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Abstract

The experimental work was carried out at Ismalia wastewater
treatment plant in “Serapeum”. For the last 35 years in the field of
wastewater filtration, many new models of filters were used. Some types
use upward flow filters such as filters with floating granular media from
expended polystyrene. They have many advantages over other types
that have high holding capacity. The applied filters contain floating media
for physically and biologically treating municipal wastewater of Ismalia
City for reuse in agriculture.

The experiment was set for the comparison between the granular
and crushed foam with effective diameter 1.6 - 2 mm and 2 ~ 3 mm re-
spectively. The data showed that the granular foam media was more effi-
cient in the removal efficiency measured as TSS mg/L, VSS mg/L, BODj5
mg/L, F. Coliform N/100 ml and Chlor (A) which increased by percentag-
es of 16.2, 20.8,2.7, 18.5, and 6.1, respectively than those of the
crushed one, at head losses of 0.3 bar. All hydraulic parameters (flow
rate reduction as percentage, time consumed for filtering in cubic me-
ters, mean flow rate and filtration cycle time) related to removal efficien-
cy were in general better in granular media under different inlet pres-
sures (2.0 bar and 1.0 bar) and those under 2.0 bar inlet operating
pressure were better than those under 1.0 bar. The filtration cost of
granular media was 0.0024LE under inlet operating pressure of 2.0 bar.

Kay words: Floating media, removal efficiency, wastewater treatment.

INTRODUCTION

The discharge of wastewater from Ismalia treatment plant is about 80000 m3/
day as treated drainage water to Timsah Lake, which is considered an important natural
source for fishing and tourism. The type of treatment in this plant station depends on
aeration lagoon to obtain a secondary treatment. The mechanical filter ,as floating me-

dia under study, is used as tertiary treatment. This requires an advanced treatment
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process to produce wastewater to have best quality used in agriculture with irrigation
systems. One of the most important problems facing trickle irrigation is the clogging of
the fine diameter of emitter. Filtration remains of basic importance among others using
chemicals or design modifications of the network components. However, the conven-
tional granular filtration , successfully used in water and tertiary wastewater treatment,
suffers from many disadvantages, such as limited retention capacity and high-energy

requirement for the back wash operation.

Nago and Vigﬁeswaren (1995) pointed out that use of floating filter medium
overcomes shortcomings, especially when direct filters are used in the treatment
plants. A laboratory-scale study indicated that the floating medium filter with a down
fiow direct filtration arrangement was a good pretreatment unit to reduce the pollution
load in rapid filters used as polishing filter units. Due to its ability to form uniform mi-
cro-flocs of the order of 26-40 micron throughout the filter run, the floating medium
filter can serve as an excellent static flocculator. Ngo and Vigneswaren (1996) men-
tioned that the applicability and the advantages of the down flow-floating medium filter
(DFF) in wastewater treatment were examined. The experimental results indicated that
the DFF with inline flocculation is a good pretreatment to reduce phosphorous load (up
to 80-89 % removal). The DFF also resulted in uniform filterable flocs of 32-42 micron
throughout the filter run. Thus it can also successfully be used as a flocculator. The
back washing of the floating medium filter was achieved with a small quantity of water
and velocity. The introduction of floating medium filter in the top coarse sand filter
(CSF) increased the filter run time and removal efficiency (more than 87 and 94 % of
NH3 —~ N and T-P removal, respectively), particularly at a low filtration capacity (5 m3/

m2.h).

Nago and Vigneswaren (1998) mentioned that the experimental results indicated
that frequent (once every 90-120 minutes) but short duration of backwash (not more
than 60 seconds) was found to be suitable. During the backwash, the water and air
were sent for 30 seconds in upward direction and then followed with up — flow of water
for another 30 seconds. Backwash water amount comprised only 1.2-1.8% of the fil-

tered water production.
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El-Etriby and Menlibai (1997) reported that Floating media filters differ from the
conventional sand filters in many ways. Because the density of media grains is less than
0.1-gm/ecm?® (0.01- 0.1 gm/cm?) retaining grating is placed at the top of the filter in
order to maintain the media inside the filter under submerged conditions. Floating me-
dia filters are washed with down flow of water, therefore the granular media expand
downward in these filters . Media are sorted downward for size, so that direction of
downward washing simply coincide with the direction of decreased size of media grains.
El-Tantawy (1997) reported that, the most efficient thickness of filtration sand media
is around 70% of the total length of the filter. Ghazy (1999) concluded that the most

efficient thickness of filtration floating media would be around 80 cm.

