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Improving the Efficiency of Slow' Sand Filtratio

with Non-woven Synthetic Fabrics
By TS AMbwette and NJ D Graham
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imperial College, London . -

Both the extent of application and satisfactory operation of
slow sand filters in the UK and developing countries have
been limited in part by the difficulty and cost of filter cleaning.
A recent innovation for improving both the performance of the
slow sand filter and the cleaning operation involves the
placing of a non-woven synthetic fabric layer on the top
surface of the sand bed to concentrate the purification
process. Preliminary pilot-plant studies within the last five
years are reviewed in this paper together with the develop-
ment of a theorelical interpretation of the physical properties
required by the fabric for optimal treatment performance.

IN THE UK, slow sand filtration is an important potable water
treatment process. A nationwide survey published in 1980" in-
dicated that some 27.6% of the total output from water treatment
plants is treated by slow sand filtration, either as the sole filtration
process or in combination with rapid filters. In the Thames Water
Authority region in particular, more than 70% (approximately
2,000M1d ") of water treatment capacity involves slow sand filtration
as a secondary treatment process'~’. Traditionally, stow sand filters
operate at low filtration rates, 0.1 1o 0.2mh™", which have been
shown to ensure a very high degree of physical and biological quality
improvement. However, there is currently considerable interest
being shown in ways of increasing the filtration rate of slow sand
filters and in improving their operational performance generally®).
In Panicular, the Thames Water Authomy‘" estimates that over
70% of the direct operation costs for slow sand filters are associated
with filter cleaning and resanding, and it has concluded that reducing
the average frequency of filter cleaning and resanding could reduce
operating costs significantly.

The Fotcnlial ‘benefits of employing synthetic fabrics with slow
sand filtration were first consigered sertously in 1982 in parallel
collaborative research.projects by Imperial College, London and
Surrey University® *); these will i)e discussed later. Broadly, these
and subsequent studies since 19827} have provided experimental
evidence to show that the application of a layer of non-woven fabric
on top of the sand media in a slow sand filter can extend substantially
the ﬁrler run time. Laboratory and pilot-plant studies are continuing
at Imperial College in order to define the optimal specification for the
fabric and to quantify the exten: of the consequential benefits to the
filtration process.

&

Properties of synthetic fabrics
The term ‘synthetic fabrics’ refers to man-made textiles in the sense
that components which form the textile (ie, fibres, webs or yarns) are
produccfartiﬁcially in contrast to, say, cotton textiles whose fibres
are produced by natural processes. In general, synthetic fabrics can
be subdivided into wovens, non-wovens and composites; the latter
refers to a fabric made up of a combination of both woven and
non-woven elements. The term ‘non-wovens' has been the subject of
much descriptive controversy in the context of limits of its appli-
cability in classification, as pointed out by Shoemaker'®, Sandstedi®
and Purdy®?, The term *woven’ includés all synthetic fabricy made
from yarns or tapes which are in turn made up of several fibres. All
synthetic fabrics produced by weaving or ﬁnixting fall into this
category and, occasionally, some fabrics made by a combination of
the two processes are also regarded as wovens. Since the majority of
woven fabrics made from tapes or mono-filament yarns are very thin
(usually less than 1.0mm) they are not considered appropriate for
application with slow sand filters.

von-wovens can be divided into three product categories according
to the production techniques.

Wet laid. The first category is the "wet-laid” type whose production
involves water extraction, drying and rolling of a dispersion of
synthetic fibre staples in water. Binders are or can be added at
convenient stages of the production.

Dry laid. The second category is the ‘dry-laid” type which includes
the largest and most diversified products. fts production involves the
formation of webs by carding or air laying amfsubsequcnl subjection
to either needle-felting. jets of high pressure water on an anvil screen
(spunlaced). saturation or spraying with an aqueous resin.

