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Abstract.   Local sand with E.S. of 2.4 mm, U.C. of 1.21, and size range of 2.0 to 3.36 mm was studied using a field-scale pilot-filter, which has a cross-section of 30 cm x 30 cm.  Three filter runs were performed using filtration rates of 4, 8 and 18 m3/m2/hr. The three runs were continued up to 40, 100 and 53 hours, respectively. In Run # 1, the headloss build-up was minimum (about 25 cm), while in Runs 2 and 3, the maximum available headloss (about 2.25 m) was reached.  The effluent turbidity, TSS, COD and BOD were all found to be within the acceptable limits.  Neither turbidity nor solids breakthrough were reached using a filtration rate as high as 18 m3/m2/hr. Being more economical and suitable for the use in the tertiary filtration of wastewater treatment, local sand is recommended for utilization in the Wastewater Treatment Plants.

Introduction

Due to the limited groundwater resources and the higher costs of desalination, reuse of wastewater for agricultural and landscape irrigation has increased dramatically in Saudi Arabia and other GCC countries.  Tertiary treatment of wastewater is necessary to meet the Saudi Arabian standards for wastewater reuse in unrestricted irrigation.  Various methods are available for tertiary treatment, but the method which seems to find most applications is “tertiary filtration”.  The current trend in tertiary filtration is to use single-medium, deep-bed sand filters.  Imported sand was used in all existing wastewater treatment plants in Saudi Arabia, which utilize tertiary sand filters.

Tertiary filtration is used widely to treat effluents from secondary biological wastewater treatment processes.  The main purpose is to remove suspended solids and colloidal particles.

Wastewater is passed through a granular medium contained in a physical system, called “filter”.  As suspended solids are removed, the filter medium becomes clogged and lose its effectiveness by restricting the passage of water or by losing the efficiency in removing suspended solids. At this stage, the filter must be cleaned using the backwashing process. Wash water is passed upward through the bed and into collection launders to flush away the entrapped solids and prepare the filter for subsequent filtration cycles.

Granular media filters can be classified according to type and combination of media materials as single-medium, dual-media, or multi-media filters.  Single-medium filters traditionally have contained sand as a medium.  They can be classified as shallow-bed or deep-bed filters.

The headloss across the filter bed (or the pressure required to pass water through the bed) increases as solids accumulate.  Also as the solids trapped in the bed approach its holding capacity, an increased concentration of solids in the filter effluent, or breakthrough, may occur.  Ideally, a filter should be operated until a maximum, or terminal, headloss is reached almost simultaneously with a breakthrough.  Unfortunately this is rare when filtering wastewater, where solids are compressible.  Terminal headloss is usually reached far before solids breakthrough.  Therefore, the risk of breakthrough is minimized if the filter is backwashed at a predetermined headloss.

In this study, a pilot filter was used to estimate the performance of the local sand in the tertiary filtration of wastewater.

Literature Review

In a previous study [1], local sand from the eastern province, to be used in tertiary filters for the treatment of wastewaters, was analyzed in the laboratory to determine its characteristics and compare these characteristics with standards used for wastewater filtration.  The acid solubility, specific gravity, organic impurities, and the amount of particles finer than 75 (m for the local sand were found to be within the limits specified by the standards [2], as shown in Table 1.  The effective size (E.S.) and the uniformity coefficient (U.C.) for this sand were found to be 2.4 mm and 1.21, respectively, with a size range of 2.0 to 3.36 mm.

A number of deep-bed, single-medium filters has been installed throughout the world.  The filtering medium in these units consists of sand or crushed anthracite ranging in size from 1 to 4 mm, with bed depths typically range from 1 to 2 m.  These filters are usually operated in an unstratified state produced by mixing the bed thoroughly with auxiliary scour (usually air) during backwash at a subfluidization rate so that the medium is not allowed to expand and stratify.

