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ABSTRACT

The highest rate of oxidation occurs in the top section of
percq]ating filters, where the Timiting factor is usually the
amount of oxygen provided by natural ventilation. An inves-
tigation was carried out to ascertain whether theiloading to

a conventional single pass filter could be increased by re-
placing the surface layer of mineral medium with a 750mm layer
of random plastic medium, which has greater surface area and
voidage. This would allow greater film accumulation and sub-
sequent removal of organic matter, at the same time avoiding
ponding and anaerobic conditions normally associated with

excessively loaded single pass mineral filters.

A pilot plant was designed and three identical filters construc-

3 of blast furnace slag and another 2 m

3

ted, one containing 2 m

of random plastic medium and the third 0.8 m” of plastic medium

3 of slag. The comparative treatment efficiencies

upon 1.2 m
of the various packings were studied at three different loadings,
for three months during maturation at 5.72 m3m'3d'] (0.85 kg

BOD m'3d']) and then for 12 months at 1.68 mom od™" (0.28 kg

BOD m'3d'1) and a further 12 months at 3.37 m3m'3d'](0.63 kg

BOD m'3d']). The ecology was studied both qualitatively and
quantitatively throughout the depth of the filters, during the
two longer loading periods. The film accumulation, temperature
and retention time wére all recorded and directly compared with

the biological and chemical results.

Medium replacement was shown to be a viable system for uprating



filters, providing the operator with a more versatile filter,
less susceptible to ponding, with less variable retention
tim?s and capable of treating greater organic loadings than
conventional filters in excess of 0.2 kg BOD m'3d'1. The cost
of the system is dependent upon specific requirements and

availability of medium.

In the mixed filter the slag portion regulated the loss of
animals from the plastic layer, retaining greater numbers of
micro- and macro-grazers in the lower mineral portion, resulting
in an increase in film control, and lower film accumu]afion at

both the interface and slag portion of the mixed filter.
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1.1

INTRODUCTION

‘The volume of water used in the United Kingdom is currently

rising at the rate of just over two percent per annum (Depart-

ment of the Environment, 1976). At present, some 23 million

~cubic metres of water are used daily, this being equivalent

to about 400 litres per person per day. Two-thirds of this
supply is obtained either from water impounded in the upper
reaéhes of rivers or from underground sources; the remaihder
is abstracted from lowland rivers (Open University, 1975).
Sewage effluent is already a significant proportion of many
lowland rivers used for public supply, and the difficulty of
mééting future demands from upland or underground sources
makes the increased use of this source of water inevitable.

Therefore sewage treatment processes must produce final efflu-

ents of a sufficiently high quality, not only to provide the

raw water for public supply, but also to satisfy increasing

amenity and recreational demands.

Present methods of sewage treatment depend largely on the

“aerobic activity of micro-organisms. The bio-degradable

substances in the sewage are extracted and used metabo]ica11y‘
by micro-organisms growing in contact with the sewage, leaving
the.treated effluent suitable for discharge to a natural
watercourse. This process involves a constant wastage of

the micro-organisms involved, the surplus being removed by
physical settlement, prior to discharge. The necessary contact

between organisms, sewage and air is achieved by either the



activated sludge process or the biofiltration method. In the
activated sludge process, the micro-organisms and sewage are
mixed in a tank and the mixture aerated by compressed air or
by vigorous agitation, while in the biofiltration method the
sewage is passed over an inert medium on which the micro-
organisms become established. The aeration is achieved by

natural ventilation through the interstices of the medium.

The design and function of biological (percolating) filters

has been described by numerous workers (Bruce, 1969; Warren,

1971; Pike, 1978). In its simplest form the filter conéists

of a bed of graded hard material, 'filter medidm', about 2m

deep. The interstices or voids also allow air and applied sewage
to reach all parts of the bed. The filter has a ventilating
system to ensure free access of air to the bed and a distributor -
to regu]até the volume and frequency of application of the

sewage (influent) over the surface.

The medium provides the necessary base for attachment of non-
mobile micro-organisms, principally bacteria and fungi, whiph
form a film. Mobi]erorganisms both micro- and macro-scopic
Tive in the shelter of the interstices, feeding on and con-
trolling the accumulated film. The action of this grazing
fauna preVents heavy film growths blocking the interstices
(Hawkes, 1963), which would cause ponding and anaerobic con-
ditions within the filter bed. The accumulation of the film
follows a seasonal pattern, becoming fhicker during the winter
months. The action of the grazing fauna loosens éncibreaks
down the film, resulting in a large removal of film each spring

which is known as sloughing. The nutrients in the sewage



promote the growth of the micro-organisms comprising the film,
and therefore as the sewage percolates downwards over the film-
covered medium, biological oxidation and conversion takes

place.

Although biofiltration was historically the first process used,
it still has certain advantages over the activated sludge
process. Filters require virtually no skilled maintenance or
close control. In energy terms, percolating filters are more
economical than the activated sludge process, and are more ver-
satile in responding to changes in the flow and charactér of
the sewage (Hawkes, 1963). Filters are more tolerant, compared
with the activated sludge process, of continual or shock dis-
charges of certain organic po]lufants (Cook and Herning, 1978),
including toxic industrial wastes containing heavy metal ions,
phenols, tyaniqg, sulphides and fofma1dehyde. Filters are
widely used for both total and partial treatment of a wide
variety of industrial liquid wastes (Bruce, 1969; Callely et
al., 1977; Pike, 1978). Their major disadvantage is capital
cost, and they are normally uneconomic in serving populations
in excess of 50,000. This is due to a)high construction costs
and b) the larger area of land they occupy, which is often at

a premium in urban areas (Jeger, 1970). For this reason the
activated sludge process predominates at very large sewage
treatment works, and although the proportions of thelpopulation
of England and wales,served by these twb bio-oxidation processes
are about the same, many more of the 5,000 or so sewage treat--
ment works use percolating filters than use the activated
sludge process (Institute of Water Pollution Control, 1972).

Bruce (1969) concluded that. there was no indication that the



use of percolating filters was likely to be outmoded, and this
remains true even with the introduction of new processes such

as the biodisc and deep-shaft processes (Anon, 1979).

In the United Kingdom, experience has shown that in order to
produce a Royal Commission standard effluent with a biological
oxygen demand (BOD) of 20 mg]“1 and a suspended solids concen-
tration of 30 mg1'] (a '20:30' or 'Royal Commission' effluent),
after settlement with a high degree of nitrification, filters
treating domestic sewage should receive an organic loading of
-3 41 '

between 0.07 - 0.10 kg BOD m and a hydraulic loading

3 -3

between 0.12 - 0.60 m"m d-]; Generally increases in organic

loading, in excess of 0.10 kg BOD m'3d'], will result in heavier

film growths which may result in ponding.

In an attempt to produce more efficient percolating filters
which would operate at much higher 16ad1ngs a number of modi-
fications of the basic process have been adopted. By using
larger mineral filter medium, greater loads can be applied to
filters without the risk of ponding;{ Such high rate filtration
will produce a 20330 effluent with an increased hydraulic
Toading of up to 1.8 m3m°3d"], but with Tittle or no nitrifi-
cation (Institution of Public Healiﬁ;Engineers, 1978)." If a
less stabilised effluent is requiféq; e.g. roughing treatment

for strong industrial wastes, theﬁ-TOadings of up to 12 m3m'3d-

1
~ with organic loads up to 1.8 kg BOD. m 3d”' will give 60 - 70%
BOD removals. Treatment at such rates is facilitated by using
modular or random plastic medium (90% voids) in tall towers,

in place of the usual stone medium (40% voids), thus reducing

the risk of ponding. In both low rate and high rate filtration



the influent passes through a single filter once only.

In double filtration (DF), two sets of similar filters are

used in series, with sedimentation after each stage. Different
media are used in the two sets of filters, a roughing filter
with Tlarge medium followed by a conventional filter with sma]]er
medium. Royal Commission standard effluents are achieved,
except the extent of nitrification has been reported as being
poor (Bruce, Merkens and Haynes, 1975). Alternating double
filtration (ADF) also uses‘two sets of filters and settling
tanks in series. The principle is that a ponded fi]ter'caﬁ be
brought back into use by applying the partially stabilized
effluent from another filter. The film in ADF alternatively
grows and disintegrates, the total amount in the two filters
being less than in a single filter, so that higher rates of
loading can be safely employed. Two jdentica] filters are
operated in series, and when the first filter shows signs of
ponding the direction of flow through the filters is reversed,
and the accumulated film is rapidly depleted (Callely et al.,
1977). A 20:30 effluent can be produced at loadings up to

1.5 mm~3d"! and 0.24 kg BOD m~3d.

