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DISCLAIMER 

This Technical Report, which was produced through a cost recovery arrangement between the 
Water Technology International Corporation and the National Water Research Institute (NWRI), 
does not imply any product endorsement, and commercial product names are mentioned for 
identification purposes only. The NWRI does not guarantee or assume any liability for the 
effectiveness or economic benefits of the technologies described herein or that their use does not 
infiinge privately owned rights. Finally, the NWRI cannot be held liable for any injury or 
damage to any person or property resulting from implementation of any part of this Technical 
Report,



MANAGEMENT PERSPECTIVE 
One of the goals in Environment Canada’s Business Plan calls for providing Canadians With tools 
to prevent pollution and develop green technologies and capacity that create social, economic, 
and environmental benefits. Towards this end, the Aquatic Ecosystems Protection Branch of the 
National. Water Research Institute has been providing research support to private companies 
working in environmental protection, through cost-recovery arrangements. The report that 
follows presents results of one of such projects dealing with the testing of a cross-flow plate 
clarifier, which is being evaluated for applicability in the treatment of combined sewer overflows. 
At this stage of investigations, hydraulic capacity and outflow zone velocity field were 
determined and used by the client in planning field testing. This report should be of interest to 
designers, environmental planners and managers dealing with treatment of combined sewer 
overflows.
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ABSTRACT 
A cross.-flow plate clarifier was tested in the laboratory with respect to two hydraulic 
characteristics - the flow capacity and the characterization of its outflow zone velocity 
field. The clarifier tested conveyed a maximum flow of 0.0346 m3/s, about one half of the 
discharge desired by the client. The outflow zone velocity field was characterized by _low mean 
velocities of 0.044, 0.022 and 0.096 m/s, measured towards the outfall, from lefi to right in the 
lateral direction, and downward, respectively. However, instantaneous velocities exhibited large 
fluctuations which would adversely impact on the clarifier performance.- The clarifier capacity 
and flow field could be improved by redesigning both the inlet and. outfall structures.



SOMMAIRE A L’lNTENTION _n1«: LA DIREC'I'ION 
L’un des objectifs visés dans le Plan d’affaires d’Environnement Canada est de doter la population 
d’instruments de prévention de la pollution et de mise au point de technologies et de moyens 
écologiques a l’on'gine de retombées sociales, économiques et politiques positives. En vertu d’ententes 
de recouvrement des cofits, la Direction de la protection des écosystémes aquatiques de I’Institut 
national de recherche sur les eaux appuie la recherche par des entreprises privées du ‘secteur de la 
protection de l’environr_1ement_. Le rapport suivant présente un tel projet sur l’essai d’un clarificateur a 
plateaux a courant tangentiel évalué en we de son applicabilité au traitement des débits d’orage 
d’égouts unitaires. A ce stade de la recherche, la capacité hyd'ra'uliq'ue et le champ de vitesses 51 la 
sortie ont été déterminés et appliqués par le» client a la planification des essais sur le terrain. Ce rapport 
s’adresse aux concepteurs, aux responsables de la planification environnementale et aux gestionnaires 
responsables du traitement des débits d’orage d’égouts unitaires. 

RESUME 
On a testé au laboratoire deux caractéri_st_iques hydrauliques d’un clarificateur a plateaux a courant 
tangentiel, soit le débit maximal et le champ de vitesses a la sortie. Le c_1arificateur'testé iavait un débit 
maximal de 0,0346 m3/s, soit environ la moitié du débit souhaité par le client. En rnoyenne, la vitesse a 
la sortie est basse, soit 0,044, 0,022 et 0,096 tn/s, dans le. secteur de la sortie, de gauche a droite en 
direction latérale et vers la sortie, respectivement. Cependant, la vitesse instantanée varie 
considérablement, ce qui nuit 2‘11’eflicacité du clarificateur. II serait possible d’accroitre la capacité de 
ce dispositif et d’améliorer le champ de vitesses en reconfigurant les structures d’admission et de 
sortie.



