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EXECUTIVE SUMMARY
Introduction
The Village of West Dundee has been experiencing poor water quality and low chlorine residuals at
several locations within the water distribution system, particularly west of Tartan Drive in the
Village’s High Pressure Zone. Well No. 6, and its water treatment plant, supply water to the
pressure zone that feeds the area. Water quality complaints primarily occur in the mid to late
summer when the water temperature increases and bacterial growth increases in all areas of the
distribution system. The primary cause of the poor water quality in water distribution systems is
the combination of several issues summarized in the Investigation Findings below.

Investigation Findings

1. Hydrogen sulfide is a naturally occurring compound in the water produced by Well No. 6
and produces a “rotten egg” smell in the water.
2. Hydrogen sulfide can adversely affect taste and odor in the water supplied to the
community during specific times of the year when the rate of chlorine dissipation increases
due to warm weather and the rising water temperature in the elevated tank.

3. The Illinois Environmental Protection Agency (IEPA) considers the hydrogen sulfide to be a
minor aesthetic issue and does not have either secondary or primary maximum
contaminant levels. West Dundee water currently meetings all IEPA codes.

4. The hydrogen sulfide produces a chlorine and oxygen demand which increases the amount
of chlorine which must be added to obtain a free chlorine residual.
5. The Village’s first point of chlorine is after the ion-exchange softeners used to reduce the
barium and radium in the water from Well No. 6 before the water enters the detention
tanks which allows hydrogen sulfide to enter the building via the softener air releases and
the air gap between the regeneration waste line and the backwash tank.

6. Hydrogen sulfide in the atmosphere will corrode all copper based materials including
electrical receptacles, unprotected copper pipe, copper in motor control centers, etc.

7. The final point of chlorination at the water plant is into the water leaving the detention
tanks before being discharged to the Village distribution system. The Village maintains a
3.5 mg/L to 4.0 mg/L free chlorine residual which indicates that all the hydrogen sulfide has
been consumed (oxidized) into sulfate and other inert sulfur based compounds.

8. Sulfate reducing bacteria use sulfate and sulfur based compounds to create hydrogen
sulfide in the water distribution system. The fact the hydrogen sulfide is noticed in the
system after destruction at the water treatment plant indicates sulfate bacteria is present in
the distribution system, as well as the pipe networks within certain homes. The following
are conditions which promote the creation of hydrogen sulfide:
a. High levels of sulfate or other sulfur based compounds;
b. Low dissolved oxygen or anaerobic conditions;
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c. Low or no chlorine residual;
d. Sulfate-reducing bacteria;
e. Excess electrons in the water from a variety of sources.

9. Conditions that promote creation of hydrogen sulfide exist in the Village’s distribution
system and can exist in the pipe network of homes, which is evident by the rapid loss of the
free chlorine residual in specific areas of low demand and large diameter water mains.
10. Samples of water from the distribution system and from the elevated tank were collected
and tested to determine pH, temperature and chlorine residual. The age of the water in the
elevated storage tank in combination with rising temperatures in the summertime
contribute to the loss of the free chlorine residual in the water leaving the tank when water
is not being pumped from the water treatment plant.

11. The root cause of the low chlorine residual in the distribution system is the lack of demand
on the large, dead-end water mains. Water that is aging in the mains is not exchanged with
new water containing sufficient chlorine residual.

Recommendations

1. More active measures must be implemented to consume the hydrogen sulfide prior to
entering the water treatment plant and to mix the water in the elevated tank to reduce the
average age of the water and maintain an adequate chlorine residual.

2. Hydrogen sulfide can be oxidized by several methods. The most commonly used and least
expensive in water treatment plants with similar capacity as Well No. 6 is chlorination. The
20-year life cycle cost for both chlorination and ozonation were examined. The result is as
follows:
Life Cycle Cost Comparison – Ozone vs. Chlorine

Chlorine
Ozone

Capital Investment
$030,000
$595,000

20-Yr Life Cycle Present Worth
$080,200
$900,200

3. Continuing to use chlorine by relocating the existing pre-chlorination point to ahead of the
softeners does not prevent the future addition of ozone. The Village can install an ozone
system in the future.
4. Relocating the first point of chlorination ahead of the softeners should not increase the
amount of chlorine currently being fed.

5. Ozone and chlorination systems both have advantages and disadvantages for the removal of
hydrogen sulfide. Both disinfection systems will oxidize the hydrogen sulfide and reduce
the amount of sulfate entering the distribution system by precipitating barium sulfate in the
softeners. In both cases, the softener backwash cycle must be increased to clean the
softeners of the precipitated barium sulfate. Our recommendation is to move the prechlorination, which has been oxidizing the hydrogen sulfide, from the point after the
softeners to a new location immediately after the water enters the well house.
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6. Areas of the distribution system where the diameters of the mains are large and the use of
water is low need to have the consumption of water increased by artificial means such as
automatic flushing hydrants. “Pigging” or scouring of the water mains in areas where tests
indicate that chlorine is rapidly being consumed should be implemented to clean these
pipes of sediment which can promote the growth of sulfate reducing bacteria.

7. Implementing all the recommendations should reduce the total amount of chlorine
currently being fed because chlorine demand within the distribution system should
decrease after cleaning.

Conclusions

The Village’s hydrogen sulfide removal will improve if the first point of chlorination is relocated
ahead of the softeners. The Village should schedule a time for the elevated tank to be cleaned to
remove potential sediments which appear to be reducing the chlorine residual in the tank. A
mixing system should be installed to promote a homogeneous water and reduce water age.

The Village should also continue flushing water in areas where hydrogen sulfide is detected until
more long term solutions can be implemented. A summary of recommendations follows.
Summary of Recommendations by Priority

Recommendation
Install temporary elevated tank mixing system
Install hydrogen sulfide pre-chlorination system in water treatment plant
Install permanent tank mixing system
Install Automatic Flushing Stations
Hilly Lane
Wesemann Drive

Use pigging, scouring, or ice pigging in areas of low demand and large
water mains to remove sediment from existing water mains.
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1. PREFACE
1.1

Study, Purpose, and Scope

The Village of West Dundee has been experiencing poor water quality and low chlorine residuals at
several locations within the water distribution system, particularly west of Tartan Drive in the
Village’s High Pressure Zone. Well No. 6 and the Randall Road Water Treatment Plant supply water
to the pressure zone that feeds the area. The water from Well No. 6 is known to contain hydrogen
sulfide which is the primary water quality complaint.
The well house at the Well No. 6 Water Treatment Plant was designed with the intent of adding
ozone generation and feeding to consume the hydrogen sulfide in the well water. The ozone system
was not installed at the time the facility was constructed in 2006-2007. Interest in constructing the
ozone system resurfaced when customer complaints began to be routine during the late summer
and early fall.

Detailed design of the well house modifications and ozone system began following the completion
of a pilot study to demonstrate the effectiveness of ozone to consume hydrogen sulfide. The
equipment cost was several times more than originally quoted. The length of time between bidding
and operation was much longer than anticipated due to fabrication and delivery of the ozone
system.
In light of the higher than expected costs and the greater than expected duration to install an Ozone
Treatment facility to solve the water quality issues, the Village Board of Trustees has commissioned
Baxter & Woodman, Inc. to investigate and determine the root cause of the hydrogen sulfide
problems and prepare a report outlining corrective measures.

The investigation focused on determining the source of the low chlorine residuals and poor water
quality as well as additional treatment options which would perform satisfactorily at a lower initial
installation and operational cost. This report identifies how the Village can eliminate the conditions
causing the water quality concerns including possible treatment additions at the Randall Road
Water Treatment Plant.

This report compiles several sources of information including handbooks and published research
which accurately portray what causes hydrogen sulfide as well as what are the most cost effective
methods to consume and control it. The results can be found in the attached Appendix 1.