Spun bonded. The third category, the spunbonded type. involves
quite novel production methods in which & bulk thermoplastic

lvmer is converted to fibre form by melt-spinning using synthetic
ibre technology. Bonding can be invariably accomplished by heat,
pressure and/or chemical activation. It should be noted that
commercial non-woven fabrics exist which are thermally bonded and
needle-felted or spunbonded and needle-felted.

"The fibres of synthetic fabrics consist of polymers of organic
compounds made up of long. chain-like molecules with repeating
molecular units linked by covalent bonds. The process of polymeris-
ation, in which small molecules of the monomer undergo chemical
reactions to form long chains, may proceed in a variety of ways, but
addition and condensation polymerisation are the principal cat-
egories. Although many polymerisation reactions exist at laboratory
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scale, only a few of them are employed in the commercial production
of synthetic fibres'!. The principal synthetic fabrics produced at
present are made of polyester, polyethylene, polypropylene, poly-
amide or vinyl polymers. en o B

The lack of consistency in testinF methods ‘makes it difficult to
compare the properties of any type of textile fabrics with others solely
on the basis of the specifications of individual manufacturers.
According to Ruddock™®, although properties within one polymer
group can vary widely, in gencral polyamides tend to show
significantly greater mechanical strength than other materials,
Billmeyer'™ suggests that the water absorption capacity of most
synthetic fabrics 1s generally small, with the exception of polyamide
(Nylon ~ 6.6). Canon!'*) has indicated that in gencral polyesters are
highly susceptible 1o attack by alkalis and ﬁo)yamndes to acids, while
in contrast Billmeyer'® ranks polyvinyl chlorides and polyethylene
as two of the most resistant fabrics to either acids or alkalis.
Polypropylene is also highly resistant to most acids, alk‘aiis and
oxidising agents used in potable water treatment practice" '® and
since the melt-spun polypropylene fibre is free from polar groups it
has a good fibre stain resistance'®). Polypropylene also has a high
resistance to dry heat!!® and to UV light degradation when stabilised
(1339 Acrylic binders used in some manufacturing processes are
suspected of being subject to irreversible biochemical attacks!> and
therefore fabrics bonded with such resins should be used with care.

A recent survey by the authors of a selection of commercial
non-woven synthetic fabrics has demonstrated a wide range of
physical properties as shown in Table 1.

Mode of action N
It is well-known that the process of purifying contaminated influent
waters by slow sand filters is principally localised in the top 2 to 3cm
of the sand bed” although there is evidence that tur idit?/ and
bacteria are removed throughout the whole depth of the filter™: '8,
The high particle capture efficiency of the filter media arises from the
relatively low filtration rates (0.1-0.2m/h) and small sand grain size
(effective size, 0.30mm) in accordance with classical filtration
theory!”). The accumulation of captured inert solids and micro-
organisms, together with the growth of biological populations, gives
rise to increasing hydraulic resistance to flow manifested as an
increasing process pressure head loss. Once the process head loss
timit is reached. the filtze will no fonger be able to maintain the
specified flow rate and removal of the top sand layer for cleaning is
required.
he rationale of a}aplying a non-woven fabric laver on the top¢
surface of the sand filter is to concentrate the major part of the
urification process within the fabric Jayer instead of within the top
ayers of the sand. The speculated benefits arising from this are
two-fold:
{0 The simplification of the filter cleaning by the removal and
washing ol the fabric alone; ;
D The extension of filter run times by a lower rate of pressure head!
loss development within the fabric. §

For smali-scale filter units, the relative simplicity of the filter’
cleaning operation with a fabric layer is clear and recent evidence
from experimental filter plants of unit areas up to 28m?* 4 have
demonstated this. This aspect is of particular significance with the use
of small-scale slow sand filters in rural water supplies in developing
countries and the need to reduce maintenance requirements. For
medium-to-large scale filter units the aspects of fabric removal and
‘cleaning has not yet been seriously studied.

