
Desalination and Water Treatment
www.deswater.com
1944-3994 / 1944-3986 © 2009 Desalination Publications.  All rights reserved.
doi: 10.5004/dwt.2009.697

10 (2009) 80–86
	 October

* Corresponding author.

Presented at EuroMed 2008, Desalination for Clean Water and Energy Cooperation among Mediterranean Countries of Europe and the
MENA Region, 9–13 November 2008, King Hussein Bin Talal Convention Center, Dead Sea, Jordan.

Effective depth, initial head loss and backwashing criteria as the key factors  
of burned oil palm shell (BOPS) granular filtration

Ahmad Jusoha*, A. Nora’ainia, A.G. Halimb, W.N. Norsanic

aDepartment of Engineering Science, Faculty of Science and Technology, cDepartment of Maritime Technology, Faculty of Maritime 
Studies and Marine Science, Universiti Malaysia Terengganu, 21030 Kuala Terengganu, Malaysia
Tel. +60 (9) 6683344, +60 (9) 6683622; Fax +60 (9) 6694660; email: ahmadj@umt.edu.my, sunnyg@umt.edu.my
bDepartment of Civil Engineering, Faculty of Engineering, Universiti Putra Malaysia, 43400 Serdang, Selangor, Malaysia

Received 28 August 2008; Accepted in revised form 10 March 2009

abstract
These studies are mainly focused on effective depth, initial head loss and backwashing criteria 
that have been identified as the key factors in relation to the fundamental parameters and also, 
indicated possible operation performance. Granular filter media used in this study are limited to 
burned oil palm shell (BOPS) and sand. The study on the bed depth in relation to effluent over 
influent turbidities ratio (Ce/Co) has been found to exhibit an exponential relation which showed a 
strong correlation coefficient (R2 = 0.9) for different effective sizes of BOPS (ES, 1.0–2.5 mm) and sand 
(ES, 0.4–0.9 mm). By approximating relatively constant Ce/Co for both BOPS and sand at different 
effective sizes, an exponential equation (R2 = 0.98) is proposed to link all effective bed depths. This 
enabled a determination of the effective depth of BOPS and sand media which were not executed 
in the experiment. Initial head loss of single media of BOPS and sand which involved comparison 
of different models, such as Ergun and modified Kozeny–Carmen equations with experimental 
results, at different flow rates, showed a good agreement with modified Kozeny-Carmen equation 
for non-sphere. In backwashing criteria, studies that showed the relation between the difference in 
granular settlement velocity with backwashing water velocity, confirmed that the best combination 
of dual-media are sand of ES = 0.5 mm with UC of 1.5 and BOPS of ES = 1.0 mm with UC of 1.3.
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