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USE OF NEEDLE FELT IN SLOW SAND FILTERS
Part I. Methodology and Procedures.
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Abstract

The use of textile fabries is 3 good contribution in slow sand fil-

ters, and useful to cjivil engineering, and truley an addition tg the
technology of water filteration by this method.

[t has been proved that by vsing woven filter fabrics the thic—
kness of removed sandg decreased by 1 Cm — 15 Cm, while this thickness
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reached to 0.5 Cm only by using nonwaven packed filter fabrics
{without these Ffabrjcs the thickness of removed sand reached to
2 Cms. ).

Also it has been proved that the quality (or the propertiles)
of the raw water when using packed filter fabrics improved remar—
kably in slaw sand filter when compared with other filters which

does not caontain Lthese fFabrics.

The woven cotton fabrics {(single layer Filter) failed in
these experiments and decomposed completely after 28 days of use
while packed filter fabries {polyester fabrics) succeeded and con—

tinued for appraximately 54 days.

The fabrics used in the present work showed no resistance to
water flow rate in the filter, and it's properties are suvitable
for the filteration pracess (4.35 — 6.52 m3/m2/day, which consi-

dered normel discharge in slow sand filters).

The following walc. pTupe.tier were measured and evaluated:

1. Turbidty removal 2. Algae removal

3. Bacterial remaval 4, Values of Alk. and pH.
KEYYWORDS:

"Schmutzdecke" = Contaminated layer, packing density cgefficient

(g}, the porosity af filter {n%), Slow Sand Filter (5$5F), Compact
Units (CU)Y, and NW = Nonwoven Fabric.

ALM OF THE PRESENT WORK:

An older kind of sand faller is the slow or English type.
Here, no coagulant is added and the filters has to be "tipened"
unkil a "Schmulbtzdecke” of sediment and bacterial growth is for— |
med on the surface, before good filteration could be effected(3).
When the s)low sand filter requires cleaning, kthe upper layers of
sand acre shoveled off, taken cut washed, and then telaid on the
filter bed.
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The aim of the present work i3 to study the possibality of
using textiles as a filtering caomponent in the slow sand filter,
to carcy the contaminant layer and prevent 1t from precipitation
on the sand filter without bleocking of it's pores, and reduces
the cost of removed sand after each cleaning process for the fil—
ter, also to keep 2 part from the contamination layer inside the
internal structure of the fabriec, this would help in reducing the

maturity duration of the contamination layer.

The use of textile fabrics is a good contribution 1n slow
sand filters, and useful to civil engineering, and truley an add—

ition Lo the technology of water filteration by this method.

INTROGDUCTION:

The greatest use of filters in civil engineering is in Lhe
form of single layer, or packed filters. Such a filter consists
of a single layer of textile woven from natural, synthetic, metal
or glass fibres. As the filter operates, it collects partacles
1n the interstibtizsl spaces between the fFibres, these particles
improve the collection efficiency greatly. During the rest of
the useful life of the filter, this interstitial "Schmutzdecke"
will remain in place. Filters containing such as interstitial
"Schmutzdecke" layer and with nao holes present other than the
pores give excellent collection efficiencies when aperating at
the low water velocities typical of single—layer—Ffilter applica—
tigns. As kthet filter continues to operate, a "Schmutzdecke'cake
forms on the upstream side of the filter. This “Schmulzdecke"
cake impreves the collection efficiency slightly and increases
the pressure drop greatly. Eventually, as the cake becomes
thicker and thicker, the pressure drop becomes so high that the
filter must be withdrawn from service and the cake removed. A
variety of methods have been devised far the removal of the
“Schmutzdecke” cake, most of these involve either shaking the
cake loose from the filter or blowing the cake away by a reverse
flow of air. When the cake has been removed, the filter s pla—

ced back in service and the c¢ycle i1s repeated.
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figure 1 shows a section of the textile filter cloth with
an interstitial “Schmutzdecke" layer and a "Schmutbtzdecke" cake

prasent.

GEMERAL CLASSIFICATION OF INDUSTRIAL FILTER FABRIC:

filters can be classified as one of two types, based on the
way in which the fibres are held in place. In the First type,
the packed filter (Nonwoven Filter cloth}, the fibres are loosely
packed inte a substantial volume, prsenting a fairly long path
alang which water must pass con its way through the filter. In
the second type of filters, called the single—layer filter, fib~—
reg are woven into a thin layer of cloth, for example. Figures
(2a and 2b) show a packed fFilter, and a single-layer filter res—

pectively (1).

Methodology snd Procedures:

A, Intake:—

The pilot plant receives the raw water from Sandoop Compact
unit intake, chamber. The raw water is pumped to the distribul~—

ion chamber by means of two pumps that are operated altecnatively..

