Fact Sheet — Ion Exchange
Salt is the key parameter that determines how produced water is managed onshore. A separate fact sheet describes membrane processes for removing salt. This fact sheet describes ion exchange, another common process that removes salt and other inorganic chemicals from produced water. 
Many consumers are familiar with home water softeners that remove iron and manganese from tap water. Water softeners use ion exchange columns filled with a specific type of resin. The resin is charged with sodium ions by passing a concentrated salt solution through the column. As water loaded with iron and manganese moves through the column, those ions are attracted to the resins, which prefer to bind with the iron and manganese. Sodium is released when the resin attaches to the iron and manganese. Once stripped of the undesirable iron and manganese, the water is piped into the home water supply. Periodically, the resin-exchange sites are all used. Then, the column is backwashed and regenerated with fresh salt solution. [insert top left photo here; caption: home water softener column with salt tank for regenerating the column and sodium hydroxide tank for neutralizing low pH; Source: J. Veil, Argonne National Laboratory] 
The water softener example is provided to explain the principle of ion exchange. Exchange resins can be designed to selectively remove different types of chemicals. IOGCC and ALL (2006) provide a description of the different types and applications of ion exchange resins. 
In the case of produced water, the goal is to preferentially remove sodium. For that application, resins are chosen that are regenerated with hydrogen ions. As the produced water passes through the column, sodium ions are removed from the water. They replace the hydrogen on the resin’s exchange sites. The treated water contains more hydrogen ions, and therefore its pH drops. Often the pH is raised by contact with calcium carbonate, which in turn helps to control the sodium adsorption ratio or SAR (for more discussion of the SAR, see the fact sheet describing agricultural use). [insert photo from 2nd row here; caption: Ion exchange equipment at Argonne National Laboratory; Source: D&D - Nuclear Engineering Division of Argonne National Laboratory]
One version of ion exchange for treatment of coal bed methane produced water in the Rocky Mountain region is the “Higgins Loop.” Dennis (2006) and IOGCC and ALL (2006) describe the process. The Higgins Loop uses a continuous countercurrent ion exchange contactor for liquid phase separations of ionic components. The contactor consists of a vertical cylindrical loop, which contains a packed bed of resin separated into four operating zones by butterfly or “loop” valves. These operating zones — adsorption, regeneration, backwashing, and pulsing — function like four separate vessels. [insert figure in top row right; caption: Higgins Loop water treatment system; Source: Severn Trent Services] 
Produced water containing high sodium levels is fed to the adsorption zone within the Higgins Loop. There, it contacts strong acid cation resin, which accepts sodium ions in exchange for hydrogen ions. Treated water containing less than 10 mg/L sodium then exits the loop. In the lower section of the Higgins Loop, resin filled with sodium is regenerated with either hydrochloric or sulfuric acid. This generates a small, concentrated spent brine stream. Regenerated resin is rinsed with water prior to reentry into the adsorption zone to remove acid from its pores. As resin in the upper layer of the adsorption zone becomes loaded with sodium, the flows to the Higgins Loop are momentarily interrupted. This allows advancement of the resin bed (pulsing) through the loop in the opposite direction of liquid flow. Liquid flows are restarted after resin pulsing is complete. 
Beagle (2006) reports that 17 ion exchange units are operating in Montana and Wyoming to treat produced water. Emit Water Discharge Technology uses a Higgins Loop as part of an overall treatment system to treat produced water for subsequent reuse or discharge. The volume of water treated in this fashion has steadily increased from a few hundred thousand bbl (barrel = 42 gal) in August 2003, to nearly 5 million bbl in August 2006. 
The backwash stream from ion exchange treatment of produced water will contain high levels of sodium. Therefore, disposal requirements for the concentrated brine should be considered when selecting ion exchange treatment technologies. 
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