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 :ٍِقٔ اٌجؾش 
 

٠ٕبلِ ٘نا اٌجؾش ئِىب١ٔخ ِمبثٍخ اٌّوّؼ اٌوٍِٟ اٌل٠ٕب١ِىٟ ألؽّبي ِقزٍفخ ِٓ اٌّٛاك اٌٍٖجخ ِٓ ا١ٌّبٖ اٌلافٍخ ٌزؾل٠ل 

ئِىب١ٔخ اٍزقلاِٗ فٟ ِؾطبد ١ِبٖ اٌْوة ٚاٌٖوف اٌٖؾٟ ٚ اٌٖٕبػٟ ِٚؼبٌغٗ ١ِبٖ اٌّٖبهف اٌيهاػ١خ ٍٛاء ثل٠ً 

جبّو غ١و َِجٛق ثبٜ ِؼبٌغخ ِغ ئِىب١ٔخ رط٠ٛو اٌّؾطبد اٌمبئّخ ثاؽالي اٌّوّؼ ٌٍّوّؼ اٌوٍِٟ أٚ وّؾطخ رو١ّؼ ِ

 اٌوٍِٟ اٌزم١ٍلٞ ثٗ.

ٚلل رُ ػًّ ّٔٛمط ػٍّٟ ٌٛؽلح اٌّوّؼ اٌوٍِٟ اٌل٠ٕب١ِىٟ ٚاٍزقلاَ ١ِبٖ ِؾٚوٖ ثبٌّؼًّ ثأؽّبي ِزفبٚرخ ِٓ اٌّٛاك 

 د رو١ّؼ ِزغ١وح .اٌٍٖجخ اٌؼبٌمخ ٌزؾل٠ل وفبءح اإلىاٌخ اٌمٖٜٛ ثبٍزقلاَ ِؼلال

( ٚ 3عُ/َ 250-50ٚلل رٍٕٛذ اٌلهاٍخ ئٌٝ لبث١ٍخ ٘نا اٌّوّؼ ٌٍزؼبًِ ِغ األؽّبي اٌّزغ١وح ِٓ اٌّٛاك اٌٍٖجخ اٌؼبٌمخ )

 %(.95-٠/85َٛ ِؾممٗ وفبءح ئىاٌخ ث١ٓ )3َ/2(500َ-200ثّؼلالد رو١ّؼ ِزفبٚرخ ث١ٓ )

ABSTRACT: 

This paper discusses the Dyna-sand filter feasibility to be applied with water variable 

solids loads to check its applicability for both water and wastewater treatment plants also for 

agricultural drains water treatment plants and check its realability to be applied as direct 

filtration.   

Lab scale pilot was applied under sensytic water with variable solid load to determine 

its maximum removal efficiency with different filtration rates. The study resulted the system 

applicability against all applied variable solid load between TSS (50-250ppm) with variable 

rate of filtration between (200-500m3/m2/d) with inversely proportional between them, and 

removal ratio variable between (85% up to 95%). 
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1-INTRODUCTION 

A new technology called Dyna sand filter which is a continuous-backwash, up flow, 

deep bed, granular media filter was used successfully in water treatment plants with very 

small area compared with traditional rapid sand filter units. It could be applied for water 

treatment and as tertiary treatment for wastewater. The filter media is continuously cleaned by 

recycling the sand internally through an airlift pipe and sand washer. The cleaned sand is 

redistributed on top of the sand bed, allowing for continuous, uninterrupted flow of filtrate and 

reject (backwash) water [1].  

This paper discusses the Dyna-sand filter feasibility to be applied with water variable 

solids loads to check its applicability for both water and wastewater treatment plants also for 

agricultural drains water treatment plants and check its suitability to use as direct filtration [2].  

2-LITRATURE REVIEW 

Up-flow filtration has an obvious theoretical advantage because coarse-to-fine 

filtration can be achieved with a single medium such as sand with almost perfect gradation of 

both pore space and grain size from coarse-to-fine in the direction of filtration (upward) [3].  

Parallel plates or a metal grid are used at the top of the fine media in the United States. 