1.2

Hydrogen Sulfide Origins and Treatment

Hydrogen sulfide is naturally occurring and is a common problem with many water supply wells.
Hydrogen sulfide produces an offensive odor similar to “rotten eggs”. The USEPA has established
Secondary Maximum Contaminant Level (SMCL) or an “action limit” for water bourn constituents
Village of West Dundee, Illinois
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which are aesthetically offensive and should be removed from the water. Unlike iron and
manganese which produce an unpleasant color, the USEPA or Illinois Environmental Protection
Agency (IEPA) has not given hydrogen sulfide either an action level or SMCL. In general, it is up to
individual communities to determine how to address the taste and odor produced by hydrogen
sulfide in their water.
While hydrogen sulfide is easily treated utilizing normal water treatment technology, much about
the origin, treatment and reformation of hydrogen sulfide within elevated tanks and distribution
systems has been lost over time. Appendix 1 contains a detailed discussion of where hydrogen
sulfide originates, treatment methods, where it goes following treatment, and how (and why) it
reforms in a distribution system.

1.3

Hydrogen Sulfide Operation Concerns

The Village Staff has several concerns with hydrogen sulfide including the following:
•

•
•
•
•

High chlorine gas demand created by the presence of hydrogen sulfide in the untreated well
water.

Corrosion of metal structural building member resulting from hydrogen sulfide being
released inside the water treatment plant.

Deterioration of electrical and SCADA equipment resulting from hydrogen sulfide being
released inside the water treatment plant.
The inability to maintain adequate free chlorine residual (> 0.2 ppm) at all times in all parts
of the distribution system.
Customer complaints resulting from the smell of hydrogen sulfide in the distribution system
in late summer and early fall.

These five concerns can be divided into two separate categories: 1) hydrogen sulfide in the source
water and, 2) hydrogen sulfide in the distribution system. While hydrogen sulfide can easily be
destroyed at the water treatment plant, hydrogen sulfide in the distribution system is the result of
conditions which allow bacteria to produce hydrogen sulfide.
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2. EXISTING FACILITIES
2.1

Well No. 6 and Well House

Well No. 6 is a deep aquifer well which is housed in a separate structure from the main water
treatment plant. The well water is typical of other deep wells in the area of West Dundee. The
water contains barium and radium in excess of the IEPA maximum contaminant levels (MCL) and
requires treatment to reduce the concentration prior to delivering the water to the public.

The water also contains hydrogen sulfide. Hydrogen sulfide smells like “rotten eggs” and can be
detected at any concentration between 0.0005 mg/L and 5 mg/L. If the concentration of hydrogen
sulfide exceeds 5 mg/L, only a slight detection is noticed before the sense of smell is compromised
and the smell is no longer detected.
Hydrogen sulfide is considered to be a minor aesthetic problem by the IEPA. No SMCL has been
established. How to treat hydrogen sulfide has been left up to individual communities.

Hydrogen sulfide gas can corrode copper based metal including copper or brass pipes and fittings
as well as copper electrical wire and copper contacts in relays and motor starters. Hydrogen sulfide
mixed with condensation will create mild sulfuric acid which will corrode exposed metal in
buildings as well as structural supports. Corrosion due to hydrogen sulfide has not yet been
detected within the Village’s well house.

2.2

Randall Road Water Treatment Plant

The water from the Well No. 6 well house is conveyed to the water treatment plant where it passes
through ion exchange softeners to remove the barium and radium as well as total hardness of the
water. A small portion of the water is by-passed around the softeners to reduce operational costs.

Corrosion due to hydrogen sulfide has been detected within the Well No. 6 Water Treatment Plant.
Hydrogen sulfide can leak into the water treatment plant through several means. All three of the
softeners are equipped with an air release valve which terminates above drains within the building.
Air collecting in the softeners, including hydrogen sulfide, can be released into the building when
expelled through the automatic air release valves.

The regeneration waste produced by the softeners is discharged to the backwash tank. The
discharge pipe is designed with an “air gap” in accordance with IEPA regulations. This opening can
also release hydrogen sulfide into the water treatment plant.
One method of eliminating the release of hydrogen sulfide into the building through these two
sources is to destroy the hydrogen sulfide prior to entering the building.
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Water System Investigation-High Pressure Zone Water Quality  100754.32

2. EXISTING FACILITIES

Page 11

Water leaving the softeners enters two “clear wells” or reservoirs. Chlorine is added to the water as
it enters these tanks in order to provide disinfection and maintain a chlorine residual. This location
is the first point of chlorine addition to the well water. Hydrogen sulfide creates a chlorine demand
requiring large amounts of chlorine to be added prior to entering the tanks in order to destroy the
hydrogen sulfide and establish a free chlorine residual.
High service pumps are used to transmit the water within the clear wells to the public. Chlorine is
added to the water prior to leaving the building. The Village strives to maintain a 3.5 ppm to 4.0
ppm free chlorine residual leaving the plant.

All community public water supplies are required to maintain a 0.2 ppm (minimum) free chlorine
residual in all parts of the distribution system. The 3.5 ppm to 4.0 ppm chlorine residual is needed
to overcome conditions within the distribution system which consumes chlorine and prevents
maintaining the minimum 0.2 ppm residual.

2.3

Elevated Storage

A 1.0 million gallon (MG) elevated water storage tank is located adjacent to the well house. The
tank controls pressure and supplies water to the high pressure zone when the high service pumps
in the water plant are not running.
The tank originally belonged to another community and was purchased and reassembled at this
site. Staff believes the tank should have been constructed a minimum of 15 feet higher to provide
adequate pressure while allowing a greater volume of water to be drained from the tank.
Approximately 4 feet is drained from the tank between operations of the well.

The population within the area served by Well No. 6 has not grown at the anticipated rate resulting
in lower than anticipated demand for water each day. Low demand for water results in minimal
cycling of the 1.0 MG tank and very old water in the upper region of the tank.

2.4

Distribution System

The high pressure zone distribution system was designed to provide water to a large population
anticipated to locate within the area. Appendix 2 discusses the distribution system in greater detail.
The pipes within the system were designed to convey large quantities of water for large fire flows
throughout the area. Large diameter mains were installed in preparation to serve the anticipated
housing growth in areas far distant from the Well No. 6 Water Treatment Plant.
Large diameter water mains can store large amounts of water. When demand is low, the velocity of
water through large mains is very low resulting in deposition material in the bottom of the mains.
It can take a very long time for water entering the mains at the water treatment plant to reach the
farthest point in the system because of the low velocities.
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The downturn in the housing market delayed the housing growth resulting in large diameter mains
serving only a few homes. The water age within the mains increases and chlorine residual
decreases without adequate movement and use of water.

Customer complaints occur frequently within the high pressure zone during the months of July
through September. The majority of complaints are regarding hydrogen sulfide odor. Based on our
review of pumping data and system maps provided by the Village, the poor water quality within the
high pressure zone is most likely due to a combination of conditions including high water age and
the loss of chlorine.

The complaints of hydrogen sulfide smell are a symptom of a larger distribution system problem.
The cause of the taste and odor complaints can be traced to very low or no chlorine residual within
the water main pipes which allows bacterial growth. Bacterial growth converts sulfur and sulfate in
the water into hydrogen sulfide. While hydrogen sulfide odor is the most common complaint, other
taste and odor complaints could be registered with the Village because of bacterial growth where
the chlorine residual is no longer present.
The root cause of the low chlorine residual is the lack of demand on the large, dead-end water
mains. Water that is aging in the mains is not exchanged with new water containing sufficient
chlorine residual. Higher demand on the main consumes water with low chlorine residual and
draws in water with higher chlorine residual. The higher chlorine residual inhibits the bacterial
growth and prevents the taste and odor complaints.

2.5

Disinfection By-Products Regulations

The IEPA requires testing for Disinfection By-Products (DBP). DBP can form when naturally
occurring organic material is oxidized by chlorine. All public water supplies are required to
maintain a minimum 0.2 mg/L free chlorine residual or a 0.5 mg/L combined chlorine residual.
While the DBP regulations target mostly surface water treatment plants, a few groundwater
supplies may be affected.

The water from the typical deep well, such as Well No. 6, does not contain the typical DBP
precursors which lead to DBP formation. The Village is continuing to sample for regulated DBPs in
accordance with the regulations.
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3. EVALUATION OF ALTERNATIVES
3.1
3.1.1

Water Treatment Plant Modifications
Hydrogen Sulfide Treatment

The attached “Hydrogen Sulfide White Paper” in Appendix 1 discusses the formation and treatment
methods for hydrogen sulfide.

