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Abstract
     Effective feed pre-treatment is vital for fouling mitigation in seawater Reverse Osmosis (RO) desalination plants. In recent years, the integration of Micro and Ultrafiltration (MF&UF) membrane systems with RO system has become increasingly popular for improving seawater RO pretreatment. However, UF fouling by particulates, colloidal, organic, and biological materials is a major challenge when treating water of fluctuating feed quality. Natural events such as algal bloom in coastal and littoral seawater can result in rapid increases of UF filtration resistance and decrease the efficiency of UF backwash. Excessive fouling can lead to reduction of UF productivity and fouling of the RO membrane. As a result, frequent UF membrane chemical cleaning and eventual costly membrane replacement may be required to restore plant performance. In this work, an integrated real-time monitoring approach was developed and implemented to quantify the fouling level in the UF filtration system. Instead of relying on a single or set of feed water quality indices as is traditionally the case, the present study demonstrated the benefit of utilizing a multiplicity of soft sensors for characterizing and effectively controlling the operation of the UF feed pretreatment to the RO plant. Post-backwash UF initial filtration resistance, UF filtration period fouling rate and foulant removal efficiency via UF backwash were autonomously evaluated in real time by the onboard plant embedded computing system. Here we note that the soft sensors enabled real-time characterization of the effectiveness inline coagulation at various dose of FeCl3 without the needs of extensive jar testing experiments. The feasibility of this approach was demonstrated using a 12,000 gallons/day (RO permeate production capacity) integrated UF-RO plant for costal seawater desalination at the US Naval base in Port Hueneme, California. The plant was equipped with various process sensors (flow rates, pressure, conductivity, pH, temperature, Chlorophyll a and DO). Extensive field studies showed that feed water quality and coagulant dose had a direct impact on both UF fouling rate (during the filtration period) and effectiveness of foulant removal by UF backwash. Higher coagulant dose resulted in higher rate of cake formation and in turn actually increased backwash effectiveness, a behavior which was particularly observed during storm events in which the raw water feed was of a high fouling propensity. However, there is a maximum coagulant dose beyond which backwash effectiveness is not improved. Also, it is important to note that excessive coagulant dosing can lead to coagulant passage through the UF and fouling of the downstream RO membranes. Results of the current work provide the fundamental basis and guidance for implementing self-adaptive UF operational control for optimal RO pre-treatment strategies via UF filtration.


