
Proposal to the 

Associated Electric Company, Inc. 

for a 

Study of the Control of the Formation of Haloacetic Acids 

in the 

Thomas Hill Power Plant Drinking Water System 

MDNR has detected concentrations of Haloacetic Acids (HAA) in the AECi Thomas Hill Power Plant 
drinking water system at levels that exceed the 60 µg/l maximum contaminant level (MCL). Based on 
exceedances of this MCL for three successive quarterly samplings in 2008, MDNR issued a notice of 
violation in March 2009.  

The results of the recent analyses for the regulated Disinfection By-Products (DBP), Trihalomethanes 
(THM) and Haloacetic Acids, are somewhat unusual in that HAA values markedly exceed THM values. 
While this has been reported previously in some situations nationally, it is not generally the case.  

An even more unusual anomaly in this particular situation is that the highest value of HAA was detected in 
the December 2008 sampling. Winter is a period during which biological activity, including algal growth in 
the lake water source, tends to be slow owing to low water temperatures. Similarly, the kinetics of the 
formation of Disinfection By-Products following chlorination would be expected to be slowed. 

AECi had previously taken steps to limit DBP formation in its water system. An aqua ammonia feed 
system was installed and placed in operation in June, 2007 to convert finished water free chlorine to a 
chloramine disinfectant residual in an effort to substantially diminish DBP formation during distribution. 

Since proper disinfection of the treated water requires the application of a regulatory agency-defined 
concentration of disinfectant for a specified time (Cxt), a combination of free chlorination during treatment 
was followed by the addition of ammonia to form the slower-acting chloramine residual just prior to 
discharge to the distribution system.  

To meet the constraints of maintaining an adequate Cxt, it was calculated that chloramination could be 
practiced as long as the treated water temperature exceeded 16.5 ºC, a period corresponding roughly 
from April to October. The newly established protocol called for chloramination while temperatures 
exceeded 16.5 ºC, while reverting to free chlorination to maintain adequate Cxt at lower temperatures. 



Evaluation of Short-Term and Long-Term Approaches to Control of DBP Formation 

The current anomaly has invalidated the seasonal treatment protocol and requires an alternate approach 
to determine the nature of DBP formation in Thomas Hill’s water treatment process. 

Short-Term Approach 

In the short term, DBP formation may be controlled by initiating chloramination year-round. However, if 
the DBPs are being formed during pretreatment, the short-term approach may also require 
discontinuance of prechlorination of the treatment plant influent. 

To confirm the necessity for and effectiveness of each of these modified procedures, THM and HAA 
analyses will be conducted following the addition of disinfectant at each state of treatment. This is to 
determine where and how rapidly DBPs are formed in the treatment process. 

For any proposed modification, Cxt must be recalculated to ensure that adequate disinfection is achieved. 

Long-Term Approach 

The long-term solution will require a more extensive evaluation of the lake water source and its potential 
for forming DBPs under various seasonal conditions of temperature, organic content, and disinfection 
practice. 

In addition to THM and HAA monitoring, this approach will require long-term monitoring of Total Organic 
Carbon (TOC) in the source water and at various stages of treatment. Fortunately, the water treatment 
control laboratory at the Thomas Hill Power Plant already has in-house capability for this important 
measure of organic content of water. 

The intent of monitoring this particular parameter is to ensure that maximum removals of organic 
contaminants (which may react to form DBPs) are achieved within the existing treatment process and that 
disinfectants are added only after the DBP formation potential of the water has been reduced to a 
minimum. 

Still another approach will be to modify the organic content of the Thomas Hill reservoir water (and 
treatment plant influent) through the use of algaecides (e.g., copper salts), coagulants, or, if economically 
feasible, bank filtration. The latter procedure would result in the partial removal of particulate organic 
carbon (algae, bacteria, leaves, detritus, and other organic debris) prior to treatment. 

Consideration will also be given to the use of alternative disinfectants such as chlorine dioxide and ozone. 
If deemed economically feasible, in-plant testing of the procedure would be undertaken. 



Reverse Osmosis Membrane Feed Water - Microscopic Examination 

To determine the particles reducing the Solids Density Index (SDI) of the Reverse Osmosis Membrane 
Feed Water, 50 ml of the water were slowly passed through a 0.2 µm polycarbonate membrane filter. This 
membrane should retain virtually all particles larger than 0.3 µm, including bacterial cells, if they are 
present. 

Several typical micrographs are shown below. 

At 100x magnification, there are very few particles visible except for dark (black) platelets that appear 
similar to corrosion products or carbon fines. Since the water has been passed through granular activated 
carbon adsorbers prior to cartridge filtration, the latter appears to be a real possibility. No biotic particles 
(e.g., bacterial cells) were observed under epifluorescence microscopy.    

At 1,000x magnification, the dark particles appear granular and no attached microorganisms are present.  
  
Although preliminary, it may be assumed that the R.O. feed water is relatively free of microorganisms, 
inorganic precipitates, and other particulates that may cause membranes to clog. However, particles of 
fine carbon may be passing the cartridge filters or oxidized metal platelets may be spalling from corroded 
piping. 



Thomas Hill Reservoir - Water Treatment Plant Influent 

At the time of the present (March 20, 2009) sampling, the Thomas Hill Reservoir influent water had a 
turbidity of 70 ntu. This is a very high turbidity for a lake water. Therefore, the following microscopic 
evaluation was undertaken in hopes of rapidly identifying the cause of the high turbidity. 

Only 5 ml of the influent water passed through a 0.2 µm membrane before clogging occurred. The surface 
of the membrane was colored, in part, due to the application of the fluorochrome, acridine orange. 
However, the color of the residue covering the membrane also appeared to be orange, similar to some 
iron oxides. Acridine orange (AO) is used in epifluorescence microscopy to stain and aid in identifying and 
enumerating bacteria and algae. 

At magnitudes of 100x (left) and 400x (right), respectively, the mucous-like orange coating on the filter 
showed entrained black particles, resembling fly ash or particulate carbon. At higher magnification, some 
algal filaments were evident, but an algal bloom was clearly not in progress. 

Of special interest was the presence of what appeared to be spheroids (left) and fragments (right) of 
amorphous organic matter which might serve to contribute to both TOC and, upon chlorination, 
disinfection by-products.


