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Abstract 

Booth, Robert D. Masters Environmental Assessment. Challenges Associated with Intermediate 
Ozonation in Drinking Water Treatment during Cold Weather: A Case Study 

The Charles Horne Water Treatment Plant in Greenville, North Carolina is the only water plant 
in the state that uses intermediate ozonation as the primary disinfection process for the 
inactivation of dangerous pathogens. Recently the plant experienced erratic filter turbidity 
readings during cold weather. The water plant is served by seven dual media filters consisting of 
anthracite or granulated activated carbon and sand. High turbidity readings reduce the production 
capacity of the plant and can ultimately result in a violation of the Surface Water Treatment Rule 
prompting a boil water notice for the service population. Further investigation suggests that 
microbubble formation due to gas supersaturation in the filter media is likely causing the erratic 
turbidity readings. This issue has been observed twice over the past three years during the winter 
months. Each event has strained the operational capacity of the plant by not only reducing the 
capacity to treat water and remain in compliance, but also depleting the storage of already treated 
water due to increasing the frequency of cleaning filters with already treated drinking water. 
These events have threatened the ability of the water plant’s ability to maintain system pressure 
and provide a safe and adequate supply of drinking water for its customer base. Greenville 
Utilities received approval from the North Carolina Division of Environmental Quality 
(NCDEQ) to use ozonation as a primary disinfectant in 2007. Ozonation is a much more 
powerful oxidizing agent than chlorine. Ozone is used for its ability to deactivate a variety of 
microorganisms such as cryptosporidium and giardia without reacting with organics and forming 
disinfection byproducts like trihalomethanes (THMs) and halo acetic acids (HAAs). Ozonation is 
not without its problems, however. The equipment used to generate ozone is very expensive, 
ozone does not persist in water, therefore a secondary disinfectant is required in the distribution 
system, and ozone has been shown to cause problems with supersaturation of dissolved oxygen 
under certain conditions. Intermediate ozonation refers to the application of ozone prior to 
filtration. This review focuses on intermediate ozonation systems, filter turbidity issues, and how 
facilities can manage microbubble formation in filtrations to maintain treatment efficacy. 
Specifically reducing flow velocities through filtration and reducing the amount of ozone used 
during disinfection. Water treatment facilities looking to add intermediate ozonation in the future 
should consider their source water, their system water production demands, and the loading rates 
of their filters. 

  



iv 
 

Table of Contents 

 

Introduction………………………………………………………………………………………1 

 

Challenges to Ozonation…………………………………………………………………………3 

 

Turbidity Fluxes 2018 and 2021………………………………………………………………...5 

 

Mechanisms and Mitigation……………………………………………………………………10 

 

Conclusion………………………………………………………………………………………13 

 

References………………………………………………………………………………………15 

 

 

  



1 
 

 

Introduction 

The Greenville Utilities Commission (GUC) built the Charles Horne Water Treatment Plant 

(WTP) in 1983 to supply the citizens of Greenville with drinking water from the Tar River. The 

original plant was designed as a surface water treatment plant consisting of a 63-million-gallon 

impoundment used as a buffer for the rapidly changing water quality of the Tar River. The 

original plant contained four sedimentation basins and four anthracite/sand filters. This 

configuration provided a maximum production capacity of 12 million gallons a day (MGD). In 

1991, a study assessed the impact of filters to increase treatment capacity. The existing filters 

were approved by the state of North Carolina to increase from the maximum flow rate of four 

gallons per minute per square foot (gpm/ft2), to 5 gpm/ft2. The filter rate study increased the 

production capacity to 15 MGD with an 

emergency rating of 18 MGD. Free chlorine was 

used as the primary disinfectant until another 

building expansion in 2002. The expansion 

added two more sedimentation basins, three 

more filters, intermediate ozonation, and aqueous 

ammonia for secondary disinfection. Ozonation 

and aqueous ammonia were added to address 

disinfection byproduct regulations. The 2002 expansion in the current maximum production 

capacity of 22.5 MGD. The water plant serves over 140,000 customers throughout Greenville 

and the surrounding communities. 

