ﺘﺭﺸﻴﺢ ﺜﻼﺜﻲ ﻟﻤﻴﺎﻩ ﺍﻟﺼﺭﻑ ﺍﻟﺼﺤﻲ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺭﻤل ﻤﺤﻠﻲ
ﻭﻟﻴﺩ ﻤﺤﻤﺩ ﻜﺎﻤل ﺯﺍﻫـﺩ
ﻗﺴﻡ ﺍﻟﻬﻨﺩﺴﺔ ﺍﻟﻤﺩﻨﻴﺔ ،ﻜﻠﻴﺔ ﺍﻟﻬﻨﺩﺴﺔ ،ﺠﺎﻤﻌﺔ ﺍﻟﻤﻠﻙ ﺴﻌﻭﺩ ،ﺹ ﺏ ٨٠٠
ﺍﻟﺭﻴﺎﺽ  ،١١٤٢١ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ

)ﻤﺠﻠﺔ ﺠﺎﻤﻌﺔ ﺍﻟﻤﻠﻙ ﺴﻌﻭﺩ ﻟﻠﻌﻠﻭﻡ ﺍﻟﻬﻨﺩﺴﻴﺔ ،(١) ١٦ ،ﺹ ﺹ٢٠٠٣ ،٣٦-٢٣ :ﻡ(

ﻤﻠﺨﺹ ﺍﻟﺒﺤﺙ .ﻴﺘﻭﻗﻊ ﺃﻥ ﻴﺯﺩﺍﺩ ﺍﺴﺘﻌﻤﺎل ﺍﻟﺘﺭﺸﻴﺢ ﺍﻟﺭﻤﻠﻲ ﺍﻟﺴﺭﻴﻊ ﻟﻠﻤﻌﺎﻟﺠﺔ ﺍﻟﺜﻼﺜﻴﺔ ﻟﻤﻴﺎﻩ ﺍﻟﺼﺭﻑ
ﺍﻟﺼﺤﻲ ﻓﻲ ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ ﺒﺘﻁﺒﻴﻕ ﺍﻟﻨﻅﺎﻡ ﺍﻟﻤﻌﺘﻤﺩ ﺤﺩﻴﺜﺎ ﻟﻤﻴﺎﻩ ﺍﻟﺼﺭﻑ ﺍﻟﺼﺤﻲ ﺍﻟﻤﻌﺎﻟﺠﺔ
ﻼ ﻤﺴﺘﻭﺭﺩﺍﹰ ،ﻓﺎﻥ ﻫﺫﺍ
ﻭﺇﻋﺎﺩﺓ ﺍﺴﺘﻌﻤﺎﻟﻬﺎ .ﻭﺤﻴﺙ ﺃﻥ ﻤﻌﻅﻡ ﻤﺤﻁﺎﺕ ﺍﻟﻤﻌﺎﻟﺠﺔ ﺍﻟﺜﻼﺜﻴﺔ ﺘﺴﺘﻌﻤل ﺤﺎﻟﻴﹰﺎ ﺭﻤ ﹰ
ﺍﻟﻤﺸﺭﻭﻉ ﺍﻟﺒﺤﺜﻲ ﻴﻬﺩﻑ ﺇﻟﻰ ﺍﻟﺒﺤﺙ ﻋﻥ ﺭﻤل ﻤﺤﻠﻲ ﻤﻨﺎﺴﺏ ﻟﻠﺘﺭﺸﻴﺢ ﺍﻟﺜﻼﺜﻲ ﻭﻤﻥ ﺜﻡ ﺘﻘﻴﻴﻡ ﺃﺩﺍﺌﻪ ﻓﻲ
ﺘﺭﺸﻴﺢ ﻤﻴﺎﻩ ﺍﻟﺼﺭﻑ ﺍﻟﺼﺤﻲ ﺒﺈﺠﺭﺍﺀ ﺘﺠﺎﺭﺏ ﺘﺭﺸﻴﺢ ﺤﻘﻠﻴﺔ.
ﻭﺒﺎﺨﺘﺒﺎﺭ ﻋﻴﻨﺎﺕ ﺭﻤل ﻤﻥ ﻤﺩﻴﻨﺘﻲ ﺍﻟﺭﻴﺎﺽ ﻭﺤﺎﺌل ﻴﺘﺭﺍﻭﺡ ﺤﺠﻡ ﺤﺒﻴﺒﺎﺘﻬﺎ ﺒﻴﻥ  ١,١ﻭ ٣,٣ﻤﻠﻡ
ﻟﻤﻌﺭﻓﺔ ﻤﺩﻯ ﻤﻭﺍﻓﻘﺘﻬﺎ ﻟﻤﻭﺍﺼﻔﺎﺕ ﺍﻟﻤﻭﺍﺩ ﺍﻟﻤﺭﺸﺤﺔ ،ﺘﺒﻴﻥ ﻤﻭﺍﻓﻘﺔ ﺭﻤل ﺤﺎﺌل ﻟﻠﻤﻭﺍﺼﻔﺎﺕ .ﻭﻁﺒﻘﺎ ﻟﻠﺘﺤﻠﻴل
ﺍﻟﺤﺒﻴﺒﻲ ﺒﺎﻟﻤﻨﺎﺨل ﻓﺎﻥ ﺍﻟﻤﻘﺎﺱ ﺍﻟﻤﺅﺜﺭ ﻭﻤﻌﺎﻤل ﺍﻨﺘﻅﺎﻡ ﺤﺒﻴﺒﺎﺕ ﺍﻟﺭﻤل ﺒﻠﻎ  ١,٨ﻤﻠﻡ ﻭ ١,٤٤ﻋﻠﻰ ﺍﻟﺘﺭﺘﻴﺏ.
ﻭﻗﺩ ﺃﻭﻀﺤﺕ ﻨﺘﺎﺌﺞ ﺘﺠﺎﺭﺏ ﺍﻟﺘﺭﺸﻴﺢ ﺒﻤﻌﺩﻻﺕ  ،٨ ،٤ﻭ ١٢ﻡ/ﺴﺎﻋﺔ ﺃﻥ ﺭﻤل ﺤﺎﺌل ﻤﻨﺎﺴﺏ
ﻟﺘﺭﺸﻴﺢ ﺍﻟﻤﻴﺎﻩ ﺍﻟﹸﻤﻌﺎﻟﺠﺔ ﺤﻴﻭﻴﺎ ﺒﺎﻟﻤﺭﺸﺤﺎﺕ ﺍﻟﺤﻴﻭﻴﺔ ﺒﻌﺩ ﺘﺭﺴﻴﺒﻬﺎ .ﻓﻌﻨﺩ ﻤﻌﺩﻻﺕ ﺍﻟﺘﺭﺸﻴﺢ  ٤ﻭ  ٨ﻡ/ﺴﺎﻋﺔ
ﺒﻠﻎ ﺃﻗﺼﻰ ﺘﺭﻜﻴﺯ ﻟﻠﻤﻭﺍﺩ ﺍﻟﺼﻠﺒﺔ ﺍﻟﻌﺎﻟﻘﺔ ﻭﺍﻟﻌﻜﺎﺭﺓ ﻓﻲ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻤﺭﺸﺤﺔ  ٩ﻤﻠﺠﺭﺍﻡ/ﻟﺘﺭ ﻭ  ٣ﻭﺤﺩﺓ ﻋﻜﺎﺭﺓ
ﻨﻔﻠﻭﻤﺘﺭﻴﺔ ﻋﻠﻰ ﺍﻟﺘﺭﺘﻴﺏ ،ﻤﺤﻘﻘﺔ ﺒﺫﻟﻙ ﻤﻭﺍﺼﻔﺎﺕ ﺠﻭﺩﺓ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻤﻌﺎﻟﺠﺔ ﻷﻏﺭﺍﺽ ﺍﻟﺭﻱ ﻏﻴﺭ ﺍﻟﻤﻘﻴﺩ
ﻭﺍﻷﻏﺭﺍﺽ ﺍﻟﺘﺭﻓﻴﻬﻴﺔ .ﻭﺒﺘﺭﺸﻴﺢ ﺍﻟﻤﻴﺎﻩ ﺒﻤﻌﺩل  ١٢ﻡ/ﺴﺎﻋﺔ ﺃﻤﻜﻥ ﺍﻟﺤﺼﻭل ﻋﻠﻰ ﻤﻴﺎﻩ ﻤﺭﺸﺤﺔ ﺒﻤﻭﺍﺩ