8. Distribution Chamber:—

Raw water is distributed to the upflow roughing filter or

the slow sand Filters by gravity from ths distribution chamber.

C. Siow Sand Filters:—

The pilot plant 2lseo includes four reinforced concrete pipes,
each with 3.25 m in height and 2.25 m. 1n diameter, used as slow

sand filters.

faw wabter 1ig distributed to sand Ffilters from the upflow
roughing filter or directly (i.e. without pretrestment). The
filter No. # is provided wiith tesated single—layer and or packed
filter fabric and float valves at both the inlet and the outlet
of the filter, in prder to regulate and control the flow rate and
to adjust head of water on the filter (4). (See Figure 3).
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Filter elemenk: (a) Packed filter,

and (b} Single—lsyer filter (1).

Fig. 2.

Single—tayer filter or packed
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The faolleowing table summarizes test conditions:

Tabte )l: Run Noa. 1 — 5, Jest conditions,
Run Depth of EFFf, Size l Head
N
No. sand {m) of sand (mm) (m3/m2/d) (m) otes
1 0.50 0.18 4,35 1.4 Without URF
2 0.4+0.2 0.18+0.37) 4.35 i.4 " URE, with woven
fabric (1)
0.4+0.2 0.18+0.37] 4.35% 1.4 Without URF, with
woven fabric (2)
4 0.2+0.4 0.372 +0.18] &.35 1.4 Without UBF, with
nonwoven (1)
5 0.2+0.4 0:372 +0.18] 4.35 1.4 Without URF, with
nonwoven (2)

The purposes of the run No. 1 were to test the physical blant
and gvaluate its performance at two filter rates; 4.35 and 4.52
m)/mzfday, with and without pretreatment by upflow roughing fil-
teration {URF).

Filker Mo, 4, wikth no pretcestment and withoulbt using texti—
les, clogged wilthin % days and yielded no meaningful results,
It was found that the thickness of removed sand reaches to 2 Cm.

The purposes of run Np. 2 were Eo invesfigate:—

1) Use of a woven cotton fabric over coarse and fine sand media,
without pre—trestment, and

2) Cercaria removal.

Filter No. 4, with no pretreatment, ard using.a woven cotlon
Fabric over Lhe media tan for only 3 deys with inclusive results

as to kthe use of Ffabric.

The early clogging of filter 4 confirms that pre—treatment

is required to achisve acceptable length aof filter run.
The filter 4 was effective in removing 100% of the cercaria.

It was Found that the thickness of removed sand decreased
from 1.5 ~ 1 Cm.
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The purpose of run No. 3 were to further investigate:-

1} Coarse and fine sand covered by polyester nonwoven fabric
{Filter 2}, .
2} Confirmation of the need for pretreatment (Filter 4).

Filter 2, with polyester nonwoven fabric (needle punched)
over the filter media, ran for 12 days before a pump failure

rendered the run inconclusive.

Becteriologicel removals were considerably reduced and ran—
ged from 87 tao 98% (note that removals in Filter 2 without non-—

woven fabric in rtun 2 was in the range from 96 to 98%).

Filter 4, with no pretreatment, ran anly 4 days, and con—

firmed aour earlier opinion, pretreatment is mandatory.

The purposes of run No. 4 were to continue investigakbions
as follows:—

1} Continue testing textile fabrics over the sand (Filter 4),and

2) Start evaluation of declining rate filteration.

Filter 4, testing the woven cotton fabric ran For 21 deys

before terminated by the decomposition of cotton fabric.

Turbidity removals, the First five days of operation ranged

From about 32 to 96%, not as good as in previous runs.

Table 2 summarizes the turbidity removal rates to date and
provides & numerical tating for comparision of filter efficien—
cies, and Tables J and 4 indicates the algae and bscteriological
removal rates respectively.

Table 5 shows our estimates of the comparative removal eff—
iciency for filter runs 2, 3, and 4. {(Run No. 1 was excluded
based on the langer filter runs achieved using coarse and fine

filter sand).

The purpose of the run No. 5 was ta try to complete our
evaluatian of nonwoven fabric covering the filter media. This
tun ipvolved Filter 4 with 20 Cms of coarse sand and 40 Ems of
fine sand at a rate of 4.35 m3/m2/day on pretreated water. The

fabric tested was rteinforced laminasted nonwoven, polyester fabric,
the test lasted 40 days.



Mansoura Bagineering Jourmal, Vol. 17, No. 2, June 1992

Tatle 2: Turbidity Removal Range and Comparative Ratings.

T 37

Run Filter Turbidity Flow Rating
No. No . Removal (%) {m3/m2/day) *

1 a - - -

2 2z 90 — 93% 6.52% 4

3 3 94 — 98% .35 1

4 4 92 — 97% 6.35 3

Table 3: Algae Remaval-Ranges and Comparative Ratings.