1. Introduction 

The National Water. Research Institute (NWRJ) has been requested by the Water Technology 
International (WTI) Corporation (further referred to as the client) to assess flow capacity and 
outflow zone velocityfield in a plate clarifier shown in Fig.1. This clarifier was supplied and 
installed by the client in the Hydraulics Laboratory of the NWRI. After connecting the plate 
clarifier to the laboratory water supply system and arranging for clarifier discharge to the 
laboratory trench system, hydraulic testing started. 
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Fig. 1, Plate Clarifier Tested 

2. Egperimental Procedures 

In this_»sec‘tion, descriptions of the clarifier tested, locations of velocities measurements, and 
measuring instrumentation are presented.



2.1 Plate Clarifier 

The plate. clarifier tested was a cross-flow plate clarifier with approximate dimensions 3 x. 1.4 
x 2.3 in (length x width x height) and a projected plate area of 6.5 m2. The clarifier comprises 
three flow zones of comparable volumes; the inlet zone with baffles designed to induce a uniform 
flow field immediately downstrearn of two ‘pipe inflows and just upstream of the plate pack, the 
solids separation zone which contains the plate pack, and the outflow zone with an adjustable 
skimmer and submerged effluent launders, in the fonn of perforated vertical tubes, conveying 
flow towards the 0.2 m outlet pipe. Details of the plate clarifier geometry are shown in Fig.1. 

2.2 Velocity Measurement Points 

As specified in the terms of reference of this project, the velocity field was measured at 15 points 
arranged along three verticals; one located along the longitudinal axis of the clarifier and the 
other two placed 0.3 m from the left and right sidewalls of the clarifier, respectively. Along each 
vertical, five points were spaced at 0.15 m intervals, with the top one being 0.15 m below the 
top of the clarifier (see Fig. 2), 

2.3 Measuring Instruments and Techniques 

The clarifier discharge was measured_ by a laboratory volumetric tank. In these measurements, 
the flow through the clarifier was determined as the difference between the measured .(purnp_ed) 
inflow to the laboratory head tank minus the measured overflow. Throughout the range of flow 
measurements, an accuracy of :1: 1% was maintained. 

Water surface elevations in the clarifier were measured by a point gauge in a small (D = 40 mm) 
stilling well mounted over top of the clarifier, along the longitudinal axis. The measurement 
accuracy was :1: 5 mm, except for the maximum discharge, when it dropped to about :1: 10 mm. 

The flow field distribution was measured by the Sontek Acoustic Doppler Velocimeter (ADV), 
which measures velocity components in three orthogonal directionsusing the Doppler principle.- 
An acoustic pulse of known frequency is transmitted along the vertical axis and its echo from 
the water/particulate mixture is received by three transducers, amplified, and digitized/analyzed 
for frequency. The fiequency shift between the transmitted pulse and received echo is 

proportional to water velocity. To ensure proper operation, the echo must be strong" enough to 
allow proper calculation of the frequency shift. If the echo i_s ‘weak, the calculation will be 
statistically noisy and the velocity data will show significant. short term variability. 

The ADV can measure velocities from :I: 0.001 m/s to 2.5 m/s. This velocity range refers to the 
maximum horizontal velocity. In the clarifier tested, relatively high velocities were measured in 
all three directions (0.020 - 0.100 m/s) and this ensured good signal to noise ratios, S/N =25, 
which exceeded the minimum value recommended by the ADV manufacturer (S/Nam = 15').
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Fig. 2. Locations of Velocity‘ Measurement Points 

During the measurements, the velocity probe was set up at a selected point and its signal was 
recorded by a data acquisition computer. The velocity signal was sampled for at least 20s at 
a rate of 25 Hz and recorded. Thus, atleast 500 velocity readings were taken and recorded. 
Data records were later analyzed by calculating mean velocities and their ranges, in all three 
directions. The chosen orientation of velocity vectors was as follows: x -direction, positive 
towards the clarifier outfall; y-direction .- positive from right to lefi (facing the outlet), and z- 
direction, positive upwards. 

3. Results 

The presentation of results starts with the measured clafifier flow capacity, followed by the 
velocity field in the outflow zone.