ﻋﺎﻟﻘﺔ ﻤﻁﺎﺒﻘﺔ ﻟﻠﻤﻭﺍﺼﻔﺎﺕ ﺒﻴﻨﻤﺎ ﺘﺠﺎﻭﺯﺕ ﻗﻴﻡ ﺍﻟﻌﻜﺎﺭﺓ ﺍﻟﻤﻭﺍﺼﻔﺔ ﻗﻠﻴﻼ.
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Abstract
The use of rapid sand-filtration for tertiary treatment of wastewater in Saudi Arabia is
expected to increase dramatically with the implementation of the lately approved Saudi code
of reclaimed wastewater and reuse. Almost all-existing tertiary wastewater-treatment plants
in the Kingdom utilize imported sand for filtration. The objectives of this research project
were to search for appropriate local sand, and to assess its performance in tertiary filtration of
wastewater by conducting a pilot-scale filtration study.
Sand samples with a size range of 1.1-3.3 mm from Riyadh and Hail cities were tested
for conformity to AWWA standards for filtering materials. Hail sand was found to meet the
requirements of the standards. According to sieve analysis, the effective size and uniformity
coefficient of Hail sand averaged 1.8 mm and 1.44, respectively.
Results of the pilot study at three filtration rates of 4, 8, and 12 m/hr, have shown that
Hail sand is suitable for filtration of settled stone-trickling-filter effluents. At the rates of 4
and 8 m/hr, effluent suspended solids (SS) concentrations and turbidities as high as 9 mg/L
and 3.0 NTU were obtained, satisfying the Saudi reuse quality criteria for unrestricted
irrigation and recreational purposes. Results of filtration at the rate of 12 m/h showed that
the turbidity criterion was exceeded slightly but the SS criterion was met.

