents for better design of filters and definition of

deposition mechanisms for the prevention of clogging of drip irrigation systems, such as interactions

between biofilm and organic and inorganic particles. The work has also wide application to various topics

of great interest including transport of pollutants in porous media (soil), particle characterization methods,

and coagulation and a variety of filtration processes.

The application of particle size analysis is one example of using particle characterization for better
understanding and improved design of the direct filtration process (no chemical pretreatment) of secondary
municipal effluents. Particle size analyses were performed for various secondary effluents, particle counts
. decreased from thousands per ml to few per ml for 2-300 um range. Effluents coming out of seasonal
reservoirs exhibit lower cumulative frequency curves than common secondary effluents. Least square
analysis shows that in some cases an exponential function describes particle size distribution (PSD)
somewhat better than power-law function, the difference, however, is not radical enough to rule out the
generality of the latter.

Particle volume distribution (PVD) calculated from PSD data resembles a bell-shape curve. Although
most of the particles are smaller than 10 pm, the PVD curves demonstrate that the largest volume of
clogging material is contributed by the 10-80 pym size range, implying that filter design should aim at the
removal of particles of that size range.

Comparison of filter removal efficiency as a function of particle size for different filtration rates shows
a lower efficiency for the smaller particles, with a tendency of the removal curve toward a minimal
efficiency in the 1-2 pym range, thus supporting the minimum particle transport efficiency theory.
However, it is also observed that relatively large grain sizes remove particles more effectively and retain
larger volume of suspended material than small grain sizes for some types of effluents tested, contradicting
general water filtration theories. This phenomenon can be related to several factors: pore geometry, grain
~ surface roughness, diffusion and gravity deposition mechanisms and interstitial hydraulic gradients.

The Hebrew University of Jerusalem, Israel



Experimental results corresponded well to the power-law distribution function for both filters influent and
filtrates. While dealing with such suspensions it seems to be an obvious conclusion that particle size
should not be represented in the filtration models by only one representative diameter. Linear correlations
established between the filter influent and effluent PSD function parameters, enable to use a predictive
model for run terminal head loss by feeding the computer with influent PSD along.
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UPGRADING OF THE PERFORMANCE OF
AERATED LAGOONS BY MANAGING SOLIDS RESIDENCE TIME

J.A. Oleszkiewicz'

Wastewater from an integrated bleached kraft pulp and paper mill was treated in seven parallel treatment
trains. Each train consisted of three reactors in series, with primary reactor (denoted L1) simulating an
aerated equalization/stabilization lagoon with hydraulic residence time (HRT) equal to 1.5d. The secondary
(middle) reactor was different in each train. Three reactors (R1, R2, R3) were operated at HRT = 4.5d and
the solids residence time (SRT) equal to, respectively 10d, 20d, and 40d. The next three secondary reactors
(R4, R5, R6) were operated at HRT = 1.5d and SRT equal to 10, 20 and 40d respectively. The secondary
reactor in the seventh train (R7) was operated at an HRT equal to SRT set at 1.5d - i.e. effectively
operating as an aerated lagoon. The last, third or secondary reactor in each of the series was operated as
a settling lagoon with all reactors (denoted E1 to E7) having identical HRT = 1.5d. The objectives were
to compare the effects of varying the solids residence time and hydraulic residence time in the secondary
reactors R1 to R7 on the removal of AOX, to compare the performance of the most effective full system
containing SBR to that of the "pure lagoon" system L1 -> R7 -> E7 with a total residence time of 4.5d,
to assess the phenomenon of biosorption of organics.