The two most common methods for hydrogen sulfide destruction used at water treatment plants
are aeration and chlorination. Ozone is not commonly used as the primary treatment for hydrogen
sulfide since many less expensive oxidizers are available including aeration and chlorine. Nearly
pure oxygen must be created as a precursor to creating ozone. Many operators are concerned
about handling and storing pure oxygen. Pure oxygen is a powerful oxidizing agent and extreme
care must be taken to prevent leaks which can turn normally non-combustible materials into
combustible materials.

Federal regulations require the destruction of excess ozone to prevent accidental releases into the
atmosphere.

Existing facilities near West Dundee are currently using chlorine to successfully treat for hydrogen
sulfide. The following is a partial list of similar sized water treatment plants using chlorine for
hydrogen sulfide treatment.
•

•
•
•
•
•

3.1.2

Crystal Lake
Gilberts

Huntley

Island Lake

Lake in the Hills
South Elgin

Existing Hydrogen Sulfide Treatment

The existing hydrogen sulfide is being destroyed by the addition of chlorine for disinfection after
the ion exchange softeners. Adding chlorine after the softeners allows hydrogen sulfide to enter the
building and promotes corrosion. Hydrogen sulfide can enter the building through existing air
releases on each softener and from the backwash tank because untreated water is used by the
softeners during regeneration. The formation of sulfates and other sulfur compounds can remain in
a colloidal form and be sent to the distribution system.
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Moving the first application of chlorine to the well house, or as the water enters the water
treatment plant, would have significant benefit over the existing application point. Oxidizing the
hydrogen sulfide to sulfate prior to the ion exchange softeners would remove most, if not all, the
sulfide and sulfate. Relocating the chlorination point will not increase the current total amount of
chlorine necessary to destroy the hydrogen sulfide.
Insoluble barium sulfate is created when soluble barium is mixed with sulfate in the water. The
water from Well No. 6 contains barium; and sulfate is created when hydrogen sulfide is oxidized. In
the case of West Dundee, the softeners remove the barium before sulfate is formed which allows
sulfate remains in the water.
Barium sulfate is one of nature’s most insoluble compounds and can be readily filtered from the
water. This reaction has been observed at numerous water treatment plants. Caution should be
used to promote adequate backwashing of the filters or softeners to ensure near complete removal
of the barium sulfate.

In the case of Well No. 6, there is significantly more barium than hydrogen sulfide. The oxidation of
hydrogen sulfide to sulfate, and the removal of the barium sulfate by the ion exchange softeners,
could remove nearly all the sulfate; preventing sulfate from entering the distribution system.
Without sulfate in the distribution system, the reformation of hydrogen sulfide is limited.

3.2

Chlorination Vs. Ozonation

As discussed in greater detail in the attached paper, either chlorine or ozone can be used to oxidize
hydrogen sulfide to sulfate in order to create barium sulfate and removal sulfate by the ion
exchange filters. Ozone and chlorination both have advantages and disadvantages. Uncontrolled
feeding of either ahead of the ion exchange softeners could damage the resin over time. Therefore,
the amount of ozone or chlorine fed to the water must be precisely controlled.

Relocating the existing location for chlorination will not affect the production of DBP if the
precursors are present in the well water. The hydrogen sulfide produces a rapid chlorine demand
which will consume the chlorine added virtually instantaneously leaving little or no chlorine to
produce DBPs. It is more likely that the chlorine added after the softeners will produce DBPs in the
clear wells. However, it is unlikely that DBP precursors are present in the water from Well No. 6.
In addition, the rapid consumption of chlorine by the hydrogen sulfide will leave little or no
residual to affect the ion exchange resin. At another community’s deep well supply treating
hydrogen sulfide with chlorine, the resin was replaced last year after 18 years in operation. The
amount of lost capacity was less than expected for a facility which did not use chlorine ahead of the
resin.
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It will be necessary to make modifications to the existing chlorination system in order to change the
location of the first chlorine feed inside the water treatment plant. The cost of the modifications as
well as permitting is included in the $30,000.
The following is a list of advantages and disadvantages for both ozone and chlorine.
TABLE 1

Advantages and Disadvantages of Ozone
Advantages

Disadvantages

Oxidizes Hydrogen Sulfide to Sulfate
Oxygenates the water

High capital investment
High Energy Costs (high electrical usage)
Long delivery and installation
Not widely used at small WTPs – no facilities in IL
Storage of Pure Oxygen could be dangerous and
potentially explosive – oxygen alarm required
Low oxygen to ozone efficiency (5% to 15%)
Ozone release to atmosphere strictly controlled
High ozone generation cell replacement costs
Complicated system to learn, maintain, and control
Control requires ORP and ozone monitoring system
which can be difficult to control
Construction Cost: $595,000
TABLE 2

Advantages and Disadvantages of Chlorine
Advantages
Oxidizes Hydrogen Sulfide to Sulfate
Low Capital Investment – increase
capacity of existing chlorination
system
Short delivery and installation
Low Operating Cost
Operators are familiar with handling
of gas chlorine – no new chemical
Used at many locations
Chlorine Residual Monitoring and
Control relatively simple and easy to
maintain and control
Construction Cost: $30,000
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Elevated Tank Modifications
Elevated Tank Maintenance And Modifications

Eliminating the sulfate produced by the destruction of hydrogen sulfide is not enough to eliminate
customer complaints. The age of the water within the distribution system must be reduced by
introducing mixing into the existing elevated tank.

The Village’s 1.0 MG elevated tank at Well No. 6 has been in service for nearly ten years. Appendix
3 details the field testing and research conducted to evaluate water age and chlorine loss in the
tank.
The Village’s sampling results indicate there is a significant chlorine loss at times in the tank.
Flushing the tank and filling with highly chlorinated water improves the capability to maintain an
adequate chlorine residual for a short period.

The rapid loss of chlorine could be the result of biological growth on the interior tank walls. A
proper cleaning of the tank must be performed to alleviate the growth and improve chlorine
residual retention.

According to the records of the tank installation, a mud valve was not installed on the tank. A mud
valve is a small diameter, frost-proof valve at the bottom of the tank which can be used to drain
residue build-up in the bottom of the tank.

All water storage tanks are designed with a “silt-stop” on the outlet at the bottom of the tank. The
typical silt-stop is 12 inches high and prevents silt and residue from entering the outlet pipe. It also
allows silt and residue to accumulate in the bottom of the tank. The mud valve is intended to help
drain the residue from the tank.
Operating the Well No. 6 (high pressure) zone while the tank is out of service will not be a major
concern. The interconnect between West Dundee and Carpentersville has already been used while
Carpentersville performed maintenance on their elevated tank.

While the tank is out of service, the interior painting system can be inspected and evaluated, the
interior surfaces can be power washed and disinfected, and the mud valve can be installed to
facilitate cleaning. It is recommended that the permanent circulation system inlet pipe be installed
while the tank is out of service.

3.3.2

Elevated Tank Mixing System

The American Water Works Association Research Foundation (AWWARF) has published several
papers on the need to induce mixing in large water storage tanks, especially those that do not
receive sufficient exchange of fresh chlorinated water. The Recommended Standards for Water
Village of West Dundee, Illinois
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Works (2012), 7.0.6 Stored Water Age, states; “Consideration should be given to separate inlet and
outlet pipes, mixing, or other acceptable means to avoid stagnation and freezing.”
Conventional elevated storage tanks do not have separate inlet and outlet pipes or mixing systems.
It is difficult for the conventional tank to “receive sufficient exchange of fresh chlorinated water”
without mixing systems. Appendix 2 discusses in detail the estimated length of water in the
Village’s Well No. 6 elevated storage tank remains in storage. Based upon a formula prepared by
AWWA, the estimated water age in the tank is approximately 16 days. In our experience, water age
in excess of 5 days is problematic and usually results in difficulty maintaining chlorine residuals
and water quality complaints.

Mixing systems can homogenize the water within the tank and help reduce water age and improve
chlorine residual. Care must be taken to prevent the creation of a thermocline and stagnation of
water at the surface. A thermocline is a phenomenon in lakes and tanks where warm water is
separated from cooler water by a relatively thin layer where the temperature changes rapidly. This
layer typically resists the movement of water from the upper warm layer to the cooler lower layer.
Some mixing systems have difficulty reaching the water surface with sufficient energy to mix that
water with the rest of the tank.

