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CLAIMS 

What is claimed is: 

1. A method of treating produced water with reverse osmosis (RO) units that include 

membranes and in the process of treating the produced water,  reducing RO membrane fouling, 

the method comprising: 5 

pre-treating the produced water and removing  particulates  and  scale formers  from the 

produced water; 

after pre-treating the produced water, directing the produced water to a first pass RO 

unit and producing a first permeate and a first concentrate; 

directing the first permeate to a second pass RO unit and producing a second permeate 10 

and a second concentrate; 

directing the first concentrate to a concentrate recovery RO unit in a side stream and 

producing a third permeate and a third concentrate; 

mixing the third permeate with the first permeate or directing the third permeate to the 

second pass RO unit; 15 

 splitting the third concentrate into a waste stream and first and second recycle streams; 

recycling the first recycle stream to a point in the side stream upstream of the 

concentrate recovery RO unit; and 

 recycling the second recycle stream to a point upstream of the first pass RO unit. 

 20 

2. The method of claim 1: 

wherein pretreating the produced water includes chemically softening the produced 

water in a chemical softening unit; 

wherein the second recycle stream produced by the concentrate recovery RO unit 

includes concentrated organic compounds; and 25 

removing the organic compounds from the second recycle stream by directing the second 

recycle stream to the chemical softening unit and adsorbing the organic 

compounds onto suspended solids in the chemical softening unit or co-

precipitating the organic compounds with precipitants formed in the chemical 

softening unit. 30 

 

3. The method of claim 1 further comprising reducing the accumulation of foulants on at 

least some of the membranes by intermittently flushing at least some of the membranes with a 



16 
 

permeate solution that contains the first and/or second permeates and which causes foulants on 

the membranes to desorb from the membranes and dissolve in the permeate solution. 

 

4. The method of claim 3 including injecting a surfactant into the permeate solution where 

the surfactant forms micelles that sequester the foulants accumulated on the membranes. 5 

 

5. The method of claim 3 including injecting a surfactant into the produced water upstream 

of the first pass RO unit where the surfactant forms micelles that sequester the foulants so that 

the foulants remain in solution in the produced water rather than attaching to the membranes.  

 10 

6. The method of claim 1 including removing hardness from the produced water in an ion 

exchange unit located upstream of the first pass RO unit, and the method includes regenerating 

the ion exchange and producing a regeneration waste stream that is recycled to a pretreatment 

unit that is employed in pretreating the produced water. 

 15 

7. The method of claim 1 including removing hardness from the produced water in an ion 

exchange unit located upstream of the first pass RO unit; regenerating the ion exchange unit by 

injecting acid and then caustic soda into the ion exchange unit and producing a caustic injection 

waste stream and injecting a caustic rinse into the ion exchange unit and producing a caustic 

rinse waste stream; and recycling both an alkaline portion of the caustic injection waste stream 20 

and the caustic rinse waste stream to a point upstream of the ion exchange unit for processing. 

 