The primary aerated lagoon (L1) at 1.5d HRT removed 65% of (settleable) BOD;, 33% SOC and up to
19% of adsorbable halide AOX. The secondary sequenting batch reactors (R1 to R6) have removed
virtually all of the remaining (settleable) BOD;, while the lagoon R7 removed 90%. The removals of SOC
and AOX in all secondary reactors were directly proportional to the increasing biomass concentration and
to the increase SRT. For the sequencing batch reactors R1 to R6 the AOX and SOC removals at equal
SRT values were higher in the reactors having shorter HRT and consequently higher F/M and volumetric
organic load. This was attributed to the mechanism of biosorption and export of adsorbed poorly
degradable organics with the waste activated sludge (WAS). Fig. 1 shows the AOX removal across only
the secondary reactors R1 to R7. The removal is in proportion to the biomass (MLVSS) concentration
which at equilibrium was (mg/l) R1 - 380, R2 - 790, R3 - 1360, R4 - 840, R5 - 1650, R6 - 2780, R7 -
210. These findings, which suggest the smaller-HRT, higher-SRT reactors are superior are somewhat in
contrast to the current design practise in this industry which calls for larger lagoons to achieve better
removals. :

The final polishing facultative lagoons E1 to E6 served only as solids removal units following the SBR
reactors R1 to R6. The E7 lagoon served a biological removal purpose when preceded by an aerated
lagoon in the sequence L1 -> R7 -> E7. The most efficient system of basins : L1 -> R6 -> E6 removed
on the average 30% AOX. The comparable (i.e having the same volume corresponding to HRT = 4.5d)
system of "pure” lagoons L1 -> R7 -> E7 removed only 21% AOX.

'Environmental Engineering Division, Department of Civil Engineering, University of Manitoba,
Winnipeg, Manitoba R3T 2N2
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INVESTIGATION OF AEROBIC BIOLOGICAL
TREATABILITY OF A DAIRY PROCESS WASTE

D. Thirumurthi', S. Thompson?, J.M. Murphy®, E. Andavan®, and A. Bourque'

Operating problems have plagued a dairy waste treatment plant since start-up in 1975. The facility
consists of an equalization tank and two lagoons, aerated by surface-mount, aspirating type units.
Wastewater generated by the dairy enters an equalization tank where load surges are minimized and pH
adjustment/nutrient addition can be made. The wastewater is treated via a two-stage aerated lagoon
system, from which the effluent discharges into a sewer which feeds a municipal treatment plant for final
polishing.

The average effluent BOD; from the dairy’s treatment plant has typically exceeded the 200 mg/L imposed
by the municipality. During the summer months, low dissolved oxygen levels have sometimes resulted
in anaerobic conditions. This in tum has led to occasional odour complaints from the homes in the
immediate vicinity of the treatment plant.

The inadequate performance by the lagoon system has been attributed to a possible combination of four
variables, namely (i) pH fluctuations (ii) nutritional deficiencies (iii) potential sterilizing effects by
sanitizers used in the cleaning operations of the dairy and (iv) inadequate aeration capacity. It was
strongly felt by the dairy that the ten aspirating-type aerators, amounting to a total capacity of 49 KW
(66 horsepower), were one of the significant factors affecting the operation of the treatment plant.

It was decided by the dairy to investigate these variables by way of a laboratory-model study, the
objectives being (i) to establish treatability of the actual waste using small aeration tanks (ii) to estimate
the BOD; removal coefficient (K), and (iii) to determine the minimum aeration capacity required to meet
the effluent BOD; requirements. An engineering firm was engaged by the dairy to undertake the study
which in tum used the expertise of a local university. :

The first phase of the study was designed to verify the biodegradability of the waste and the effects of pH
on treatability. It was concluded that the waste was biodegradable (the sanitizing chemicals used in the
cleaning operations did not seem to affect the biodegradation process). BOD, removal rate of 95 percent
was achieved with a hydraulic retention time (HRT) of eight days. Though the initial pH of the raw waste
ranged from 9.9 to 11.8, the pH of treated waste dropped to a range of 7.7 to 8.8. The K value varied
from 2.1 to 2.4/d for completely mixed conditions (20-24°C). Due to the daily addition of urea by dairy
personnel to the waste stream, the BOD;:N ratio in the influent samples averaged 100:5.1. The average
BOD:P ratio was 100:4.9 (the source of phosphorous from the dairy is believed to be the detergents used
in it’s cleaning operations. In view of the fact that BOD; decreased in the aeration tanks, from 503 mg/L
to 25 mg/L, it was concluded that no nutritional deficiency existed, and pH fluctuations did not seem to
constitute a problem.

