[bookmark: _Toc529560213]APPENDIX G. WATER TREATMENT OPTIONS
This appendix reviews specific domestic-well water quality concerns identified in the study area and suggests potential treatment options.
[bookmark: _Toc529560214][bookmark: _GoBack]G.1 TREATMENT FOR ELEVATED pH
Acidulation involves the addition of acid to water to decrease pH. Either a strong acid (hydrochloric, sulfuric) or weak acid (white vinegar) can be used depending on the magnitude of the pH decrease required and the buffering capacity of the water (the resistance to pH change because of the presence of certain minerals). A metering pump typically injects acid from a storage tank into the piping at point of entry into the residential water system. Acidulation is the most direct and inexpensive method to decrease pH. The potential drawbacks are the safety issue of handling acid (especially a strong acid) and damage to the water system that could be caused by overtreatment. A system using a metering pump would have automatic pH monitoring installed to prevent overtreatment. Although not preferred from a safety standpoint, hydrochloric acid is freeze-resistant compared to the other acids.
[bookmark: _Toc529560215]G.2 NEUTRALIZING FILTER
Water that has a low pH (acidic) can be treated using a neutralizing filter containing calcite or ground limestone (calcium carbonate), or magnesia (magnesium oxide) to raise the pH. Neutralizing filters must be backwashed periodically since they also serve as mechanical filters that remove solid particles from the water. They also require periodic replacement of the neutralizing material. Water with a neutralizing filter should be tested for water hardness since the filter material will add calcium or magnesium to the water. For high capacity wells, a chemical feed pump can be used to feed a solution of soda ash (sodium carbonate) into the water supply. Soda ash can raise the pH level of water to over 8. If the water contains high levels of iron, or requires disinfection, a chemical feed pump is preferred since hypochlorite bleach and soda ash may be mixed into a single solution and fed through the pump.
[bookmark: _Toc529560216]G.3 CHLORINATION (TREATMENT FOR BACTERIA)
Chlorination (also called disinfection) involves the addition of chlorine gas or a chlorine containing compound to destroy bacteria in water. One method of chlorination is short-term (one-day) treatment of a well with a relatively high dose of a chlorine compound such as bleach, a process known as shock treatment. If the shock treatment cannot adequately disinfect the well, then a point-of -entry chlorination system can be installed. For residential water systems, bleach is typically the disinfectant compound of choice because of greater safety compared to the use of chlorine gas. A residential point- of-entry chlorination system typically has a bleach storage tank, and bleach is injected into the water as it is pumped from the well. Where freeze protection for the bleach storage tank is an issue, chlorine gas can be injected from a cylinder into the water line. Chlorination is a proven technology and the equipment and operating costs are relatively inexpensive. Elevated water pH decreases chlorination efficiency. Thus, local groundwater may need acidulation for effective chlorination. Feed water with an elevated soluble ferrous iron content would need iron removal before or filtering after chlorination, as the chlorine chemicals will oxidize the ferrous iron to insoluble ferric chloride which would foul the water system.
[bookmark: _Toc529560217]G.4 FILTRATION (TREATMENT FOR TURBIDITY, INSOLUBLE IRON)
Filtration is a simple and relatively inexpensive technology for removal of particulate matter that contributes to water turbidity. Filtration will also remove non-soluble (ferric) iron. In residential applications, filtration involves passing water through a cartridge or bag inside a filter housing, where the filter material traps or blocks the particulate matter. The filter is replaced once loaded with particulate matter to the point that water flow is restricted. 
[bookmark: _Toc529560218]G.5 GREENSAND ADSORPTION (TREATMENT FOR IRON AND MANGANESE)
Greensand is a material with the unique capability to oxidize dissolved iron and manganese to their insoluble (solid) forms. The solid iron and manganese are then filtered (adsorbed) by the greensand. Treatment proceeds until the solid iron and manganese loading on the greensand restricts continued water flow, at which point the greensand vessel is backwashed similar to the process for a conventional residential water softener. Greensand adsorption is effective and relatively inexpensive. The major drawback is the hazard of the potassium permanganate (strong oxidizer chemical) used to backwash and regenerate the greensand.
[bookmark: _Toc529560219]G.6 ION EXCHANGE (TREATMENT FOR TDS, ANIONS, CATIONS, METALS, RADIONUCLIDES)
Ion Exchange (IX) vessels contain resins manufactured to adsorb specific constituents. As water flows through an IX vessel, components on the surface of the resin switch (exchange) with the target constituents in the water. The conventional residential water softener is an example of an IX treatment in which the calcium and magnesium hardness minerals in the water exchange with sodium ions on the resin. When the sodium ions on the resin are depleted, the resin is backwashed with a salt (sodium) solution to regenerate the resin for another cycle of use. IX resins can be effective for numerous water constituents and many resins are regenerated with a salt solution that is inexpensive and safe to handle. However, some resins, including those for sodium and chloride treatment, require regeneration using a strong acid or caustic solution.
[bookmark: _Toc529560220]G.7 OZONATION (TREATMENT FOR BACTERIA)
Ozonation is an alternative to chlorination for water disinfection. In this technology, an ozone generator converts oxygen in the air to oxidizing ozone molecules and the ozone is injected into the water. Ozonation efficiency is relatively insensitive to water pH, so local groundwater ozonation has the advantage of not requiring feed water acidulation as necessary for chlorination. However, ozone equipment is costly and ozone generation has a relatively high power requirement.
