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ABSTRACT

Rapid gravity filters used in the treatment of drinking water are subject to small
continuously occurring flow rate fluctuations known as surges. Large, step changes in
the rate of flow have been shown to have a detrimental effect on filtrate quality.
However, less is known about the effects of surging flow on rapid filter performance.
Measurements by previous researchers have found that surges from 2 to 10 % of the
flow rate are common and can occur as many as one hundred times per minute. It has
been suggested that surging may significantly influence rapid filter performance but
the effect has yet to be confirmed under well-controlled conditions and the
mechanisms critically examined. Measurements taken by this author at local water
treatment plants confirmed the presence of surging flow in the rapid gravity filters of
a similar nature to other researchers' findings. Evidence suggested the degree of
surging present was related to the design of the filtrate piping and some design
recommendations are made on this basis. Two rapid gravity filters were developed in
the laboratory to investigate the influence of surging flow on filter performance. The
filters were constructed from Perspex pipe and comprised 600 mm of 0.5 to 1.0 mm
filter sand. The filters were operated at 30°C at an approach velocity of 8.0 metres per
hour with a fest suspension of PVC particles. Reproducible performance was
established before applying surges to one filter only. A range of surging
characteristics similar to those observed at full-scale plants was applied during the test
programme. Measurements of head loss and turbidity were taken at a range of depths
within the filter media periodically during each test. Samples were collected for
particle size distribution analysis from selected tests. The surging flow was found to
inhibit the performance of the laboratory filters. The fluctuations in flow rate were
found to reduce the removal efﬁc1ency of turbldlty and retard the rate of head loss
development. The surges were found to 1nh1b1t the removal of all particle sizes present
in the test suspension. The magmtudc of the effect on filter performance was found to
be dependent on the magnitude and frequency of occurrence of the surges applied.

The experimental results obtamed suggest that surgmg does have an effect on full-

scale rapid filter perforrnance and has 1mp11cat10ns for drinking water quality.
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1.0 INTRODUCTION

Rapid gravity filtration is widely used in the treatment of surface water resources such
as lakes, rivers and reservoirs to provide drinking water supplies to the population, Of
course, other solid/liquid separation techniques using the principles of filtration are
used such as slow sand filtration and pressure filtration but it is true to say that rapid
gravity filtration is the most common in the western world. Solid/liquid separation by
coagulation, flocculation and subsequent settlement or flotation is widely practised in
drinking water treatment but it is fair to say that these processes are used as pre-
treatment steps to enable effective purification by the filtration stage. The first
recorded use of filtration in the United Kingdom was at Paisley, Scotland by John
Gibb in 1804. He built and operated slow sand filters to provide drinking water and
being an enterprising fellow he sold the excess capacity to the public. Slow sand
filtration as a technique for the purification of water spread when it was recognised
that such treatment reduced the transmission of waterborne diseases. Rapid gravity
filtration, developed in the United States, subsequently superseded slow filtration for
the provision of potable water to large communities on the grounds of its ability to
operate at greater surface loading rates and its smaller land requirements. Today, most
major towns and cities in the western world are supplied using rapid gravity filtration.
Slow sand filtration is still used but mostly for the supply of rural communities. It is
clear therefore that the performance of rapid gravity filtration is an important factor in

the maintenance of public health.

The purpose of this thesis is to describe the research programme undertaken by the
author in the field of drinking water treatment by rapid gravity filtration. The subject
matter for the research was to investigate the effect of small but continuously
occurring rapid fluctuations in the flow rates through rapid gravity filters known as
surges and to assess the implications of such surges for the supply of safe drinking

water to the population.

Chapter Two presents a review of previously published material related to surging in
rapid filtration to set the scene for the author’s research. Past observations and
measurements of surging flow in experimental and full scale rapid gravity filters are

described but it is shown that the effects of surging flow on filtered water quality are




not confidently known. The effects of discrete changes in the flow rate on filter
performance are reviewed and concerns over the presence of pathogens such as
Giardia sp. and Cryptosporidium sp. in drinking water supplies and their ability to
penetrate rapid filters and survive post filtration disinfection are discussed. Particle
size distribution and turbidity are reviewed as techniques for the monitoring of filter
performance and the chapter closes with a summary and a statement of the objectives

of this research programme.