A literature search revealed that very limited information exist on oxygen transfer rates pertaining to dairy
wastewater. Therefore, the second phase of the laboratory-model study involved determining the oxygen

'Technical University of Nova Scotia
*Farmers Co-operative Dairy Lid.

3UMA Engineering Ltd.



transfer coefficient (KLa) for water and wastewater, the oxygen transfer ratio (alpha), the ratio of oxygen
saturation between water and wastewater (beta), and rates of oxygen dissolution in wastewater (Nww) and
tap water (Ntw). The value of alpha ranged from 0.37 to 0.41, beta from 0.52 to 0.71, and the ratio
Nww/Ntw from 0.24 to 0.26.

The third phase of the study involved assessing the effects of three different aeration rates on BOD,
removal and determining the optimum air requirements under laboratory conditions. Tank 1 was aerated
at a low rate (166 ml/min) to study the effect of under aeration, Tank 2 was aerated at "near-optimum"
conditions (357 ml/min) and Tank 3 was completely mixed (725ml/min). The K values for the three tanks
were 0.4/d, 0.7/d and 1.5/d respectively.

Based on this data, it was concluded that for the dairy’s average wastewater flow rate of 632 m’/d
(0.167 US mgd) and mean influent BOD; of 600 mg/L, the oxygen required to reduce the BOD; to
200 mg/L was about 760 kg/d. The minimum required oxygenation capacity of the proposed aeration
equipment, under standard temperature and pressure, in tap water environment, was estimated as 122 kg/hr
(269 1bs/hr) to achieve the target maximum BOD; of 200 mg/L.

New surface-type acration equipment with a total capacity of 112 KW (150 HP) was installed in
July 1991, and subsequent operation resulted in outlet BOD; conditions below municipal guidelines and
control of odour generation due to improvement in mixing and oxygen input. The dairy is currently
investigating the use of variable speed drives controlled by on-line oxygen sensors to adjust the speed of
aerator motors to varying load conditions. The ultimate objective is to reduce operating cost for this
equipment during the winter season when oxygen demand is considerably lower than the rest of the year.



TOTAL WASTEWATER TREATMENT AND REUSE BY CLOSED LOOPING

A.R. Keen' and R.J. Sinukoff*

Recent initiatives toward wastewater pollution management in the photographic processing and printing
industries have been primarily directed at reducing volumes of washwater used and at removing valuable
contaminants such as silver. New chemical formulations and chemical regeneration packages for
processing solutions have also decreased the quantities of regulated materials being discharged down the
sewer. In reality, only regeneration and recycling of processing solutions has had an impact on overall
mass loading of contaminants found in sewer effluents from these industries.

ALTECH Environmental Consulting has thoroughly researched the mechanisms of the photographic
processes, the function of all chemistry involved, and appropriate technological options to completely close
loop and treat all process streams and washwater at the Black Photo Corporation main photographic
processing plant in Markham, Ontario. This total system, called System Crystal, has been operating since
June 1, 1991 to provide total water reuse and a dry process sewer.

Before System Crystal was installed, up to 70,000 USGPD of wastewater was discharged from the facility.
The closed loop process treats and recycles water, resulting in a final system byproduct of up to
200 USGPD mixed photochemistry concentrate, which is sent for incineration. Black’s has now achieved
a 97% reduction in process water usage.

Detailed studies were conducted to delineate the composition of each in-house process stream which was
previously discharged to the sanitary sewer. An extensive literature survey was done to establish baseline
information, and where information was unavailable or unknown, bench-scale and pilot-scale tests were
conducted to determine feasibility of theories and design.