In the last two decades, drinking water treatment has been focused on balancing two 

important dynamics: efficient disinfection and management of disinfection by products created 

from interactions of disinfectants with natural organic matter in drinking water sources 

(Jacangelo et al., 1989). Currently, ozonation is the preferred method for disinfection at the GUC 

WTP. At the Charles Horne WTP, the 2002 expansion not only increased capacity, but also 

changed the treatment process in anticipation of federal regulations, specifically, the Stage 2 

Disinfectants and Disinfection Byproducts Rule (Stage 2 DBPR) (USEPA, 2003). The rule sets 

maximum contaminant levels (MCLs) on disinfection byproducts created when disinfectants 

Figure 1. WTP after 2002 Expansion 
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react with organic and inorganic materials found in source waters. Trihalomethanes (THMs) and 

halo acetic acids (HAAs) are two byproducts targeted in the stage 2 ruling. The MCL for THMs 

are set at 80 parts per billion (ppb) and HAAs at 60 ppb. The Greenville Utilities Commission 

knew that the WTP would be in violation of the Stage 2 DBPR because the Tar River is a coastal 

waterway and contains significant total organic carbon (TOC). The available TOC is not fully 

removed in the treatment process and what is left reacts readily with free chlorine to form 

disinfection by products (DBPs), mainly THMs.  Routine monitoring showed that the WTP 

would need to use an alternative to free chlorine to avoid production of THMs. In 2004 GUC 

made the decision to add aqueous ammonia to the treatment process to form monochloramines. 

Monochloramines are a longer lasting, less reactive disinfectant. Ammonia is added to free 

chlorine at a 4:1 ratio to form monochloramines. The monochloramines are effective at 

disinfection while reducing the reaction with the organic and inorganic material in source water, 

thus reducing THM formation.  

 

At the same time, 

the WTP began 

intermediate 

ozonation. In 2004, 

ozone (O3) was not 

recognized by the 

North Carolina 

Division of 

Environmental 

Quality (NCDEQ) 

as a primary 

disinfectant; hence, 

the plant was not 

able to claim 

contact time credit 

for ozonation. Ozone is generated on-site using gaseous oxygen (GOX) and high voltage power 

Figure 2. Schematic of WTP Process 
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supply units. Gaseous oxygen flows through the generators and around the dielectrics while the 

current is being discharged from a metal rod that passes through the center.  This charge causes a 

shearing effect on the oxygen molecules. The O2 molecules split into oxygen radicals, the 

oxygen radicals attach to 

available O2 molecules 

which make O3 (ozone). The 

amount of ozone produced 

depends on the intensity of 

the charge (Jung and Moon, 

2008). 

Ozone as a disinfectant is 

100 times more powerful than 

chlorine due to its oxidation 

properties. The ozone is piped into the contactor and dispensed through diffuser stones located in 

the bottom of the contactor. About 95% of the ozone will be dissolved in the water.  Any 

remaining ozone that is not used will be pulled by vacuum through piping at the top of the 

contactors, carried through the destruct unit, converted back to O2, and discharged into the 

atmosphere. Ozone treatment is effective for taste and odor control, color removal, inactivation 

of microorganisms, and the oxidation of iron and manganese. In 2007, NCDEQ recognized 

ozonation as a treatment strategy for primary disinfection. In November 2007, the WTP became 

the first WTP in North Carolina to use ozone as its primary disinfectant with monochloramines 

as a secondary disinfectant.  