Another method for increasing filter capacity is recirculation.
This is based on the principle of treating settled waste in
admixture with settled filter effluent in ratios of 1:0.5-10
depending on the strength of the waste. The concentration of
organic matter in the feed to the filter is thus reduced at
the expense of larger hydraulic loadings, increasing the pos-
sible load to 0.15 - 0.20 kg BOD m'3d-1 but still producing

a Royal Comnmission effluent (Pike, 1978). Nitrifying filters



are often used to provide further stabilization and nitrifi-
cation for an activated sludge plant effluent. These operate
3m-3d-1

as high rate filters at loadings of 9 m and between

0.05 - 0.47 kg BOD m'3d'ql to produce a nitrified 20-30 effluent

(Escritt, 1978).

The aim of the present investigation was to ascertain whether
the loading to a conventional single-pass mineral filter could
be increased by replacing the surface layer of mineral medium
with a 750 mm deep layer of random plastic filter medium.
Random plastic medium is normally used in high rate fiifers,
and has a greater‘capacity than a mineral medium of the same
grade to remove high weights of BOD per unit volume. It is
well known that the highest rate of oxidation occurs in this
top section of filters, where the Timiting factor is usually
the amdunt of oxygen which can be provided by natural venti-
lation. The increase in surface area and voidage provided by
the p]astib medium in the top section of the filter should
theoretically allow greater film accumulation and removal of
organic matter, at the same tfme avoiding ponding and anaerobic
conditions usually associated with single-pass low rate fi]térs
when excessively loaded. A pilot plant was constructed and

a filter containing the mixed media was compared with identi-
cal filters, one containing blast furnace slag and another
containing random plastic medium. The comharative treatment
efficiencies of the various packings were studied at three
different loadings, 1.68 mom 3d~! (0.28 kg BOD m™3d™') for

12 months, 3.37 mom~3d"! (0.63 kg BOD m~3d™') for 12 months
and 5.72 mon~3d™! (0.85 kg BOD m3d”') for 3 months. The

comparative ecology of the three filters was only studied



during the major loading periods of 1.68 w3347 for 12 months

and 3.37 m°m 3d”! for 11 months.
This gave an opportunity not only for the mixed filter to be
studied comparatively with the other filters, but for the
random p]asticvand slag fi]ters to be studied during both Tow .
and high rate operating conditions, which had not.previously
been undertaken. A comparative assessment of the possible

financial benefits of the mixed media system was also made.

Under the operating conditions normally used in the Unifed
Kingdom, the fauna do play an essential role in the purification
process (Hawkes, 1963). Therefore it was hoped that the
investigation would provide a better understanding of the
processes, especially the biological ones, involved in sewage
tfeatment, in order that present treatment works may be operated
more effectively than at present. If such increases in
efficiency can be achieved by sihp]e modifications and better
operational management, then the capacity of sewage treatment
works need not be expanded so much, in order to treat effec-
tively the ever-increasing loads, with a’consequent sa?ing in

expenditure.



2.1

2.2

INTRODUCTION

The function of the medium in a percolating filter is to
provide an extensive surface to support the biological film
and the associated animals necessary for the purification of
settled sewage and trade wastes. At the same time it must
allow sufficient ventilation for the process and ensure

maximum contact between the active film and the waste 1liquid.

In order to choose the best filter medium, an extensive
examination of the literature was undertaken. Once the media
had been selected it was critically examined both physically

énd-chemical]y before and after use in the pilot filters.

CHOICE OF MEDIA

One mineral and one random plastic medium were selected for
use in the pilot filters. The basic criteria for selection
were that the medium had to conform to Britiéh Standard

1438: 1971, and be widely used in order that the information

gathered would have a broad applicability.

The important features of mineral medium were summarised in
the original British Standard in 1948. It stated that a
mineral filter medium should be selected for high surface
area consistent with adequate voidage, and for satisfactory
grading (within specified size 1imits), durability, roughness

of texture, satisfactory shape characteristics and Tow cost.

10



Thompson (1925) had shown that the material had to be
.mechanically and chemically stable, while Levine et al.,
(1936), comparing a number of different filter media, found
that the performance was directly related to the surface area
of the medium. After the publication of the 1948 British
Standard, it was the practice for engineers to choose a filter
medium which was predominant]y cubic in shape; ,this.view was
based on the supposition that filter medium containing a high
proportion of flattish pieces would have an undesirably Tow
voidage, and in many text books this still remains the view
(Escritt, 1978). The more irregular a material is for é
given nominal size, the greater the surface area. For
example, although more costly, blast furnace slag or clinker
is to be preferred to gravel or pebbles. For material of a
given shape and uniform grade, the voidage is independent of
size. However, the important factor is the actual dimensions
of the void spaces (the interstices), since these will deter-
mine whether or not a given medium will clog during operation
or will allow adequate ventilation. Excessive accumulation
of film also reduces the effective surface area. The rejec-
tion of flaky media (i.e. particles with one excessively

thin dimension) by BS 1438:1948 was proved to be unjustified
by Schroepfer (1951), who, by examining the effect of particle
shape on voidage and surface area, found that the more
cubical material possessed a lower voidage than the flaky
material and concluded that an increase in angularity of
particles, of which flaky particles are an extreme example,
resulted in an increase in voidage and surface area.
Reduction of between 5 io 7% in the voidage due to the com-

paction of the medium was reported by Moncrieff (1953). 1In

1



a review of the relationship of particle shape and voidage,
Bruce (1968) supported the earlier findings of Schroepfer
that flaky media possess a higher voidage and surface area
than regular media of the same sieve size, but that the
average volume of flaky particles was however smaller and
this resulted in a reduction in.the size of the voids,
although the use of flaky material of a large grading would
compensate for this. These findings led to a relaxation of
the 'index of flakiness' and the withdrawal of the 'index of
e]ongation' in the revised British Standard on Percolating

Filter Medium in 1971.

Numerous comparative investigations into the ideal charac-
teristics of filter media followed the publication of the

~ British Standard in 1948, and in particular those carried
out at Minworth (Hawkes and Jenkins, 1955, 1958) and at
Stevenage (Wilkinson, ]958; Truesdale et al., 1962). These
investigations showed that the smaller media consistently
produced better quality effluents, and that medium with a
rough surface gave marginally better performance than the
smooth}surface materials such as gravel. Truesdale et al.
(1962) found that although small grade rough textured medium
was extremely efficient in treating large organic loads of
settled sewage during the summer (0.18 kg BOD ﬁ361), it
suffered from excessive film accumulation during the colder
winter months. This resulted in ponding and eventually
clogged the filter. Experience has shown that in order to
achieve maximum efficiency throughout the year, a 50mm
mineral medium with a rough surface provides the best com-

promise between large surface area and the provision of large

12



voidage, and that this will produce a high quality effluent

in a conventionally operated British plant.

Plastic filter medium was introduced as early as 1958,‘
originally produced in polystyrene and later in polyvinyl
chloride. Initially the plastic media were only manufactured
in assemblages of formed plastic sheets or tubes known as
modular medium. The advantages of modular media werevthe
high vo%dage (94 to 98%), unrestricted flow of sewage and
good ventilation. Excessive build-up of film was discouraged
by the smooth texture and vertical placement of the media,
the film regularly sloughing due to its own weight (Pearson,
1965; Eden et al., 1966). It was quickly realised that
modular plastic media were of limited value in the complete
treatment of domestic effluents, partly because the intro-
duction of the ADF and DF systems using large mineral media
was much cheaper. They were, however, extremely effective

as roughing filters removing large weights of BOD per unit
volume of media at relatively Tow levels of efficiency in
terms of BOD concentration, ie. between 50 to 80% (Ministry

of Technology, 1968).

The short contact time between the influent sewage and the
film, and the free fall of the sewage (i.e. when the influent
passed directly through the medium without coming into con-
tact with the film) prevented the modular media from
producing well purified final effluents, and restricted

their use as roughing filters treating sewages of extremely
high organic strehgths. In order to increase the contact

time but retain the high surface area per unit volume of

13



the modular medium, various new random plastic media were
designed. These were shaped in such a way that the free
fall of the sewage experienced in the modular designs was
prevented. Its random nature increased contact time with
the film while maintaining the high voidage and so reducing
the problem of film accumulation and lack of ventilation
experienced with mineral medin (Ramsden, 1972). Plastic
media have not, -however, replaced mineral media in percola-
ting filters, neither are they seen as a replacement for the
activated sludge or advanced wastewater treatment processes.
They are used essentially for the primary biological treat-
ment of sewage and industrial wastes prior to their treatment
by established methods (Anon, 1979; Hemming, 1979). The
various types of plastic media available are reviewed by
Porter and Smith (1979) who also compare the performance of

various modular and random plastic media.