1- Introduction
Reuse of wastewater often requires, after the conventional secondary processing,
advanced/tertiary treatment so as to meet stringent water quality objectives for reuse and to
protect public health. Among advanced treatment processes, gravity granular-media filtration
has clearly emerged as one of the most efficient and simple processes for removing
suspended and colloidal materials including pathogenic microorganisms [1]. Tertiary
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filtration involves passing secondary treated wastewater through a stationary bed of granular
media of silica sand, anthracite coal, or garnet sand used singly or in combination.
In Saudi Arabia, some of the existing wastewater treatment plants are now employing
rapid sand filters after the secondary stage of treatment for improving the quality of plants`
effluents before discharge or reuse [2].

These plants utilized imported sand with the

exception of the Riyadh Wastewater Treatment Plant, which uses local sand procured from
the eastern province of the Kingdom. The use of sand filtration in the Kingdom wastewater
treatment plants is expected to increase significantly with the implementation of the lately
approved Saudi code of reclaimed wastewater and reuse which requires the use of tertiary
sand filtration for unrestricted irrigation and recreational purposes [3].
Granular media filtration of wastewater is a complex process as the effectiveness of
the process is dependent on many interrelated variables and thus there is no generalized
approach to the design of full-scale filters [4]. The most important design factors are the
characteristics of the filter media including type of filter media, grain size and gradation,
properties of wastewater solids to be filtered, and the rate of filtration. Generally, pilot scale
studies are usually undertaken to evaluate the performance of the filter media to be used for
filtering the wastewater in question. In the absence of a pilot study, the design must be based
on experience with similar filter influent wastewater at other installations.
Although dual- and multi-media filtration systems are becoming more popular
particularly in the United States [5], mono-media deep-bed filtration is still widely used for
tertiary treatment of wastewater [6]. Mono-media are favored over dual- or multi-media
because of simplicity of construction and operation and longer filtration runs [7-8]. Deep
rapid filters, now in use, typically involve sand depths up to 2.0 m with an effective size
ranging from 2.0 to 3.0 mm and uniformity coefficient of 1.2-1.6 [4]. If bed is to be
backwashed by water alone, a uniform medium {uniformity coefficient of less than 1.3 [5]}
is best for allowing full use of the bed but high backwash velocities are required to fluidize
the bed for effective cleaning. If the medium is composed of grains of varying sizes, a
combined air-water backwash is required to avoid the stratification of the non-uniform
medium. The random pore size distribution through the bed depth will increase the potential
for the removal of suspended particles in the lower portions of the filter, resulting in longer
filter runs. Filtration rates for gravity mono-medium filters used for tertiary treatment of
wastewater range from 5 to 24 m/h [4]. The length of filter runs should be a minimum of 6
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hr to avoid excessive use of wash water and shorter than 40 hr to reduce bacterial
decomposition of organics trapped in the media [9]; these limits provide an average run
length of about 24 hr.
Al-Jadhai and Misbahuddin [10] tested the characteristics of local sand obtained from
Al-Safaniyah in the eastern province of Saudi Arabia, and performed a field pilot-filter study
to estimate the performance of this sand in tertiary filtration of wastewater from an activated
sludge plant in Riyadh city. In their work, the effective size and uniformity coefficient of the
sand were found to be 2.4 mm and 1.2, respectively, with a size range of 2.0-3.4 mm.
Operating a pilot filter at three filtration rates of 2, 4, and 20 m/h, they showed that the sand
could be used for tertiary filtration of wastewater to produce good quality effluents. In
another pilot study [11], the previous sand was evaluated for tertiary filtration of trickling
filter effluents with an objective to determine optimum values for flow rates and media
depths relevant to local conditions. Results showed that filtration rates of 8 and 12 m/h can
be used as an average and peak filtration rates, respectively. Increasing media depth beyond
100 cm had little if any effects on filtration efficiency.

2- Objectives
The objectives of this research project were:
•

To search for an alternative local sand, other than Al-Safaniyah sand, with properties

conforming to specifications and characteristics of sands used for tertiary filtration of
sanitary wastewater, and
•

To assess the suitability of the selected sand for tertiary gravity-filtration of sanitary

wastewater. The availability of such sand from locations other than Al-Safaniyah is of
significance in terms of money and time saving.

3- Materials and Experimental Methods
3-1 Filter Sand Procurement and Testing
Sand samples in the size range of 1.1- 3.3 mm were procured from two different
locations at Al-Thumamah area, north of Riyadh city, and from Al-Rasaf tributary 25 km
south west of Hail city. Samples were tested, in the Environmental Engineering Laboratory
of King Saud University, for acid solubility, specific gravity, sieve analysis, organic