Challenges to Ozonation 

Pioneering ozonation has presented plenty of challenges for the Charles Horne WTP. In 

2009, heterotrophic plate counts conducted on distribution system samples revealed a 

tremendous amount of biological growth out in the system. A review of operations discovered 

that the rates of ozone used far exceeded what was needed for disinfection. These high dosages 

of ozone served to breakdown long-chain organics into small “bite-sized” compounds that were 

small enough to evade filtration and make their way out into the distribution system. These 

smaller organic compounds served as a perfect food source for biological growth which then 

Figure 3. Diagram of Ozone generation via the corona effect ("Ozone equipment 
manufacturer and ozone system integrators Corona discharge ozone generators - 

how they work? Ozone Integration Experts", 2021) 
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made the distribution system vulnerable to coliform contamination. A fluoride tracer study was 

performed on the ozone contactors. The results of that study showed that the dosages of ozone 

being fed for primary disinfection were three to four times higher than what was needed for 

compliance. 

The second major challenge ozone presented was the formation of colloidal manganese. In 

2011, North Carolina experienced Hurricane Irene. The Tar River rose due to flooding, and 

historic levels of manganese were recorded immediately following this event. Past experiences 

with declining water quality had called for higher dosages of ozone to oxidize the increased color 

and organics in the source water. Ozone was increased in response to increasing filter turbidities. 

The result was not a decrease in turbidity, but an exponential increase in filter turbidity. The 

plant shutdown to avoid a notice of violation for exceeding the maximum turbidity levels set 

forth in the long-term Surface Water Treatment Rule. Jar testing showed that coagulant dosages 

had to be increased far beyond anything the plant had ever fed previously.

 

Figure 4. A picture of jar testing being performed at the Horne WTP. The jars show floc formation based on increasing coagulant 
dosages from left to right. 

 Investigation of dissolved manganese levels throughout the treatment process revealed that 

increasing ozone had little effect on manganese post filtration. An operational review showed 

that excessive amounts of ozone over-oxidized the dissolved manganese, changing Mn states 

from soluble, to insoluble, and then to colloidal manganese with organic matter. That colloidal 

manganese bypassed filtration to the distribution system and caused brown water complaints 
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from customers. Coagulant dosages were increased, ozone was turned off, and the plant 

converted to free chlorine to remain in compliance with the Long-term Surface Water Treatment 

Rule. The ammonia feed point was shifted to post treatment to maintain monochloramine 

formation in the distribution system and keep THM formation down. 

In January of 2018 turbidity began to fluctuate but not due to water quality. Filter turbidities 

became erratic and runtimes decreased from 120 hours to 30-40 hours. Decreased runtimes 

directly impact water production. The plant is unable to produce water at max capacity due to 

filters being taken offline for washing. Backwashing filters also uses treated water, impacting 

storage capacity. The same issue occured in December of 2020. This project addresses the 

operational review to determine what factors cause filter turbidity fluxes, what operational 

strategies can mitigate turbidity flux, and how to manage external events, such as hurricanes or 

winter storms, to maintain ozonation and filtration efficacy.  

Turbidity is defined as the measure of relative clarity of a liquid and is measured by passing a 

known intensity of light through a column of water and determining the degree of light scattered 

(Bin Omar and Bin MatJafri, 2009). The standard unit of measure for turbidity is a 

nephelometric turbidity unit (NTU). Turbidity in drinking water is most often associated with 

color (tannins), manganese, iron, microorganisms, silt, organics, or particulate matter.  The 

USEPA Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR) requires that 

WTPs using filtration must maintain combined filter turbidity levels below 0.3 NTU, 95% of the 

time. Combined filter turbidity may not exceed 0.5 NTU for two consecutive 4 hour periods. At 

no time shall the combined filter turbidity exceed 1.0 NTU. Failure to meet these criteria will 

result in a notice of violation. The rule is designed to protect public safety by limiting exposure 

to harmful microorganisms like cryptosporidium and giardia.  

In 2014, the Horne WTP began participation in the USEPA’s Area Wide Optimization 

Program (AWOP). AWOP takes the criteria listed in the LT2ESWTR and reduces them further. 