MATERIALS AND METHODS

The effluent of wastewater treatment plant is used in filtration with floating fil-

ter. The average analysis of effluent wastewater treatment is shown in table (1).

Table 1. Some average parameters of effluent wastewater treatment plant.

TSS. VSs BODs F.Coliform Chlor.(A)
mg/L mg/L mg/L N/100 ml mg/L
25.5 20.7 6.75 60758 0.17

Parameters were determined in Wastewater Treatment Plant Laboratory in Sara-
peum and Soil & Water Research Institute for inlet and outlet of the floating filter. The
two different shapes of floating media (crushed and granular) were used to evaluate
the performance of the filtration unit. The two types of media selected depend on
some hydraulic parameters such as: pressure loss through media filters, filter run, flow
rate reduction percentage (%), time consumed in filtering per cubic meter (min/m.%),
mean flow rate (m.%h), filtration capacity (m.3/h m.2), and removal efficiency (%).
These experiments were done in Ismailia wastewater treatment plant to test the select-
ed best one of floating media. The irrigation water was taken from the network of the
irrigation system. The analysis and measurements were determined in Wastewater
Treatment Plant Laboratory in Serapeum - Ismalia Governerate and Soils & Water Re-
search Institute, as BODg, TSS, VSS, Fecal Coliform, Chlor. (A). bulk density, particle

density, porosity, and permeability. These parameters and measurements are consid-
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ered as good indicator for selecting the best media types according to Carig (1993)

and were determined as the following:

A. Bulk density “P" = M/ V
B. Particle density “GS” =M/ Vs
C. Porosity “n” =Vv/V

where:

M = is the total mass of the samples.
V = is the total volume of the particles.
Vv = is the volume of voids.

Vs = is the volume of solids.

Smith (1985) reported that the permeability (Pr) of porous material can be cal-

culated using Darcy’s flow equation as follows:
Pr = Q/At
Where:

Q = quantity of water flow (cm.2 ).
t = time for quantity of water flow (sec).

A = area of cross - section through which the water flows (cm.2).

Table (2) shows the specification of the filtration unit. Two operating pressures
at the inlet were used 1.0 and 2.0 bar in both types of floating media at start of filtra-
tion process. The volume of filtered wastewater (m.3) was measured with flow meter.
Filtration cycle time (h) and mean flow rate (m.3 /h) were measured and estimated
time consumed to increase at each successive step of pressure loss by 0.1 bar . Two li-
ters water samples were collected before and after media filter at each 0.1 bar pres-
sure loss to estimate the sediments concentration in (mg/L) in the two media cases

for calculating the filtration efficiency (%) ( Ej )-

The back washing occurs when the pressure differences between inlet and outlet

media filters reached 0.5 bar. The following equation was used for estimating ( E¢ ).
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Removal efficiency (%) ( E; )
(Ef)=(Ss-Si/Ss)*100
where

Ss = The sediments concentration in the entrance of water (mg./1.).

Si = The sediments concentration in the filtered water (mg./l.).

The back washing process was carriedout when the pressure difference reached

0.5 bar for each sample. This process continues from 5 to 7 min for each case.

A group of indicators were taken to indicate the field evaluation of each selected

floating media. These indicators were presented with the following equations:
(P) Pressure loss (bar)

P=Pi-Po
where

Pi = average pressure before media filters (bar).

Po = average pressure after media filters (bar).

(q) Flow rate (m.2 /h)
q= Vf 7 {
where

Vi = volume of water passing through media filter during one filtration cycle. (m.3 )

t = filtration cycle time (h.).

(Fc) Filtration capacity (m.2 /h .m.2)
Fc=q/A

where

Q = Flow rate passed through filters (m.2 /h).

A = Filtration bed area (m.2).
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(t) Time consumed for each cubic meter filterate (min./ m.3)
t = (1 /q) *60

Table 2. Specification of the filtration unit.

