
(JZS)Journal alZankoy Sulalmuni, November 2A07, 10(1) Part A (59-12)
( Yl-oq ) rJa N,4 stt{ I lt, 4t+ t l,,V rdltt.r1fr , sJ* g$A$ Odil

Effeet of Grain size of Porous Media on
Physieal Ctrogging.

*Nawzad 
G. Rahim, **Karnal A. Rashed, ***Omed Saeed Qadir

Sulaimani University, Engineering College, *Inigation Department, ** Building
Department, ***Irrigation Department, Kurdistan Region I Iraq

Abstract
The effect of size of grains of porous media on physicai clogging under constant flow rates rvas

investigated experimentally. A sandy soil having particle size ranging from 355 to il90 pm, fractioned
into seven unisizes, was selected as the porous media" Two types of silt soils (smaller than 63 pm) were
used as suspensions, Two concentrations (500 and 1000 mg/L) with three flow rates (116, 214 and353
ml/min) were used. The results showed that, the permeabilify reduction (K/Kr) decreased with
decreasing mean grain diameter (Dso) of the porous media till a critical value of (Dso/dso) after which a
surface mat of suspension is formed on the surface of porous media. The ef'fects of suspension rype and
flow rates on physical clogging seemed to depend on the pores size ofthe porous media.

Keywords: Bed Clogging, Fermeability Reduction, Particle Infiltration, Plugging,
Packed bed.

l- Introduction
The term "clogging of a porous media"

connotes the phencmenon of retaining
f,rne solid particles, suspended in a liquid
flowing through a porous media, such as
sand, silt, clay, bacteria, colloidal
fines,.,..etc, in the pores of the media.
This leads to a restriction of flow through
the pores, which in turn leads to a
reduction in hydraulic conductivity
(permeability) of the porous rnedia.

This phenomena and the resulting
permeability reduction has long been a
problem in many industrial and
engineering applications. it occurs in
many natural and technical processes such
as fine particle accumulation in soil filters,
water supply filtrations, and petroleurn
engineering, artificial recharging of waste
water into undergrouncl formations and
lining of canals, reservoirs, and lagoons in
hydraulic and agriculturai engineering
(sealants) [1-8]

A related problem in the earth dam is
erosion and piping in soils, rvhich is given
an important consideration in the design
of earth dams (statistics show that 26Yo of
the earth dam failures surveyed were
attributed to the intemal erosion and
piping in soils) [6,7].

In the related area of pavement design
in highway engineering, clogging of filters
underneath the pavement section is one of
the major reasons which cause early
deterioration of pavernent (In the united
state this phenomenon continues to cost
billions of dollars) [6,71.

In the eontext of wastewater filtration in
environrnental engineering, design of
porous systerns, which are used in the
removal of particulate matter in water
supplies, entails considerations of changes
in energy are required to move the
suspension through the bed as the pore
spaces get clogged [6].
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during water flooding or clogging due to
mobilization of srnall particles (formation
fines), which are present in pore spaces of
the reseryoir rocks, can hinder the
extraction of petroleum from a formation
[2, 9-t 1].
In artificial recharging of wastewater

into underground formation, the
recharging operations can be hampered if
hydraulic conductivity is reduced by
particle capturing (clogging) L12-L 41.
As discussed above the outcome of

clogging in the mentioned areas is not
desirable and posses a major problem.
Thus it is of great importance to
understand the clogging behavior of
porous media as well as delineate the
factors affecting it.
The rnain purpose of this study is to

investigate the effects of size of grains of
porous media (using natural granular
material) on the physical clogging where
chemical and biological clogging arc
minimized and subsided. Also the effects
of flow rate (velocity), suspension
concentration and suspension type are
studied experimentally, with a total
number of thirty five (35) tests.