To be considered optimized, a WTP must maintain a combined filter turbidity below 0.1 NTU, 

95% of the time. At no time may combined filter turbidity exceed 0.3 NTU. Settled water 

turbidity must remain below 1.0 NTU 95% of the time as well. To meet these metrics when 

source water turbidities are more than 15 NTU is an accomplishment. The Horne WTP has been 
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recognized as one of only two plants in eastern North Carolina to receive this award six years 

running. 

In 2017, the Horne WTP also began participation in the American Waterworks Association’s 

Partnership for Safe Drinking Water program. Like AWOP, the partnership program requires 

plants to meet the same turbidity requirements, but it also requires plants to identify areas within 

their treatment process and distribution system that can be improved further. Each plant seeking 

the Director’s Award must produce a detailed assessment of their entire treatment process and 

identify areas that need improvement; plants must implement programs to facilitate improvement 

in those areas. The Horne WTP achieved the Director’s Award in 2019 and remains in 

compliance with the partnership criteria to this day. Turbidity remains a focus for plant staff as it 

is their belief that reducing the amount of turbidity within the sedimentation and filtration stages 

of treatment not only protects the public they serve, but also improves the overall safety of the 

entire drinking water distribution system. 

Turbidity Fluxes 2018 and 2021 

In January of 2018 North Carolina experienced what has been referred to as a polar 

vortex. From January 1st through January 8th the average daily temperature did not exceed 27 

degrees Fahrenheit, with nighttime lows often in the single digits and even below zero. The 

unprecedented cold temperatures caused significant issues with infrastructure as flow regulating 

valves in the plant froze, basins froze, and pipes in the 

distribution system ruptured.  

Greenville, North Carolina is considered a university 

town due to the campus of East Carolina University. 

School was not in session at this time which meant that 

many homes adjacent to the campus sat empty and 

broken pipes were not readily noticed. The plant 

experienced unusually high demands in the 

distribution system. Flows at the plant were increased 

to near max capacity to maintain elevated tank levels 

and system pressure. The freezing temperatures hindered crews from being able to locate leaking 

services and mains. Running the treatment plant at maximum capacity can create issues with the 

Date Max Min Avg
1/1/2018 27 12 19.5
1/2/2018 30 10 20.0
1/3/2018 35 9 22.0
1/4/2018 32 20 26.0
1/5/2018 29 9 19.0
1/6/2018 27 1 14.0
1/7/2018 27 -1 13.0
1/8/2018 46 8 27.0

Temperature

Table 1. Temperature readings in January 2018 
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treatment process and combined with extremely cold water these issues were exacerbated. 

Coagulation is an area of the treatment process that is affected during times of very cold weather. 

As water cools it becomes denser and the settling rate of the sedimentation basins is reduced. 

Couple that with higher than normal flows and settled turbidities will often run higher than 

normal. This was not the case in 2018 as source water quality was surprisingly good due to low 

river levels and a lack of precipitation leading up to the cold snap. Despite having good water 

quality plant staff began to experience erratic turbidity reading on the filters. Washing the filters 

returned turbidities to normal. During this event, filter runtimes were reduced from 120 hours to 

less than 40 hours. This reduction is significant because the maximum flow rate of the plant 

decreases, treated water is required for the washing process, and loading rates are increases on 

filters left in service.  

 Plant staff investigated the cause of elevated turbidity readings on the filters to extend 

runtimes and reduce water loss through backwashing. Staff found that color and dissolved 

manganese were at very low levels due to good source water quality. After allowing samples to 

warm to room temperature while vented to the atmosphere, these samples were found to be 

significantly lower than readings from the online instrumentation. Further investigation found 

that dissolved oxygen levels in the combined filter samples were at 18 mg/l. The decision was 

made to turn off ozone and convert the primary disinfection source to free chlorine to ensure that 

the water continued to achieve the disinfection credits needed to remain in compliance. Staff 

discovered that when ozone was turned off, filter turbidities responded by dropping and 

Figure 5. Turbidities during 2018 Cold Snap. The jagged trend lines represent turbidity caused by suspected air bubbles while the 
smooth lines are more typical of normal turbidity because of washing a filter. 
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Becoming more stable. Daily attempts were made to start ozone up, but each attempt was met 

with rising turbidity thus resulting in ozonation being terminated. Staff made the decision to 

leave ozone off indefinitely until temperatures rebounded. Filter turbidities stabilized and filter 

runtimes initially returned to normal. 