There are several “mixing systems” available for purchase and installation. Most mixing systems
are installed within the elevated tank. Some systems require electrical power to be installed inside
the tank to operate a mechanical mixer. Others mixing systems require the installation of valves
inside the tank which can only be checked or maintained by draining the tank and installing
scaffolding.
The Dual Riser type of mixing system is installed exterior to the tank, can be installed while the tank
remains in service, provides adequate mixing, aeration and chlorination of the tank. The Dual Riser
type of mixing system complies with The Recommended Standards for Water Works 7.0.6 and
7.0.13.

A dedicated inlet riser (dual riser) can be added to any existing elevated storage tank or can be
included in the design of a new elevated tank. The new pipe (separate and in addition to the
existing normal inlet/outlet pipe) would be located inside the existing access tube and terminates
12 inches above the existing overflow pipe. The new pipe enters the tank above the high water line,
therefore, the dual riser can be installed while the tank is in service.

The terminal end of the dual riser is rotated 45 degrees to promote rotation and mixing in the tank.
A 90-degree bend is added to the normal outlet pipe and is turned towards the dual riser to help
promote the rotation and mixing effect.

A small circulating pump located at ground level would move water from the main riser into the
dual riser pipe and discharge the water into the top of the tank. The water enters the tank and falls
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1 to 4 feet to break up the surface interface caused by the warm water at the liquid surface which
inhibits mixing and aerates the water.

At a rate of approximately 150,000 gallons per day, it requires between two and four days for the
circulation to be established and turn-over most tanks. The circulation causes a mixing of the lower
portion of the tank with the upper portion. This keeps the tank mixed; resulting in a homogeneous
quality. Liquid chlorine can be injected after the pump to maintain the tank at a desired residual.
The only mechanical device is a two-horsepower circulating pump which is located on the ground
in the base of the elevated tank. The 100 gpm, 30 foot total dynamic head (TDH) pump can operate
on either 120 VAC or 240 VAC single phase power. As long as the pump is operating, the tank is
being mixed and aerated.
Operation of the pump and chlorine feed does not have to be continuous. Once established,
circulation will continue even if the pump is shut off. Once the water begins moving, the mass of
water will continue to move for a period of time only slowed by the friction between the access tube
and the tank wall. Timer controls can be added to select times for mixing and chlorine addition.

In an emergency, the IEPA has allowed the overflow pipe to be used in place of a dedicated dual
riser. This has been used and demonstrated to be very effective at the Village of Glenview. A cap is
placed on the overflow pipe outlet. A valve or blind flange can be cut into the overflow pipe. Any
condensate ceiling floor drains must also be disconnected from the overflow pipe. The intent is to
use the temporary circulation system to mix the tank and increase chlorine residuals. The overflow
should be returned to normal operation for the winter.

3.4

Distribution System Treatment

Destroying the hydrogen sulfide at the water treatment plant is not enough to reduce customer
complaints about the smell of hydrogen sulfide. The conditions which allow bacteria to convert
sulfate to hydrogen sulfide must be eliminated.
In some mains, aerobic bacteria can begin to grow once the chlorine residual has disappeared.
Sludge deposits in the bottom of mains can consist of both aerobic and anaerobic bacteria in a
symbiotic relationship. The aerobic bacteria consume the oxygen creating the environment
necessary for the anaerobic bacteria to grow.

Water age and the loss of a chlorine residual play a major role in hydrogen sulfide formation in a
water system; as does a large storage tank with little turnover1. Conditions in the mains can favor
the emergence of sulfate-reducing bacteria and the formation of hydrogen sulfide in mains with
excessive water age. There are ways to control the conditions which enhance the growth of the
bacteria.
1

American Water Works Association Water Distribution Systems Handbook – Larry W. Mays (11.2.1.7)
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There are a limited number of things that can be done to control the conditions which can cause the
formation of hydrogen sulfide in a distribution system, especially where there are large, long, deadend water mains.
Appendix 2 provides the results of the examination of the distribution system. The distribution
system was designed to convey water to potential subdivisions with sufficient pressure and flow
rate to fight fires. Some mains were designed as large diameter mains to meet the criteria. Without
these proposed subdivisions, flow through the mains is much lower than anticipated; allowing
sediment to deposit and the age of the water to increase. The result is low chlorine residual which
promotes conditions where bacteria can grow in the bottom of the mains.
Adding automatic flushing stations will decrease water age and increase the chlorine residual.

Appendix 2 is a summary of distribution treatment methods which include a detailed discussion on
automatic flushing stations. The addition of flushing stations alone will help but not eliminate the
problem. As previously discussed, flushing can only be marginally helpful in reducing the sediment
which collects in the large diameter mains. “Pigging” or pipe scouring is necessary to dramatically
reduce the sediment in large diameter mains.

3.5

Summary of Findings

Hydrogen sulfide in the raw water from Well No. 6 is not the direct cause of hydrogen sulfide based
customer complaints. The normal disinfection process at the water plant is destroying the
hydrogen sulfide using chlorine. The current point of chlorination allows the resulting sulfate to
enter the distribution system because the sulfate is created after the barium is removed by the
softeners.

The addition of ozone or the relocation of the existing point of chlorination ahead of the softeners
will reduce or eliminate sulfate from entering the distribution system which will help to reduce
customer complaints. The sulfate is created in the presence of barium, therefor the sulfate will be
removed in the form of barium sulfate which is insoluble and precipitates quickly.

The total amount of barium produced by the Randall Road Water Treatment Plant will not change.
The Village installed a process to precipitate soluble barium in the softener regeneration waste
stream to reduce the volume being released to the sanitary sewer system. The colloidal barium
sulfate produced when the softeners regenerate will precipitate within the same treatment system
the Village currently employs. The affect is a reduction in the amount of ferric sulfate used to
precipitate the soluble barium.

In order to significantly reduce or eliminate customer complaints, the existing built up silt and
biological residue in the mains must be removed by cleaning the mains. Scouring, pigging or ice
pigging should be performed.
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Reducing water age and improving chlorine residual will require the addition of a mixing system in
the elevated tank and the addition of low flow flushing stations designed to only flush when the
chlorine residual decreases.
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4. RECOMMENDATIONS
The following is a list of prioritized recommendations which should be implemented to reduce or
eliminate customer complaints regarding hydrogen sulfide in the distribution system serviced by
Well No. 6.

4.1

Install Pre-Treatment Chlorination

Installing a pre-treatment chlorination point ahead of the softeners can be done quickly and
inexpensively. All equipment is available from local vendors within 2-3 weeks including requesting
a permit from the IEPA. At a future date, ozone can be added should unforeseen issues arise with
the new point of chlorination this time, the delivery and installation of an ozone system is
approximately 12-16 weeks. The new chlorination injection point will destroy the hydrogen sulfide
before it can be released into the building and convert the sulfide into sulfates. Barium will
combine with the sulfates to form barium sulfate which will be filtered out of the water by the
softeners. Additional care must be taken during softener backwash to ensure the barium sulfate is
removed.

4.2

Dual Riser Installation

A dual riser should be installed in the elevated storage tank to promote mixing and to maintain the
desired chlorine residual. An emergency dual riser can be installed quickly and at minimal cost.
Once the Village Staff has become comfortable with the operation, a permanent dual riser can be
installed within the next 2–3 years.

4.3

Automatic Flushing Stations

Automatic low flow flushing stations should be installed at recommended locations to increase
water demand and reduce water age in the distribution system until normal demand and
population increases. The flushing stations can be programed to flush only at night and only when
the chlorine residual decreases to an operator set point.
Installation of the flushing stations is a “pro-active” measure to reduce customer complaints. It will
reduce Staff time required to flush after the complaints have been received.