Chapter Three presents the results of surging measurements taken at local water
treatment plants by the author. Evidence gathered using the available plant
instrumentation is discussed and compared with previous researchers’ findings. The
characteristics of the observed surging flow are analysed and used to determine the
nature of the laboratory investigation described later in this thesis. A possible
relationship between the degree of surging found in these full scale filters and the

design of the filtrate piping is discussed.

Chapter Four describes the design and development of the laboratory apparatus used
to investigate the effect of surging on rapid filter performance. The test suspension
was stored in a series of mixed and temperature controlled tanks and was delivered to
the experimental filters by siphons from a small constant head tank. A detailed
description of the two experimental filters is presented including the filter media
specifications and the design of the pressure and suspension sampling ports connected
to the filter columns. A machine was developed to generate surging flow in one of the
experimental filters. The machine was designed to generate surges similar to those
observed at full scale filter plant as described in Chapters Two and Three. A system
for backwashing the experimental filters after each test run was developed and is

described here.

Chapter Five details the development of the experimental procedure and the methods
of measurement and analysis used in each of the test runs conducted during the
laboratory study. The preparation and storage of a reproducible test suspension is
presented followed by a review of the preparations necessary for the operation of the
filter columns. One test run is described in full and the methods used to measure the

changing pressure drop and removal of suspended matter within the filter columns are




reviewed here, Particle size distribution analysis, pH, conductivity, dissolved solids
concentration and Zeta potential measurement were used and the methods of sample

handling and analysis are given.

Chapter Six presents and discusses the results obtained by the laboratory study. The
chapter begins by describing in chronological order the test programme conducted
and the key events as they occurred. Analyses of the results of the control and surging
test runs are presented and the effects of the different surging characteristics on filter
performance are discussed. Comparisons and contrasts are made with the findings of
previous related filtration research reviewed in Chapter Two and with the field
measurements of surging presented in Chapter Three. The significance of the
experimental findings is discussed in this light. Finally, additional factors, unrelated to
the key focus of the research that were encountered during the study but were none

the less interesting are reviewed and discussed.

Chapter Seven presents the conclusions of the study and makes recommendations for
future research in this field. Appendices and the References are attached at the end of

the thesis.

A first paper summarising this experimental investigation was published in the journal

Water Science and Technology. The full citation is given below for reference.

“The effect of surges on the performance of rapid gravity filtration”
by Graeme D. E. Glasgow & Andrew D. Wheatley

Water Science & Technology

Volume 37, No. 2 pp. 75-81 1998




2.0 REVIEW OF RELATED RESEARCH

It is the purpose of this chapter to review previously published material relevant to the
research program described in later chapters of this thesis. This will hopefully clarify
in the mind of the reader the reasoning behind the laboratory investigation and explain
the direction taken by the author in the pursuit of the objectives laid out at the end of

this chapter.

The review begins with the findings of previous researchers’ work into small,
continuously occurring fluctuations in the flow rate through rapid gravity filters
known as surging. A definition of surging as applicable to the field of filtration is
given and the earliest observations in full scale filtration plant are presented.
Subsequent assessments of surging in experimental and full scale filters are examined
and some findings regarding the effect of surges on filter performance are discussed.
Since little published research on surges exists, the material is covered here in some

depth.

Related to but distinct from surges, are discrete changcs in the flow rate through rapid
filters. These changes in the flow rate can be caused by changes in plant loading and
filter backwashing in full scale filter banks. The results of past investigations and
observations of the effects of these discrete flow rate changes in both full scale and

experimental filters are discussed.

The presence of Giardia sp. and in recent years Cryptosporidium sp. in the water
environment has been a cause for concern for public health engineers. Contamination
of surface waters with these organisms has led to a number of outbreaks of illness
transmitted by the treated public water supply. An important factor in the control of
these pathogens is the performance of the filtration stage of water treatment. The
occurrence and cause of the more significant outbreaks are reviewed and
recommendations regarding filter operation are discussed. As a result of these cases,
surveys of the presence and concentration of Giardia sp. and Cryptosporidium sp. in
the water environment were conducted. The results and implications of these surveys

for water treatment are presented. Investigations into the performance of gravity




filtration in the removal of Giardia sp. and Cryptosporidium sp. were carried out by a

number of authors and their findings are reviewed.