Plant flows remained high and staff began to experience loss of head issues on the filters 

in the absence of ozonation. Head loss is defined as the difficulty that water has flowing through 

filter media. The correlation between ozonation and loss of head is not completely understood. 

Perhaps the increase in head loss reflects the lack of oxidation potential from ozone, high flow 

rates, and low water temperatures. These conditions lead to increased loading of the filters. 

When head loss reaches 8-10 feet the filter will no longer produce an adequate supply of water. 

Within 24-36 hours of ozonation being terminated, filters began to reach terminal head-loss 

levels resulting in filter washes. Plant staff noted that runtimes decreased to nearly the same 

levels due to head-loss and filter washes were occurring as frequently as they were during the 

ozonation related turbidity events. Staff analyzed the information collected and made the final 

decision to begin ozone in the morning as plant flows increased, and to operate the ozone system 

until turbidities began to rise. Once a rise in turbidities began, ozonation was terminated. This 

process was repeated daily until ozonation was able to run without causing disruption of filter 

turbidites. Once this occurred staff converted plant disinfection back to ozonation and 

monochloramines for disinfection credit.  

Figure 6. This graph represents a day where ozonation is started at 9:00am. Notice the increasing turbidities throughout the day. 
Ozonation is terminated at approximately 5:30pm and filter turbidities stabilize soon thereafter. Each colored line represents an 

individual filter turbidity. The Y axis denotes turbidity in NTU 
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 In January of 2021, a similar turbidity event occurred again. While filter turbidities were 

erratic, water temperatures were not nearly as cold as during the 2018 polar vortex. Staff 

followed standard operating procedure and checked raw water quality. River levels were running 

close to flood stage, but raw water quality was not poor. Staff verified that color and manganese 

numbers were in range and used jar tests to verify coagulant dosage. The final factor considered 

was ozonation. While the water was not as cold as 2018, dissolved oxygen checks revealed 

extremely high DO levels in the combined filter effluent water samples. At the height of the 

turbidity event, DO levels approached 20 mg/l. Staff experimented with another treatment 

method to combat turbidities thought to be caused by supersaturation of oxygen in the filters. 

The decision was made to manually set the ozone to feed at an extremely low rate. The thought 

was that a maintenance dosage of ozone would be enough to maintain compliance for 

disinfection, maintain pressure to avoid shortening filter runtimes, and stop erratic turbidity 

readings. Fig.7 shows turbidity trends on SCADA at the onset of the incident while fig.8 shows 

how manually limiting the flow of ozone kept turbidities from becoming erratic. 

 

Figure 7. Supervisory Control and Data Acquisition (SCADA) Trending shows the erratic turbidity readings very similar to what 
plant staff experienced in 2018. 
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 The spikes noted in figure 8 represent the normal turbidity signature associated with washing a 

filter. As a precaution, staff washed filters whenever they noticed any erratic readings on the 

online instrumentation. While filter runtimes did not approach the normal 120 hours during this 

event, runtimes of 70 to 80 hours were a marked improvement over those seen in 2018. Reducing 

the flow of ozone proved to be a better mitigation strategy versus shutting the system down 

completely; the new mitigation measure avoided the need to convert to free chlorine in the plant.  