4

impurities, and fine particles less than 75 micrometers in size. All tests were performed in
duplicates for accuracy, and in accordance with the methods of the American Water Works
Associations Standard for Filtering Material B-100-80 [12]. The porosity of sand medium
was also determined experimentally on the basis of an immersion procedure in water.
3-2 Pilot Filtration System
To investigate the performance of the selected sand in tertiary filtration of wastewater,
a pilot filtration system was designed and set-up in the Environmental Engineering Research
Station which is adjacent to King Saud university Wastewater Treatment Plant
(KSUWWTP). The system incorporates a filtration column mounted on a steel stand, and a
2-m3 water tank receiving settled secondary effluent from the final-clarifier effluent chamber
of the KSUWWTP. The tank was equipped with a mixer to keep all but heaviest solids in
suspension. A pump was used to feed the filtration unit continuously from the tank at
constant flow rate. Fig. 1 shows a schematic diagram of the experimental arrangement of the
pilot filtration system.
The filtration column was made of transparent Plexiglas, 9 cm by 9 cm in cross
sectional area and 2.5 m in height. The sand was packed in the column to a height of 98 cm
over a 9-cm layer of gravel with size range of 5 to 8 mm. Seven piezometers were installed
along the filter media at 3, 13, 28, 43, 58, and 88 cm from the top of the media. Another
piezometer was installed 2 cm above the media. Filtrate sampling ports were also provided at
the same depths.
3-3 Experimental and Analytical Procedure
Filtration experiments were carried out at three different filtration rates: 4, 8, and 12
m3/m2.h. Prior to each filtration run, the filter medium was backwashed three to four times
with tap water so that the sand became stratified after settling. The filter was then operated
with tap water until the water level above the sand surface became stable. Thereafter, the
filtration experiment started with settled secondary effluent and continued until the available
water head was exhausted (the maximum level the water can reach in the column – the level
of the filter effluent tube). It should be noted that the effluent tube was raised to a level close
to the sand surface so as to prevent the development of negative pressure in the medium
during filtration. Head losses at different medium depths were measured continually during
the course of filtration. Samples of filter influent and effluent were collected periodically and
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analyzed for turbidity, suspended solids (SS), chemical oxygen demand (COD), pH, and
temperature. Samples of filtrates at different depths of the medium were also collected
regularly and analyzed for turbidity.
Turbidity measurements were carried immediately after sample collection utilizing a
HACH Co., Model Ratio/XR Turbidimeter. Samples for SS and COD were collected in glass
bottles, acidified with sulfuric acid to pH of about 2.0, and stored in a cooler filled with ice
until they were transported the day after to a laboratory for analysis. All analyses were
performed according to procedures described in the Standard Methods for the Examination of
Water and Wastewater [13].
3-4 King Saud University Wastewater Treatment Plant (KSUWWTP)
The KSUWWTP is designed to treat an average flow of 10,000 m3/day. The plant
treats sanitary wastewater generated within the university campus. It provides preliminary,
primary, and secondary treatment in addition to chlorination. The preliminary stage consists
of pre-aeration, comminuting, bar screening, and grit removal. The primary treatment
includes two plain-sedimentation tanks.

The secondary treatment is provided by four

trickling-filters (stone media) in conjunction with two clarifiers. The treated wastewater is
also chlorinated before it is being used for landscape irrigation and/or for cooling purposes.
During the course of the study, only one of the primaries, two of the trickling filters,
and one of the final settling basins were in operation due to wastewater shortage. The plant
inflow ranged from 4315 to 7210 m3/day with an average of 5706 m3/day.
According to the plant measurement, the primary-influent BOD was in the range of
118-197 mg/L; the final effluent BOD and SS were in the range of 15.2-45 mg/L and 5-12
mg/L, respectively.
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Fig. 1. Schematic diagram of pilot filtration system

4- Results and Discussions
4-1 Sand Characteristics
Sand samples obtained from Al-Thumamah area north of Riyadh were found
unsuitable for tertiary filtration as they contained significant quantity of acid soluble
materials (20%-22%), exceeding the maximum allowable limit of acid solubility set by the
AWWA standards of 5%. However, sand samples from Al-Rasaf in Hail city satisfied the
AWWA standards for filtering materials. Therefore, Hail sand was then subjected to pilot
filtration to test its suitability for tertiary filtration of wastewater. Table 1 presents results of
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tests conducted on two samples of Al-Rasaf sand, along with the recommended limits
required by the AWWA standards for filtering materials B 100-80 [12].
Table 1. Results of tests conducted on Al-Rasaf sand from Hail city
Test

Sample no. 1

Sample no. 2

AWWA Standards
(B 100-80)

1.8
1.44
1.1 - 3.3
0.88%
2.59
Lighter than
standard
0.06%

1.8
1.44
1.1 - 3.3
1.10%
2.60
Lighter than
standard
0.08%

< 5%
> 2.5
Lighter than
standard
< 2%
-

Sieve analysis
Effective size (d10), mm
Uniformity coefficient
Size range, mm
Acid solubility
Specific gravity
Organic impurities
Fine particles
Porosity of sand medium

43%

4-2 Pollutants Removal
Table 2 summarizes influent and effluent water qualities of the sand filter at the
filtration rates of 4, 8, and 12 m/h.