The structural properties of non-woven as indicated in Table 1,
suggest that a coasiderably more efficient filiration medium than
sand may be available and employed. As will be seen subsequently,
the porosity. fibre diameter and specific fibre surface area, 1n
particular. determine the filtration performance and permeability of
the fabric medium. By careful selection of these properties, a fa{)n'c
which gives an optimal filtration performance may be chosen.

Theoretical aspects
The following theoretical descriptions are limited 10 the performance
of filter media in the absence of Eiological effects.

For a given fabric laver with an assumed single uniform fibre of
circular cross-section, 1t can be shown that the fabric porosity is
related to the specific surface of the fibres by the fibre diameter:

o= 1-(dsyd) 1
Fig 1 shows this relationship for typical fibre diameters and the
corresponding values for the commercial fabrics mentioned in Table
1. For comparison, Fig 1 also shows the region of wypical values of
porosity and specific surface for sand media in slow sand filters. The
specific surface for sand media is determined from the theoretical
expression:
so=6(1 - g)ypd, 2)
In general. the two important pro;;_erties of any filter medium are
its ‘permeabitity” and “filterability”. The permeability, as defined in
Darcy’s Law, is a measure of the medium’s resistance to pore water
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Fig 1. Relationship between porosity and specific surface for fabric media

flow, whilst the filterability is some measure of the ability of the
medium to retain influent particle mass.

Fabric permeability. For deep bed granular media, the perm-
eability can be expressed mathematically in terms of the properties of
the media by combining the Kozeny-Carman equation and Darcy’s
equation:

K = (gk'v) (e67s.%) &)

The Kozeny-Carman filter constant, k!, is relatively unchanging
for many granular media (k! = 4.521 ©%) and a value of 4.5 is
commonly adopted for beds of spherical grains. For media of high
porosity such as fibrous media (g, > 0.7) Kozeny's equation does not
apply and theoretical values of k' increase rapidly with porosity. This
can be seen in Fig 2 where experimentally determined values of
hydraulic conductivity (K) for various selected fabrics are plotted
with corresponding values of the garame(er (€,%5,%). Details 'of the

* selected fabrics are given in Table 2.

Theoretical values for the permeability of fibrous media may be
determined by employing one of various cell models. The models of
Happel®? and Kuwabara® in particular are based on the assump-
tion that fibres are randomly onentated in a transverse plane to the
fluid flow and produce ex {icit expressions for the permeability in
terms of the fibre size and media porosity. In the case of Happel's

Table 1. Physical properties of 20 selected commerical
non-woven synthetic fabrics*®

Property Maximum Minimum
Thickness (mm) 20 036
Poresity {calculated) 099 0.56
g:bre diameter (! 48 27 2
utk density (g/cm”) 040 0.0
Specitic surace areat (m2/m?) 36.3 x 107 11 x10°

* Data provided and-or calculated trom supphers’ information
tTotal titre sud:}ce area per unit tabric volume

. ‘
Table 2. Commercial fabrics selected for experimental study

Fabric Material Fibre size (um) A Porosity
1 PP, 392555 0.56
2 PP 279.30541.4 0.7
3 PP/PET 40 0.75
4 PP 48 0.87
5 PE 30 090
[ PP . 278305414 090
7 PE 273 092
8 pP 23 092
9 PE 273 093

10 PE/PVA 396 097

1 PE/PVCIPA 50°40:40 0.98

PP - Polypropylene PA - Polyamide

PET - Polyethylene PVA - Polyvinyl acetate

PE  -Polyester PVC -~ Polyvinyl chioride

Filtration & Separation January/February 1987

model:
K =d?[-1ny - (1-¥)/(1+Y))32y @)
where K, is the permeability factor (= K v/g)
andy is the fibre volume fraction (= 1—¢, )
This expression is shown in Fig 3 for three fibre sizes together with
-experimentally determined values for K, for the fabrics detailed in
Table 2.