- Floating filters

- Number of filters 2.0

- Recommended maximum flow rate (m.3/h). 40

- Maximum operating pressure (bar). 10

- Filtration capacity ( m.%/m 2 h}. 70.8

- Inlet and outlet diameters (inch). 1.5

- Length (mm). 1200

- Tank diameter (mm). 600

- Wall Thickness (mm). 5

- Thickness of media layers (mm). 700

- Back washing diameter (inch). 1.5

- Up drain types. cylindrical
- Up drain diameter (inch). 2.0
Floating media

- Bed area (m.%) 0.565
- Effective diameter of granular media (mm). 1.6 - 2.0
- Effective diameter of crushed media (mm). 2.0 - 3.0

*Filtration cycle time (h)

The time consumed between two successive back washing process (h).
* Filtration period (h)

The time consumed each of 0.1 bar head loss.
Filtration treatment costs (LE / m.?)

(Price of floating media) / ((Mean flow rate (m2/day) X (number of operating days))

(Qr) Flow rate reduction %

Qr=(Qs-Qi)/ Qs * 100
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where

Qs = Flow rate at the start (m.3 /h).

Qi = Flow rate at any time (m.3 /h).

RESULTS AND DISCUSSION

The results of lab tests for the two different types of the floating filtration me-
dia were following the standard levels according to the international levels given by Ca-
rig (1993) which were taken as basis for the lab evaluation of the tested samples. The
main objectives of the field hydraulic tests are for measuring and evaluating the perfor-
mance of the selected two floating filtration media. The standard levels given by Ravina
et al. (1993) were taken as a reference level for the field evaluation of the tested sam-
ples. Water flow through the filtration process was from bottom to top (up flow). The
pressure loss at the start of the filtration process through the filtration unit was 0.2
bar in granular and 0.1 bar in crushed media. When the pressure loss increased to 0.5
bar, it was an indication that the filtration unit needs cleaning, then reversing the direc-
tion of water flow through the filters from top to bottom to have the back washing

process (down flow).

The main properties of the two types of the floating media (granular and
crushed) are bulk density (g/cm®), particle density (g!cm3), porosity (%) and permea-
bility (cm/sec) at different inlet pressures 1.0 and 2.0 bar. These properties were

measured and are manifested in table (3).

Table 3. Physical properties of different shapes of floating media.

Bulk density Particle density i Permeability
Samples 3 3 Porosity (%)
(g/cm”) (gm/cm”) (cm/sec)
Granular 0.0132 0.053 25.1 1.82
Crushed 0.0182 0.062 29.2 1.97

Table (4) shows the average efficiency for some parameters of effluent waste-

water treatment plant. The measurement of F. coliform was (60758 N/100 ml) before
filtration. At pressure head loss of 0.3 bar for two types of floating media (granular

and crushed) under two different operating pressures (1.0 and 2.0 bar). The removal
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efficiencies were 20% , and 19% at inlet pressure of 1.0 bar, while they were 50.0 %
and 31.5 % at inlet pressure 2.0 bar for the floating media of the granular and crushed

types, respectively.

The data in table {4) depended on the measurement before and after filtration.
Before filtration, the measurement of Chlor (A) was (0.17mg/ml} and was considered
as an indicator for the presence of algae in the water. However, The operating pressure
of 2.0 bar gave better results than those of 1.0 bar operating pressure specially in the
crushed type due to cached the fine tissue of algae. By increasing pressure head loss

from 0.3 bar to 0.5 bar the removal efficiency decreased sharply.

Table 4. The removal efficiency (%) of the floating media for Fecal Coliform and Chlo-
rophyll (A) at different head losses through the filter.

Parameters Fecal Coliform ( %) Chlor. (A) ( %)

Grain shape Crushed Granular Crushed Granular
Inlet pr. opar | 1 bar | 2bar | 1bar | 2bar | 1 bar | 2 bar 1 bar
H. L (bar)

02 35.0 23.0 55.0 25.0 63.2 43.1 59.2 38.2
0.3 31.5 19.0 50.0 20.0 61.2 38.5 55.1 35.1
0.4 28.5 17.8 46.0 17.0 55.4 35.7 41.9 33.2
0.5 26.0 13.3 45.0 15.0 52.6 28.3 40.7 25.4

Table (5) shows the average of the measurement VSS % and BODs. The meas-
urement of volatile suspended solids VSS was (20.7 mg/L) before filtration. At pres-
sure head losses 0.3 bar, the values of removal efficiency were 10.0% and 7.7% at in-
let pressure 1.0 bar and 2.0 bar, respectively. They were 51.0 % and 30.2 % for
granular and crushed types, respectively. So, the granular type of floating media at in-
let operating pressure of 2.0 bar was better than the other treatments due to in-

creased number of mesh per linear inch of granuiar media.