As can be seen, influent concentrations were not

controlled and differed in each experiment as conditions at the treatment plant changed.
Comparisons of filter performance at these filtration rates are shown in Fig. 2 on the basis of
average values of turbidity, SS, and COD, and their removal efficiency. It is apparent from
Table 2 and Fig. 2 that solids loadings on the filter operating at the rates of 8 m/h and 12 m/h
were higher than that at the rate of 4 m/h. On the average, the influent turbidity and SS for
the rate of 8 m/h and 12 m/h were 8.6 NTU and 35 mg/L, and 10 NTU and 15 mg/L,
respectively. As for the rate of 4 m/h, the corresponding values were 4.8 NTU and 11 mg/L.
Nonetheless the removal efficiencies for all quality parameters at the rate of 8 m/h were
better than those at the other rates. The turbidity, SS, and COD removal efficiencies at the
rate of 8 m/h averaged 85%, 72%, and 43%, respectively. The average removal efficiency
values for the same parameters at the rate of 4 m/h were 70%, 50%, and 40%, and were 45%,
56%, and 29% at the rate of 12 m/h. In terms of temperature and pH, no substantial
differences were observed between influent and effluent values during all the experiments.
Table 2. Influent and effluent water qualities of sand filter at different filtration rates
Filtration
Rate
(m/h)

In

out

in

out

COD (mg/L) Temperature
(oC)
in
out
In
out

in

out

3.2–6.6

0.64-3

10-14

3-8

28-52

12-36

25-27

24-27

7.5-7.8

7.5-7.7

7.2-10.1

0.65-1.8

20-46

8-9

28-40

13-28

24-27

25-27

7.5-7.7

7.5-7.6

7.3-13.9
2.9-7.9 14-16 5-8
92-96 64-70
SS: suspended solids – COD: chemical oxygen demand

23-27

23-27

7.5-7.8

7.6-7.9

4
8
12

Turbidity (NTU)

SS (mg/L)

8

pH

The available literature indicates that for a given filter media, both the filtration rate
and influent concentration affect the effluent quality attainable and headloss development
although the effects vary depending on the experimental and/or operational conditions used.
Based on the results of many tests, Culp et al. [14] stated that the effluent quality produced by
plain filtration of secondary effluents is essentially independent of filter rate within the range
of 12-37 m/h because of the high strength of biological flocs as compared to weaker flocs
resulting from chemical coagulation. Also, Dawda et al. [15] found that increasing the
filtration rate from 7 to 15 did not affect suspended solids removal. Darby et al. [16],
however, found that doubling the filtration rate from 6.5 to 13.3 m/h reduced slightly the
removal efficiency but resulted in more uniform capture throughout the filter depth and less
overall increase in headloss due to the deeper penetration of particles into the bed before
capture. According to Cikurel et al. [6] the overall turbidity removal is higher for higher
initial turbidities for a given filtration rate. During both early stages of filtration (i.e. preripening and ripening stages) and the post-ripening stage, removal efficiency increases with
an increase in influent concentration [17].
It should be noted here that ripening, that is, increased solids removal with time, was
observed to occur in all filtration experiments. Nonetheless, it was more apparent with the
filtration rate of 4 m/h. In addition, no solids breakthrough was obvious with any of the three
filtration-rates employed.