3.1 Clarifier Capacity 

When fully submerged, the clarifier outlet functions as asubmerged short tube and its discharge 
can be described by the following equation (Brater and King, 1976): 

Q = A c (2 g H)” [11 

where A = the outfall flow area, C = the coefficient of discharge = f (D, L), where D = the 
outfall diameter and L is the length of the discharge pipe, g = the acceleration due to gravity, and H is the hydraulic head. When comparing the discharge calculated from this equation to that 
observed in the clarifier, large discrepancies in flows were noticed (e.—g., for H = 0.18 m, Qobs = 
0.0346 m3/s vs. Qcm = 0.048 m3/s). These discrepancies were explained by the fact that in the 
clarifier tested, the flow is approaching the outlet through seven vertical tubes (launders) and has 
to turn 90° to enter the outlet opening. In this process, additional losses are encountered. Thus, 
for the maximum discharge measured in this installation (Q = 0.0346 I113/S), the coefficient of 
discharge was 0.59, significantly‘ below the value of 0.814 obtained from a hydraulics handbook 
(Brater and King, 1976) and corresponding to outflow through a short tube attached to the 
sidewall of a large tank. 

Seven flow and head measurements were made and are listed in Table 1. The heads listed in this 
table were measured above the outfall pipe axis, thus about 0.26 m below the clarifier top. As 
the flows increased,-water in the clarifier was rather agitated and the measurements had to be 
stopped when the mean water surface was about 0.08 In below the clarifier top; there was too 
much agitation in the clarifier and water was splashing out. 

Table 1. Clarifier Discharge vs. Head 

Run No. Head measured above ' 

Discharge 
the outfall axis (In) (m3/s) 

1 0.050 0.0139 
2 - 0.073 0.01 74 
3 0.093 0.0240 
4 0.1 12 0.0245 
5 0.136 0.0282 
6 0. 1 5 7 

_ 

0.03 16 
7 0.180 0.0346 

The target discharge of 0.070 m3/s, specified by the client, could be obtained in three ways: (i) 
By doubling the outfall area and maintaining the currently available head (e.g. by using an outfall 
pipe with D = 0.3 m), (ii) Keeping the existing outfall pipe, but increasing the head to about 0.7 m (measured from the outfall axis), or (iii) By combining the first two measures. However, large 
flow agitation would be encountered in the inflow zone, and most likely throughout the clarifier.

. 4



3.2 Flow Field in the Outflow Zone 

Flow velocities measured at the 15 points described earlier are listed in Table 2 and characterized 
in three ways - by mean velocities (determined from 500 sampled-readings), and by maximum 
and minimum velocities determined from the velocity records. The data in Table 2 indicate that 
the outflow zone flow field is fairly consistent with respect to mean velocities - the ove_rall mean 
velocities indicate flow‘ towards the outfall (V, mm = 0.044 rn/s), with a small lateral crosseflow 
(vy mm '= 0.022 m/s, from right to left, facing downstream), and downward (V, mm = 0.096 m/s). 

The magnitudes of mean velocities in Table 2 are realistic. Recognizing that the flow field grid 
(width = 1 m, depth = 0.75 m) represents an area of A = 0.75 m’, the mean discharge in the x- 
direction can be calculated as Q = A - vx mm = 0.75 ‘- 0.-044 =- 0.033 m3/s, which compares quite 
well with the measured discharge of 0.0346 m3/s. However, large velocity fluctuations indicated 
by the minimum and maximum values cause concerns about the flow field in the clarifier. 
Obviously, the flow is highly agitated (as also confirmed by visual observations) and this must 
impact on the clarifier performance.