The use of particle analysis has led to an increasing understanding of the complex
processes found to occur within rapid gravity filters. Experimental observations with
particle counters have found that the removal efficiency and head loss development
are dependent on both the size of the incoming suspended particle and the distribution
and concentration of adjacent particle sizes. Filtration modelling has developed to
incorporate these phenomena. However, particle analysis is not yet suitable for
continuous full scale filter monitoring. Turbidity measurement is the most widely
used method of monitoring filtrate quality. The findings from recent particle research

- are reviewed and discussed and the limitations of turbidity measurement are presented

in this light.

The chapter closes with a summary of the findings of the research reviewed and
unanswered questions and concerns in the light of the discussion are made with
respect to surging in gravity filters. A statement of objectives intended to answer these
questions is made and forms the basis for the research program carried out by the

author and described in subsequent chapters.

2.1 Surges in the Rate of Flow through Filters

Surging has been recognised in rapid gravity filters but little attention has been given
to them in recent times. Indeed, there is little published material on this subject and
none from recent years. This section will review the published research coﬁducted on
surges in some detail from the earliest observations in full scale and experimental

filters to the believed effects on filtrate quality.

2.1.1 Definition of Surging and Early Observations

Baylis (1958) defined the term surging as applied to drinking water filters to be the
“pressure variations resulting from momentary erratic fluctuations in the rate of flow
of water through filters”. These surges were analysed in a gravity filter by attaching a

piezometer tube to the filter effluent piping or through the filter wall into the filter bed




beneath the sand surface. The water level in the piezometer tube was seen to rise and
fall in a random, erratic manner at frequent intervals. This fluctuation in the
piezometer water level indicated that there were pressure fluctuations beneath the
filter surface. These pressure fluctuations indicated that there were momentary flow
rate fluctuations occurring within the filter of sufficient magnitude to cause pressure
fluctuations. These pressure fluctuations were observed to increase with increasing
loss of head through the filter.

Surging first came to Baylis’ attention at the Chicago experimental filtration plant in
1928. While operating a small pilot filter, Baylis noticed that the mercury levels in the
head loss and rate of flow gauges attached to the filter rose and fell in an erratic
manner in the space of a few seconds. These fluctuations in the flow rate and head
loss measurements were not considered important at the time and were not
investigated further. However, in 1935 the surges were noticed again while measuring
head losses within a larger filter at the experimental plant. Copper tubes were inserted
into the filter bed at various depths below the surface of the sand and connected to
mercury gauges. Each tube had a flared end covered with a brass mesh screen to
prevent sand entering the tube. This apparatus was used to monitor the change in head
loss with increasing depth as the filter accumulated deposit. During the filter runs, it
was observed that the mercury in the tubes was moving up and down constantly in
each tube. The oscillating movement took place at 2 to 4 second intervals. The
observed oscillation was small at the beginning of the run when there was little head
loss across the filter but as the head loss increased the amplitude of the surges was
observed to rise. The filter was running at an approach velocity of four metres per
hour. While operating the experimental filters at higher than normal rates Baylis noted
anomalous results. He observed that coagulated solids were carried through certain of
the filters at unexpectedly low flow rates. Baylis thought that the surging was the
most probable reason for the poor performance at lower flows and decided to conduct

a more thorough investigation into the phenomenon.

2.1.2 Surge Measurements in Experimental Filters

In 1940 Baylis conducted a series of tests on a range of pilot filters ranging from
0.015 to 9.29 square metres (0.166 to 100 square feet) in surface area variously