Data examination revealed also that for filtration rates of 4 and 8 m/h, the filtration
efficiency based on turbidity was higher than that based on suspended solids removal (70%
vs. 50% for the rate of 4 m/h, and 85% vs. 72% for the rate of 8 m/h). As turbidity is more
affected by small particles and suspended solids by larger particles, these results are
indirectly indicating the preferential removal of small particles when operating the media at
the filtration rates of 4 and 8 m/h. However, the turbidity removal for the rate of 12 m/h was
lower than the SS removal, and in fact was the lowest in comparison with turbidity removals
for other rates (4 and 8 m/h); 45% vs. 70% and 85%, respectively. But it should be noted that
filter influent for the rate of 12 m/h was much more turbid, and thus contained more small
particles, than influents for the other rates (10 NTU vs. 4.8 NTU and 8.6 NTU on the
average). Pertinent studies indicate that solids removal efficiency depends on the size of
suspended solids, and there is a critical particle size of about 1-2 micrometers for which filter
removal efficiency is a minimum but removal increases with an increase in particle size
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particularly during the post-ripening stages of filtration [16, 18-21]. Exploring operational
problems with the use of granular-media filters for wastewater treatment, Young [8] noted
also that particles less than 20 micrometers are not removed efficiently even with media sizes
as small as 0.2 mm. It is plausible, therefore, that a large portion of the turbidity-causing
particles present in the feed of the experiment with the filtration rate of 12 m/h, had passed
the filter bed without capture due to their high concentration and the high filtration rate.
An additional observation can be made from Fig. 2 in regard to COD removal
efficiency. Good removal efficiencies (about 40%) were achieved at filtration rates of 4 and 8
m/h, but the removal decreased to 29% at the rate of 12 m/h. It is known that part of the
COD is soluble and the only mechanism for its removal would be microbial degradation. At
the filtration rate of 12 m/h, the detention time for degradation to take place in the filter was
very small which affected biodegradation and in turns COD removal efficiency.
Furthermore, the organic loading on the filter at the rate of 12 m/h (92-96 mg/L COD) was
much higher than those at other rates (28-52 mg/L COD).
The Saudi Arabian wastewater-reuse criteria for unrestricted irrigation [22], require
an effluent with suspended solids and turbidity of less than or equal to 15 mg/L (weekly
average) and 5 NTU, respectively. Thus, running local-sand filters at either 4 or 8 m3/m2.hr
would meet these requirements. The effluent SS levels at the filtration rate of 4 m3/m2.hr
were between 3 and 8 mg/L, while the levels at the rate of 8 m3/m2.hr varied between 8 and 9
mg/L. Effluent turbidity values were respectively in the range of 0.64-3 NTU and 0.65-1.82
NTU, and effluent COD levels were in the range of 12-36 mg/L and 13-28 mg/L. Results of
filtration at the rate of 12 m/h showed that the reuse criterion for turbidity of 5.0 NTU was
exceeded slightly (2.9-7.9 NTU), but the SS criterion of 15 mg/L was met (5-8 mg/L).
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Fig. 2. Filter performance at different
filtration rates