Learner (1975),1in a survey of percolating filters, found

that granite, clinker and blast furnace slag were the
commonest media in use (Table 2.1a). Hawkes (1963) consi-
dered that the pitted structure of slag and clinker to be
ecologically superior to other kinds of medium. But the
choice of filter medium does not only depend upon its
suitability but also on availability and especially cost.

As Learner points out, the majority of clinker beds were
constructed prior to 1956, and since then clinker has become
more expensive and increasingly difficult to obtain. Another
interesting aspect of the survey was_thatvthe majority of the
filters sampled in Scotland used granite as a filter medium;

although this may not be the most suitable medium it was the

14



TABLE 2.1: Kinds of medium (a) and grades of medium (b)
used in the percolating filters sampled by

Learner (1975), and their percentage occurrence.

Kind of Medium | % . and of Medium _ %
Granite 26 Limestone 4
Clinker 24 Coke 4 .
Blast-furnace Clinker and

slag 23 gravel | 3
Rounded gravel 6 Slag and coke 1
Limestone and Saggar chippings 1

clinker 6

(a)

Grades of
medium (mm) 0-13 {13-25 | 25-38 | 38-51 | 51-64 | 64-76 | > 76

15




most readily available in the area. From the information
available it was decided that blast furnace slag would be
the most appropriate mineral medium for use in the present

investigation.

3 each and so the

The capacity of the pilot filters was 2.1m
use of a large medium would be unrepresentative. Learner
(1975) Tists the commoneSt range of medium in use as being
13 to 51mm (Table 2.1b) which is based on particle size
analysis. Bruce (1969) states in his review of percolating
fi]ters'that.the commonest grades of medium in use in the
United Kingdom are the nominal sizes of 38 to 51lmm. As
previous]y stated, 50mm mineral media provided a good com-
promise between surface area and voidage andj\ave been shown
to produce good quality effluents under low rate conditions
(Hawkes and Jenkins, 1955; 1958). It was decided therefore

to use blast furnace slag of 50mm nominal grading in the

pilot filters.

Although there are a number of random plastic filter media
commercially available, one in particular, Flocor RC*, is
widely used. This has the additional advantage that an
extensive literature concerning its use is available.

Flocor RC has been shown to be effective in treating bbth
industrial and domestic effluents at high and Tow organic
loadings (Wheatley and Williams, 1976; Hemmings and Wheatley,
1979). Flocor RC has the advantage of being the same

nominal size as the blast furnace slag chosen for the investigation.

*Manufactured by ICI Limited, Hyde, Cheshire, England.
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2.3

2.3.1

2.3.1.1

PHYSICAL AND CHEMICAL CHARACTERISTICS OF MEDIUM

The slag medium was graded by the supplier and certified as
having a nominal size of 50mm. However, during transit

much of the blast furnace slag was broken up and this pro-

duced a Tot of fine material and dust. The slag was

subsequently washed thoroughly to remove as much dust as '
possible, and when dry, regraded by hand discarding any
pieces not within the 28 to 63mm range. The plastic medium
arrived on site in 1m3 containers direct from the manufac-
turer and therefore did not require washing or regrading;

any damaged or crushed modules were discarded.

Both media were packed into the pilot filters by hand and
without any deliberate compaction in an attempt to reproduce
the standard type of fill normally used in full scale
filters.

Samples of the medium were taken randomly from the pilot

filters as- they were being packed. Approximately 100 kg

of the slag and 500 modules of the plastic medium were

taken for subsequent Taboratory analysis.

PHYSICAL NATURE OF THE MEDIUM

General Characteristics and Shape

Flocor RC is a random plastic medium fabricated from Poly-
vinylchloride which is inert and has a high resistance to

biological, chemical and photochemical degradation. The

17



modules have a smooth surface and are tubular in shape with
corrugations running around the circumference, Plate 2.1.
The slag medium, Plate 2.2, is irregular and angular in
shape and honeycombed with pores of various sizes. It is

mechanically stable and relatively inert.

2.3.1.2 Particle Size and Grading

500.modu]es of unused plastic medium were examined. The
length of each module was measured to the nearest 0.Tmm

using vernier calipers and then weighed to the nearest
milligramme using an analytical balance. The diameter and
thickness of the plastic remained constant for all 500 pieces.

~ The results are summarised in Table 2.2. .

Table 2.2: Physical parameters of a module

of Flocor RC medium

Tength weight diameter

(mm) (mm) - (mm)
Mean 38.75 4.89 3.40
Standard deviation 1.28 0.59 0.00
Confidence limits* 0.12 0.06 - 0.00
Range 15.10 2.66 0.00
Minimum 33.70 3.80 3.40
Maximum 48.80 6.46 3.40
Number of modules
examined 500 500 100

*(95 per cent)
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Due to the difficulty in measurement, only 80 pieces of

slag medium were examined. Each piece was weighed to the
nearest 0.01g, the volume of each was subsequently determined
by displacement of water using a special vessel and expressed
in cubic centimetres. The results are summarised below in

Table 2.3. Full results are given in Appendix I.

Table 2.3: Physical parameters of a piece of

slag medium

Volume Weight Surface
() | (@ | 8

Mean 56.93 | 103.97 0.018
Standard Deviation 17.64 33.17 0.005
Confidence Timits* 4.49 10.27 0.002

Range , 33.00 141.09 0.024

Minimum 73.00 53.60 0.007
| Maximum 106.00 194.69 0.031

Number of modules

examined 80 80 40

* (95 per cent)

The plastic medium was all of one nomfna] grade. The slag °
medium was graded to a nominal size of 50mm. This was checked
by carrying out sieve analysis on a 40 kg samp1e of the medium
using the method Taid down in.BS.410. Using a balance accurate
to 0.1g, the medium was graded by.determining the percentage

by. weight passing each sieve and the nominal size of the
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medium was calculated by comparing the results to the tables

in BS.1438:1971 (Table 2.4). The results of the sieve ana-

lysis are given in Table 2.5. The analysis confirmed that

the nominal size of the medium was 50mm; the particle size

range was 28 to 63mm with 70% in the 37.5 to 50mm range.

Table 2.4: Grading limits for media

Nominal sizes
BS 410 mm
square hole
perforated 63 50 40 28 20 14
plate test -
- StTeves % by weight passing
mm
75 100 - - - - -
63 85-100 | 100 - - - -
50 0-35 |85-100 | 100 - - -
37.5 0-5 | 0-30 |85-100 | 100 - -
28 - 0-5 0-40 |85-100 | 100 -
20 - - 0-5 0-40 |85-100 { 100
14 - - - 0-7 | 0-40 |85-100
10 - - - - 0-7 0-40
6.3 - - - - - 0-7

From BS.1438: 1971
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2.3.1.3

" 'Table 2.5: Sieve analysis of the

slag medium

Sieve Size Rgi;?ggd Retained Passing
(mm) (kg) (A) (%)
75.0 0.00
63.0 0.00
50.0 12.23 29.53 70.47
37.5 22.95 55.40 | 15.07
28.0 6.24 15.07 0.00
20.0 1 0.00
Total 41.42 100.0

Surface Area

The surface area of the plastic medium was determined
directly by measurement. As the modules were fabricated,
the diameter remained constant resulting in a clear length

to surface area relationship.

A number of methods were tried in order to obtain an accurate
determination of the surface area of the slag medium. Finally,
it was decided to use the 'paint dipping technique' originally
developed by Schroepfer (1951), but using the method and

paint recommended by Truesdale et al., (1962). With bulk
volumes of medium, problems were encountered in obtaining an

even distribution of paint over all the medium, even after
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several dippings. A number of alternative paints and var-
nishes were tried including co]ouréd boat varnishes, metal
primers and various emulsions. The problem of uneven coating
and also of paint collecting and thickening at the base of
the medium remained unsolved. Using red lead paint BS.2523
(Type B) which is thick enough to give good coverage and
heavy to ensure a good increase in weight after application,
the medium was coated individually using a 10mm thick paint
brush. This method ensured an even coat and that all the
pores were covered, and by painfing the pieces of medium
individually, it was pbssib]e to examine any existing réla-
tionships between weight, volume and surface area. In order
to determine the weight increase per unit surface area,
twelve test blocks were constructed uéing crushed slag, each
with a surface area of 0.00375m2 and these were painted in
the same way. The surface area was then calculated by com-
paring the increase in weight of the media with the mean
increase in weight obtained with the test blocks of directly
measurable surface area. Truesdale et al. (1962) noted that
fi]tér media had different absorptive capacities. It was
seen in this experiment that the absorption of the paint by
the same type of medium varied from piece to piece. Table 2.6
illustrates how the weight 6f paint retained by the test
blocks varied considerably on the first painting and how this
variability became less with each subsequent coat of paint.
It was decided to paint the medium three times, allowing each
coat to dry before weighing and applying the next coat,
before finally calculating the surfacé area (Table 2.7).