equipped with venturi tube flow rate controllers (Baylis, 1958). 3 mm internal




diameter glass piezometer tubes 300 to 400 mm long were connected to various points
in the filter systems to measure the pressure fluctuations present. The tubes were
connected to the filters using identical length and internal diameter rubber hosing. The
open end of the piezometer tube was held above the water level and care was taken to
ensure no air bubbles were trapped in the tubes. Baylis constructed a hand operated
chart recorder shown in figure 2.1. The piezometer tube was attached to this
mechanism. The surge profile was recorded by slowly winding the chart along behind
the piezometer tube at a fixed rate while an observer marked the water level on the
moving chart with a pencil. The profile was typically recorded in this manner over a
60 second period. This provided detail of the surging characteristics and allowed the
surge amplitude to be estimated. The surge amplitude was taken to be the vertical
distance between lines drawn through 3 average peaks and troughs occurring during
the one minute of recorded data. Baylis made over 1000 surge measurements on
filters of various sizes in this manner, Table 2.1 presents some characteristics of 3
experimental filters, numbers 2, 5 and 16 at the Chicago plant used by Baylis in his

surging observations.

Filter Number Bed Shape & Size Surface Area Venturi Dimensions
(metres) (sq. metres) (mm)
3x3, rectangle 9 152x76
1.09 diameter © 093 63x22
16 1.83x1.52, rectangle 2.78 102x51

Table 2.1 Surging Filter Characteristics (Baylis, 1958)

Filter number 5 at the experimental plant was made from a circular steel drum 1.09
metres in diameter. The filter was fitted with perforated pipe underdrains buried in
508 mm of graded gravel. 610 mm of sand were placed on top of the gravel. Figure
2.3 illustrates the effluent piping arrangement for this filter. The effluent pipe was 76
mm in diameter up to the venturi tube. The venturi tube had dimensions of 63 mm at
the main section and 22 mm at the throat. Surges were measured at a sample port
ahead of the venturi tube. Flow was controlled by a hand operated valve downstream

of the venturi tube. A series of tests were conducted on filter 5 to determine how the




surges responded to head loss and flow rate. After backwashing the filter a series of
surge recordings were made at flow rates of 0.126, 0.189, 0.252, 0.315 and 0.378
litres per second (2, 3, 4, 5 and 6 US gallons per minute). Once completed a second
set of surge recordings were made since the filter had captured solids and the head
loss had increased since the first set were taken. This procedure was centinued until
the filter reached terminal head loss. A potential problem exists with this experimental
procedure. By increasing the flow rate from 0.126 to 0.378 litres per second in steps
and returning to 0.126 litres per second several times during the filter run, the filter
has been subjected to a large number of flow rate increases of significant magnitude.
Later work (See section 2.2) found that such step increases in the flow scoured
deposits from the bed and modified the head loss. It is therefore possible that the head
loss measurements made by Baylis were distorted. However, an important factor
which determines how significant an effect the rate increase has is the rate at which
the flow is changed. Baylis makes no mention of how rapidly or slowly the rate
increases were made and it is impossible to say whether the results have been
significantly affected. Nevertheless, the surge amplitudes were determined from the
chart recordings and the results plotted as shown in figure 2.4. This chart illustrated
how the surge amplitude appeared to change with increasing loss of head at a given
flow rate. At all flow rates the surge amplitude was observed to increase with
increasing head loss. From these curves values of surge amplitude were interpolated
at head losses of 508, 1016 and 2032 mm (20, 40 and 80 inches) for each flow rate.
These results were plotted as shown in figure 2.5. This chart illustrated how the surge
amplitudes apparently changed with increasing flow rate at any given head loss. From
these results for filter 5 the surge amplitude appeared to increase proportional to the
square of the flow rate at a given loss of head. The described experimental procedure
was repeated for filters 2 and 16.

Filter number 2 comprised a 3 by 3 metre rectangular concrete box filled with sand
over an Aloxite porous plate bottom. A sketch of the filter piping arrangement is
shown in figure 2.2. The filtrate passed through a 152 mm diameter effluent pipe to
the clear well via a venturi tube and flow rate controller. The venturi had internal
diameters of 152 mm at the main section and 76 mm at the throat. The rate controller
comprised a balanced valve actuated by the venturi differential pressure. Surge
measurements were taken from this filter at several different flow rates in the manner

described above for filter 5. The piezometer was connected to the sample port shown
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ahead of the venturi and the profile recorded using the chart recorder method
described above. Figure 2.6 illustrates the surge profiles recorded at flow rates of 0.1,
0.12 and 0.21 litres per second (1.62, 1.96 and 3.29 US gallons per minute). The filter
head losses and the venturi throat velocities are also shown. These recordings show
that at similar filter head losses the surge amplitude increased from 31 to 102 mm (1.2
to 4 inches) as the flow rate was increased from 0.1 to 0.21 litres per second (1.62 to
3.29 US gallons per minute). Once more the surge amplitude appeared to be
proportional to the square of the flow rate. It can also be seen that the surging was
random and erratic in nature and occurred many times per minute.