Head loss development. As the filtration process proceeds, the

. T T T
— — — —— EQUATIOX 3 (Spherical grains, 18°%)
e Experimental (Ballotini 0.66mm, 18°)
o Expericental (Fabrics € <0.95)
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Fig 2. Relationship between hydraulic conductivity (K, mm/s) and the
media parameter e,/8,2 (mm?) for granular and fabric media
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accumulation of deposited material dgives rise to an increasing -
resistance to flow. The head loss grad

ent for granul

been shown already éeguation 3) to be a function o
t

media surface area an

ar media has

f the specific ~
e media porosity, both of which alter durin,

filtration. Ives'’ has indicated a theoretical expréssion for the hea

loss gradient durin

follows:

(), (#), (02) (-2) s

" where bis the media packing constant (= e/(1-¢,)).

g filtration in terms of the specific deposit, o, as

For the specgaJ case \w;he'reuz = 2,' y = —1, Ives was able to show
that to a first approximation (particularly when 0 < €,):

This relation has also been proposed from empirical observa-

(

tions™®,

The rate of head
equation (6):

) (&) [1(n) 2] @

loss dcvelopéd can in turn be approximated from

d (8H 3H 26+1\ do -
() (), (B F o
dt apt dL /o €, dt

Writing the media packing.cbnstam in terms of porosity gives:

(o) (Reaass @

Thus, in qualitative terms it can be seen that for two filter media
with similar particle capture efficiencies their comparative rate of
head loss development is inversely related to the magnitude of their

LOC(Kh)

-1

-0

-n

1 - T ¥

— EQUATION &
1 50 pm Fibres
2 40 pr Fibres
3 30 pm Fibres

0 Experipental Data
Fibre size range 27.3 - 55.5 pm

T

POROSITY

Fig 3. The.oretlcal and experimental relationship between
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“tactor (K, m?) and porosity for fabric media -

P . VO

permeabllity

‘surfaces of the particles and fibres (t

clean bed porosities (and directly [Clatctjb to their initial head loss
gradients). : S e

Fabric filterability. The filterability of a filter medium refers to the
ability of the medium to remove {Janicles from a flowing suspension.
For granular media, and particularly under ‘clean’ conditions at the
commencement of filtration, simple theoretical models for the
filtration process are well established. The fundamental theoretical
hypothesis is that the removal of suspension {n) with respect to depth
in the filter is first order: e

—dn/dl = 2n © 7 e~ o (9)

The equation assumes that initially ‘every layer of the filter is
equally e(}ﬂcicnl at removing particles from suspensions, and that in
cvery layer the suspension entering it and leaving it 1s uniformly
dispersed and unchanging in nature. For a filter of uniform fibres a
simple theoretical approach considers the collection efficiency of a
single fibre. Thus, the overall filter performance is related to the
single fibre collection performance by equating the difference in

particle concentration entering and leaving to the net collection by all -

the fibres in a differential depth dL of the filter, thus:. -~ )
—vdn/dL = I(4y/ad?) ... . .80 (10)
where [ is the average rate of collection of entrained particles per unit
length of fibre. SR )
1f isolated particle-fibre encounters are predominantly responsible
for particle removal, 1 is directly proportional to n and it is
convenient to introduce the dimensionless single fibre efficiency n,
defined as: :

n = I(dvn)™! ' an
Then 7, is independent of particle concentration and substitution of
equation (11) into equation (10) to eliminate I gives:
—dn/dL = (dyneadia Q2)
The sintgle fibre collector efficiency can be considered as the
product of the overall single fibre collector transport efficiency, v,
and the particle-fibre attachment efficiency, «.
Hence:
—dn/dL = (d4yna/ad)n 13
Thus, from equations (9) and (13) the filter coefficient A can be
expressed as:
A = dyno/nd, (14)
Equation (14) can be simplified by expressing the filter coefficient
in terms of the specific surface of the fibres via equation (1):
A = s(na/x) (15)

From this eguation, it would appear that the filtration coefficient is
simply dependent on the specitic surface of the fibres. However,
experimental evidence and more detailed theoretical considerations
of particle trajectories has shown that A is also dependent on the flow