4-3 Headloss Development and its Variation with Depth
Fig. 3 compares the development of total headloss during filtration at the three
filtration-rates employed in this study. At the rate of 4 m/h, the available total headloss of
about 189 cm was utilized in about 2.5 days (62 hrs), whereas at the rates of 8 and 12 m/h it
was exhausted in about 23 hrs and 21 hrs, respectively. It is obvious that as the filtration rate
increased, the hydraulic headloss increased, rendering less headloss capacity for solids
retention. One can also infer from Fig. 3 that the headloss buildup at the rate of 4 m/h
increased at a small rate during the first 24 hours of operation but then increased at a higher
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rate and lasted for about 30 hr after which it increased drastically until it reached the
predetermined headloss of about 189 cm.

According to visual observation during the

experiment, the first transition point corresponds to the outset of solids mat formation on the
top surface of sand bed; the second point of transition coincides with the formation of a thick
mat of solids on the sand column and heavy accumulation of solids within the grain pores in
the upper portion of the media. At the rate of 8 m/h, the headloss increased at a small rate
during the first 6-7 hours of filtration and then increased rapidly when a layer of deposited
solids started to form on the top of the sand bed, and then increased at dramatic rate shortly
before the terminal headloss was reached. The high concentration of suspended solids in the
filter influent at this rate of filtration (20-46 mg/L) apparently contributed to the early
formation of solids mat on the top of the sand media. A relatively similar pattern of headloss
development was also observed in the experiment at the rate of 12 m/h but the formation of
solids mat took place after a period of 10-12 hr.

This is probably due to the lower

concentration of SS in the filter influent (14-16 mg/L) in comparison with that at the rate of 8
m/h (20-46 mg/L).

Apparently, the development of headloss during filtration is very

dependent upon the concentration of solids to be filtered and filtration rate [18].
As for the variation of headloss with media depth during filtration, measurements
have shown that the patterns of headloss development in all experiments were almost
identical. Fig. 4 depicts the relation between headloss and depth from the sand surface at
different elapsed filtration-times for the filtration rate of 12 m/h, which is typical of results in
all experiments. It can be seen that the rate of headloss increase with respect of depth was
almost linear during early stage of operation indicating that filtration was occurring
throughout the filter medium.