As growth in the distribution system increases, the need for the flushing stations will be reduced or
eliminated. With sufficient growth, flushing stations will not be necessary except for extreme
sections of large dead-end mains. As population growth continues, dead-end main should be
looped or avoided at all costs.
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Water Main Cleaning

It is recommended that the Village implement a multi-year water main cleaning program which
includes cleaning specific water mains each year. Based upon customer complaints, specific mains
can be targeted each year, starting with the worst, until all mains have been cleaned. The current
map shows an estimated 16,000 feet of 12-inch mains which should be the initial portions cleaned.
If this proves successful in combination with reducing the sulfate entering the mains, the additional
2,200 feet of 10 inch and 14,500 feet of 8 inch can be cleaned much later if necessary.
The combination of producing a sulfate free water, decreasing water age, maintaining a more
consistent chlorine residual, and clean mains, should help eliminate poor water quality complaints.
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5. COST ESTIMATE
TABLE 3

Summary of Recommendations
Recommendation
Chlorination Addition/injection relocation
Additional feed in WTP

Total Estimated Costs
$030,000

Randall Road Elevated Tank Dual Riser
Emergency Installation
Permanent Installation

$007,000
$060,000

Flushing Stations
Hilly Lane
Wesemann Drive

Water Main Cleaning
$15,000/2000 ft (16,000 ft estimated)

$035,000
$035,000
Total

Contingency
Design Engineering and Permitting
Total Estimated Costs

Village of West Dundee, Illinois

$120,000
$287,000
$040,000

$030,000
$357,000
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APPENDIX 1
HYDROGEN SULFIDE WHITE PAPER
INTRODUCTION
Hydrogen sulfide produces an offensive odor similar to “rotten eggs”. The USEPA has established
Secondary Maximum Contaminant Level (SMCL) or an “action limit” for water bourn constituents
which are aesthetically offensive and should be removed from the water. Unlike iron and
manganese which produce an unpleasant color, the USEPA or IEPA has not given hydrogen sulfide
either an action level or SMCL. In general, it is up to individual communities to determine how to
address the taste and odor produced by hydrogen sulfide in their water.

Little is written in modern technical manuals regarding the treatment and control of hydrogen
sulfide. Less than a half page in the first edition of AWWA’s Water Treatment Plant Design,
published in 1969, discussed the origin, chemical composition and treatment of hydrogen sulfide.
This is in sharp contrast to only the passing reference hydrogen sulfide received as something that
may be removed by membrane air stripping in the Fifth Edition published in 2012.
Most universities do not teach environmental engineering students about hydrogen sulfide
treatment in either the undergraduate or gradual level courses. Many times hydrogen sulfide is
removed or destroyed by other treatment methods employed to treat more regulated constituents.
Most of what is known about treatment for hydrogen sulfide today has been passed down from one
engineer to the next.

Two of the great misconceptions that still persist today are: 1) aeration is the best method to treat
for hydrogen sulfide and, 2) hydrogen sulfide is present in the distribution system because it
originated in the well water. While there is some truth in both statement, as you will see later in
this report, neither is entirely true.

There has been little research into treatment methods and there is no one resource that clearly
defines all the issues and potential remedies. In 1995, Baxter & Woodman conducted a pilot study
to determine the most cost effective treatment process for hydrogen sulfide at an existing well
facility. This report assembled research from several published resources and will discuss how
hydrogen sulfide originates in the source water, methods for eliminating the hydrogen sulfide at the
water treatment plant, the conditions necessary for hydrogen sulfide to form in the distribution
system, as well as means and methods to prevent the formation of hydrogen sulfide in the
distribution system.

GENERAL
Source Water - Hydrogen sulfide in source water arises from the dissolution of sulfidic minerals
and the reduction of sulfate under strongly reducing conditions1. In most cases, groundwater is
devoid of oxygen; allowing the anaerobic sulfate reducing bacteria to exist.

Hydrogen sulfide production is part of the life cycle of sulfate-reducing bacteria (SRB). SRBs are
not harmful to the public. SRBs are a naturally occurring anaerobic bacteria which utilize a variety
of sulfur based compounds to consume organic material and produce hydrogen sulfide.
These sulfur based compounds include the following2:
•

•
•
•

Sulfate - (SO42-)

Sulfite - (SO32-)

Thiosulfate - (S2O32-)

Elemental sulfur - (S)

Anaerobic conditions can occur in the deep aquifers where oxygen is very low and provide the ideal
environment for SRBs to convert any of these compounds into hydrogen sulfide. Normal water
treatment can control SRBs but not totally eliminate them from the water.

Destruction and Reformation - The majority of engineers and water system operators have been
led to believe that, because hydrogen sulfide is a “dissolved gas”, aeration is the best treatment
method. This is only partially true. Removal by aeration is problematic and the removal
percentage by aeration is limited. Aeration does have the advantage of removing sulfur from the
water which would produce sulfate. Under the right combination of conditions, sulfate in the water
can be reduced to hydrogen sulfide.

Many customer complaints about water quality are due to the smell of hydrogen sulfide, either from
a glass of water or from a shower. Many water system professionals assume the source of the
hydrogen sulfide in a home or the distribution system originated in the source water. This is also
not entirely true.

In general, there is a greater tendency for hydrogen sulfide to form in a distribution system, home
water heater, or home water system due to the presence of several conditions which can occur even
when hydrogen sulfide was not present in the source water3. Hydrogen sulfide can form in a
distribution system, in a domestic water heater or home pipe network where none existed in the
untreated well water.
1
2
3

American Water Works Association Water Quality & Treatment (Sixth Edition) – James K. Edzwald, Editor
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Destruction of hydrogen sulfide contained in the source water will not prevent the formation of
hydrogen sulfide in the distribution system unless all sulfur-based compounds are removed which
can be difficult and expensive to accomplish. The commonly accepted, lowest hydrogen sulfide
concentration that can be detected by the average person is 0.0005 mg/L. Due to the potency of
hydrogen sulfide, average humans can not differentiate various concentrations. As a result, 0.0005
mg/L hydrogen sulfide (H2S) smells as bad as 1.0 mg/L H2S. Removing half or more will not reduce
the number of complaints unless the concentration can be reduced below 0.0005 mg/L.

Chlorine is used by virtually every water treatment plant for disinfection. Chlorine readily reacts
with hydrogen sulfide to create sulfate compounds. All water plants are required to maintain a free
or combined chlorine residual in the water leaving the facility. As a result, all hydrogen sulfide
within the groundwater treated by conventional chlorination will be destroyed before leaving the
treatment plant without employing other methods specifically targeting hydrogen sulfide.

Distribution System – Hydrogen sulfide can form in one or more parts of a distribution system
when a specific set of conditions arise. The following list of conditions can lead to the formation of
hydrogen sulfide4 in a distribution system:
•

•
•
•
•

High levels of sulfate or other compounds listed above,
Low dissolved oxygen or anaerobic conditions,
Low or no chlorine residual,
Sulfate-reducing bacteria,
Excess electrons.

Hydrogen sulfide formation can occur in domestic water heaters since excess electrons can be
produced by cathodic protection elements and a low oxygen level which is common in the water
heaters. It is not necessary for hydrogen sulfide to have been present in the source water, only the
presence of sulfate and the conditions listed above.
Hydrogen sulfide formation can occur in water distribution systems when the detention time in the
water mains and storage facility exceeds the life expectancy of the chlorine compounds used to
maintain a chlorine residual.

Treatment vs. Distribution - The quality of the water produced by the water treatment plant may
be initially excellent and pristine. That high quality may degrade within the distribution system
(including elevated or ground storage) due to unanticipated and extreme conditions where water
can stagnate. Communities and water operators must take “water age”, especially in storage, very
seriously to avoid quality based customer complaints.
Stagnant areas within distribution systems allow water to get old which can cause the chlorine
residual to decrease or disappear. Stagnant water allows sediment to collect and create ideal
conditions for colonies of bacteria to grow and flourish. While these bacteria are not harmful to the

4
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population, they can create taste and odor which makes the water unpalatable, resulting in
customer complaints.

The most common method to remove sediment deposits from stagnant areas is by periodically
flushing the mains. It is common for distribution system operators to implement a flushing
program. The frequency of a flushing program is determined by conditions unique to every
community distribution system.

HYDROGEN SULFIDE TREATMENT “101”

General - A thorough understanding of the complexities surrounding the treatment for hydrogen
sulfide is extremely important. Sulfur is an element which has many oxidation states (+6, +4, +2, 0,
-2) which means it can become many different compounds.

H2S is one of the many sulfur based compounds. It is considered to be a “reactive gas”5,6. This
means that hydrogen sulfide exists in water as both a dissolved gas and an ionic (alkaline) salt.
There is an equilibrium which exists between the two which is highly potential hydrogen (pH)
dependent. Figure 1 illustrates how pH can affect removal of hydrogen sulfide.
The vertical axis is pH of the water. The horizontal axis is the percentage of the total quantity of
hydrogen sulfide which exists as a dissolved gas. The “S” shaped curve line on the graph represents
the division between dissolved gas and alkaline sulfide.