-velocity, fibre diameter, and particle size and density; this may be

explained as follows.

or suspension particles of diameter > lum passing vertically
downwards through a fabric layer, the classical theoretical transport
mechanisms of most signifjcance are interception and sedimentation.
Based on a single cylinder model the respective transport efficiencies
are (as summanised by Spielman®*):

Interception - '
m = 2 Ae(d/d) (16)
provided d/d; < 0.1. '
Sedimentation (codirectional) - L
n, = (1 +dydy) vy a7

where v, is the Stokes settling velocity of the particle.

The combined effect of these two mechanisms is usually approxi-
mated by assuming addivity, hence:

N =Nty (18)

Thus, in qualitative terms the transport efficiency increases with
particle size (and density) and decreases with flow velocity and fibre
size.

The attachment efficiency, o, is currently considered to be
determined by the net effect of van der Waals attraction force
between particles and fibres, and resistive forces. The resistive forces
arise from the electrical double laier interaction of the charged

: e same sign), and viscous fluid
forces when the separation between a particle and a fibre is of the
order of one particle diameter.

Previous research studies

Experimental studies of the performance of slow sand filter units with
non-woven fabric layers have been carried out within the last five
years and mainly by research groups at Imperial College, London and
the University of Surrey (Table 3). Unil tgc work of Bridges® began
to compare directly the performance of different types of fabrics, the
choice of fabric for study had been largely empirical. Moreover, two
types of fabric have now become integral components in two
operational packafe slow sand filter systems without a full compara-
tive assessment of alternative materials and multi-layer configura-
tions being carried out; this is the subject of current research at
Imperial College. ’

January/February 1987  Filtration & Separation
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Filter run times. Three separate studies have carried out experi-
mental trials of a slow sand filter with a fabric layer in parallel with a
reference filter (no fabric). Wheeler er al.® considered the perform-
ance of two layers (28mm total thickness) of a high porosity material
(= 98%) and found that the average filter run time was lg’/ days as
compared to 5.2 days for the reference filter (improvement factor of
3.2). The Water Research Centre!” also considered a high porosit
fabric (= 97%) and found that a single layer (15mm thlckncssg
increased the average filter run time by a factor of two when
compared 1o the reference filter. Most recenily, Bridges'® has made
a preliminary, parallel study of five different fabrics (single layer) and
his results are shown in Table 4. Again, the results indicate that for
the three fabrics with significant thickness (> 4mm) an increased
filter run length can be achieved by the presence of a fabric layer. In
all three studies, the filtration rate was in the range 0.24 to 0.34m/h.

Particle (silt) retention. It has been stated earlier that a principal
objective in using a fabric layer is to move the location of the
purification process from the top layer of sand into the fabric.
Consequently, the fabric filtration properties must be such that
particle penetration through the fabric and into the sand must be
minimised. In each of the experimental studies detailed in Table 3,
particle penctration through the filter and into the sand was reported
and generally it was the pressure head loss resulting from particle
deposition in the sand that terminated each filter run. The Water
Research Centre!” reported that at the end of each filter run (ie at
limiting head loss) the same extent of material penetration into the
sand had occurred (= S0mm) for the filter with fabric and the
reference fifter. The penetration of particles is not surprising since,
with the exception of the study by Bridges‘, all the previous studies
have employed high porosity, low specific surface fabrics that would
be expectedto have a low particle capture efficiency. Wheeler et al. )
measured the amounts of solids deposited (silt) in the two layers of
fabric and in the top 2cm of sand of an experimental slow sand filter
and found that approximately 44% (by volume) of the total solids
retained had penetrated and deposited in the sand. In later work. with
six eciual layers (90mm thickness) of a high porosity fabric, Wheeler
er al.*> showed that over 80% of solids retained Y the multilayer
fabric were retained in the top layer alone and 99% in the top two
layers. In the same experiment Wheeler et al. also reported a similar
degree of solids penetration into the sand (7% of total silt extracted
from fabric and top S5cm of sand), Notwithstanding the appreciable
amounts of accumulated solids within the fabrics during gltration,
both Wheeler er al. and Bridges'® reported neglflgible flow
resistance (head loss) across the fabrics at the end of each filter run.