During the initial study, analysis of key parameters such as BOD, TOC, iron, silver, and halogens at
source and at end of pipe determined that over 95% of mass contaminant loading originated from the 2%
of the total wastewater volume attributed to high strength process solutions. From this, the treatment
system was designed to handle process chemistry and washwater separately. Typical BOD values for
photographic solutions and non-recycled washwater are 1500 ppm and 10 ppm respectively.

For depleted photographic solutions which cannot be regenerated or reused due to technology, quality, or
economic restrictions, the water portion of the solution (typically above 90%) is extracted by vacuum
distillation, operated at ambient temperature and 685 mm Hg of vacuum. A mixture of these solutions
can contain components such as benzyl alcohol, ethylene glycol, EDTA, ammonia, carbonate, sulphate,
thiosulphate, halides, and iron, in up to percent concentrations.

Depending on the feed composition, the aqueous distillate contains impurities of up to 0.4% ammonia,
0.2% benzyl alcohol, 0.04% ethylene glycol, and trace aromatic derivatives. The concentrate contains
approximately 25% precipitated organic and inorganic salts of glycol, EDTA, amine, halide, carbonate,
and sulphate nature. The remaining concentrate liquid is approximately 40% water, S5% paraphenylene
diamine derivatives (from photographic developers), 3% ethylene glycol, 1% benzyl alcohol, and
remainder trace organics. This stream represents the 200 USGPD residual which is ultimately taken for
incineration.

!ALTECH Environmental Consulting Ltd., 225 Sheppard Ave. W., Willowdale, Ontario
M2N IN2



The distillate is treated by activated carbon to remove organics and by ion exchange to remove ammonia.
This enables this water to be reused as makeup for washwater and process solutions.

Rinsewaters generated by the photographic processes are more dilute than the corresponding high strength
solutions and are thus handled separately. All fixer washes contain silver thiosulphate complexes and are
treated by nanofiltration at 5000 GPD to concentrate silver for subsequent electrochemical removal. The
remaining washwaters are recirculated at source to increase contaminant loading before separate treatment
by nanofiltration at 2400 GPD. All nanofiltration permeate is combined and treated by reverse osmosis
to remove remaining ammonia, chloride, bromide, sodium and calcium. Total dissolved solids content
in the final treated water is typically 280 ppm as compared to Markham city water at 370 ppm. All water
is recirculated to source wash baths after treatment.

Evaporative and system losses are replenished with city water makeup and treated vacuum distillate. The
city makeup stream constitutes approximately 8% of the daily volume of water treated, and depends

primarily on the volume of water lost to the atmosphere as a result of drying the photographic paper
product.

A comprehensive economic and performance evaluation of the entire system is currently underway.



——

PROCESSES IN THE TREATMENT OF SELECTED PULP AND PAPER EFFLUENTS

H. Buisson!, A. Zaidi', L. Beaudoin?, H.-C. Lavallée?, and M.C. Barbe?

The pulp and paper industry is currently faced with the challenge of substantially reducing its discharge
of conventional and toxic pollutants to the receiving environment without compromising its
competitiveness. Researchers interested in developing schemes for meeting this challenge are focusing
on two areas: (i) pollution prevention through the implementation of internal measures to minimize water
usage and reduce the generation of toxic contaminants, and (ii) end-of-pipe treatment through the use of
innovative and optimized effluent treatment schemes for the removal of undesirable components from
process waste streams. In this context, the use of innovative separation and destruction processes is
expected to reduce the water usage of both kraft and mechanical mills while minimizing the discharge of
toxic contaminants to the environment. Among these processes, ultrafiltration and nanofiltration are
attracting significant attention.

The Wastewater Technology Centre (WTC), the Centre de Recherche en Pétes et Papiers (CRPP) and
HYMAC have been active in evaluating, developing and demonstrating cost-effective effluent treatment
technologies for the pulp and a paper industry. Recently new activities were undertaken under to evaluate
the technical and economic feasibility of integrating ultrafiltration (UF) and nanofiltration (NF) into kraft
and CTMP mills. Those programs involve the following steps: (i) selection of the most appropriate
membranes and systems, (ii) simulation the UF and pulping processes, (iii) study of downstream options
for the handling of the permeate and concentrate, (iv) cost-estimation and full-scale demonstration of the
system.