Filter 16 comprised a steel rectangular tank 1.83 by 1.52 metres. The filter bed had
914 mm of sand placed on top of 343 mm of graded gravel with a perforated pipe
collector system. The effluent piping arrangement contained a venturi tube followed
by a balanced control valve. The venturi main section diameter was 102 mm with a
throat diameter of 51 mm. The control valve was governed by the venturi differential
pressure. An example of the recorded surges from filter 16 is shown in figure 2.7.

To try and differentiate the effects of head loss and flow rate on the surge amplitudés,
Baylis normalised the surge amplitudes from the experimental work conducted on
filter 5. Since the surge amplitude appeared. to be proportional to the square of the
flow rate, the surge amplitudes at each approach velocity of 4.89, 7.33, 9.78, 12.22
and 14.67 metres per hour (2, 3, 4, 5 and 6 US gallons per minute per square foot)
were adjusted to an approach velocity of 4.89 metres per hour (2 US gallons per
minute per square foot) on the basis of this relationship. For filter number 5 this
approach velocity corresponded to a venturi throat velocity of 3.26 metres per second
(10.7 feet per second). The corrected results are shown in figure 2.8. The correction
procedure was then applied to the results from filter 2 and 16. Firstly, the surge
amplitudes were adjusted to an approach velocity of 4.89 metres per hour (2 US
gallons per minute per square foot) by assuming a square relationship with the flow
rate, However at this rate the three filters had slightly different venturi throat
velocities. As such the results were then corrected to correspond to a throat velocity of
3.26 metres per second (10.7 feet per second) as in filter number 5. These corrected
results from filter 2 and 16 were also plotted in figure 2.8. It can be seen that all three
filters give good correlation between loss of head and surge magnitude at the same
velocity. From this chart Baylis thought that the surge amplitude for the three filters

investigated increased in proportion to the loss of head raised to some power greater
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than one. And since the correlation appeared good he concluded that the surge
amplitudes varied in proportion to the square of the venturi throat velocity. It seemed
to Baylis that the surges in the effluent pressure were caused by separation of the fluid
streamlines from the conduit boundary in the recovery cone of the venturi tubes. He
thought that the surges were the result of the variable conversion of velocity head at
the flow constriction into pressure head and turbulence once past the constriction.
Baylis also noted the apparent effect of the venturi tube size on the frequency of
surging present. In comparing the results of filters 2, 5 and 16, he noted that the
largest venturi appeared to produce the least frequent pressure fluctuations even
though each venturi had similar throat velocities. Baylis suggested that a possible
explanation for this was the shorter time a turbulent eddy would spend in the recovery
cone of the smaller venturi tubes. Baylis speculated that “sudden, jerky” surges may
have a greater significance in filter performance than lower frequency, smoother
fluctuations. .

Baylis decided to investigate the effect of the venturi tube design on the degree of
surging produced. For the experiments described above, filters 2, 5 and 16 were fitted
with venturi tubes with an angle of divergence of 15° in the recovery cone. This is
illustrated in figure 2.9 showing a cross section of the venturi tube fitted to filter 5.
Baylis suspected that the sharp angle of divergence in the recovery cone was the cause
of the surges observed. The venturi tube fitted to filter 5 was replaced with a long tube
design with a 5° angle of divergence in the recoifcry cone. A cross section of this tube
is also shown in figure 2.9. Surge recordings were made at an approach velocity of
4.89 metres per hour (2 US gallons per minute per square foot) and compared with the
results from the 15° angle venturi tube, These results are illustrated in figure 2.10. It
can be seen that the shallow angle recovery cone has reduced the magnitude of surges
observed in filter 5. Baylis concluded from this that the source of the surges was flow
separation in the recovery cone of the venturi tube. A reduction in the angle of
divergence reduced the surge magnitudes by reducing the separation of flow.