Table 1. Test methods and results for sample analysis of the local sand [1, 2]

Test
Method
Standard's limit
Sample result

Acid solubility
AWWA B 100-80
( 5%
0.12%

Specific gravity
ASTM

C 128-79
( 2.50
2.66

Sieve analysis
ASTM

C 136-82
---
a) E. S. = 2.4 mm

b) U. C. = 1.21

c) Size range = 2 to 3.36 mm

Organic impurities
ASTM

C 40-79
Not darker than std. color
Lighter than std. color

Fine particles
ASTM

C 117-80
( 2%
0.6%

It is normally suggested that designs permit water production between 200 and 400 m3/m2 [3].  This corresponds to run lengths of between 20 and 40 hr at a filtration rate of 10 m3/m2/hr.

The media size, depth and specific gravity should be selected so as to provide an acceptable effluent, give long filter runs, permit high filtration rates with low head requirements, and be easily cleaned with a minimum amount of backwash water and/or air. Media with effective size (E.S.) of at least 1.2 mm and uniformity coefficient (U.C.) of at most 1.5 is required for tertiary filtration of secondary effluents and coarser media is preferred if appropriate backwash is provided [4].  Size ranges of 1.5 to 2.5 mm, 2 to 3 mm, and 2 to 4 mm are being used for single-medium, unstratified filters [4].

Sand with E. S. of 1.2 mm and U. C. of 1.6 was tested on the wastewater effluent of an advanced primary treatment pilot plant [5]. Using a bed depth of 0.96 m and a filtration rate of 15 m3/m2/hr, the sand filter was able to reduce the turbidity from 123 to 33 NTU, the TSS from 27 to 11.6 mg/L, and the COD from 218 to 200 mg/L.

Experimental Work

Experimental set-up

The experimental set-up for the pilot filter study is shown in Fig. 1.  It consists of a submersible pump immersed in the secondary effluent channel of the Riyadh Wastewater Treatment Plant-Stage III. The plant utilizes extended aeration variant of the activated sludge process with nitrification-denitrification facilities.


Fig. 1.  Experimental set-up for the pilot filter study.

Water is pumped from the channel to an elevated 1 m3 tank placed on top of a manifold. The water from the tank then passes through the filters which are placed on a rigid steel stand.

The pilot filter has a square section of 30 cm x 30 cm and a height of 3.75 m.  It is made of 10 mm thick clear Plexiglass. It has three sections; media section, trough section and top section as shown in Fig. 2.

Media section is the bottom portion of the filter which carries the media and has a total height of 170 cm.  A perforated plate (30 cm x 30 cm) was placed 10 cm above the bottom to hold the media during the filtration process and to distribute air and water during the backwash process.  A layer of gravel with a depth of 10 cm was placed above the perforated plate. The local sand was then placed above the gravel to form a 90 cm depth of sand bed.

The trough section is the middle portion.  It is 1 m in height and includes four circular weirs for the smoothness of influent and backwash drain.  The top section is also 1 m in height and its function is to provide more water head (the maximum headloss that can be reached is 2.45 m).  The filter bottom is connected to a circular weir.  The crest of the weir was adjusted 15 cm higher than the top of the sand to prevent negative pressure in the filtration medium.


Fig. 2.  Details of pilot filter.

The filtered water after passing the effluent weir gets collected in the filtered effluent tank, which has a volume of 1 m3.  The tank has another submersible pump for drainage.

Experimental procedure

The following steps were adopted:

(1)
The influent submersible pump was actuated and the influent valves were adjusted so that the water level in the tank is constant or slightly increasing.  This step is necessary to maintain equilibrium and prevent the settling down of suspended solids.

(2)
Water overflows the influent weirs and enters into the filter unit and after passing through the media overflows the effluent weir and gets collected in the filtered effluent tank.  The influent valves were adjusted to get the desired flow-rate, which was measured at the effluent.  The headloss was determined from the difference in elevation between the water level above the media and the water level in the effluent weir.