Overall purification performance. The Water Research Centre™ in
its study reported that over a three month period of filter testing
there was no significant difference in overall treatment performance
between the filter with fabric and the reference filter in terms of mean
turbidity and mean UV absorbance. Bridges® also reported identical
reductions in turbidity for his reference filter and the five parallel
filters with fabrics. Overall bacterial removals (Presumptive Escheri-
chia coli and 37°i48h Plate Count) during the two filter runs were
similarly equivalent in Bridges® study although it should be noted that
influent concentrations were low and the reference filter consistently
achieved > 99% E. coli removals after maturation. However, recent
work by Wheeler'® has demonstrated significant micro-biological

Table 3. Previous experimental studies with non-woven fabrics

Reference Date Details of Fabric Size of fliter
unit (m*)
Liversigge'”’ 1982 one layert = 14 s = 1671 283
" £ = 0 98 PE.PVC/PA-RSPB
Wheeier etal™* 9 19823 (1) Twolayerst=28 s = 1671 0815
N € = 0 98 PE-PVC/PA-RSPS
4 (1) Six layerst = 90 s = 2545 1.5
, € = 0 97 PE PVA-RSPB
Water Research Cenire”’ 1934  One layert = 15 § = 2546 20
. € = 0.97 PE PVA-RSPB
Wheeler'® 1984i5  Three layerst = 45 s = 2545 15
] € = 0 97 PE-PVA-RSPB
Graham!?% 1985 One layert= 14 5 = 1671 28.3
) € = 0.98 PE'PVC/PA-RSPB
Brigges'si 1985 () One layert = 14 s = 1671 15
€ = 0.98 PE'PVC/PA-RSPB
: (1) One layert =05 s= 17600 15
{ ¢ = 0 78 PPIPET-TB
(i) One layert = 095 § = 25179 1.5
£ =084 PP-NFTB
(iv) One jayert = 4.5 s = 10609 1.5
€ =0.87 PP-NF.CT
(v)Onelayert =8 s = 10615 15
£ = Q B2 PP-NF.CY
t - overall thickness o fabyic layer (mm) PP - polypropylene
s - specific surtace (m¥m3) PET - polyethylene
€ - porasity RSPB - resin spray bonded
PE - polyester 78  —thermic honced
PVC  ~pclyviny! chiorice NF - needle ‘elted
PA < polyamige CT -~ needie 'efted on carrier thread

PVA - potyvinyl aceate
Table 4. Filter run times from the study by Bridges'®

Fabric Porosity Thickness (mm}) Runlength (days)
Run1 Run2

Re‘erence T - — 102 1.0

1 078 058 88 69

2 0.84 095 86 70

3 087 45 no 80

4 082 8.0 14.2 96

5 098 14.0 1.4 10.6

Filtration & Separation January/February 1987
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PTI/HR TEXTRON

Ultrafine filtration in chemical, pharmaceutical, biological
and semi-conductor production :

FLUOROFLOW™ :

100% Teflon pleated membrane cartridge ® 0.1,0.2,0.45
and 1.0 micron absolute

PROFLOW™ . .

pleated membrane cartridge e filtermedia : Teflone

other filter parts : polypropylene®0.1 and 0.2 micron
absolute

BIOFLOW™ :

pleated membrane cartridge efiltermedia : nylon 6@

other filter parts : polypropylenee0.2 and 0.45 micron
absolute

POLYFLOW™ :

100% polypropylene pleated depth cartridge #0.6 up to 40.0
micron absolute

GLAS-TECH™ :

pleated depth cartridge o filtermedia : glass fibere

other filter parts : 316 stainless steel®0.25, 0.5, 1.0,3.0 and
5.0 micron absolute