Full results are given in Appendix I.
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Table 2.6: Weight of paint retained by test blocks

2.

Weight of Weight of Weight of
BLOCK first coat second coat third coat
g g g

1 0.70 0.62 0.60

2 0.73 10.54 0.47

3 0.54 0.42 0.43

4 0.55 0.45 0.45

5 0.73 0.56 0.47

6 0.69 0.50 ‘ 0.46

7 0.87 0.5 |  0.48

8 0.51 0.39 0.45

9 0.82 0.59 0.52

10 0.85 0.60 0.59

11 0.85 - 0.63 0.59

12 0.99 0.72 0.60
-Mean 0.736 0.548 0.509
S.D. 0.149 " 0.095 0.067
25mm2 cubes Total surface area = 0.00375m

Table 2.7: Bulk parameters of the experimental medium

Surface area . Number of
MEDIUM me m Voidage units per m3
Flocor RC 330.9 91.3 | 2 x 10%

50mm Blast Estimated:143.0* 3
Furnace Slag | Calculated:150.8 | °1-% | 8.5 x 10

*From Table 2.8
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There are a number of different ways in which the surface

area of a filter medium may be calculated from easily
measureable parameters (Pearson, 1977). In order to test

the results obtained from painting the slag medium the

surface area was determined directly from tables prepared

by the Water Research Centre, Table 2.8, using_the results

of the particle size analysis. These tables have been pre-
pared for the three most common mineral media using an
improved paint éipping procedure (Pike, 1978). The calculated

specific surface area is also given in Table 2.7.

Physical data for the media (Appendix I) were analysed by
computer to determine if any relationships existed between

the various measured physical parameters.

As already stated, a relationship was established between

the length of the Flocor modules and specific surface area.

A very highly significant correlation also existed between
the Tength and weight of the plastic modules. Figure 2.1
shows that the sample of medium tested contained two separate
populations of modules. Frequency histograms were plotted
for the two variables, and Figure 2.2 shows that although

the Tength of the modules has a normal distribution, the
weight of the modules has two distinct distributions, Figure
2.3. No differences could be detected in either the thickness
of the plastic used or in the overall diameter of the modules.
Therefore difference between the two populations was most
probably caused by either two different weights of plastic
being used during manufacture, or minute differences in

fabrication caused by the two separate production machines
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Figure 2.1:
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Figure 2.2: Frequency histogram showing the length distri-
bution of modules of Flocor RC (sample = 500

modules)
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Figure 2.3: Frequency histogram showing the weight
distribution of modules of Flocor RC
(sample = 500 modules)
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2.3.1.4

2.3.1.5

and moulds which were used in the manufacturing process of

the medium.

Although fewer pieces of the slag medium were examined,
several interesting facts emerged from the computer analysis.
There waé a strong correlation between volume and weight of
the medium, (Figure 2.4), but no relationship existed between
surface area and either weight (Figure 2.5) or volume (Figure
2.6) of the slag medium. The frequency histograms in Figure
2.7 show that both the weight and the surface area of slag
have a normal distribution, while theskew distribution seen
for the volume is due to the original selection procedure

of the medium, when all the‘pieces of blast furnace slag
below a certain size were rejected prior to packing the

pilot filters.

Voidage

The voidage for both kinds of medium was determined directly
using a cylindrical metal vessel with spouted outlets at

two levels having a volume of 25 Titres betweéﬁ the two
out]ets, Plate 2.3. \Using thé same method as Bruce (1968),
the voidage was calculated by measuring the volume of water

in the voids of 25 litres of medium. The results are given

in Table 2.7.

Bulk Density

The bulk density of the medium (i.e. the weight of medium
per unit volume) when wet and covered with film is the factor
which controls the construction and maximum depth of percola-

ting filters because of the load exerted on the foundations
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Figure 2.4: Computed relationship between volume and weight
of slag medium. .
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SURFACE AREA OF SLAG (m?)

Figure 2.5:
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Figure 2.6: Computed re1at1'onsh1'p between surface area and
.volume of slag medium.
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Figure 2.7: Frequency distribution of weight, volume and
surface area of the experimental slag medium
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PLATE 2.3% 25 Titre vessel used to calculate voidage of
medium.
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2.3.1.6

and walls of the filter. The maximum bulk density, usually
considered to be the weight of the medium completely satu-
rated with water (Pike, 1978), can be accurately determined
by measuring the total weight of the wet film (Appendix II)
at the time of maximum film accumulation, usually in February
or March. The bulk density of the medium (a) when dry

(b) at minimum and maximum film accumulation, and (c) when
saturated with water, i.e. the maximum bulk density possible,
is given in Table 2.9. The accumulation of film within the
pilot filters is discussed in Chapter 6, and the total weight

of the film accumulated each month is given in Table 6.18.

Table 2.9: Bulk density of experimental medium

- Total bulk density due to |Weight when
Dry weight | film accumulation kgm3 totally

3 §aturated
kgm Minimum Film |Maximum Film |¥1E0 water
- kgm
< 133.73 * 290.59 * ‘ :
Flocor | 97.84 1004.84
- » 140.68 ** 354,77 **

1014.55 * 1277.32 *
Slag | 886.31 1401.31
- 1050.01 ** | 1180.33 **

* Low rate period

** High rate period

Strength
Details of the physical strength of the Flocor medium have
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been reported by several workers. Rogers (1974) found that
the medium was only compressed 1.6% when loaded at 400 kgm-?,
which is equivalent to a typical load for a 2m deep filter,

2

and that the medium was tested up to 7000 kgm ° without

damage. More recent work showed that the modules of medium
could withstand a compressive load in excess of 1.5 x 105
kgm'2 (Wheatley, 1976) and that a 1% compression of the

medium occurred with every 500 kgm'2 Toaded.

The Flocor RC medium used in the pilot filters was tested

in two ways. Individual modules were tested to destruction
using the triaxial compression test (British Standards
Institution, 1975), and Toad cells with volumes of 0.0125m3 .

and 0.025m3 were used to test bulk volumes of the medium.

Using the triaxial compression test, it waszfound that a
mean compressive force of 150 KNm"2 was neeﬁed before the
modules began to deform (Table 2.10), i.e. ho longer obeyed
Hook's Law. This compressive force is equivalent to a mean

Toad of 1.53 x 10 which is a factor of ten less than
reported earlier by Wheatley (1976). The ﬁide range of
compressive strengths recorded in Table 2.59 may be due to

the differences in the weight of the mody&és. It was mentioned
earlier that two separate populations of@ﬁédium were found

in the original sample in approximatelyféﬁﬁa] proportions

(Figures 2.1 and 2.3).

The results clearly show that the medium abeys Hook's Law up
to 10 - 14% compression when the medium begins to lose

strength and becomes permanently deformed and damaged (Figure 2.8).
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Table 2.10: Comparative strengths of Flocor RC and Blast
furnace slag '

Flocor RC o Slag
Compressive force Point load force
KNm2 | KN m™2
198.00 | 7584.50
166.50 3 2758.00
94.50 3102.75
186.75 ] 2240.88
153.00 - 2620.10
101.25 1379.00
3102.75
2689.05
Mean 150.00 | 3184.63
s.D. | 43.34 b 1862.00
Range 103.50 ~ 6205.00
Minimum 94.50 1379.00
Maximum 198.00 7584.50
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The experiments using bulk volumes to measure the overall

strength of the medium within the large load cells, showed
that when a load was initially applied, compaction of the

medium followed. When the load cells were loaded at

3 2

kgm ©) the Tevel of the medium dropped

approximately 16%, rising to within 8% of its original level

91.6 KNn™2 (9.34 x 10

when the load was removed. Therefore, it appears that of

the 16% recorded, 8% was due to true compactionlof the medium
(permanent) and 8% was due to compression (temporary).
Examination ofAthe slag medium was confined to p, int Toading
on a number of different pieces of medium. The slag was
found to be much stronger than the plastic medium, fracturing
at the point of loading, at a mean load of 3.25 X 105 kgmz.
Both types of medium were found to be extreme]y strong and

well able to cope with the compressive forces exerted by the

bulk volumes recorded in the filters.