Mechanisms and Mitigation 

 I hypothesize that the turbidity fluxes during cold weather occurrences are caused by 

microbubbles forming in the filters. In 2018 the idea of microbubbles in the filters caused by 

ozonation was novel. Prior to 2018 the turbidity events that staff had encountered revolved 

around low alkalinity, high color, and/or high amounts of manganese. During these events staff 

were alerted through routine source water sampling. They could identify the precursors to these 

events and make the appropriate changes before turbidites reach unacceptable levels. The erratic 

nature of turbidities experienced in 2018 and 2021 did not allow plant staff adequate time to 

make proactive changes. There are not a set of precursors to test for and no real way to anticipate 

when one of these events may take place. Incidents like the two described in this study have a 

very real chance of resulting in a violation and disrupting supply to thousands of customers. 

 The turbidity rules set in the LT2ESWTR are in place to protect public health from 

contamination of microorganisms due to breakthrough or a filter failure. The rule does not 

Figure 8. Trending revealing much more stable turbidity readings after ozone flows were manually reduced. 



11 
 

distinguish what turbidity is. There is no methodology set in place to distinguish bubbles from 

potential pathogen break through (Scardina et al, 2006). The readings recorded in 2018 and 2021 

were related to bubble formation, and, while bubbles are harmless to public health, plant staff 

must treat all turbidity seriously. If turbidity fluxes result from microbubble formation in 

filtration, why is this a recent phenomenon since ozonation has been used since the early 2000s?  

 Early on during ozonation, the dosages were much higher than they are today because 

adequate studies had not been done to fully understand exactly how to calculate disinfection 

credit for ozone. As tracer studies were performed and data were gathered, those dosages 

eventually went down. In theory, the plant should have experienced more problems back when 

dosages were higher. In 2008 the North Carolina Central Coastal Capacity Use Area Rule 

required water systems pulling groundwater from the Upper Cape Fear and the Black Creek 

aquifers to reduce their withdrawal by 25%. Those municipalities would then be required to 

reduce withdrawal by 50% in 2013 and 75% in 2018 (Manda and Klein, 2014). To meet water 

production demands, these groundwater systems had to purchase water from a surface WTP. 

Greenville Utilities began to provide water to Winterville, Farmville, Greene County, Stokes and 

Bethel. Farmville and Greene county are by far the largest purchaser of surface water. Their 

agreement allows for them to withdraw up to 3 million gallons a day from October 1st to April 

1st. Prior to supplying these communities with water, the peak days for GUC often occurred 

during dry periods in the summer months. Over the past ten years those yearly peak days occur 

in the dead of winter now. The timing of peak withdrawals is the key to understanding why the 

plant experiences turbidity problems related to microbubbles. Two factors that may contribute to 

microbubble formation are the warming of water between the different stages of treatment and 

the change in velocity. 

 In the treatment process, water travels from the sedimentation basins which are outside, 

to the ozone contactors that are located inside. Water is ozonated then filtered. There is a 

measured temperature difference between sedimentation and filtration can vary by as much as 2 

degrees Celsius during the winter months. The ability of water to hold dissolved gas decreases as 

temperature increases, therefore it is assumed that this increase in temperature aids bubble 

formation (Dissolved Oxygen and Water, 2021). Velocity has a two-fold effect on turbidity in 

the filters. As the velocity of a liquid increases, the relative pressure decreases (Scardina and 
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Edwards, 2006). This decrease in pressure can facilitate bubble formation in the filter media. 

Changes in velocity within the filters can also serve as a sheering effect, detaching those bubbles 

from the media and causing turbidity spikes in online instrumentation.  The trend displayed in 

figure 9 show the correlation between flow increase and an increase in turbidity on filter 1 during 

the 2021 turbidity incident. The best way to combat turbidity formed by microbubbles is to keep 

the water at a constant temperature post-ozonation and/or to reduce the velocity of the water as it 

passes through filtration. Keeping the water at a constant temperature is not feasible, given the 

design of the treatment system. Heating the water in the sedimentation basins would be helpful, 

but extremely costly. Reducing flow velocities would require significant modifications as well. 