(3)
The influent sample was collected from the influent sampling port and the effluent sample from the end of pipe near the filtered effluent tank in clean polyethylene bottles.  Temperature, turbidity, pH and alkalinity were measured immediately after sample collection on site.  Other parameters [i.e., total suspended solids (TSS), biochemical oxygen demand (BOD) and chemical oxygen demand (COD)] were measured in the laboratory.

(4)
The headloss and flow-rate, initially and at preselected time intervals, were recorded until the terminal headloss was reached.

(5)
At the end of each run, the filter was backwashed.  The backwash water enters the bottom of the filter and flows upwards until it overflows the weirs and goes to drain.  This was continued for at least 15 minutes until there is no change observed in the backwash effluent quality.

Analytical techniques

Analysis for the parameters pH, alkalinity, turbidity, total suspended solids (TSS), biochemical oxygen demand (BOD), and chemical oxygen demand (COD) was performed in accordance with the standard methods for the examination of water and wastewater [6].

Results and Discussion

Three filtration runs were performed using the pilot filter set-up.   Filtration rates of 4, 8 and 18 m3/m2/hr were used for runs 1, 2 and 3, respectively.  The three runs were continued for 40, 100 and 53 hours, respectively.  The first run was terminated after 40 hours because the treatment plant was shut down for emergency maintenance.

The pH and alkalinity values for all the three runs were found to be in the normal ranges (7 to 7.5 for pH and 86 to 103 mg/L as CaCO3 for alkalinity).  There were no significant changes in pH and alkalinity between the influent and the effluent.

The results of the other parameters are discussed below under separate headings:

Headloss

Fig. 3a shows the variation of headloss for Run # 1.  At the beginning, the headloss was constant at about 3.5 cm.  After 10 hours of filtration time, the headloss started to increase until it reached about 25.0 cm at the end of the run.  This headloss value is considered very small.  It is expected that the terminal headloss will not be reached during the filtration cycle, which is usually 24 hrs.


Fig. 3 (a). Variation of headloss with time..

The initial headloss for Run # 2 was 10 cm.  It was continued up to 100 hours, where a reasonable terminal headloss (about 2.25 m) was reached, as shown in Fig. 3b.


Fig. 3 (b). Variation of headloss with time..

For Run # 3, the initial headloss was 30 cm and the terminal headloss (i.e. 2.25 m) was reached in 53 hours.  The variation of headloss in this run is shown in Fig. 3c.


Fig. 3 (c). Variation of headloss with time.
Turbidity and suspended solids

The variation of turbidity with filtration time for the three runs is shown in Fig. 4.  The average effluent turbidity values were 0.67, 0.89 and 1.8 NTU for runs 1, 2 and 3, respectively. During the filtration cycle of each run, no turbidity breakthrough was observed in the effluent quality. The average turbidity removal efficiency for all three runs was 65% with a maximum of 94%. In another study [7], using a shallow-bed traveling-bridge filter, it was found that the turbidity removal efficiency was averaged 35% with a maximum around 50%.

Figure 5 shows the variation of TSS for the three runs.  For runs 1, 2 and 3 the average effluent TSS values were 0.8, 1.4 and 2.1 mg/L, respectively.  Solids breakthrough was also not reached. This is consistent with conclusion of other researchers, where the terminal headloss is usually reached far before a solids breakthrough [3, 4 and 8].  The TSS removal efficiency was averaged (for all three runs) 83% with a maximum of 98%.

COD and BOD

Figures 6 and 7 show, respectively, the chemical oxygen demand (COD) and the biochemical oxygen demand (BOD) as a function of the filtration time. The average effluent COD values were 26.7, 30.7 and 33.6 mg/L for Runs 1, 2 and 3, respectively.  For all three runs, the average COD removal efficiency was found to be 32% with a maximum of 75%.

On the other hand, the average effluent BOD values were 3.5 and 6.4 mg/L for Runs 1 and 2, respectively.  These values are within the acceptable limits for unrestricted irrigation. The BOD removal efficiency (for the two runs) was averaged at 47% with a maximum of 74%.