SUPERMICRONIC™ :

pleated depth cartridge @ filtermedia : resin-impregnated
celluloseeother fiiter parts : 316 stainless steel® 3, 10 and
30 micron nominal -

Fine filtration of polymers (fibers and films), chemicals at
high temperatures and pressures :

PTI 421

sintered metal fiber filters : available as cartridges and discs
0.5 up to 60.0 micron

LA

HREIEWTT]

For more information, please contact :

I I REPRESENTATIVE FOR EUROPE :
ADVANCED PRODUCTS N.V.
Pierstraat 12
B-2630 Aartselaar - BELGIUM
Tel.: 03/ 888.58.06 - 03/888.49.46
Telex : 32238 - Fax : 03/888.48.62

REPRESENTATIVE FOR UK. :
ADVANCED PRODUCTS (seals and
gaskets) Ltd.

Unit 25 A, Number One Industrial Estate
Consett - Co. Durham

Tel.: 0207/ 50.03.17

Telex : 537081 - Fax : 0207/ 50.12.10
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purification by threce layers (45mm thickness) of high porosity fabric
Elaced on an experimental slow sand filter. Using faecal bacteria and

acteriophage as indicator organisms (Table 5) Wheeler was able to |

follow their removal with depth through the fabric and sand fayers.

Bridges'® in his pilot-plant study used water taken from large
storage reservoirs as his influent supply. Such water contains
appreciable quantities of phytoplankton (yeg algae) and his work
included the determination of chlorophyll ‘a2’ concentrations in raw
and filtered water samples. Once agan. the reduction in concentra-
tion of this parameter through the reference fifter was so high
{= 95%) that possible additional improvements through the use of
fabrics could not be adequately quantified.

Fabric biology. The existence of biological populations within a
mature slow sand filter is widely understood but only a small amount
of information exists on the detailed nature of these populations and
their behaviour. In particular, Lloyd®® has identified various
microfaunal groups in two pilot scale slow sand filters using a special

sand profile sampler, and Bellinger'*” has considered algae in slow .. -
sand filters and has identified common species in the supernatant .-

water and associated with the sand bed.

Evidence of the existence of micro-organism populations in fabric
layers is scanty at present. The Water Research Centre™ has
reported the existence of various algal species in a high porosity
fabric and these species were generally the same as found in a parallel
reference filter without fabric on the same days. Wheeler''® has
identified the presence of Protozoa, Rofifera and Annelida within
multiple fabric layers on a pilot-plant slow sand filter. The most
commonly identified protozoa were members of the Vorticellidae,
Tetrahymenina and the Oxytrichidae species of ciliated protozoa and
their population densities were dispersed throughout tabric layers.
From this and other experimental data Wheeler has concluded that
the fabric under study seemed to provide a more favourable
environment for ciliated protozoa than sand alone.

Fabric__cleaning. Recent experience with high porosity fab-
rics> 7+ %) has found that the cleaning of fabric layers by manual
hosing presents no difficulties, even when appreciable algal growth
had occurred'® 2. However, care is required when removing these
fabrics in order not to disturb silt deposited within the fabric which
will then enter the sand layer. For less porous fabrics, Bridges® has
regorted difficulties in fabric cleaning by high pressurc hosing when a
substantial zoogleal film had developed within the fabric. This aspect
is also under study currently at Imperial College.