' 

Table 2-. Velocity Field in the Outflow Zone of the Plate Clarifier 
(number of readings = 500) 

Flow Velocity Components (m/s) 

Point Longitudinal Direction x Lateral Direction y Vertical Direction 2 
N0‘ vmin vmax vmean vrnin vmax vmean vmin Vmax vmean 

l -0.74 0.63 0.040 -0.34 0.32 0.001 -0.22 0.03 -0.1 13 
2 -0.59 1.15 0.025 -0.11 0.20 0.014 -0.34 -0.05 -0.149 
3 -0.79 0.73 0.059 -0.13 0.08 -0.004 -0.21 0.04 -0.095 
4 -0.32‘ 0.62 0.055 -0.12 0.07 -0.008 -0.14 0.01 -0.064 
5 -0.19 0.67 0.030 -0.13 0.06 -0.016 -0.12 0.05 -0.022 

6 -0.12 0.17 0.043 -0.13 0.12 -0.004 -0.24 -0.05 -0.126 
7 -0.11 0.13 0.023 -0. 12 0.09 -0.010 -0.23 -0.06 -0.155 
8 -0.10 0.18 0.033 -0.17 0.06 -0.056 -0.22 0.00 -0.126 
9 » -0.07 0.15 0.057 -0.14 0.06 -0.043 -0.17 0.01 -0.076 
10 -0.17 0.10 0.040 -0.01 0.04 0.054 -0.15 0.01 -0.054 

1 1 -0.1 1 0.23 0.039 -0.25 0.16 0.033 -0.23 0.11 -0.1 11 
12 -0.07 0.17 0.046 -0.09 0.33 0.028 '-0.24 -0.09 -0.168 
13 -0.04 0.16 0.055 -0.12 0.19 0.036 -0.23 0.03 -0.085 
14 -0.02 0.13 0.063 -0.05 0.14 0.046 -0.15 ’-0.01 -0.060 
15 -0.03 0.14 0.048 -0.05 0.12 0.044 -0.13 0.03 -0.041 

Mean velocity 0.044 -0.022 -0.096



~ 
4. Conclusions 

On the basis of limited experimentation with the modified Meunier cross-flow plate clarifier, the 
following conclusions are drawn: 

(i) The plate clarifier can convey flows up to 0.035 r'n‘3/s, with some splashing of water over the 
clarifier sidewalls. To increase its outflow capacity to 0.070 m3/s would require to redesign the 
clarifier outfall by increasing its dimensions, or head, or both. Such changes would not remedy 
unfavourable flow conditions observed in the clarifier inflow zone, or in the separation zone. At 
0.035 m3/_s, the liquid level above the clarifier plates was approximately 0.2 in, which would 
permit a significant portion of the flow to bypass the clarifier plate pack. 

(ii) The velocity distributions in the outflow zone can be characterized by fairly consistent mean 
values, which are however subject to large perturbations caused by excessive turbulence and 
eddying in the clarifier. Such perturbations are particularly significant in the longitudinal 
direction (one or almost two orders of magnitude higher than the mean velocities), followed by 
the lateral direction (one order of magnitude larger), and the vertical direction (larger by a factor 
of two). ‘ 

(iii) Velocity measurements were produced only for one vertical plane in the outflow zone, as 
specified by the client. While such data indicate a fairly uniform distribution of flow in the 
outflow zone, they do not provide information about the flow field throughout the cla1i,fier plate 
pack, or the efficiency of utilization of the clarifier volume. 

(iv) In the plate clarifier tested, the short outflow pipe discharged freely into air. In other 
installations, downstream head losses would have to be accounted for in the clarifier outfall 
design_. 

5. Recommendations 

The performance of the plate clarifier tested could be enhanced by improving flow distribution 
throughout th_is structure. Towards end, the following course of action is recommended: 

(i) Significant improvements in the clarifier flow field could be achieved by redesigning both the 
inlet and outlet structures. Specifically, the use of two small inflow pipes (see Fig. 1) contributes 
to poor lateral flow distribution in the inflow zone, and a single outflow pipe requires much too 
large head to convey high flows. A solution to both problems could be obtained by using a feed 
‘weir at the inlet (such a structure would distribute the flow laterally and the plunging wfeir flow 
would also limprove the vertical distribution of the inflow), and an overflow weir at the outlet, 
draining into a small overflow box with an outfall pipe connected about 1 m below the clarifier 
top to provide an adequate hydraulic head.



(ii) The proposed development of a hydraulically efficient c1ar_ifi_er, with increased flow treatment 
capacity, would be best accomplished by experimenting in a hydraulic scale model (122 or 1:3). 
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