The media grains arch across the open area to constrain the bed against expansion, and the 

spacing of the plates or the size of the opening in the grid is such that the media grains arch 

across the open space to restrain the bed against expansion. In the best designs developed to 

date, these restraining bar systems contain around 75% open area. An up-flow filter with a 

restraining grid structure is illustrated [4].  

The problem with up-flow filtering occurs when the head loss exceeds the weight of 

the bed above a certain level, causing the bed to raise or partially fluidize, enabling previously 

removed materials to escape into the effluent. The ideal relative locations of fine media are 

maintained or reestablished with each backwash because the bed is back washed in the same 

direction but at higher flow rates. The intrinsic advantage of up-flow filtration has long been 

established, and the expected high filtering efficiency has been well-verified under laboratory 

circumstances by numerous workers [5].  

The basic principle of continuous contact filtration is that flocs removal take place 

directly in Dyna sand filters. The sand bed acts as a filter and a flocculation reactor. As a 

result, the treatment plant space need can be reduced by (70 to 80 %) because no flocculation, 

sedimentation, or flotation steps are required. Moreover, continuous operation eliminates the 
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need for backwash water pumps, automatic backwash valves, and control systems, as well as 

backwash water storage [6]. 

3-MATERIALS&METHODS 

The experimental work on the studied pilot shown in figure (1) which erected in 

sanitary engineering laboratory in the faculty of engineering, Ain Shams University was done 

on six runs to determine the feasibility of the unit and it is applicability to meet different load 

in raw water under variable rates of filtration.  

The first run made to ensure the pilot stability and its simulation to the dyna-sand 

system, the other five runs was applied with under variable solid loads in raw water with TSS 

between (50-250ppm) and with variable filtration rates (200-500 m3/m2/d) for each TSS. 

Figure (2) shows the photos of pilot before and during the operation inside the lab. 

1. Influent feed is introduced at the top of the 

filter.  

2. flows downward through an annular section. 

3. The feed is introduced into the bottom of 

the sand bed through a series of feed radials. 

4. the downward moving sand bed that are 

open at the bottom. As the influent flows 

upward. 

5. out through the effluent pipe. 

6. The sand bed containing captured impurities 

is drawn downwardinto the center of the 

filter where the airlift pipe is located. A 

small volume of compressed air is 

introduced at the bottom of the airlift, 

drawing the sand into the airlift pipe. 

7. The dirty slurry is pushed to the top of the 

airlift. 

8. the reject compartment, From the reject 

compartment the sand falls into the sand 

washer. 

9. lighter reject solids are carried over the 

reject weir. 

10. the reject pipe. 

            Figure (1) Unites description 
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                  (2-a)before working                                     (2-b) During working 

   Figure (2) Pilot unit 

The TSS was calculated from the turbidity reading measure by turbidity meter apply in 

the system using it is calibration curve illustrated in figure (3). 

 
Figure (3) Relation Between TSS, Turbidity 

4 -RESULTS&DISCUSSIONS 

The first run was made and resulted the simulating of the pilot to the dyna sand 

system, with acceptable error due to lab scale size. Table (1) illustrates the results of this run 

that shows removal efficiency for TSS between 95.76%-93.53% which is acceptable specially 

with high TSS loads. Taking into consideration that the applied TSS loads are higher than the 

general loads enters any filter unite inside water treatment plant and also no flocculation 

applied in this study. 
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Table (1) First Run Input and output results 

time Input Output 

Efficiency Turbidity TSS Temp. pH Turbidity TSS Av. 

TSS 

Temp. pH 

 (NTU) (mg/l) (c°)  (NTU) (mg/l) (mg/l) (c°)  (%) 

day1 8.33 

50 24 8.4 

0.13 2.40 

2.34 21 7.3 95.32 8.33 0.12 2.30 

8.33 0.1 2.32 

day2 14.23 

100 24 8.5 

0.2 6.50 

6.57 21 7.5 93.73 14.23 0.3 6.70 

14.23 0.2 6.50 

day3 16.48 

150 24.5 8.7 

0.45 9.75 

9.71 21 7.7 93.53 16.48 0.44 9.71 

16.48 0.43 9.67 

day4 18.48 

200 24 8.9 

0.56 10.07 

10.39 21 7.7 94.81 18.48 0.71 10.64 

18.48 0.66 10.45 

day5 19.18 

250 24.5 8.9 

0.74 10.66 

10.59 21 7.8 95.76 19.18 0.69 10.47 

19.18 0.73 10.65 

 

The second run  resulted reading that shown in figure (4) with raw water TSS 50 mg/l 

and variable ROF (200-500 m3/m2/d) mention before as illustrated results. 