2.3.1.7 Resistance to Temperature

Samples of both the slag and the Flocor media were kept for
periods of up to six weeks at -15%C and at 75;°C to see if
prolonged exposure to temperature would affect their structure
or strength. Both types of media were unaffected by prolonged

exposure to these temperatures.

2.3.2 CHEMICAL NATURE OF THE MEDIUM
2.3.2.1 Stability

Polyvinylchloride was chosen by ICI Limited for its Flocor
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2.3.2.2

medium because it was thought to offer the best compromise
between cost and stability (Chipperfield, 1967). To test
this stability, 100 modules of Flocor RC were immersed in
sulphuric acid (pH 2) and in sodium hydroxide solution (pH 10)
for twenty days. The modules were checked at 24 hourly
periods for any damage such as cracks or pitting. After 20
days the modules were washed, dried and then re-weighed. As
there was no significant change in the mean weight of the
sample and no apparent damage to the modules, it was con-
cluded that the medium was extremely stable to extreme pH

levels.

To test the stability of the slag medium, 40 pieces underwent
the 'Sodium Sulphate Soundness Test' as laid down in the
British Standard Specificatiod 1438: 1971. Prior to the

test the medium was washed to remove dust and loose particles,
dried at 105°C and then weighed. The sample was immersed in
a concentrated solution of sodium sulphate for four hours,
before being removed and checked for soundness and cracks.
This was repeated tweﬁty times. When the samples were
finally washed and tested, they were again dried and re-
weighed. Duking the test no cracks’or'signs of unsoundness
had been recorded, and the medium had only lost 0.5% of its
original weight which is we]leithin the criteria of

soundness.

Leaching

Organo-metallic compounds are used both in preparation and

in the stabilization of polyvinylchlorides. Many workers
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~have investigated the amounts of metals leached out by water
‘f1ow1ng over plastic media (Nicklas and Mayor, 1961; Peckham,
1971; Wheatley, 1976), and in every case the concentration
of leached metals was extremely low, being well below con-
centrations normally found in settled sewage. Leaching

deé]ined sharply after the first few days of operation.
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2.4

2.4.1

2.4.2

OBSERVATIONS OF THE MEDIUM IN USE

Observations and measurements relating to the media were
regularly made during the operational period of the three

pilot filters.

SETTLEMENT AND COMPACTION

Over the experimental period of two and a half years, it was
noted that the depths of the pilot filter medium changed.
The slag medium gradually compacted down a total of 100mm
(5.6%). The depth of the plastic medium fluctuated, although
compaction did not appear to take place under normal opera-
ting conditions. During low rate conditions the medium rose
40-60mm when the film accumulation was at its greatest

and gradually returned to its original depth during the
summer when the film accumulation was Tow. At higher
loadings, however, some compression of the medium did take
place, the depth reducing by 30mm when the weight of film
was greatest. It is interesting to note, however, that no

movement of the depth of the medium occurred in the mixed

- filter during the entire experiment.

SURFACE AREA UTILISATION

Rogers (1974) examined Flocor RC under similar experimental
conditions to those experienced throughout the present

investigation and estimated that 90% of the available surface
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area (330 m2/m3) was used. Wheatley in 1976 had thought
that 90% of the medium was potentially usable with effective

distribution.

Examination of medium from the first 250mm of the plastic
filter showed that only 80% of the surface area was utilized
at the time of maximum film accumulation (Table 2.11).
Observations made during the monthly biological sampling when
~ cores of the medium were removed, indicated that the amount
of the available surface area being uti1ized.was far 1g55'
than 80% in thé deeper regions of pilot filter. During the

sunmer months at the lower loading of 1.68mmod!

, areas of
medium were found to be completely dry and devoid of any film.
Excessive fi1m growths on the p]ast%c modules led to anaerobic
conditions causing black staining due to metallic sulphides
which are adsorbed onto the surface (Wheatley, 1976). The
extent of this staining on the medium was less with depth
within the filters and was rarely found inside the modules

below depths of 1.0m, indicating that less of the surface

area of the medium was being used, Plate 2.4.

Table 2.11: Area of Flocor modules covered
in film during maximum film

accumulation
Percentage of total area g
covered with film g
40 - 50 0
50 - 60 12.7
60 - 70 23.7
70 - 80 13.6
80 - 90 30.9
90 - 100 19.1

(sample size = 110 modules)
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The extensive growth of film on the surface of the majority
of the modules examined had completely covered and filled
the circular corrugations. These corrugations not only give
the medium its high surface area, but also help in the re-
distribution of the effluent within the filter, because each
corrugation retains a fixed volume of effluent and thus
prevents large channels of flow (Hemming and Wheatley, 1979).
The in-filling of the corrugations in effect reduced the
available surface area by 50% in some cases. Nearly all the
plastic modules had a dry area inside where no film or
animals were found except for adult insects, the most cbmmon

 being Psychoda alternata, Psychoda severini and Sylvicola

fenestralis. The slag medium appeared to have a much greater
utilisation of its évailab1e~surface area than the plastic,
with areas only being free from active film where an accumu-
Tation of solids and debris occurred. Only a few dry areas
were found in the slag and these were usually very small in
size, and not considered to affect the total available

surface area significantly.

ATthaugh the nozzles produced a near-perfect distribution of
settled sewage onto the surface of the medium, during the
Tow loading period large areas’ within the p]astié filter
were apparently dry, although at higher loadings the medium
was completely saturated, except for the small dry areas
inside the modules described earlier. This suggests that
there is a minimum rate of application of settled sewage
between the two main loading rates of 1.68 and 3.37 momed !

used during the investigation, which would ensure all the

plastic medium was kept moist, and therefore be most efficient.
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2.4.3

This did not apply to the slag medium which was always

completely saturated.

FILM

During the summer the film accumulation in the plastic filter

was at a ‘minimum and it was during these periods when the

large voidage allowed the medium to become 'over-venti]ated',
causing sudden temperature changes to occur within the filter.

At times of heavier film accumulation the ventilation rate

. was reduced and the temperature of the plastic filter was

less prone to sudden'changes; When the film was heavy, there
were no problems in the plastic with either surface ponding

or clogging inside the filter except at certain months when

- thick surface mats of fungi, usually Subbaromyces splendens,

caused localised ponding on the surface and Ted to'huge
accumulations of film inside all the filters, reviewed in
Section 6.3. From observations, it was apparent that there
was far better red1str1but1on of settled sewage w1th1n the
plastic filter at these times, and that the sewage tended

to take short-cuts through the slag filter due to excessive
accumulations of fiim below the surface. This is clearly
illustrated by the retention test data which are discussed
fully in Section 6.5. Although the film found on the surface
of the slag filter was less dominated by fungal mats than the
surface film of the plastic and mixed filters, the bacterial
film became so thick that surface water collected and dis-

appeared down small breaks in the film which acted as drains.
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2.5

EFFECT OF USE: STATE OF MEDIA AFTER 27 MONTHS

After the completion of the operational period, small samples
of media were removed from all three pilot filters and the
various tests for strength and durability were repéated.
Although all the physical and chemical characteristics of
both media types were checked, no change in the strength or
any signs of unsoundness could be found. The only visible
sign that the media had been used was staining on boih the
plastic and slag media, caused by anaerobic conditions on
the surface of the media while covered with film (P]atés

2.4 and 2.5).
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3.1

INTRODUCTION

Full scale experimentation involving percolating filters is
usually impracticable or at least extremely difficult, not
only because of the overall cost of modifying a full scale
filter, but also due to the possible reduction of the purifi-
cation capacity of the éewage works during the experimental
period. There are many other problems such as the level of
maintenance, alteration of the loadings and the enormity of

closely monitoring a full scale unit.