Fig. 4. Variation of turbidity with time.


Fig. 5. Variation of total suspended solids (TSS) with time.


Fig. 6. Variation of COD with time.


Fig. 7. Variation of BOD with time.

Conclusions

Local sand from the eastern province in the size range of 2.0 to 3.4 mm was studied using a pilot-scale filter to determine its suitability for the tertiary filtration of wastewater.  The conclusions of the study are:

1) At a filtration rate of 4 m3/m2/hr, the headloss will not reach its terminal value during the filtration cycle.  Using filtration rates of 8 and 18 m3/m2/hr, the terminal headloss was reached after about 100 and 53 hours of filtration time, respectively.

2)
With filtration rates as high as 18 m3/m2/hr, neither turbidity nor solids breakthrough were reached during the filtration cycles.

30
The average effluent turbidity values were found to be 0.67, 0.89, and 1.8 NTU for filtration rates of 4, 8, and 18 m3/m2/hr, respectively. The average turbidity removal efficiency for all three runs was 65%, with a maximum of 94%.

4)
The average effluent TSS values were found to be 0.8, 1.4, and 2.1 mg/L for filtration rates of 4, 8, and 18 m3/m2/hr, respectively.  The average TSS removal efficiency for all three runs was 83%, with a maximum of 98%.

5)
The average effluent COD values were found to be 26.7, 30.7, and 33.6 mg/L for filtration rates of 4, 8, and 18 m3/m2/hr, respectively.  The average COD removal efficiency for all three runs was 32%, with a maximum of 75%.

6)
The average effluent BOD values were found to be 3.5 and 6.4 mg/L for filtration rates of 4 and 8 m3/m2/hr, respectively.  The average BOD removal efficiency for all two runs was 47%, with a maximum of 74%.

7)
Being more economical and suitable for the use in tertiary filtration of wastewater, local sand has to be considered for any tertiary filtration facilities for the treatment of wastewaters.
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دراسة تجريبية للترشيح الثلاثي لمياه الصرف باستخدام الرمل المحلي

إبراهيم بن سعد الجضعي

قسم الهندسة المدنية، كلية الهندسة، جامعة الملك سعود، ص. ب. 800، 

الرياض 11421، المملكة العربية السعودية

(استلم في24/03/2002م؛ وقبل للنشر في26/10/2002م)

ملخص البحث. تم في هذا البحث دراسة رمل محلي، بقطر فعاّل قدره 2.4 مللم ومعامل انتظام قدره 1.21 وحجم يتراوح بين 2.0 و 3.36 مللم، باستخدام مرشح تجريبي حقلي أبعاد مقطعه هي 30 سم × 30 سم. وتم إجراء ثلاث تجارب باستخدام ثلاثة معدّلات ترشيح هي 4، 8 و18م3/م2/ساعة. واستمرت التجربة الأولى لمدة 40 ساعة والثانية لمدة 100 ساعة والثالثة لمدة 53 ساعة. وقد أظهرت التجربة الأولى أن التراكم في فقد الطاقة قليل (حوالي 25 سم)، بينما بلغ فقد الطاقة الحد الأعلى (حوالي 2.25م) في التجربتين الثانية والثالثة. كما أظهرت النتائج أن العكارة ، المواد العالقة الكليةّ، وطلب الأكسجين الكيميائي والأكسجين الجيوكيميائي للمياه المرشحة في الحدود المقبولة. كما تبين أن استخدام معدّل ترشيح يصل إلى 18م3/م2/ساعة لا يؤدي إلى حدوث انطلاق للطاقة لا في العكارة ولا في المواد الصلبة الكليةّ. وحيث إن الرمل المحلي أفضل من الناحية الاقتصادية، وإنه مناسب للاستخدام في الترشيح الثلاثي لمياه الصرف، فقد تمت التوصية باستخدام الرمل المحلي في محطات معالجة مياه الصرف.
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