 
(a) ROF with Efficiency                      (b) TSS with Efficiency 

 
(c) TSS with ROF 

Figure (4) Run 2 Results Relations  
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Run 2 with TSS=50mg/l, achieved removal efficiency varied between 95.26%-93.47% 

due to variable ROF between 200-500 m3/m2/d which is match with the all previous work for 

dyna sand filter even the solid load is high for filtration process. so, this removal efficiency is 

very acceptable for such solids load. 

The third run resulted reading that shown in figure (5) with raw water TSS 100 mg/l 

and variable ROF (200-500 m3/m2/d). 

 
(a) ROF with Efficiency                      (b) TSS with Efficiency 

 
(c) TSS with ROF 

Figure (5) Run 3 Results Relations 

 

Run 3 with TSS=100mg/l, achieved removal efficiency varied between 91.34%-

88.77% due to variable ROF between 200-500 m3/m2/d which is match with the all previous 

work for dyna sand filter even the solid load is high for filtration process. so, this removal 

efficiency is very acceptable for such solids load as shown in figure (5). 

The fourth run resulted reading that shown in figure (6) with raw water TSS 150 mg/l 

and variable ROF (200-500 m3/m2/d). 
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(a) ROF with Efficiency                  (b) TSS with Efficiency 

 
(c) TSS with ROF 

Figure (6) Run 4 Results Relations  

 

Run 4 with TSS=150mg/l, achieved removal efficiency varied between 93.53%-

91.15% due to variable ROF between 200-500 m3/m2/d which is match with the all previous 

work for dyna sand filter even the solid load is high for filtration process. so, this removal 

efficiency is very acceptable for such solids load. 

The fifth run resulted reading that shown in figure (7) with raw water TSS 200 mg/l 

and variable ROF (200-500 m3/m2/d). 
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(a) ROF with Efficiency                  (b) TSS with Efficiency  

 

 
(c) TSS with ROF 

 

Figure (7) Run 5 Results Relations  

               Run 5 with TSS=150mg/l, achieved removal efficiency varied between 94.98%-

93.13% due to variable ROF between 200-500 m3/m2/d which is match with the all previous 

work for dyna sand filter even the solid load is high for filtration process. so, this removal 

efficiency is very acceptable for such solids load. 

The sixth run resulted reading that shown in figure (8) with raw water TSS 250 mg/l 

and variable ROF (200-500 m3/m2/d) 
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(a) ROF with Efficiency                      (b) TSS with Efficiency 

 

 
(c) TSS with ROF 

 

Figure (8) Run 6 Results Relations 

               Run 6 with TSS=150mg/l, achieved removal efficiency varied between 95.81%-

94.39% due to variable ROF between 200-500 m3/m2/d which is match with the all previous 

work for dyna sand filter even the solid load is high for filtration process. so, this removal 

efficiency is very acceptable for such solids load. 

5-CONCLUSION 

The study concluded the following: 

1. The suitability of dyna sand filter application against variable solid loads TSS50-

250mg/l, and variable ROF 200-500 m3/m2/d with acceptable removal efficiency.  

2. The previous results illustrated the acceptability of dyna sand filter to be applied as 

direct filtration system for low solid load in water resources.  

3. The suitability of dyna sand to be used inside water treatment plants after 

sedimentation with higher ROF compared with traditional rapid sand filter that 

minimized the required area and construction cost. 

4. The applicability of using the dyna sand filter for wastewater treatment plants as 

tertiary treatment with domestic wastewater plants and as secondary with some 

industrial wastewater plants.      

5. The feasibility of the system to be applied for up grading the existing water treatment 

plants by replacing the mechanical equipment of rapid sand filter with dyna sand 
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mechanical equipment that increase the area production by (2-3) times the of existing 

plants. 
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