~—

The work conducted to date had the following specific objectives: (i) selection of the most suitable
membranes through a review of the pertinent literature and discussions with the researchers active in this
area, (ii) experimental evaluation of the rejection and flux behaviour of the selected membranes using
bench-scale apparatus and synthetic solutions of selected toxic organics most commonly found in pulp mill
effluents, (iii) experimental evaluation of the flux behaviour and Colour, COD and AOX rejections of the
membranes using selected bench-scale systems and bleach plant effluents from a kraft mill pulping
softwood and (iv) experimental evaluation of the flux behaviour and TOC, Dissolved Solids and COD
rejections of the membranes using selected bench-scale systems and segregated BCTMP effluents.

This presentation will review internal options and end-of-pipe measures available for both types of mills.
The emphasis will be put on the use of UF and NF for the recycling of process waters, at source
containment of toxic organics and the recovery of valuable by-products. Also included in the presentation
are the data generated from the WTC and CRPP experimental works completed to date on: (i) the
characterization of the selected effluents, (ii) the fluxes and rejections of the membranes/systems used to
date and (iii) a study of the effects of the operating conditions on the performances of such systems.

'Wastewater Technology Centre (WTC), Operated by RockCliffe Research Management,
867 Lakeshore Road, P.O. Box 5068, Burlington, Ontario L7R 4L7

2Centre de Recherche en Pétes et Papiers (CRPP), Université du Québec a Trois-Rivitres,
Trois-Rivieres, Québec

l‘ POTENTIAL FOR ULTRAFILTRATION AND NANOFILTRATION
) *Hymac Itée, Laval, Québec
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BIOPOLISHING OF ZINC AND OTHER METALS BY
PERIPHYTON COMMUNITIES AROUND A BASE METAL MINE

W.N. Wheeler' and M. Kalin'

Biological polishing of zinc and other heavy metals was measured in populations of periphyton at a
polymetallic mine in Buchans, NFLD. This work was part of a feasibility study to measure the capacity
of periphyton populations to remove contaminant metals from waste water on a pilot-scale. The algal
populations have been studied for two growing seasons in the effluent from an abandoned gloryhole.

Six polishing ponds, in series, were constructed near the effluent creek. The surface area for algal
colonization was increased using brush cuttings. Flow rates through the ponds were variable and low,
resulting in residence times ranging between 10 and 180 hours.

Accumulation of algal-precipitate biomass was monitored by collecting branches over two growing seasons
in 1989 and 1990. The algal-precipitate mass was quantified by separating branch and algal-precipitate
and drying both (60° C for 24 h).

Biomass of periphytic communities growing in seepages in the meadow was also collected. Multi-
elemental analysis was carried out on water and algal material using Inductively Coupled Plasma
Spectrophotometry (ICP) by a certified laboratory (Assayers Ontario, Ltd.).

The periphyton population growing on the branches in the polishing ponds was dominated by the green
alga Microspora spp. and the diatom, Achnanthes linearis. The algae in the seeps were dominated by a
population of Ulothrix spp. Reproductive structures have not been seen in the green algae, inhibiting
species identification.

Bio-accumulation of metals by the two periphytic communities is described by calculated concentration
factors based on a wet to dry weight ratio of 10. The Ulothrix population in the meadow contained 1.8%
zinc, a concentration factor of only 104 (Table I). In contrast, at the same ambient dissolved zinc
concentration, the polishing pond community contained 500 x the concentration of zinc (Table IT). Barium
in Ulothrix community was about 12,000 times over ambient water levels as compared to 22,900 times
in the Microspora-Achnanthes community. '

The zinc concentration differences in the periphyton communities are related to the presence of zinc and
iron hydroxide precipitates. The polishing pond community acts as a biosieve, accumulating precipitate
as well dissolved zinc. This results in concentrations as high as 8% zinc on a dry weight basis (Table I).