Baylis then conducted further tests to determine if other effluent pipe flow
constrictions could produced appreciable surging. The venturi tube was removed from
filter 4, a steel drum filter similar to filter 5, and a 63.5 mm gate valve was fitted.
Surge recordings were made ahead of the valve while using the valve to regulate the

flow rate. The surges present were observed to increase in magnitude as the gate valve
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was opened. However, the magnitude peaked and then declined as the valve was
opened fully. Baylis explained that the surge magnitude increased as the valve was
opened until the area of flow reached a point where the velocity through the valve
then began to diminish. Beyond this point the surge magnitude fell as the flow
became less constricted. From these results it then seemed that any constriction in
flow which produced a region of high velocity such as the throat of a venturi tube, a

partly closed control valve or a sharp bend could produce appreciable surging.

2.1.3 Surge Measurements in Full Scale Filters

Baylis (1958) gathered information on surge characteristics present in full scale filters
at local water treatment plants for comparison to his experimental filter results. Some
of his measurements were made using the chart recorder described in section 2.1.2,
Others were made by simply observing the oscillations in a piezometer tube over a
one minute interval and recording the maximum and minimum levels. Table 2.2
below presents some examples of his findings. The pressure measurements were made

upstream of the venturi tubes.

Water Filtration Venturi Venturi Loss of Surge
Treatment Rate Dimensions Throat Head Amplitude
Plant (Ml/d) {mm) Velocity (m/s) (mm) (mm)

A 1.23 203x102 1.76 457 38

1.89 2.7 610 64
2.84 4.1 762 102
B 7.57 356x216 224 1067 38
C 3.03 254x127 2.77 975 25
D 5.68 - - 1219 44
E 6.62 356x178 3.2 1707 97

Table 2.2 Surges at Full Scale Plant (Baylis, 1958)

Surges ranging from 25 to 102 mm in magnitude were evident in these full scale

filters., An example of the surge profile recorded at Plant E is shown in figure 2.11.
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The horizontal scale represents one minute of recorded data. Once more it seems
apparent that the surges were random and erratic in nature occurring many times per
minute similar to the experimental filter results as would be expected from turbulent

velocity fluctuations.

Carrol (1986) conducted a short study at a local water treatment plant in the UK and
reported brief observations of erratic fluctuations in the flow rates through the .rapid
filters. No means of recording the oscillating flows was available. However, the
author estimated the amplitude and frequency of the surging by visual observation of
the flow gauges over one minute periods. The author found surges from 10 to 40% of
the flow rate occurred at rates from 5 to 25 per minute or more. Figure 2.12 illustrates
the nature of the surges seen at the treatment plant. Similar to Baylis, the surges were

random and erratic and occurred many times per minute.

2.1.4 Effect of Surges on Filtrate Quality

Baylis (1958) compared the filtrate quality from two similar but not identical filters at
the Chicago experimental filtration plant. Some details of the filter designs are given
in table 2.3.

Filter Number | Bed Shape & Size  Surface Area  Venturi Dimensions

(metres) (sq. metres) (mm)
11 1.09, diameter 0.93 64x22
13 0.127, diameter 0.013 None

Table 2.3: Characteristics of filters 11 & 13 compared by water quality (Baylis, 1958).

Filter 11 comprised a 1.09 metre diameter steel tank fitted with a perforated pipe
underdrain buried in graded gravel with filter sand on top. The effluent piping was
similar to filter 5 shown in figure 2.3 with a 64 by 22 mm venturi tube fitted. The
filter was operated at an approach velocity of approximately 8.5 metres per hour (3.5
US gallons per minute per square foot). Filter 11 exhibited considerable surging
although no recordings or details were given. Filter 13 was a glass tube filter

approximately 127 mm in internal diameter operated at a rate of 9.8 metres per hour
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(4 US gallons per minute per square foot). No further details of the filter design were

given except to say that the filter had approximately the same sand and gravel sizes