However, during later stages, the headloss increased

drastically at the top part of the sand column in comparison with the headloss increase at the
bottom of the medium as a result of the formation of a solids mat on the sand surface and the
accumulation of solids particles within that top portion.
About 28%, 68%, and 91% of the headloss measured at the last port (88 cm from the
medium top) after 4 hrs, 22 hrs, and 58 hrs of filtration at the rate of 4 m/h occurred within
the first 3 cm of the medium (the first port), respectively. The depth of solids penetration as
measured at the end of the experiment at the rate of 4 m/h was approximately 7 cm.
Operating the filter unit at the rate of 8 m/h increased the penetration of the solids into the
filter bed to about 20 cm, thus allowing more use of the medium depth. Four hours after the
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start of the experiment at the rate of 8 m/h, the headloss measured at the port located 13 cm
from the top of the sand column accounted for 53% of the headloss measured at the last port;
by 21 hr, however, the percentage mounted to about 91%. As for the rate of 12 m/h, the
depth of solid penetration exceeded 30 cm by the end of the filter run. About 57% of the
headloss measured by 10 hr for the filter run of 12 m/h was due to headloss within the first 13
cm of the medium; the value increased to about 84% just one hour before the end of the run
(i.e. by 20 hr). Actually, Young [8] recommended increasing the filtration rate as a means to
increase the penetration of solids into the filter media so as to reduce surface straining and
allow better use of the media depth.
Turbidity measurements of filtrates sampled from different ports along the filter bed
during all filtration experiments substantiated the penetration of solids particles through the
top portion of the medium. As a typical example, Fig. 5 presents variation of turbidity values
of filtrates from different medium depths during the filtration experiment of 12 m/h.
Obviously, the turbidities of filtrates from the first two ports (3 and 13 cm from the sand
surface) started to increase shortly after the start of the run and continued to mount as time
progressed. The turbidity values of filtrates from other deeper ports were generally
decreasing throughout the filter run.
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5- Conclusions
On the basis of the study results, the following conclusions are derived:
1. Sand with a size range of 1.1-3.3 mm procured from a site at the Al-Rasaf tributary
25 km south west of Hail city was found to conform to the specifications of
tertiary-filtration sand. The average acid solubility, specific gravity, organic
impurities, and materials finer than 75 micrometers were respectively 0.99%, 2.60,
lighter than standard, and 0.07%. The sand effective size and uniformity
coefficient were 1.8 mm and 1.44 respectively. Porosity of the sand medium was
found to be 43%.
2. Pilot filtration using this local sand at three filtration rates, 4, 8, and 12 m3/m2.hr,
has shown that the sand is suitable for tertiary filtration of settled stone-tricklingfilter effluents as filtrates with satisfactory quality could be obtained. However,
the lengths of filter run at the rates of 8 and 12 m/h were shorter than that at the
rate of 4 m/h (21-23 hr versus 62 hr).

3. Removal efficiencies for all quality measures at the filtration rate of 8 m/h were
better than those at the other rates although the 8 m/h-influent SS concentrations
were higher during filtration.

Average turbidity, SS, and COD removals at the

rate of 8/h were approximately 85%, 72%, and 43%, respectively.

The

corresponding values at the rate of 4 m/h were 70%, 50%, and 40%, and were
45%, 56%, and 29% at the rate of 12 m/h.

4. SS concentrations and turbidities as high as 9 mg/L and 3.0 NTU in effluents from
filters using this local sand at the rates of 4 and 8 m3/m2.hr would be obtained,
satisfying the Saudi Arabian wastewater reuse quality criteria for unrestricted
irrigation and recreational purposes of less than or equal to 15 mg/L SS (weekly
average) and 5 NTU turbidity. Results of filtration at the rate of 12 m/h showed
that the turbidity criterion was exceeded slightly (2.9-7.9 NTU) but the SS criterion
was met (5-8 mg/L).
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5. Headloss and turbidity measurements throughout the filter bed during the course of
filtration revealed that both surface and depth filtration are involved although
surface filtration was the predominant mechanism of solids removal during the
later stages of filtration.
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