2- Experimental works
For the purpose of

experimentation, a special rig was built in
the engineering college laboratory.
Figs. (1,2) show a schematic and
photograph ofthe rig,

2.1 Description of the Rig
2,1,.1Component

The instrument used in the
experimental program is composed of a
constant-flow rate pump, transparent
Perspex suspension cylinder, an electrical
mixer and the porous rnedia column. The
constant-flow rate pump is a metal
(aluminurn) piston moving through a

transparent Perspex cylinder, 190 mrn in
diameter and 450 mm length, by means of
an electricai motor and gearbox (1:100).

This instrument can inject water, under
constant-flow rate, with several discharges
ranging from 0 to 0.5 l/min at about one

bar pressure. It is placed in a 45o inclined
position with horizontal for obtaining
homogenous suspension ooncentration
produced from the suspension cylinder.

2,1.2 Porous Media Cotrurnn.
The Porous Media column was made of

a galvanized iron pipe, 4l mm in diameter
and 300 mm in length which was
externally threaded at both ends, with two
internaliy threaded brass caps.

To support the porous media inside the
column a steel screen with 300 micron
openings, enhanced by a perforated steel
plate, was used and placed in the lower
brass cap.

Hydraulic head distributions along the
bed were measured by four.pressure gages

which were connected laterally to the
porous media column.

2.2 Materials
To study the physieal clogging of

porous media, both the porous media and
suspensions should be inert to each other.
To obtain that the procedure in reference

[15] was followed.
2.2.1Porous Media

The porous media is consisting of
natural sand cleaned and sieved into
different sizes. The fractions of sands

retained between two nearest standard
sieves were taken as a unisize bed. In this
study seven unisize sands, ranged from
355 to 1190 pm, were prepared. Table (1)
shows some characteristics of the porous
media.
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2.2.2 Suspended Solids
Two types of natural silty soils were

prepared as suspended solids, type A and
type B. Table (2) shows some
sharacteristics of suspensions" The first
type of the suspensions type (A) is non-
uniform natural soil passed sieve No.240
(63 pm). Type B is a natural uniform silt
particle having mean pafticle diameter of
about 58 micron (Passed sieve No. 240-
63 pm and retained on sieve No, 270-
53pm). The water, which is used as a
carrier, is the filtered tap water having
normal turbidmeter of about (0.02) NTU.

2.3 Experimentai Work
2.3.1 Test Setup and Procedure.

When all the sand is placed in the pipe.
the column was checked for Ieakage.
After that, filtered tap water was allowed
to florv through the bed for about one
hour, with small discharges, to release any
air bubbles in the bed and to stabilize the
bed grains. Then later the suspensions,
from the rig. were injected into the porous
media column under constant flow rate
and concentratiorr.

During testing, the following
measurements were taken with time:-
1. Pressure measurement using

four pressure gages.
2. Discharge measurement for

checking the pump discharges.
3. Effluent turbidity measurement.
4. Temperatu re measurement,

For each bed, five tests are
conducted with different discharges (three
tests), concentration (one test) and
suspension type (one test). Thus the total
number of the experimental runs was 35
runs (7 beds x 5).

3. Results and l)iscussions
3,1 Permeabitity Reduction calc x,latio n

For obtaining the physical

reduetion of permeability due to
suspension (physical clogging), the
clianges in the fluid propeffies due to
change in temperature was ignored. So
that the physical penneahility of rhe soil
media used in this study, can be defined as

follow:

P Q^LK ......... Iy AAH
Where

tr : absolute viscosity. ((Dynel s)/cm?)

Q : flow rate (dischargc). (cm'/s)
AL: porous media length (depth). (cm)
AH: differential head (Head [,oss). (cm)
y: unit rveight of the fluid. (Dyne/cm3)
A : cross-sectional area of soil. (cm2)

The penneability reduction is the ratio
of permeability of the porous media at any
time during testing (at any injected pore
volume), K,, to the initial permeability at
time:0, K;. So, mathematieally, it can be
written as follows:

K/ (F), yr (AH)i

--:
K, (p); 1, (AI{)1

As shorvn in Eq. (2), pemreability
reduction is sirnply proportional to the
ratio between the head loss at any time of
the testing and the initial head loss at the
same fluid properties. This equation was
used for calculating permeability
reduction at any time.

