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In many areas throughout the country, homeowners and public and private water supply 
systems use water that is corrosive to metallic plumbing materials.  Aside from the failure of 
plumbing systems due to pitting or general corrosion, there is the public concern for 
ingesting excessive amounts of metallic ions, such as lead, copper, antimony and zinc 
released into the water as a result of corrosive water (a corrosive water is generally defined 
as water having a negative Langelier index).  These corrosive waters are usually 
characterized by being slightly acidic (low pH). Corrosive waters can also have low 
alkalinity and low total dissolved solids without necessarily having a low pH. 
 
Water treatment processes designed to render such waters less corrosive range from 
aeration (to remove excess carbon dioxide, thus raising pH), to the addition of caustic soda, 
soda ash, hydrated lime, or calcium carbonate.  All treatment steps requiring chemical 
addition must rely on the precision and repeatability of chemical feed systems in order to 
avoid over or undertreatment.  While this is readily achievable in large systems, it tends to 
be problematic in small systems.   A process is required which can be used in small to 
medium sized systems with constant or variable flows, designed so that it is difficult or 
impossible to overtreat and which requires little operator attention. 
 
A Limestone Contactor provides exactly the same result as occurs in the " Marble Test"1,  
which is the basis on which all current corrosion indices (Langelier, Aggressiveness2 Index, 
Ryznar Saturation Index, et al.) rely, as they are all a mathematical expression of the 
marble test.  Corrosion indices are dimensionless numbers that indicate the relative 
corrosivity or scaling potential of the water.  (e.g. if pHs is 7.4 and pHa is 6.2 the Langelier 
Index is -1.2, see below). 
 
In the "Marble Test" the pH of the water is measured, as actual pH (pHa), powdered 
limestone (calcium carbonate, CaCO3) is added to the water, allowed a few minutes 
reaction time, then the pH is measured again.  This value is pH of saturation3 (pHs).  If  
pHs is greater than pHa, the water was undersaturated with respect to calcium carbonate.  
Therefore  some of  the added CaCO3 dissolved, increasing the calcium (Ca++) 
concentration, as well as the alkalinity, resulting in an increase in pH.  Conversely, if pHS is 
less than pHa, the water was already at or above saturation with calcium carbonate.  
Contact with additional CaCO3 results in supersaturation, causing precipitation of excess 
CaCO3.  This reaction also requires alkalinity, thus the pH will be lower. 
 
The description above is exactly what Prof. Langelier postulated in his Index: If pHs is 
greater than pHa the negative value indicates a corrosive water, if pHs is less than pHa, the 
positive value indicates a potentially scaling water.  All other corrosion indices are 
variations of this theme.  The CCPP (Calcium Carbonate Precipitation Potential) actually 
indicates the numerical deficit or excess of CaCO3 in milligrams per liter. 
 
 
 



The previous paragraph explains what  happens in a Limestone Contactor (sometimes  
called an Enslow Column, or Limestone Saturator) that is used to render corrosive waters 
less corrosive.  The corrosive water to be treated flows through crushed limestone, gaining 
alkalinity, calcium, and increasing its pH.  What makes this treatment process so attractive 
is that it needs virtually no attention, other than occasionally adding replacement limestone. 
 Also, the water cannot be overtreated.  Should the water remain in contact with the 
limestone longer than the design contact time, the excess calcium will simply precipitate, 
thereby lowering the pH, before the water leaves the contactor (see Marble Test reaction 
above). 
 
For design purposes, saturator vessels should be ASME code, lined steel tanks.  The tanks 
must be equipped with an influent header, an underdrain system, an air release valve, raw 
and treated water sample ports, and an access port sized to facilitate easy addition of 
crushed limestone.  Optional equipment could include: pH monitor, recorder, telemetry, and 
backwash valves/controls. 
 
Limestone can be obtained from various sources, and can either be calcite or crushed 
oyster shells.  A qualified consulting engineer will review laboratory water analyses, test 
results, and hydraulic parameters to optimize the system design, including empty bed 
contact time, particle size, and the expected frequency and quantity of limestone 
replenishment. 
 
As in any water treatment process, a complete mineral and organic analysis of the raw 
water is required to determine whether any constituents are present in the water that would 
interfere with the above process (or otherwise require treatment), for example: iron, 
manganese, sulfides, organics, etc.  Process design must include laboratory testing and/or 
field pilot testing to ensure optimum treatment. 
 
 
1. Marble Test.  "Standard Methods For The Examination Of Water And Wastewater" 

AWWA, APHA, WEF, 18th ED. 
 
2. The words corrosive and aggressive are interchangeable in this context. 
 
3. pH of saturation (pHs) is defined as that pH at which a water is said to be in 

equilibrium with calcium carbonate.  Standard Methods, see above. 
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