The use of pilot scale percolating filters has been widespread
and generally extremely successful. The use of these small

units has in the past been restricted to three types of inves-

tigation, a) the examination of the treatability of sewages

and the evaluation of proposed schemes prior to plant design
and installation (Brown and Caldwell, 1973), b) for the
development of existing schemes where it is proposed to intro-
duce a filter for roughing/polishing, to test a new system
such as recirculation or A.D.F. or to evaluate a new medium
(Goldthorpe, .1938; Tomlinson and Hall, 1950; Hambleton and
Kirby, 1974; Stracke and Baumann, 1975; Neale, 1978), and c)
for research, by industry (Anon, 1974; Hemming and Wheatley,
1979), by the educational and research establishments (Isaac

and James, 1964; Bruce and Merkens, 1970, 1973; Tn((q,1975;

.Wheat1ey and Williams, 1976; Cook and Herning, 1978) and by the

Water Authorities (Banks and Hitchcock, 1976; Pullen, 1977).
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3.2

3.2.1

3.2.2

SITUATION OF THE PILOT PLANT

PLANT AND CATCHMENT

The pilot plant was located at Long Lane Sewage Treatment Works,
Treeton, which is situated 7 miles east of Sheffield and some

3 miles south of Rotherham just off the B6067 in South Yorkshire.
Bounded by the Ml'Motorway to the north and the River Rother,
into which itAdischarges, in the west, this small treatment
plant serves the South Rotherham districts of Whiston and Cat-
cliffe. The works became operational in February 1974, and is

a conventional filter plant with recirculation. Figure 3.1 is

a layout plan of the works showing the position of the pilot
plant. The maximum treatment capacity is 4,318.7 mw3d'],
although the present works loading is slightly less than this
(Table 3.1). Treeton S.T.w._has a large catchment érea with
a population in excess of 18,000 (Yorkshire Water Authority,
1976). The sewage is mainly domestic at present, but indus-
trial development is taking place in the worth-oest of the

catchment. There is a little infiltration water from nearby

coalmines, and some road runoff from the motorway.

CHARACTERISTICS OF THE SEWAGE

The flow to full treatment at Treeton Sewage Works varied from

341 ], with the excess

1,777 n3d”" up to the maximum of 4,319 m3d”

flow being stored in the storm water tanks (Table 3.1). Apart
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Table 3.1: Flow to full treatment at Treeton S.T.W. 1974-]979.

3

Mean daily flow to full treatment x 1000 m
1974 | 1975 1976 | 1977 | 1978 | 1979 fonthly
Mean | S.D.
Jan 3.14| 3.33| 4.10| 3.46| 2.87 | 3.38| 0.46
Feb 3.70 | 2.65| 8.11| 3.36| 5.24| 4.61| 2.17
Mar 3.71| 2.71| 4.50| 3.08| 4.27| 3.65| 0.77
Apr 2.90| 2.74| 4.59| 3.15| 4.81| 3.64 0.98
May 2.96| 2.89| 4.30| 2.61| 4.41| 3.43| 0.85
Jun 2.53| 2.39| 3.30| 2.56| 4.17| 2.99 | 0.75
Jul | 2.23| 2.79| 2.21| 2.75| 2.46 2.49 | 0.28
Aug | 3.28| 2.49| 1.77| 2.91| 2.67 2.62 | 0.56
Sep | 3.00| 2.68| 2.37| 2.76| 2.13 2.59 | 0.34
oct | 2.96| 2.90| 4.23| 2.97| 2.30 3.07 | 0.71
Nov | 3.60| 2.64| 3.64| 3.487 2.13 3.10 | 0.68
Dec | 3.01| 2.80| 3.45| 2.72| 3.80 3.16 | 0.46
Total | 18.08 | 35.24 | 34.38 | 46.49 | 33.67 | 25.77 | 38.73.
Mean | 3.01| 2.95| 2.87| 3.87| 2.81| 4.30| 3.23
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from’rainfall, the greatest influences on the flow were the
various works operations such as c]eaning screens, retdrning
liquors and storm water. Minimum flow occurs during the early
hours of the morning between 06.00 - 10.00 hours (Figures 3.2
“and 3.3), reaching maximum f]ow between 15.00 - 18.06 hours.
The diurnal pattern recorded in the present investigation
supports the results of Painter (1958) who measured the varia-

tion in flow along a sewer.

The sewage is domestic in nature. The chemical quality of the
settled sewage used as the influent to the pilot fi]teré had

a mean BOD of 172.5 mgl'1 and a mean suspended solids concen-
tration of 122.0 mg1'] over the 27 month experimental period
(Table 3.2). The diurnal variations of BOD and suspended
solids (Figures 3.2 and 3.3) and also thé turbidity followed

a similar pattern to the flow, the peak concentrations of the
chemical parameters being recorded during the maximum flow
between 15.00 - 18.00 hours, with minimum concentrafions

recorded from the early hours of the morning until about noon.

Full details of the influent quality are given in Appendix III,
and the monthly means are shown in Figure 3.4. Maximum BOD
concentration occurred during the months when the flow and
rainfall were generally lowest and the dilution was least
(Table 3.3). There was a direct relationship between rainfall
and flow, and an indirect relationship between flow and BOD

concentration.

The settled sewage contained above normal concentrations of

iron and lead during periods of rainfall (Table 3.4), the
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Figure 3.2: Diurnal variation in suspended solids, BOD -
of influent sewage to the pilot filters, com-
pared with the variation in full flow to
treatment to the main works.
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Table 3.2: Means and variation in the main chemical parameters
of the influent settled sewage during the 27—month
experimental period.

BOD Suspended | Ammonia Total | Permanganate
solids oxidised value
-1 -1 -1 nitrogen -1
mg1 mg1 mg1 mgl~ mg]1
Mean | 172.5 122.1 26.7 1.77 36.44
Minimum 87.3 57.0 11.8 0.0 7.2
Maximum | 313.4 222.9 41.7 ¢ 9.1 69.9
Range 226.1 165.9 29.9 9.1 62.7
Standard |. : ' :
deviation' 62.6 37.7 8.72 2.54 14.67
(sb) a
Standard
error 12.51 7.54 1.74 0.51 2.93
(SE)
Number off
s?m§1es 106 111 50 50 51
n .
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Table 3.3: Monthly variation in ambient temperature, mean
rainfall and mean influent BOD

ng??;a$:§§: Rainfall | Influent BOD
Maximum | Minimum -1
(oC) (©c) | (m) | (mgl ")

Aug 1977 | 20.0 11.3 46.8 152.8
Sep 1977 | 17.6 9.3 13.2 161.0
Oct 1977 | 14.6 - 7.6 24.3 175.7
Nov 1977 9.0 4.1 44.0 125.3
Dec 1977 7.9 3.3 48.2 104.0
Jan 1978 5.3 0.6 56.1 158.0
Feb. 1978 7.4 1.8 69.0 87.7
Mar 1978 | 11.0 2.6 | 36.5 89.0
Apr 1978 9.7 2.8 34.2 198.8
May 1978 | 16.3 6.4 24.8 254.5
Jun 1978 | 18.3 9.2 58.5 173.6
Jul 1978 | 19.0 10.2 82.5 176.6
Aug 1978 | 18.9 11.1 50.4 190.5
Sep 1978 | 18.0 10.2 36.7 246.2
Oct 1978 | 15.5 8.4 8.2 249.8
Nov 1978 | 11.3 5.2 21.0 242.2
Dec 1978 5.3 1.1 171.0 87.4
Jan 1979 2.3 -2.9 49.2 156.0
Feb 1979 3.2 -1.3 59.9 149.4
Mar 1979 7.6 1.6 70.0 87.3
Apr 1979 | 11.6 4.1 46.3 109.0
May 1979 | 14.5 5.0 94.3 151.8
Jun 1979 | 19.4 9.0 10.0 212.5
Jul 1979 | 21.5 1.1 20.7 313.4
Aug 1979 | 20.1 10.2 79.7 210.6
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Table 3.4: Means and variation of metals in the settled:
sewage from Treeton Sewage Yorks, during the
27 month experimental period. (Results are
expressed in mgl-1)
Iron | Chromium | Copper | Nickel | Zinc | Cadmium | Lead
Mean 0.74 0.01 0.05 0.24 |0.16 0.01 [0.85
Minimum 0.15 0.00 0.00 0.00 | 0.05 0.00 |0.01
Maximum 1.30 0.01 0.16 0.33 | 0.84 0.10 |1.78
Range 1.15 0.01 0.16 0.33. 0.79 0.10 |1.77
Standard '
deviation 0.40 0.00 0.02 0.06 | 0.06 0.00 0.45
Number of '
samples 8 8 8 8 8 8 12
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former being due to infiltration from minewater and the latter
due to the road runoff from the motorway.‘ Increases in
chloride were also recorded during the winter when the motorway

was being salted.

There was considerable diurnal variation in final effluent
quality from the pilot filters. Maximum percentage removals
and best final effluents of BOD were generally achieved during
10;00 - 14.00 hours and of suspended solids during 08.00 -
10.00 hours at the lowest loading; while maximum percentage
removals of suspended solids and BOD both occurred durihg
15.00 - 18.00 hours at the higher loading. The filters were
generally most efficient during périods'of maximum filter

temperature.