The measurement of biological oxygen demand (BODg) was (6.75 mg/L} before
filtration. At pressure head loss of 0.3 bar the removal efficiencies were 24.6% and
15.8% at inlet pressure of 1.0 bar, while at inlet pressure of 2.0 bar they were 15.0 %
and 12.3 % for granular and crushed types respectively. By increasing pressure head

loss to 0.5 bar the removal efficiency decreased sharply. However the granular type of
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floating media at inlet operating pressure of 1.0 bar was better than the other treat-
ments due to turbulent movement of media and the water, the biological oxygen de-

mand increased 1.0 bar inlet pressure.

Table 5. The removal efficiency (%) of the floating media for the volatile suspended
solids (VSS) and the biological oxygen demand (BODs) at different head loss-
es through the filter.

Parameters VSS ( %) BODg ( %)
Grain shape Crushed Granular Crushed Granular
Inlet pres. | 2 bar [ 1 bar | 2 bar | 1 bar | 2 bar | 1 bar 2 bar | 1 bar
H. L(bar)
0.2 31.3 8.5 53.0 10.5 13.0 16.2 16.1 26.6
0.3 30.2 7.7 51.0 10.0 12.3 15.8 15.0 24.6
0.4 27.5 6.8 45.8 9.5 10.0 13.0 13.3 17.8
0.5 26.1 6.4 44.0 9.1 9.0 11.6 11.0 4.3

With respect to chlorophyll A, as an indicator for algae presence, the data
showed that the crushed floating media appeared more efficient in removing of algae
than the granular media. This may be due to the particle shape, which is different. On
contrary, the granular floating media was more efficient in retention time of Fecal Colif-
orm than crushed one. This is presumably interpreted by the better aerated condition
in case of granular media than that of the crushed media. Concerning the VSS and
BODg, their values are greatly affected by the particle size of media and pressure. Val-
ues of VSS percentage were increased in case of granular media at 1 bar inlet pressure
than the crushed one. On the other hand, BOD percentage values are more in case of
granular media. This may be due to the presence of better aerated condition, which led
to more oxidation of VSS and also to diminish the BOD as resulted from decreasing Fe-

cal Coliform and algae.

The media used after depletion in filter may cause environment poliution. These
materials are polymers (polystyrene), exposed to relative decomposition during filtra-
tion process and also born with organic substances. Thus, this study suggests using of
these media for composting with sludge to eliminate the pollution expected after finish-

ing filtration process.
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The effect of different shapes of media on filtration parameters
under different inlet pressures of 1.0 bar and 2.0 bar

Data in fig. (1) show that the flow rate reduction percentage generally increased
in case of granular shape at inlet pressures 2.0 and 1.0 bar than the crushed one
through the filtration cycle up to pressure head losses 0.5 bar. At pressure head loss
0.5 bar, the flow rate reduction percentages were 15.0% and 13.5 %, while at inlet
pressure 0.1 bar reached 25.0% and 20.7% in granular and crushed foam media re-
spectively. Consequently, in granular shape, the higher flow rate reduction percentage
and longer filtration cycle of the media lead to shorter back washing intervals and lower

energy loss for each process.

Data in fig. (2) show that the filtration period at each 0.1 bar head loss de-
creased in case of granular media at inlet pressures 2.0 and 1.0 bar compared with
that of the crushed one through the filtration cycle time up to pressure head-loss 0.5
bar. That means that in granular shape, the lower filtration cycle of the media requires
shorter back washing intervals and lower energy loss in the back wash for each pro-

cess.

Data in fig. (3) show that the mean flow rate at each 0.1 bar head loss de-
creased in case of granular medium at inlet pressures 2.0 and 1.0 bar than in the
crushed one through the filtration cycle up to pressure head losses 0.5 bar. Under infet
pressure 2.0 bar and pressure head loss from 0.2 bar to 0.5 bar in granular shape, the
lower mean flow rate under two different inlet pressure heads of the media are the

shorter back washing intervals and lower energy loss for each process.