The water plant is operating at close to 80% of max capacity currently. Reducing filter flows 

during the colder months, when demand due to wholesale customers is highest, could result in 

water shortages and possibly loss of pressure in the distribution system. There are operational 

options available. One can keep the same flow rate while increasing the size of the filters, thus 

increasing the volume, or increasing the number of filters. Both options present significant costs 

and the need for careful planning as to not disrupt production of drinking water. 

 

 

 

Figure 9. Trend showing filter turbidity (blue line) increasing immediately following a flow change (green line). The filter is then 
washed, and turbidity returns to a normal, stable state.  The Y axis is turbidity in NTU. 
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Conclusion 

Turbidity issues exhibited during 2018 and 2021 are a recurring problem. The probable 

causes for these events are supersaturation of dissolved oxygen due to cold water ozonation and 

increased velocities in filtration resulting in microbubble formation. Two of the options to 

mitigate these issues were presented. Using some type of system to warm the water in the 

sedimentation basins only serves to solve turbidity problems caused by ozonation in colder 

months. This option has costs that far outweigh the benefits. The second option to slow the 

velocity of water through the filters is of the greater interest and more economically reasonable.  

The water plant is currently under construction for its second major upgrade. Staff will be 

adding a super pulsator for sedimentation and four more filters. These upgrades will bring the 

total capacity of the plant to 32 million gallons a day. It is my hope that the addition of the four 

new filters and extra capacity reduce the velocities in the filters to the point that we no longer 

experience these microbubble turbidity events. It can be assumed that as the population served 

continues to grow, and the demand for water increases, this problem will return. I hope that the 

documentation provided by plant staff gives those future employees the tools needed to confront 

this problem and continue to produce high quality safe drinking water. 

This study brings to light a much broader issue in the United States that I would like to 

take a moment to address. While I was unable to find any plants that experience this particular 

issue during my research, I am positive there are plant all over the country battling issues caused 

by retrofitting old infrastructure to meet demands of a growing population and more restrictive 

regulatory rules. Ozone was added in 2002 in anticipation of new DBP regulations. When 

planning for the addition of ozonation no one could have anticipated that in 20 years velocities in 

the filters coupled with ozonation would cause turbidity issues that could potentially result in 

violations. The filters put in place when the plant was first built were not built with ozonation in 

mind and thus were constructed too shallow. Research has shown that ozonation pairs best with 

biofiltration and biofilters need to be deeper to allow for more driving head on the filters. This 

driving head helps to minimize loss of head during the warmer months when excess biological 

activity can result in a tarping effect of the surface of filters. Had the GUC plant been built with 

ozonation in mind, the filter basins would have been deeper and flow velocities would not be 

approaching levels that cause microbubble formation in the media. The new filters being added 
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in this second expansion are being constructed with the intent to eventually become biofilters. 

They are deeper than the existing filters and hopefully perform better when paired with 

ozonation. 

The GUC plant is being forced to do what many utilities and municipalities all over are 

having to do. They are to make do with budgets that do not afford them the ability to construct 

new infrastructure to meet the demands of producing drinking water today. We have seen this 

played out several times over the last five years. Most notably in Flint, Michigan. The decision to 

start up a forty-year-old plant was done so out of fiscal desperation. The citizens of that city 

suffered because budget shortages forced those in charge to make a haphazard decision to use an 

outdated plant to provide drinking water without the proper bench testing and corrosion 

inhibitors thus resulting in lead contamination. We have seen cities like Cleveland lose their 

water supply over toxic algae blooms in the great lakes. Just this past winter Abilene, Texas lost 

their water supply due to infrastructure failure during a historic winter storm. Until we decide to 

prioritize water and sewer infrastructure and adjust budgets to provide the money needed for 

construction and upgrades, I am afraid these stories will continue to make headlines in the future. 

Water is essential to life and we should treat it as such. 
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