Waters containing hydrogen sulfide and have a relatively high pH result in poor sulfide reduction
by aeration7. If an acid is added to the water to lower the pH, the portion which exists as a
dissolved gas will increase. At a pH of 6.2, approximately 80% of the total hydrogen sulfide is a
dissolved gas.

Aeration Effect on Removal - Normal aeration can only remove the dissolved gas form of
hydrogen sulfide leaving the alkaline sulfide. Assuming an initial pH of 6.8 and all the gas is
removed during aeration, the remaining 50% in the alkaline form will return to equilibrium when
50% of the remaining alkaline sulfide (25% of the original total hydrogen sulfide) becomes a
dissolved gas.
Removal by aeration is complex and difficult in the presence of dissolved carbon dioxide. Dissolved
carbon dioxide typically exists as carbonic acid which reduces the pH of water. Hydrogen sulfide is
twice as soluble in water as carbon dioxide, so aeration will remove carbon dioxide faster than
hydrogen sulfide8.

5
6
7
8

Chemistry of Water Treatment (second Edition) – Samuel D. Faust, Osman M. Aly (Page 212)
Water Treatment Unit Processes –Physical and Chemical – David Hendricks (Page 1221)
Manual of Water Utility Operations – Texas Water Utilities Association, Seventh Edition: Page 266
Water Treatment Plant Design (ASCE, AWWA, CSSE) Third Edition 1971: Page 50

GRAPH OF PH VS. PERCENT OF TOTAL H2S AS A DISSOLVED GAS
FIGURE 1

The following table summarized key potable water pH values and corresponding hydrogen sulfide
percentages:
TABLE 1

PH VS PERCENTAGE OF DISSOLVED GAS AND ALKALINE SULFIDE

pH
6.2
6.6
6.8
7.0
7.2
7.4
7.8

Dissolved Gas
(percent of total)
80
60
50
40
30
20
10

Alkaline Sulfide
(percent of total)
20
40
50
60
70
80
90

Removing the carbon dioxide during aeration will increase the pH by as much as 1.5 pH units.
Increasing the pH during aeration causes more hydrogen sulfide to become ionic, reducing the
quantity of dissolved gas9. If the original water pH was 6.2 (80% gas/20% salt), the post-aeration
9

Water Purification and Wastewater Treatment and Disposal (Vol 2) – Gordon M. Fair, John C. Geyer, &
Daniel A Okun (24-16)

water pH would be 7.8 (10% gas/90% salt). Under these circumstances, only 10% of the total
quantity of hydrogen sulfide would be removed during aeration.

The cost of adding aeration for hydrogen sulfide removal can increase the cost of a water treatment
plant by $500,000 to $1,000,000. The costs include:
•

•
•

An induced or forced draft aerator or air stripping tower.

Detention equal to approximately 60 minutes. For a 1,000 gpm well this would be a 60,000
gallon tank measuring approximately 22 ft x 22 ft x 26 ft.

High Service Pumps. Without aeration, the well can pump directly to the distribution
system. With the addition of aeration or air stripping, the water in the detention tank must
be re-pumped to the distribution system.

Hydrogen Sulfide “Off-Gas” Treatment - The aerator “off-gas” can be a significant problem. If
sufficient quantities of hydrogen sulfide are removed during aeration, treatment of the off-gas may
be needed to prevent the odor of “rotten eggs” from becoming a nuisance to the surrounding
neighbors. Off-gas treatment can be very expensive. Equipment is expensive and requires a
relatively large enclosure. Sodium Hydroxide is commonly used as part of the hydrogen sulfide gas
destruction. The cost of electricity and chemicals can increase the cost of operation significantly.
The cost of adding off-gas treatment to aeration can vary from $500,000 to $750,000 depending on
the type of unit selected.

Additional Treatment – As previously discussed, conventional aeration must be followed by a
minimum of one hour of detention. This allows the oxygen dissolved in the water during aeration
to chemically oxidize the remaining hydrogen sulfide into sulfate. In order to reduce the capacity
and expense of the reaction/detention tank following aeration, it is common to use chemical
oxidation in addition to aeration to remove the portion of hydrogen sulfide which remains.
Chemical oxidation can also be used alone in lieu of aeration.

Oxidizing Agents - A variety of oxidizing agents can be used. The following are the most common
oxidants used to oxidize hydrogen sulfide10:
•
•
•
•
•
•

Oxygen (aeration) [2.0 mg/mg]

Hydrogen peroxide [4.25 mg/mg]
Ozone [6.0 mg/mg]

Chlorine (gas or hypochlorite) [8.9 mg/mg]

Permanganate (sodium or potassium) [9.9 mg/mg]

Chlorine Dioxide [16.8 mg/mg]

Chemical requirements necessary to oxidize hydrogen sulfide to sulfate vary greatly for each
oxidant as indicated above. Controlled smaller quantities will produce elemental sulfur. Tight
10
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control of chemical addition can be utilized in order to reduce chemical costs and produce only
sulfur. However, sulfur will produce a chlorine demand. The addition of chlorine as a disinfectant
will result in higher chlorine demand and produce sulfates in the finished water.

While hydrogen sulfide is eliminated by the addition of one or more of these oxidizing agents,
sulfate can remain in the water and potentially allow the creation of hydrogen sulfide by sulfatereducing bacteria in the water mains. Aeration does have the beneficial effect of nearly saturating
the water with atmospheric oxygen. The formation of hydrogen sulfide is the result of anaerobic
conditions. Hydrogen sulfide will not form in the presence of oxygen. Saturating the water with
oxygen will inhibit the “re-formation” of hydrogen sulfide.

Water systems are required to maintain a minimum 0.2 mg/L free chlorine residual or 0.5 mg/L
combined chlorine residual in all parts of the distribution system. In most cases, water plant
operators will maintain a free chlorine residual of between 0.5 mg/L and 1.5 mg/L in the finished
water leaving the plant.
Hydrogen sulfide creates a demand which will consume chlorine; requiring the further addition of
chlorine in order to arrive at the desired residual in the finished water. The Illinois Environmental
Protection Agency requires that all water leaving a water treatment plant must have the minimum
concentration of chlorine at the point of testing which is at least 15 feet past the last point of
chemical addition. The water treatment process has eliminated the hydrogen sulfide from the
water prior to leaving the water treatment plant as long as the minimum chlorine residual can be
measured at least 15 feet past the last point of chemical addition.

To reiterate; eliminating hydrogen sulfide at the water treatment plant has no effect on the
formation of hydrogen sulfide in the distribution system other than producing sulfate. Sulfate can
be used to create hydrogen sulfide if a specific set of conditions are present. Without the presence
of specific conditions, hydrogen sulfide will not form and reduce water quality.

SOURCE WATER TREATMENT

Aeration - While aeration has been commonly used to remove hydrogen sulfide from well water,
many communities have chosen to treat hydrogen sulfide by chemical oxidation using chlorine
alone. This eliminates the need for the construction of expensive aeration and detention facilities
as well as the continuous electrical cost of an aeration blower. In some cases where aeration is
used, off-gas destruction equipment is used to destroy the gaseous hydrogen sulfide. The typical
hydrogen sulfide “scrubber” is expensive and the chemicals needed for operation are also
expensive.
Aeration does have one advantage over other means of destroying hydrogen sulfide. The portion of
hydrogen sulfide removed from the water as a gas reduces the overall quantity of sulfur in the
water which could be converted back into hydrogen sulfide by microbial reduction.

The combination of aeration, detention and off-gas destruction equipment can be very expensive to
install and maintain, especially when you consider less than 50% of the total hydrogen sulfide is
removed. Chlorination or other chemical oxidants must follow aeration to remove the remaining
50%. The final step in potable water treatment is the addition of chlorine to produce a residual
which will retard microbial growth within the transmission system to the customer.

Chlorine - Chlorine is a highly reactive oxidizer which is very toxic. When chlorine gas is combined
with small amounts of water such as in the mucus lining of the nose or lungs, hydrochloric acid is
produced which will destroy these tissues.