Run Filter Algae Flow Rating
Ne. No. Removal (%) (msfmzfday) *

1 1 - - -

FA 2 35 — 98% 6.52 i

3 3 73 — 93% 4.35

] 4 91 — 94% a.3s 6

Table 4: Bacterial Removal Ranges and Comparative Ratings.

Run Filter Back. Flow Rating
No. Mo . Removal (%) (mjfmzfday) =

1 4 —_— - -

2 2 94 — 993 6.52 2

3 3 87 — 98% 4.35 5

a4 4 98% 4.35 3

* Comparative

rating of filter based on removal efficiency.
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Table 5: Comparative Ratings (Turbidity, Algae and Bacteriological

removals).

f Filt Filter 5snd Turb. Removal Algae Bact,
un Friter {Cms} Removal Remaoval
Run 2 20:‘ 4 1 2
Filter 2 60
L

Run & 20, 4 3 3
Filter 4 40
Run No. Filter No. furb. Algae Bact.

2 2 4 1 2

3 3 1 6 6

4 4 3 B 3 3
* Fine sand, ** Coarse sand.

Turbidity removal was generally good but erratic.Most values
ranged between 94% zand %8% but there were several readings below
94%.

Algae removals ranged from 76 Lo 86%, lower than most of the

previous runs.

Bacteriological removals, ranging from 86 to 8% were also
lower than most of the previous runs. 1In comparcison with Caompact
Units, turbidity and algae removsls for the Slow Filters with
Monwovens was better znd more consistent, but bacterial cemavals
were not conclusive for this run. Figure 4 provides daka gn per—

formance.

The thickness of removed sand after run No. 5, reached 0.5 Cm
only. '

TESY SAMPLES:

four woven and nonwoven textile febrics were used. The fab—
rics are made from staple cotton fibres and staple polyester
(= 1350, and 1380 Kq/mj respectively). Their identification
number and main characteristics are presented in Tables 6 and 7.
They represent a great range of mass per unit area 100 te 1800
g/m2 and of thickness 0.4 to 13.4 mm.
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Table é: Single—layer Filter Cloth Cahractersitics.

Fabrics Mass per Thickness Calculated PRacking
unit area pore size dengs:by
Properties {gm/m?) (mm) (n%) (8)
Satin fFabric (5/3) 100 0.40 83.7 0.163
Plein Fabric {1/1) 158 0.58 B1.6 0.184

Table 7: Packed filter Cloth Characteristics.

Fabrics Mass per Thickness Porosaity Packing
unit area density
Properties (gm/mz) {(mm?} {n%) (g}
Needle Punched 550 2.00 80.0 0.199
{reinfaorced NW) (1)
" " (2} 600 2.50 82.46 0.174
" " (3) 650 2.80 83.2 n.168
" " from 1800 13.40 90.3 0.097

textile waste
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DISCUSSIONS

Mechanically bonded nonwoven Fabrics {packed filter), wikth
low punching density and of high surface hairiness, high mass/
unit area (high thickness) were found to be suvitable for use in

slow sand filters for the following reasons:

1— The fabric is considered we multi—layer filter, since each
layer forming the batt of fibres ascts as a seperate filter.
This would increase the efficiency of the filter in filtering

the water.

Z— The bhigh thickness of the packed filter fabric,which reaches
to 1.34 Cm, give a chance to bacteria growth in the pores of
the fabric and on the fibres protruding cn fabric surface,
which in tuwrn reducing the maturity period of the contaminant
layer, and helps in maintaining it partially after the wash—

1ng process of filter, this enables in the filteraticon process,

3=~ In the case of existance of cercaria in the raw water, thick
fabrics limited the capabilities of the cercaria from penetr—
ation through the fabric, and the propability of its death
during penetration trails i1s high, because of the random
pathes inside the fabric, and :f moved horizontally the fabric

will be a grave.

CONCLUSIONS

The use af Nonwoven in filters or for filteration purposes
is nokt pew, but it's use with sand and gravel as a basic compon—
ent in Slow Sand Filters is a contribution froem the textile side

in serving the civil engineering.

‘PROGRAM FOR FURTHER INVYESTEGATION

Based on the positive results from our study to date we

plan to proceed as follows:

1) Continue evaluative of nonwovens, chemically—mechanically,
bonded ngnwovens, and also nonwovens cubt of textile waste,

for Filter covering.
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2) Mast suitable raw material, structure and best methods for

producing these fabrics to suit thils purpose.

3) Start work on the eceonomicas of Slow Sand Filters using texti-
les versus Slow Sand Filters without textiles and also versus

Compeect Unaits.
4) Coatinue investigations on Cercaria removals.

S) Make additional filter runs at a rate of 6.52 m}/mz/day.
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