énd depths as filter 11. No details of the backwash procedure for each filter were

given, Filter 13 was controlled by a float valve and did not exhibit any surging. Both

filters were operated filtering aluminium sulphate coagulated raw water. Baylis

monitored the hours of service, loss of head and filtrate quality from both filters over

a period of five months. Quality was measured by turbidity and by filtering the

effluent through cotton plug filters and determinting the weight of material captured

after combustion. Figure 2.13 and 2.14 were prepared from Baylis’ data and illustrate

the concentration of solids present in the filtrate from both filters during operation

over the winter and summer months. It can clearly be seen that filter 13 outperforms

filter 11. Note the poorer performance from both filters during the winter months,

probably the effect of low temperature. Baylis concluded that the differing

performance was probably the result of the surging present in filter 11. However, he

could not state this with certainty since the filters were not identical and had not been

shown to have similar performance in the absence of any surging in filter 11. Baylis

drew the following key conclusions from all his work on surging.

* Momentary fluctuations in the flow rate through gravity filters take place

¢ The pressure fluctuations resulting from these rate changes were termed surges

e Surges are random and erratic in nature and can occur at high frequency

e Surges had been noted in the past but were thought to be insignificant

¢ Similar types of surging were identified in both experimental and full scale filters

» Surges in filters may result from the variable conversion of kinetic head to pressure
head and turbulence downstream of flow constrictions

¢ Surge amplitude was found to be proportional to the square of the flow rate

e Surge amplitude was found to increase as the loss of head rose

» Partly closed valves and flow conditions in bends may cause appreciable surging

» Surges appeared to contribute to the passage of coagulated matter through the filter

Baylis could not quantify the effects of surging but believed that surges of 1 to 2% of

the loss of head may affect filter performance where surges greater than 4% would

have a considerable effect.
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Hudson (1959) compared the performance of constant rate filtration (CRF) and
declining rate filtration (DRF) at the Wyandotte filtration plant in Michigan to
determine which was the superior method of operation. Two 3785 cubic metres per
day (1 megagallon per day) filters were operated at an approach velocity of
approximately 5.9 metres per hour (2.4 US gallons per minute per square foot). One
filter was operated under CRF conditions using its conventional constant flow rate
controller (venturi tube and control valve). The second filter was operated under DRF
conditions. This filter had its flow rate controller replaced with a fixed orifice. The
orifice was designed to limit the initial flow rate through the filter and allow the flow
to decline as the filter accumulated solids. The orifice was sized such that the average
flow rate would equal that of the CRF filter. At the beginning of the run the DRE filter
rate was 6.6 metres per hour (2.7 US gallons per minute per square foot) and had
slowed to 5.2 metres per hour (2.1 US gallons per minute per square foot) when the
head loss reached 1524 mm (5 feet). The filters were given a standard backwash at
this head loss. The filter sand beds were of sirnilﬁr depth and effective size (0.7-0.8
mm). The filters were compared under these conditions for a period of one year.
Hudson monitored the filtrate quality, loss of head and the flow rates for each filter.
Filtrate quality was determined by turbidimeters, cotton plug filters and a recording
microphotometer. Hudson also determined the Breakthrough Index K, for each filter.
The Breakthrough Index (Hudson, 1956), used to describe the filter conditions under
which solids breakthrough occurs, is defined in the following equation
_Vd’H

L

where V is the approach velocity (US gallons per minute per square foot), d is the

K

effective size of the sand grains in millimetres, H is the loss of head in feet at the time
of the solids breakthrough and L is the thickness of the filter bed in feet. In Hudson’s
study, the time of breakthrough was defined as the time at which the filtrate turbidity
exceeded 0.2 units. K typically exceeded 3 but under periods of weak floc strength
fell as low as 0.5. Since the flow rate and thus V declines under DRF, Hudson
expected better performance from the DREF filter. Figure 2.15 (a) & (b) shows typical
filter run results for the CRF and DRF filters, From part (a), it can be seen that the
approach velocity remains constant at 5.9 metres per hour in the CRF filter throughout
the run. The head loss rose from 396 mm (1.3 feet) to 1006 mm (3.3 feet) in 19 hours.
The filtrate turbidity remained below 0.2 units until breakthrough began at around 14
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