When gas chlorine is added to large quantities of water, it rapidly disproportionates to form two
compounds associated with disinfection11. These are hypochlorous acid (HOCl) and hydrochloric
acid (HCl or H+ + Cl-). Hypochlorous acid is the primary disinfecting agent. When combined with
hydrogen sulfide (H2S), the hypochlorous acid creates sulfate and more hydrochloric acid (SO42- and
5H+ + 3Cl-), consuming the free chlorine.

When sufficient chlorine has been added to the finished water to meet all chlorine demand,
including that imposed by hydrogen sulfide, as well as providing a free chlorine residual, the total
amount of hydrogen sulfide has been converted to sulfate. As previously stated, because of these
costs and other considerations, many communities use only chlorination to treat for hydrogen
sulfide in their groundwater.
Ozone - Ozone is a very reactive form of oxygen. When added to treat hydrogen sulfide, ozone
typically by-passes the sulfur stage and produces sulfates directly. Ozone has the advantages of
infusing the water with oxygen which can inhibit conditions favorable to recreating hydrogen
sulfide but the cost of the generation equipment is expensive to purchase, operate and maintain.
At some point in the treatment process, chlorine must still be added to produce the desired chlorine
residual within the distribution system. Since typical well water is devoid of dissolved oxygen, the
presence of both a large quantity of oxygen provided by the ozone and a chlorine residual can
retard the formation of hydrogen sulfide in the distribution system due to the sulfate produced
during treatment.
As previously stated, an ozone system is very expensive due to the equipment needed to first
generate the pure oxygen which is kept in a storage tank within the building. The pure oxygen is
withdrawn as needed and converted into ozone.

Due to the reactiveness of ozone, special application equipment is necessary as well as equipment
necessary to destroy excess ozone added to the water. In most cases, the entire system must be
constructed of stainless steel to prevent the ozone from corroding other metals. It should be
pointed out that the accidental release of the stored pure oxygen into the building can turn
11
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relatively incombustible materials into combustible materials; increasing the potential of an
explosion or fire.
The typical small ozone system includes the following equipment:
•

•
•
•
•
•

Compressor which maintains air in a receiver tank at elevated pressure.

Air Scrubber which needs air at high pressure to eliminate all gases except oxygen.

Oxygen Receiver which holds the 93% pure oxygen until needed by the ozone generator.

Ozone Generator which uses at least 93% pure oxygen to generate ozone.

Ejection water pumps to create a vacuum and mix the gas mixture into a side-water stream.
Static Mixer to mix the side-water stream with the main well discharge.

The gas mixture produced by the ozone generator is dissolved in a water stream before entering an
inline static mixer located in the main line from the well. The gas mixture produced by the
generator is approximately 7% inert gas, 20% ozone (at best, 5% is more common) and 73% pure
oxygen.

At a normal treatment operating pressure of between 30 psi and 60 psi, the treated water can
become “supersaturated” with oxygen. When pressure is reduced within a storage tank or when
water is drawn at the home faucet, the oxygen will come out resulting in the formation of bubbles.
When using ozone, the presumption is it is the ozone which is destroying the hydrogen sulfide but
large quantities of oxygen will also destroy hydrogen sulfide. Because of the abundance of
dissolved oxygen in the treated water, it is unclear whether it is the supersaturated oxygen or the
ozone which actually oxidizes the hydrogen sulfide to sulfate.
Alternate Oxidants – Many other oxidizing agents have been used to destroy hydrogen sulfide.
Chlorine dioxide and potassium permanganate or sodium permanganate are very effective when
treating hydrogen sulfide but are weaker oxidants requiring higher quantities to consume the same
amount of hydrogen sulfide.

All of these chemicals are more expensive than chlorine to manufacture or purchase. Due to the
quantities required, their use is limited to specific conditions not typically seen in Northern Illinois.
As previously stated, the final step in all potable water treatment is the addition of chlorine to
produce a free or combined chlorine residual.

Split-Chlorination Feed – is a sequence to two chlorination points separated by pressure aeration,
induced draft aeration, or air injection. The first point of chlorination will destroy the hydrogen
sulfide. Air introduction will add oxygen to the water to delay or prevent anaerobic conditions
which would promote the production of hydrogen sulfide in the distribution system. Finally, the
second chlorination point would add the disinfectant needed to prevent bacterial growth in the
mains.

CONCLUSION
Hydrogen sulfide produces an offensive odor but is harmless in the low concentration found in
potable source waters. The EPA has not established a SMCL for it and leaves treatment to the
discretion of the affected communities.
Normal treatment methods used to remove or reduce EPA regulated chemicals and compounds
typically reduce or eliminate hydrogen sulfide. These include aeration, air stripping and prechlorination.

Aeration or air stripping without pH adjustment will remove approximately half the hydrogen
sulfide from the water which is then dispersed into the atmosphere. Expensive odor control
systems are frequently employed to treat the off-gas. Approximately half the sulfate is removed
leaving half to be sent into the distribution system. Treatment using chlorine or other oxidants will
destroy hydrogen sulfide but all the sulfate remains in the water and is typically sent to the
distribution system.
When the source water contains soluble barium, the addition of chlorine to treat hydrogen sulfide
will produce barium sulfate which can be removed by filtration. This will remove the sulfate from
the water and reduce or eliminate the sulfate entering the distribution system. Care must be
exercised to prevent barium sulfate from accumulating in the filter or softener.

Naturally occurring sulfate in the source water or sulfate created as the result of oxidizing hydrogen
sulfide can be converted back into hydrogen sulfide in the distribution system by sulfate reducing
bacteria. The bacteria will use sulfate as an energy source producing hydrogen sulfide.

Conditions in selected portions of a distribution system can deteriorate and sulfate bacteria can
infest the mains. Sulfate reducing bacteria is difficult to eliminate from mains because the colonies
use silt and debris which settle in the mains to protect the colony. In many cases, more aggressive
means of cleaning these mains, beyond normal flushing, is necessary to eliminate the colonies or a
sufficient amount of their protective layers to allow chlorine to attack the bacteria.
When there is a long time between when potable water is produced and received by the customer
(long water age), chlorine can dissipate and conditions can become favorable for sulfate producing
bacteria to grow. Reducing water age and maintaining acceptable chlorine residual will reduce or
eliminate the reformation of hydrogen sulfide.
When conditions in selected mains have deteriorated and sulfate reducing bacteria have gained a
foothold in the mains, it may be necessary to do more than simply flushing the mains. In many
cases, normal flushing or “unidirectional” flushing may not be sufficient. It may be necessary to
mechanically remove deposits in the mains by “pigging” or “ice-pigging”. These mechanical
methods may only need to be performed once if other measures are implemented to reduce water
age and reduce the amount of sulfate entering the distribution system.

APPENDIX 2
DISTRIBUTION SYSTEM EVALUATION
General
The Village of West Dundee water system is comprised of three wells, two water treatment plants,
two ground storage reservoirs, three elevated storage tanks, two booster pumping stations and 49
miles of water main.

DETAILED DESCRIPTIONS

Low Pressure Zone - Water from Well Nos. 1 and 5 are treated at the Angle Tarn Water Treatment
Plant (WTP). Water from this treatment plant is pumped to the water distribution system within
the Low Pressure Zone. The finished water leaving the Angle Tarn WTP is chlorinated to provide a
chlorine residual within the water distribution system.

Medium Pressure Zone - A booster pumping station is located at 5th Street to pump water from the
Low Pressure Zone into the Medium Pressure Zone.

The Kittridge Booster Station pumps water from the Medium Pressure Zone into the High Pressure
Zone. No additional chlorination is available at this location. This facility is not currently used.

High Pressure Zone - Well No. 6 and the Northwest WTP are located on Randall Road, north of
Highway. 72. Ion-Exchange softening is provided at this WTP for radium removal. Water from Well
No. 6 is treated and then pumped to the Randall Road elevated tank and the water distribution
system within the High Pressure Zone. Chlorine is added to the finished water prior to leaving the
WTP. The hydrogen sulfide issues are occurring in the High Pressure Zone (west zone).

Average Water Age in High Pressure Zone

Average water age is important in a system that is experiencing poor water quality. Long water age
can result in a depletion of chlorine residual; resulting in taste and odor complaints.