The pilot filters were usually sampled at 08.00 hours, and as
the filters were generally most efficient later on in the day,
the results obtained do not reflect the maximum daily effici-

ency of the filters.
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3.3

3.3.1

~ THE PILOT PLANT

DESIGN

Three pilot scale percolating filters, each having a volume of

3

2.1 m", were constructed between the primary sedimentation

tanks and the existing percolating filters at Treeton Sewage

Works (Figure 3.1). Each pilot filter was filled with apprbxi-

3

mately 2 m°> of medium. One contained Flocor RC, another 50 mm

~blast furnace slag and the third, bTast furnace slag with a

3

layer of Flocor RC on top, approximately 0.8 m” of plastic

3

upon 1.2 m~ of the mineral medium. The general layout of the

pilot plant is illustrated in Figure 3.5.
The main design criteria for the pilot plant were:

i) A simple design requiring little maintenance
ii) Cheap and simple materials which are easily available
iii) The system should be reliable and capable of doing
the job required
iv) The filters must be adaptable as well as durable
v) Must be easy and quick to construct, especially for

those of Timited engineering ability.
Although a number of a]ternafive designs and materials were

considered, it was decided that prefabricated concrete units

met with most of the criteria listed above.
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3.3.2

CONSTRUCTION OF TOWERS

Each pilot filter (Plates 3.1 and 3.2) was constructed from
three reinforced concrete manhole sections 0.6 m long with an
internal diameter of 1.6 m. The 90 mm thick walls allowed the
séctions to be stacked on top of each other, making each filter
1.8 m deep. By using prefabricated manhole sections, the
height of the towers could easily be increased by adding extra
sections either in 0.3 or 0.6 m units. Eden (1964) stressed
the importance of making the depth of pf]ot fi]ters,'and the

size of the medium, the same as that found in full scale

‘treatment plants. Thereforé the depth of the pilot filters

was made the ‘'same as that of thé large scale filters at Treeton
Sewage Works. The basic design of the pilot filters is shown
in Figure 3.6, which is a cross-sectional view of the mixed
media filter. The manhole sections were sealed together using
a wéterproof mastic inside and grouting with cement and sand
on the outside. Each filter was supported by twelve concrete
blocks embedded into a‘reinforced concrete base which was
'dished' to allow the final effluent to drain away quickly.’
Support for the medium was provided by a fabricated circular
steel grid at the base of each filter which rested on the in-
side of the concrete blocks supporting the concrete rings,
with an extra subporting block at the centre of each grid.

The grid was made in a standard diamond pattern out of |

25 x 3 mm steel strips in two semi-circular sections, which
when bolted together gave an overall diameter of 0.12 m

(Plate 3.3). The gaps between the blocks a]]owed'the medium
to be well ventilated and also made access to the base of

the filter possible (Plate 3.2).
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Figure 3.6a: Schematic ‘sectio'n through the mixed media pilot

filter
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Fiqgure 3.6b: Plan view of pilot filter indicating relative
position of sampling facilities.

Aluminium access tube for neutron probe
Sampling baskets/column
Thermocouple cores

Extra sampling baskets for surface
horizontal monitoring only

< £ <

66



%

00






was decided to use Targer holes, to imitate the conditions
found within the medium itself, i.e. larger voids and smaller
areas of contact. The particular diameter of the perforations
in the sampling co1ﬁmn ensured that none of the graded medium
used in the pilot filters would be pushed through the holes
during settlement, thus preventing the sampling baskets from
being removed. The 1afger holes also allowed greater redis-
tribution of the sewage and movement of loose solids and
debris between the filter and the sampling column than the
smaller holes in columns used in earlier experiments by
Shephard (1967). It was also evident from the migration of
certain species from the colder regions to the warmer central
region of the pilot filters, that the larger holes allowed
greater mobility of the filter fauna than the other systems.
Each sampling column contained six closely fitting plastic
coated wire mesh baskets, each 300 mm Tong and 146 mm in
diameter, contaiﬁing the appropriate medium for the filter.
The third basket from the mixed filter contained the two
different layers of media with the interface occurring cen-
trally in the basket. This allowed the medium to be sampled
ébove the interface, at the interface itself and directly
below this region in the slag medium, referred to as samples
M3T, M3M and M3L respectively in the Appendices. The baskets
were removed by means of tWo plastic coated wires welded onto
each sampling basket, which were just thin enough to run down
between the baskets and the sampling tube. The supporting
wires and the pieces of medium which protruded slightly
through the holes, allowed film to accumulate and therefore
brevented free passage of the influent through the small gap

between the baskets and the perforated pipe. This arrangement
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3.3.4

allowed the medium to be sampled continuously down the entire
depth of the filter. The position of the two sampling columns
is shown in Figure 3.6b. The horizontal distribution of the
fauna could only be measured within the top 305 mm of the
filter, by placing sampling baskets at three other suitable

places away from the other sampling and monitoring equipment.

MONITORING EQUIPMENT

Film accumulation was assessed both gravimetrically and by

the neutron scattering technique (Sections 4.1.2 and 4.2.2).
In order to faqi]itate the latter, two vertical 50 mm diameter

aluminium access tubes, sealed at one end, for the neutron

probe were fitted into each pilot filter. As was the case

with the sampling columns, great care was taken to ensure
that the access tubes were absolutely perpendicular. Each
tube had to be kept dry and so the open end at the surface

of the filter was sealed with a rubber bung when not in use.

It was felt that the temperature profile within each filter
was of great importance in relation to both its ecology and
performance. The temperature was monitored by 18 thermo-
couples placed at 305 mm intervals throughout the depth of
each pilot filter. Vertical wooden rods contained the
thermocouples in deep grooves which were sealed and then
coated with a marine hypoxy-resin, and the junctions exposed
by carefully filing the excess resin away. Three rods con-

taining thermocouples (called thermocouple cores) were placed
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in each filter, one in the centre, another against the inside
of the wall and the third between these two 0.3 m from the .
centre. The temperatures were recorded automatically at in-
tervals of six hours using a thermocouple scanner, timer and
chart recorder. The air, influent and effluent temperatures

were also monitored continuously by using thermocouples.

The accurate positioning of the monitoring and sampling equip-
ment within the filters was very impoftant, and the re]ativé
position of the equipment is éhown in Figure 3.6b (Plate 3.3).
It was important that each of the devices should operaté
without interference from other nearby equipment. This was
particularly important with the neutron probe access- tube, as
the instrument required a clear area of 200 mm radius around
the tube. The neutron probe access tubes and the sampling
columns with their baskets, were all placed equidistant bet-
ween the outer wall and the centre of the filter, each repli-
- cate being on the opposite side of the particular filter in
the same position. It was hoped that the results obtained
would beAcomparable on a month to month basis, while any
changes in horizontal distribution of the fauna would be
recorded by the extra sampling baskets placed in the surface
layer of the filters. In each filter, one of the sampling
columns was placed adjacenf to a thermocouple core, and it
was hoped it would provide precise information relating tem-
perature to the vertical distribution of the filter organisms

found in that particular sampling pipe and its baskets.
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3.3.5

SUPPLY AND DISTRIBUTION

A centrifugal pump situated at the base of the pilot filters
provided the sewage feed to the pilot plant, withdrawn from

two primary sedimentation tanks. The inlet pipes to the pilot

. plant were filled with large box screens (Figure 3.5-A) which

were suspended 100 mm below the surface of the sewage in the
sedimentation tank. This eliminated the possibility of any
scum or floating debris being taken in, while at the same time
ensuring that maximum settlement had taken place before the
sewage was withdrawn. Each inlet pipe could be c]osed‘by a
valve, ensuring a constant supply of sewage if one of the tanks
happened to break down and had to be emptied. The base of the
pilot filters where the pump was situated was ﬁome 2 m below
the surface of the sewage in the sedimentation tank, thus

ensuring that the pump had a minimum hydraulic head. The

pressure in the 25 mm ABS delivery pipes was controlled by a

by-pass valve on the pump (Figure 3.5-B1). As the pump was
below the surface of the 1iquid in the sedimentation tank,

a syphon ensured that there was always a flow of sewage

- passing through the pump. It was possible, therefore, by

fitting an automatic restart, to have the pump restart imme-
diately after power cuts without having to be reprimed by
hand or having to visit the works to manually reconnect the

power supply to the isolated pump.

The hydraulic loading was measured by rotameters which were
fitted to the walls of each filter. In order to reduce the
chance of the rotameter tubes becoming blocked, by-passes

were fitted. With the rotameter by-pass valve closed
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3.3.6

(Figure 3.5—B3),'it was possible to correct the flow through
the rotameter by first using the base valve (Figure 3.5-B2),
and then diverting the main flow around the rotameter up to
thevdistributor by opening the rotameter by-pass valve (Figure
3.5-B3) (Plate 3.2). The pressure required to produce the
necessary distribution via the nozzles was controlled by
restricting the flow through the pump's by-pass and the valve
at the base of each filter. Each filter was loaded identically
and the total flow through each filter monitored electronically
by the final effluent draining into 20 Tlitre tipping trough

flowmeters.