Water sampled from the first and last (sixth) pond showed evidence of dissolved zinc removal, which
appeared to be related to environmental factors and biomass density. Increases in algal-precipitate mass
per unit branch in the second year appeared to be related to the increased biopolishing of zinc.
Differences between incoming and outgoing dissolved zinc concentrations reached a maximum during the
late summer of the second year, corresponding with the period of greatest biomass per branch.

The ability of these algae to concentrate dissolved cations, and the sieving capability of the algal
community in the polishing ponds, indicate that periphytic algal populations with the proper scale-up may
provide substantial polishing capacity in waste water from active and decommissioned base-metal mines.
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Table 1. Concentrations of metals in Ulothrix community in the meadow.

ELEMENT WATER ALGAE CONC.
(mg/L) (ng/gdw)
""""" SRR o
Ba 0.01< 2287 >22,900
Cd 0.01< 40 >400
Co 0.01< 43 >430
Cr 0.01< 39 >390
Cu 0.01< 210 >210
Ni 0.01< 50 >500
Pb 0.01< 638 >640
Sr 2.4 125 4
Zn 16 81000 500
............... % o RO 02RO

Table 2. Concentrations of metals in the Microspora-Achnanthes community.
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EVALUATION OF ORP AND NADH SENSORS FOR USE IN
BIOLOGICAL NUTRIENT REMOVAL PROCESS AUDITS AND MONITORING

T.D. Vassos'

This paper describes the comparative use of Oxidation Reduction Potential (ORP) and NADH sensors as
a means of monitoring relative biological activity and reduction state in a biological nutrient removal
(BNR) treatment facility. The work was carried out as a part of a research program, with the financial
assistance from the Science Council of British Columbia, to develop process audit techniques for use in
optimizing BNR systems and in upgrading activated sludge systems for BNR. The research was conducted
at a 3.0 MGD Advanced Wastewater Treatment Plant (AWWTP) located in Penticton, British Columbia.

ORP sensors have been previously used in BNR research to monitor denitrification in batch processes and
to determine the relative anoxic or anaerobic condition in specific mixing tanks. The ORP levels within
a BNR facility will vary depending upon the presence of electron acceptors such as dissolved oxygen or
NO,. Once the supply of dissolved oxygen (DO) to the mixed liquor in an "aerobic” zone is shut off, the
ORP level gradually diminishes until all of the DO is consumed. At this stage the mixed liquor is defined
as "anoxic" and the principle electron acceptor becomes NO,. The ORP continues to diminish until all
of the NO, is consumed, which can be identified by a sudden drop in the ORP level as the mixed liquor
becomes "anaerobic”. Optimal BNR performance can only be achieved if specific aerobic, anoxic and
anaerobic zone sequences within the plant can be controlled and maintained. As the ORP level in each
of the three zones is different, it has been suggested as a potential on-line control mechanism.

There are three key factors which interfere with the successful application of ORP as a control mechanism
within BNR facilities: (1) ORP sensors are difficult to calibrate; (2) ORP ranges in anoxic and anaerobic
zones are different in each plant; (3) ORP levels reflect the "environmental” reduction state rather that the
biological activity within the activated sludge. NADH sensors have been recently promoted as an
alternative to ORP sensors as they assess the reduction state within the cells. In a BNR process the reduc-
tion state [NADH/(NAD+NADH)] of the activated sludge depends on the relative anaerobic, anoxic or
aerobic condition to which the sludge is exposed and the duration of the exposure. This intracellular
reduction state can be monitored using the principle that NADH within the biomass fluoresces at 460 nm
when irradiated with light at 360 nm ‘(Rao, 1989). Changes in biological activity, or differences in
biological activity between reactor zones, can be determined by constantly monitoring the fluctuations in
fluorescence within each zone. These sensors have been used to monitor biological activity at the Oaks,
Pennsylvania, BNR plant (Ammstrong, 1990) and at the University of British Columbia BNR pilot plant
(Ammstrong et al., 1991).