3.2 Effect of grain size of porous media
on physical clogging

From Fig. (3), for beds havinB Dso

larger than 550 pm, the value of K;/K;
decreased as D56 decreased. This due to
higher capability of the smaller pore sizes
for capturing the sr.rspensions. While for
beds having Dso equal and smaller than
550 pffi, an opposite behavior was
observed. This is due to the formation of a
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surface mat, of suspensions, on the inlet
surface ofthe beds.
It is seen from Fig. (4) that the

probability of penetration and
transportation of suspensions throughout
the beds increased with inoreasing D5ld5s
and D15/fu5 ratios. This is due to the
increase of pore sizes relative to
suspension sizes. Table (3) shows the
behavior of clogging for runs I through T.
It is seen from this table that for Dso/dso >
23.6 and Dr/dss > 13.5, the suspensions
transported throughout the porous media
and their concentration was increased with
increasing of injected water volume [Fig.
(4)1. For D56/d56 S 19.8 and D15/ dss <
1 1.4, the suspensions were retained on the
top of the bed forming a surface mat. This
has been confirmed visually after the end
of the experiments, Such a behavior has
been suggested by Mcdowell-boyer, et.al,
[11], (1986).
3.3 Effect of flow rate on physical
clogging

Figs" (6) to (9) represent the effect
of flow rates on clogging behavior of four
unisize beds (Beds No. 1, 2, 3 and 4).
These figures show that flow rate has no
considerable effect on the clogging
behavior. This is due to the formation of
surface mats on all these beds which were
confirmed visually after the end of each
one. The formation of these mats on the
surface of the beds is independent of
flowrates; at the s&me injected wafer
volume with the same suspension type
and concentration, the mats were similar
in composition and thickness.

Figs. (10-12) represent the effect
of flow rates on clogging behavior for the
beds where surface mats were not formed
and when transportation occurred (Beds
No. 5, 6, 7), higher permeability reduction
is observed at lower flow rates.

Figs. (13-15) show the value of

ratio of suspension concentration at any
time to initial suspension concentration,
C/Ci, for beds where transportation of
suspensions is occurred. It is seen from
these figures that as the flow rate
increases the value of CrlCi increases.
The above observations may be

explained as follows:
When flow rates are increased, the

interstitial velocity is also increased. This
means an increase in the hydraulic shear
force which leads to push the suspensions
deeper into the porous media and
ultimately they appear in the effluent. So
the amount of suspensions retained or
deposited in the porous media is smaller
for higher flow rates.

3.4 Effect
suspensions

of concentration of

Figs. (16-22) show clogging
behayior of the (7) beds for two
concentrations (500 and 1000 mg&) of
suspension type (A). As expected, the
higher concentration of suspensions
causes more reduction in permeability for
all the bed. This is because of the fact that
higher concentrations cause higher
retention inside the pores and a thicker
surface mat at the surface of the beds.
3.5 Effect of particle size distribution of
suspension.

Figs. (23-29) shows the effect of
size distribution of the suspension on
clogging behavior for the unisize beds for
the same flow rate (353 ml-/min.) and
suspension concentration (1000 mgll.) . It
is seen that for beds no. 1,2,3 and 4, the
type A (the non-uniform suspension) has
greater effect on the reduction of
permeability {Figs. (23-26)}. This is due
to formation of surface mat which has
smaller pore sizes for the case of non-
uniform suspension compared to the
uniform suspensions. While Figs. (27-29)
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show an opposite behavior for Beds no. 5,
6 and 7, This is because those beds have
larger value of D56 in *,hich no surface
mats were formed. Obviously the uniform
suspension has larger dso (5S pm)
compared to the non-uniform suspension
(33 pm) and caused larger reduction in
permeabilitv.
4. Conclusions