Discussion
It is postulated that the application of a non-woven fabric layer with
optimal properties can considerably improve the process etficiency
and operational requirements of conventional slow sand fiiters. The
rocess efficiency can be considered as improved if the rate of head
oss development is reduced (longer filter run times) whilst main-
taining the same filter water quality and/or the filter water quality is
increased for the same filter run time. Itis clear from theory that both
the permeability and filterability of a fabric are dependent on the
structural properties of the fabric, of which the principal progcrties
are the porosity, specific fibre surface area and the fibre size. Simple
theory suggests (in the absence of biological effects) that in relative
terms a fabric with a high porosity will have a high permcabilix{ and a
low rate of head loss deveﬁ)pmem by particle deposition. Similarly, a
high specific surface area should give a high filterability. On the basis
of information provided by suppliers of non-woven fabrics, particular
fabrics may combine porosity and specific surface values significantly
higher than typical values for conventional sand media. Such fabrics
therefore ofler the potential for significantly increasing process
efficiency. By optimising the filterability value and depth of the fabric
it may be possible substantially to limit the passage of solid material
(silt) through the fabric and into the sand. If this can be achieved,
then routine filter cleaning involves the removal and washing of the
fabric only. In principle, t%ﬂs would represent a significant improve-
ment in the operational requirements for the process but caution is
necessary since in practice there may be appreciable difficulties with
fabric handling andpwashing.

; The results of pilot-plant tests reported to date have shown that an
optimal fabric type and thickness Eas not yet been found. With the
exception of the most recent study by Bridges‘®, all other studies
have considered the performance of very high porosity (> 97%}) but
low specific surface area (< 2,543m*/m°’) fabrics which were,

redictably, unable to prevent solids penetration into the sand media.

abrics with.a thickness and specific surface area greater than, or
equal to, the'typical "active’ sand layer (ie approximatety 20-30mm,
15,000m-/m*) on a conventional filter are necis_sary to capture the

Table 5. Removal of specific micro-organisms by friple fabric

layer'®
Microbiological indicator Reduction in concentration across
triple fabric layer (%)t
Faeca! Colforms 51
Faecal Streplococci 41
Bacitlus icheniforrms bph* 54
Enterobacie’ cloacae bph 36
Serratia marcescens bph 4
T. coliphage
Ewinia carotovora 7

* tph - bacteriophage
tastual concentrations not avaitable
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bulk of the solids loading. NeverthelesY, the presence of one or two

- layers (15-30mm) of low specific surface area fabric can retain

appreciable quantities of influent solids. This can substantially
improve process efficiency by increasing filter run times by factors of
1.3-3.2. The observed removal of certain indicator bacteria and

" viruses in such fabrics may also be the result of filtration mechanisms
. although the reported presence of bacterial-feeder organisms (eg
“ciliate prolozoag(i)s likely to be an important contributing factor. The

attempt by Bridges‘® to compare directly the performance of five,
widely differing fabrics was not able to produce conclusive results

" since ‘one important parameter ~ fabric thickness ~ was not made
. constant. However, his results did indicate that very thin fabric layers

(< 1mm), even of high specific surface area, do not improve process

‘ efficiency. : -

Current work at Imperial College is C(;ncenti'ating on identifying

" the structural properties of a wide range of commercial non-woven

fabrics and matching these to experimentally-determined per-
meability and filterability values. On the basis of this, subsequent

- pilot-plant tests will be undertaken with selected fabrics in order to

1dentify those fabrics that optimise the slow sand filter performance
and to quantify the magnitude of the process improvements.

Nomenclature Tl
Ar Cell constant

b Media packing constant

Fibre diameter

Filter grain diameter (by sieve)
Gravitational acceleration
Pressure head loss

Average rate of collection of entrained particles per unit
fibre length

Hydraulic conductivity

Permeability factor

Carman-Kozeny filter constant

Media depth

Particie number concentration

Specific surface of media per unit bed volume

Specific surface (clean media)

Superticial velocity of flow

Stokes settling velocity for a particle

—TOAOOo
Pt~

Irx
r—_,xx

(4 Particle-fibre attachment efficiency

Y Fibre volume fraction :

3 Porosity of media

€ Porosity of clean media

¢ Single fibre collection efficiency
Single fibre collection transport efficiency

nm Interception transport efficiency

s Sedimentation transport efficiency

Iy - Filter coetficient

v Kinematic viscosity

o Specific deposit

v Sphericity index
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