Data in fig. (4) show that the time consumed for filtering one cubic meter in-
creased in case of granular medium at inlet pressure 2.0 and 1.0 bar than that of the
crushed one through the filtration cycle up to pressure head losses 0.5 bar. Under inlet
pressure 2.0 bar at pressure head loss from 0.2 bar to 0.5 bar, the time consumed for
filtering one cubic meter in granular media increased from 1.62 min /m.2 to 1.88 min /
m.3 , while in crushed one it increased from 1.5 min /m.3to 1.76 min /m 2. Under inlet
pressure 1.0 bar at pressure head loss from 0.2 bar to 0.5 bar the time consumed for
filtering one cubic meter in granular media increased from 2.07 min /m.2 to 2.61 min /

m.3., while in crushed one it was 1.88 min /m.3 to 2.50 min /m.3. That means, for gran-
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ular shape, the higher time consumed for filtering one cubic meter under two different
inlet pressure heads of the media is for the shorter back washing intervals, lower ener-

gy loss in the backwash process and higher removal efficiency.

Data in fig. (5) show that the removal efficiency increased in case of granular
medium at inlet pressures 2.0 and 1.0 bar than that of the crushed one through the fil-
tration cycle up to pressure head loss of 0.5 bar. Under inlet pressure 2.0 bar at pres-
sure head loss from 0.2 bar to 0.5 bar, the removal efficiency in granular media de-
creased from 60.0 % to 46.2 %, while in crushed one it decreased from 39.9 % to
31.0 %. Under inlet pressure 1.0 bar at pressure head loss from 0.2 bar to 0.5 bar,
the removal efficiency in granular media decreased form 16.5 % to 3.8 %, while in
crushed one it decreased from 12.70 % to 3.30 %. By increasing pressure head loss to
0.5 bar, the removal efficiency will decrease sharply. So the granular floating media at
inlet operating pressure 2.0 bar is better than the other treatment due to increasing
compact ratio of granular media at 2.0 inlet pressure. That means, in granular shape,
the higher time consumed for filtering one cubic meter under two different inlet pres-
sure heads of the media are the shorter back washing intervals, lower energy loss in
the backwash for each process and higher removal efficiency. So, the recommended
pressure head loss is under the pervious parameters at 0.3 bar with removal efficiency

54.9 % under inlet pressure 2.0 bar in granular floating media.

Filtration cost

Filtration cost of the floating media in granular media at inlet pressure 2.0 bar
with assumed 8.0 h / day (mean flow rate 35.0 m.3/h and 150 day operating age)
equal 42000 m® for one time changing of media. The cost of changing media is 100.0
LE. So The filtration cost was about 0.0024 LE/ m.2

SUMMARY AND CONCLUSION

The Floating media filters differ from the conventional sand filters in many ways.
Because the density of media grains is less than 0.1 g/em® (0.01- 0.1 g/cm®) retaining
grating is placed at the top of the filter in order to maintain the media inside the filter
under submerged conditions. Floating media filters are washed with down flow of wa-

ter, therefore the granular media expand downward in these filter media which are sort-



1942 USE OF FOAM MEDIA FOR FILTERING HEAVY SEDIMENTS WATER

ed downward for size, so that direction of downward washing simply coincides with the
direction of decreased size of media grains. In cases of Fecal Coliform, VSS, and TSS
were 50.0 %, 51.0%, 54.9 % respectively, while in case of Chlor. (A). The crushed
shape was better than the granular one with 61.2 %. In case of BODs the removal effi-
ciency of granular floating media is better than the crushed one at inlet pressure 1.0
bar under pressure head loss 0.3 bar was 24.6 % due to uncompressed media and tur-
bulent movement of media and the water. So, the biological oxygen demand increases.
The removal efficiency of'granular floating media is better than the crushed one at inlet
pressure 2.0 bar, under pressure head loss 0.3 bar, Filtration cycle, mean flow rate, and
time consumed for filter in cubic meter were 7.05%, 21 h, 35 m.%/h and 1.71 min /m.3
respectively. The filtration cost of cubic meter was 0.0024 LE/ m.2 Thus; this study
suggested using these media for composting with sludge to eliminate the pollution ex-

pected after finishing filtration process.
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