As a result of this study, the
follow'ing conclusions are made:
l. The size of parlicles of porous media
and suspensions, flow rates and
concentrations proved to be basic factors
in physical clogging.
2. For any' type of sr,rspended particle with
any concentralion and flow rate, the
permeability is more reduced for unisize
beds having smatrler D56 than the beds
having iarger Dso until the ratio of Dso/dso
reaches a limit in which the suspensions
will form a horizontal surface mat on the
surface of the porous nedia, After the
formation of the mat an opposite behavior
was observed.
3. For beds penetrated by suspensions, the
uniform suspensions causes more
reduction in perrneabiiity than non-
unifonn suspensions. While for beds not
penetrated by suspensions (beds clogged
due to surface mat-filter cake niechanism),
the non*uniform suspensions causes more
reduction in permeability than the uniform
suspension.

4. Higher concentration of suspensions
causes higher reduction in permeability of
porous media for unisize beds.
5, Surface mats occurred under the
following conditions:

I-) D1y'ds5-< 10 (Dso/dso*<11.3)

.......For uniform suspensions,
II-) Drs/dss< 1 1.4(Dso/dsosl 9.8)

... " ...For non-uniform suspensions.
6. For beds penetrated by suspensions,

permeability was more reduced for lower
discharges than higher discharges. While
for beds not penetrated by suspensions,
beds clogged by surface mat mechanisms,
flow rate has no considerable effect on the
clogging behavior.
7. For the cases where the formation of
surface mat on the bed surfaces and early
transportation of suspensions are not
desirable, for example in water supply
filters, the convenient ratio is Dly'des =
13.5 for unisize beds which has smaller
increased head loss. While for the cases
where transportation of suspensions is not
desirable and when small initial and final
head losses are required, for example in
soil filter of earth dams, the conveuient
ratio is DrJdss : 11.4 ratio for unisize
beds which not allowed any suspension
penetration and has srnaller increased
head loss (for the same suspensions),
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Table (1) Some Characteristics of Porous Media

Bed
No.

Porous
Media type

Do

micron

Dto

micrcn

Dts
rnicron

I)so

micron

Doo

microrr

Dtoa

mirron
U.C. S.G.

I Unisize 355 362 366 390 391 /1< r.097

2 Unisize 425 .TJ J 436 463 470 500 r ,085 2.681

I lJnisize 500 510 5r5 550 560 600 1.098 2.688

4 Unisize 600 61r 617 655 666 710 1.090 2.674

5 Unisize 710 724 /.7 I 780 i94 850 t.ag't 2.668

6 Unisize 850 865 87') 925 940 I0{10 r.087 2.',l38

7 LJnisize 1 000 1019 1029 1 095 L 114 I 190 1.093 2.120

Table (2) Some Characterisfics of Suspensions.

Table (3) Clogging Behavior for Unisize Beds.

S* : ljormation of surface mat on t]re surfuce of the bed,
T** : Suspensions transported tlrroughout the beds.

Suspension Type ds ds dro drs d.n deo das d ron U.C, S.G.

(A) non-uniform 3.4s 7.8 JJ 39 54 n1 11.29 2.763

(B) uniform -)i 53.5 54 54.5 58 59 61 .5 63 1.093 2.687

R.un No. I Ratio of
i D56/d56

Ratio of
Dr../ds.

Initial
Head loss,

cnl

Final
Volume of

water
iniected. mL

Final
increased

Head Loss,
cm

Final value
of C,/C;