By carefully altering the height of the distributor arﬁ and
the nozzles, perfect distribution could be achieved using |
Delavan Watson* solid cone spray nozzles (type BN). An even
distribution to the surface was maintained so long §s the
nozzles did not become partially blocked, usually wﬁth small

seeds, hair or other fibrous material.

\\ .
Voo
| |

MAINTENANCE \f;
: $Uf

The pilot plant required a high level of maintenghce and was

visited daily to adjust and record the flows. Mfﬂe’sma11est

nozzles, 6.35 mm, used during the Tlow 1oading,z;équired un-

blocking almost daily, while the larger nozz]es, 9.53 mm, used

at the high rate loading required clearing once every three

*Delavan-ilatson Ltd., Widness, Cheshire, England

74



or four days. During the maturation period the largest nozzles
used, 19.05 mm, never required cleaning during three months

of operation. Cleaning the inlet strainers and flushing out
the settled solids from the pipework was done regularly once

a week to prevent blockage of the pipework. At the same time
the .rotameters were dismantled and cleaned. The transparent
windshield which prevented the high winds from blowing the

fine spray of sewage and the modules of plastic medium away,
also allowed the lfght to the surface of fhe filter. This
became coated with film and so was c]eanedemonth1y, along with
the tipping troughs which became thickly covered with thé filamen-

tous alga: Cladophora sp.

Solids quickly accumulated in the sampling ports, and therefore
they had to be scraped out and allowed to run for a short time
before sampling. By keeping a comprehensiveico]]ection of

spare pipework, distributor arms, nozzles, p&cking for the pump
and other spare items, it was possible to keep the pilot plant
running continuously from July, 1977 to September 1979 without

any breakdowns.

3.3.7 PROBLEMS WITH PILOT PLANT

During the two years of operation a number of alterations

have been made to the pilot plant.

The inlet strainers were made from expanded aluminium with a

maximum aperture of 5 mm. The original strainers used were
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long and flat, 600 x 152 x 76. mm, and built on a wire base

with a surface area of only 0.29 mz. When the apertures of
these strainers became partially blocked with debris, the pump
would cause the strainer to collapse. These strainers were
replaced with larger ones, 910 x 229 x 229 mm, which just
fitted into the sedimentation tank between the scum containment
baffle and the overflow weir. The larger strainer was built
over a galvanised steel dexion frame to prevent collapse, and -

2

with the increased surface area of 0.89 m~ each, solved the

Supp\y ck
problem of providing a continuous[sett]ed sewage to the pilot

plant, and also reduced cleaning to once a fortnight.

Cracks which appeared in the concrete manhole sections after

a few months of operation were most likely caused by thermal
stresses set up within the concrete. To ensure tﬁe towers did
not become unsafe, two large steel bandé were clamped onto
each section, i.e. six per filter. Although further cracks
did develop, no 1eakage‘occurred, thus it was presumed that

it was surface cracking only (Plate 3.4).

The mechanical counters on the tipping troughs proved totally
unsatisfactory as they quickly rusted and eventually ceased
operating. These counters were replaced with proximity switches
which although highly reliable had a 1imited 1ife of only 6
months owing to the fluctuating power supply experienced at

the works.

Unlike Wheatley (1976) who insulated his pilot filters against
the cold, it was felt that the 90 mm concrete walls were in

themselves good enough insulators and that any further insulation
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3.3.8

of either the walls of the filters or of the pipework would
produce false operating conditions which would be difficult
to relate to the results collected at other times of the year.
The rotameter tubes, however, were lagged with expanded poly-
styrene strips which were packed around each glass tube, to

prevent them from freezing and inevitably cracking.

IMPROVEMENT IN THE SYSTEM

The design of any experimental equipment can benefit from
modifications in the light of experience. Apart from the
obvious improvements such as replicate filters, or filters
with 1argér plan surface areas so that more sampling pipes
could be added to give more details of the horizontal dis-
tribution at various depths, which in both instances would
have increased the workload far in excess of one researcher,
several smaller improvements could have been highly advanta-
geous, if further financial support had been available during

the investigation.

Access to the top of the filters, some 2.2 m above ground,

' was by ladder. Scaffolding would not only have been safer,

but the provision of a platform near or at the surface of the
filters would have meant quicker -and easier sampling, and
more'overall observation of the surface. Experiments using
infra-red photography had shown that the composition of the
surface film could be monitored and recorded relatively easily,

by taking a photograph. By using transparencies, it was
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possible to enlarge the view of the film by projection and

thus trace the development of the major component species

at the surface. The scaffolding could also have been utilised
during the winter, by covering the sides with thick polythene,
to protect the towers from drifting snow and heavy ice accumu-
lations as well as making the routine maintenance more efficient
and pleasant. Humus tanks would have been invaluable; although
much information on the settling characteristics and volume of
sludge produced were recorded, other tests such as capillary
suction time and flocculation tests éou1d not be carried out

without the provision of proper humus tanks.

Fluctuations of the pressure in the pipework Were caused by
fluctuations in the power supply. Better flow control onto
the filters would have been achieved if the pump by-pass had
a pressure control outlet fitted, to maintain constant pressure

in the pipework-to the filters.

The temperature data were collected using a chart recorder.
The provision of a data-logger would have meant easy transfer
of the data to file on the computer and subsequent ease of
analysis or recall. The present system has led to immense
problems of transcribing the data from the charts onto punching
forms, then the transfer of the data either by batch or ter-

minal onto the computer.

There is in excess of 150,000 units of data recorded on chart.
More scanning capacity, limited to 50 temperature measurements
in the investigation, would have allowed more comprehensive

information to be gathered as a number of thermocouples were
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not monitored continuously, but such extra information would

have been less useful without data-logging facilities.
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4.1

4.1.1

BIOLOGICAL SAMPLING PROGRAMME

The special biological sampling facilities built into each
pilot filter have been'previously discussed in Chapter 3.
The two sampling columns in each filter allowed the veftica]
distribution of the film and fauna to be measured both
quantitatively and qualitatively. Meanwhile the horizontal
distribution of the biota was investigated by locating three
extra baskets in the surface of each filter, thus providing
details of distribution within the top 300mm.

SampTes were obtained monthly, on or about the 15th of every
month, ove} a total of twenty-three months of operation at
two different loadings. Only one vertical sampling column
per filter was examfned each month; 1in this way each column
was left undisturbed for two monthg. Either all the right-
hand or all the left-hand columns were sampled in any one
month. -On alternative months, the surface baskets were

also sampled, while on the other months the influent and

final effluents were sampled and examined microscopically.

SAMPLING PROCEDURE |

Each filter distribution systeh was turned off prior to
sampling. The baskets were carefully removed, one at a
time, from the sampling column by ﬁsing colour-coded wires.
Excess Tiquid was allowed to drain from the baskets and

3 sample

after five minutes each one was weighed. A 250cm
of medium and its attached film was taken from each basket;"
four pieces of medium were removed at random from approxi-

mately every 75mm throughout each basket. The sample was
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put into a labelled plastic bag which was sealed to prevent
pleces of
evaporation and loss of material. The remaininngedium
was carefully replaced in the baskets in the same order in
which they had originally been removed, with the marked
med1ium from the previous month's sampling taking the place
of the sampled pieces. The sampling procedure for each
filfer was carried out within twenty minutes in order to
minimise the damage to the rest of the biota. A1l the
pieces of medium were carefully rep1éced, matching up the
disturbed surface film so that only a small quantity of
film was dislodged and washed away when the distribution
system was switéhed on again. The samplies were taken back
to the laboratory where each bag was 1mmediaté1y checked
for leaks, weighed, double-sealed and then stored at 4°c.
This approach was adopted because the addition of preser-
vatives such as formaldehydé or alcohol made identification

of the micro-fauna, especially the Protozoa, extremely

difficult.

The film was removed from all the medium samples within a
few days of collection; the procedure used is summarised in
Figure 4.1. The sample bag was opened carefully and the
pieces of medium removed individua]fy taking care not to
allow any of the animals to escape (Plate 4.1). The loose
film and associated animals were removed from the medium by
gently brushing the surface with a soft brush in a shallow
dish of water (Plate 4.2). Any large animals present were
removed at this stage, identified and counted. This was

to prevent them from being damaged during the more vigorous
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