Four on-line ORP sensors and seven NADH sensors were installed specific reactor zones in one of the
two Penticton AWWTP modules, in addition to eight solids and DO probes. Data was collected for a
period of three months, during which time the plant experienced a number of process upsets which were
tracked by the on-line equipment, permitting a comparison of the performance and maintenance
characteristics of the NADH and ORP sensors. The on-line data was analyzed in conjunction with data
collected during the routine plant operations including flow and laboratory analyses results.
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Both sensors effectively delineated specific biomass reduction states (i.e. anaerobic versus anoxic) and the
relative changes in those states due to diumal fluctuations and process changes. Specific advantages and
disadvantages of each sensor were noted during the study. For example, the ORP sensors reacted more
quickly to process changes which altered specific reactor conditions (i.e. changes in the aerobic zone size),
and were less sensitive to diumal fluctuations in biomass due to sludge wasting, than the NADH sensors.
Altematively, the ORP sensors required more maintenance and calibration than the NADH sensors. The
data indicates that both sensors can be effectively used to monitor BNR processes, and that the sensors
are not mutually exclusive, and require other on-line instrumentation (i.e. solids and DO) for their effective
implementation in a BNR control or assessment strategy.
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MULTI-DIMENSIONAL EVALUATION OF FULL-SCALE AERATION SYSTEMS

1.J. Ganczarczyk' and E.J. Gill®

To provide a possibly broad information basis for optimal design of future activated sludge process
wastewater treatment plants, eight full-scale aeration systems in Ontario were evaluated with the use of
a comprehensive methodology based on the Analytic Hierarchy Process. In addition to the conventional
comparisons, this methodology allowed for the examination of relation arising from criteria where
measurements did not exist or were not extensive enough. The selected evaluation criteria covered
economic, technological, environmental and local factors. High importance was given to the economic
criteria, followed by environmental, technological and local factors. Each criterion played an important
role in the Analytic Hierarchy Process evaluation.

Various comparison scales were utilized to illustrate the subjectivity of the comparisons and the variations
in individual preferences in assigning degrees of importance to evaluation criteria. It was evident that
depending upon the selection of the relative importance of the evaluation criteria or the scale of
comparison, the overall ranking of an aeration system can be altered.

The found consistency of comparisons, as marked by the consistency ratio, was remarkable. The
economic factor was the single most important criterion, followed by environmental, technological and
local criteria. It was evident that aeration systems that possessed better economic and environmental
performance were likely to show higher composite preferences.

The economic evaluation indicated the strong presence of economies of scale for capital costs and for
operation and maintenance costs. The economies of scale were more evident at small sized plants than
for large sized plants. The accuracy of the modified EPA equations in estimating capital cost was found
questionable. However, the accuracy of the modified EPA equations in estimating operation and
maintenance costs was acceptable. The modified Environment Canada equations were only accurate in
estimating operation and maintenance costs at small sized plants. Small sized plants also exhibits
appreciably low utilization of design capacities in comparison with large sized plants.

The technological evaluation revealed that aeration systems at almost all the studied plants were capable
of providing adequate wastewater treatment. However, some distinct technological differences between
aeration systems were visible, especially with respect to their operational characteristics. At some plants
improper process control caused poor operation of the aeration systems. Some plants failed to utilize the
process flexibility of their designed operating modes.

Although air pollution was a problem at some of the studied plants, noise pollution was not a problem at
any of the plants. All the large size plants were equipped with expensive air pollution control systems
but still showed a high air pollution potential. In general, the adverse effects on the local environment
were greater in the case of large size plants than for the small plants.

'Department of Civil Engineering, University of Toronto, Toronto, Ontario M5S 1A4

2Ontario Ministry of the Environment, West Central Region, Hamilton, Ontario L8N 3Z9
13



. oy _
- N

14