Clogging
behavior

I I 1.8 6.8 170."78 14826 184.',t 0 s*

1 14.0 8.1 t09.17 15532 163.r 0 S

1 16.7 9.5 83.47 I 5532 r86 0 S

4 r9"8 I 1.4 60.46 23298 198.9 0 S

5 i 23.6 I J.) A I <l
A I.J I 6?128 859 0.64 T*,8

6 I 28.0 15.2 23.24 38830 9.5 4.64 T

'I ',, 33.2 l9.l 17.83 38830 4^7 0.78 T
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F'igure (3) Permeability reduction for different
unisize beds, C=1000 mg/L,
Q:353 ml/min., suspension type (A).
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Figure (4) Concentration ration for different
D15/ds5 ratios, C=1000 mg/L,
Q = 35: mllmin. Suspension type (A).
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Figure (5) Head loss for different D15/ds5 ratios, Suspension type (A), C:1000
mg/L,Q=353 ml.lmin.
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Figure (6) Permeability redr"lction f<rr different
flowrates, Bed No.1, D5s= 390 pm,
C= 100 AmglL, Suspension type A.
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Figure (7) Permeability reduction for different
flowrates, Bed No.2, D5s= 463 pm,
C= 1000 mg/L, Suspension type A.
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Figure {10.) Permeability reductinn for different
flowrates, Bed No.5, D56: 780 pm,
C= 1000 mg/L, Suspension type A.
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Figure (9) Permeability reduction for different
flowrates, Bed No.4, D5n: 655 pm,
C: i000 mg/L, Suspension type A.
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Figure (11) Permeability reduction for different
flowrates, Bed No"6, D56= 925 pm,
C= 1000 mgll-, Suspension type A.
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tr'igure (13) Concentration ratio for different
flow rates, Bed No.5, D5s: 780 pm,
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Figure (12) Permeability reduction for different
flow rates, Bed No.7, D56: 1095pm,
C: 1000 mgil, Suspension type A.
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Figure (14) Concentration ratio for different
flow rates, Bed No,6, D56: 925 pm,
C: 1000 mgll, Suspension type A.
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Figure (16) Permeability reduction for different

Concentration, Bed No.1, D56: 390pm,
Q : 353 ml/min., Suspension type A.
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Figure (15) Concentration ratio for different
flow rates, Bed No.7, D56: 1095 prm,

C= 1000 mg1l, Suspension type A.
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Figure (17) Ferrneability reduction for different
Concentration, Bed No.2, D5s= 463pm,

Q = 353 mllmin., Suspension type A.
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ta

I

08

rZ 06

!' 0.4

0.2

0

0 9000 18000 214a0 36000 45000

Water volume iniected, mL

Figure (19) Permeability reduction for diff'erent
Concentration, Bed No.4, D56= 655trrm,

Q = 353 mllmin., Suspension type A,

C= 1000

500

-- -l---

._:+*-<,

0.2

o

2500 5000 7500 10000 12500 I5000 17500

Water yolume injected, mL

68



(JZS)Journat af Zankay Sulaimani, Novetnber 2007, l0(1) Part A
A s,fu I s l, i1a1, /,, I loJutt tlli!, s,f* gjfilj alljl

t.2

I

0.8

.j0.6

o.2

0

t

0 13000 26000 39000 52000

trVater volume injected, mL

Figure {20) Permeability reduction for dilferent
Concentration, Bed No.5, D56: 780prm,

Q :353 mllmin., Suspension type A.
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Figure (21) Permeability reduction for different
Concentration, Bed No.6, D5s= 925pm,

Q = 353 ml/min., Suspension type A.
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Figure (22) Permeability reduction for different
Concentration, Bed No.7, Dso= l095Frm,
Q : 353 mt,/min., Suspension type A,
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Figure (23) Permeability reduction for different
suspension types, Bed No.1,
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Figure (24) Permeability reduction for diflerent
suspension types, Bed No.2,
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Figure (26) Permeability reduction for different
suspension types, Bed No.4,

D5s= 655 pm, Q :353 ml/min.
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Figure (25) Permeability reduction for different
suspension types, Bed No.3,

D5n= 550 pm, Q :353 ml/min.
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Figure (2?) Permeability reduction for difl'erent
suspension types, Bed No.5,
Dso:780 pm, Q = 353 ml-imin.
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Figure (29) Permeability reduction for different
suspension types, Bed No.7,
Dso: 1095 lrm, Q :353 mllmin.
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