The volume of water contained within the High Pressure Zone is equal to the volume within the
elevated storage tank on Randall Road plus the volume within the High Pressure Zone Distribution
system. The Randall Road tank has a volume of 1.0 million gallons (MG). The volume in this zone’s
distribution system is about 0.3 MG based on data from the Village’s WaterGEMS model. Assuming
the Randall Road elevated tank at 80% full, the total volume of water within the High Pressure Zone
storage and distribution is about 1.1 MG.
The average water age within the High Pressure Zone is calculated by dividing the total volume
within the High Pressure Zone by the average daily production at the Randall Road WTP. The water
treatment plant on Randall Road produces around 140,000 gallons per day. This yields an average

water age of about 7.9 days within the High Pressure Zone in addition to the 16 days in the elevated
tank. In our experience, water age in excess of 5 days is problematic and usually results in difficulty
maintaining chlorine residuals and water quality complaints. Even if improvements are made to
maintain chlorine residuals at targeted levels at the water plant, the high water age will likely result
in excessive levels of disinfection byproducts within the distribution system.

Elevated Tank Turnover

The Randall Road WTP is currently being operated on average of three or less hours per day and
produces approximately 140,000 gallons of water, which is approximately 14% of the total volume
of water within the nearby 1 MG elevated tank.
The turnover of water in the tank is a function of the volume of water demanded, the temperatures
of the water in the tank and the incoming water from the WTP; as well as the hydraulic properties
of the tank. Water of varying temperature will form layers in the absence of sufficient mixing. The
mixing within an elevated tank is due primarily to tank hydraulics. Elevated tanks with single,
centrally located risers, such as the Randall Road tank, experience little mixing due to their
hydraulics. New water enters the bottom of the tank, displacing existing water vertically. When
demand for water occurs, water empties from the bottom of the tank while the volume above
moves slowly downward.

During warmer summer months, the well water is colder than the water in the water tower. Water
from the well/WTP enters the bottom of the elevated tank and remains in the bottom portion of the
tank. The warmer water remains in the upper 80%, continuing to age and lose chlorine. As water
is needed within the water distribution system, the colder, fresh water in the lower 20% of the
water tower is used first. Eventually, the 80% poor water quality begins to also carry over into the
20% of fresh water being added. During high demand periods, the supply of cooler, fresher water is
exhausted and a portion of the high age water from the top of the tank is discharged into the
system.

During cold winter months, the water within the Randall Road water tower can become colder than
the water being pumped from the well. The temperature variations create some natural mixing
within the tank as warm well water enters the bottom of the tank and rises, warming and mixing
with water already in the tank. The older, colder water remains at the bottom level of the tank and,
therefore, is the first to be drawn from the tank as needed by consumers. The resulting cycling of
flow within the elevated storage is somewhat ideal. However, water quality issues are still likely to
occur due to the higher than average water age resulting from decreased water usage during this
period of the year.

Potential Mitigation

The average water age within the High Pressure Zone should be reduced to mitigate the water
quality and chlorine residual issues currently experienced by the Village within the High Pressure
Zone. Since the volume of water within the zone is essentially fixed due to the water main volume

and the need to maintain adequate supplies for fire suppression, the average demand (and supply
into the zone) needs to be increased for water age to be reduced.

The increased demand can be accomplished by either discharging water at strategic locations
throughout the system using flushing devices, or routing water from the High Pressure Zone into
the Medium Zone.

The increased water supply can be provided by increasing the typical run time of the Randall Road
WTP or by utilizing the Kittridge booster station to route flows from the Medium Pressure Zone
into the High Zone.

Improvements to promote mixing within the elevated tank should also be considered to avoid
water quality issues resulting from the presence of a thermocline during warm weather periods.
Options include the installation of a circulation pump used in conjunction with the existing
overflow pipe (temporary installation), or adding a second riser to the tank.

Recommendations

The following recommendations have been organized in order of priority and can be phased so that
the Village can observe the changes in the water quality and residual before implementing the next
phase.

General - The Village should begin by testing chlorine residuals from the discharge of the Randall
Road water tower and booster pump station on a daily basis. This will help the Village monitor
chlorine residual that is entering the distribution system.

Low Flow Flushing Stations - A low-flow flushing station is connected to an existing hydrant
located at a dead end or area with excessive hydrogen sulfide complaints. The flushing station will
operate “pro-actively” to artificially increase demand on the main, reducing or eliminating taste and
odor complaints by maintaining a higher chlorine residual. The automatic operation of the station
will increase the water demand on the main which will draw chlorinated water into the main before
it can decrease to the concentration where bacteria can begin to grow. Recommended locations
include Hilly Lane and Wesemann Drive.

There does not appear to be a storm sewer in the area of Hilly Lane. A means of disposing of the
water flushed from the main will require further evaluation.

The station automatically increases flow in the main at a controlled, low rate to simulate a higher
demand. The higher demand brings in “fresh water” helping to keep the chlorine residual high
enough to prevent bacterial growth. The controls begin flushing during the night and continue for
up to an hour. The rate will range between 50 gallons per minute (gpm) and 100 gpm. Flushing
begins while the water still has a residual sufficient to prevent bacterial growth. Flushing will
continue until the chlorine residual increases above a pre-set concentration.

The prefabricated station needs to be located at the end of the dead-end main. A 2-inch water
service is connected to the main and the flushing station. Inside the station capsule is a control
valve and a chlorine residual monitoring station. The station drain is connected to a sewer.

Each flushing station costs approximately $18,000 per unit from a manufacturer such as Kupfele
Foundry Company. Installation costs, including piping connections and electrical connections, are
approximately $17,000. Each flushing station is estimated at a total of $35,000. The installation
costs assume that a sewer and ComEd service are within 200 feet of the location chosen for the
flushing station. Kupfele Foundary Company has offered to provide a station for installation at the
Village for a few months to test the effectiveness of the flushing system prior to purchase.
Elevated Tank Dual Riser - An inlet riser (dual riser) can be added to the existing tank, which is
located inside the existing access tube and terminates 12 inches above the existing overflow pipe. A
small circulating pump located at ground level can move water from the main riser into the dual
riser. Water enters the tank and falls 1 to 4 feet to break up the surface interface caused by the
warm water at the liquid surface which inhibits mixing. The circulation causes a mixing of the
lower portion of the tank with the upper portion. This keeps the tank mixed; resulting in a
homogeneous quality. If desired, liquid chlorine can be injected after the pump to maintain the
tank at a desired residual. The total estimated cost, including engineering, permitting and
construction, for a permanent small diameter dual riser is approximately $60,000.

In an emergency, the Illinois Environmental Protection Agency (IEPA) has allowed the overflow
pipe to be used in place of a dedicated dual riser. This has been used and demonstrated to be very
affective at the Village of Glenview. The total estimated cost, including engineering, permitting and
construction, for the emergency overflow installation is approximately $7,000. This includes the
installation of a temporary booster pump and piping to circulate the water from the lower portion
of the riser to the top of the tank with an option to add some chlorine to the water being circulated.
The following is a list of methods which can be used to remove residue from the distribution water
mains which cannot be removed by either normal flushing or “unidirectional” flushing. Once the
residue has been removed, chlorine residual retention should increase, which will improve water
quality and help prevent the formation of hydrogen sulfide.

Swabbing or Pigging – Swabbing or pigging is one procedure which can be performed on sections
of water main to ensure that deposits not typically removed during flushing are removed from the
mains. These processes are typically very expensive and require that the section of main be
removed from service to install pig “launcher” and “retriever”. While these procedures will not
“solve” the problem, they will increase the length of time it will take for the bacteria to grow and
cause a problem. Combined with periodic flushing to maintain a proper chlorine residual, taste and
odor problems can be managed more effectively.

Ice-Pigging – Ice pigging is a process patented in the UK and which has only recently been used in
the US to clean mains. Ice pigging in a main flushing process which uses two existing hydrants and
does not require the excavation or work on the existing water main. A special tanker is filled with

water from the distribution system. Sodium chloride is added to the tanker and then refrigerated
to the point that the water and salt mixture begins to freeze. The semi-solid mixture, which
resembles a “Slurpee”, is pumped into one hydrant and extracted at a second hydrant.

As the ice mixture traverses the main, it picks up silt and sediment from the bottom of the main like
a sponge. The action is similar to a glacier picking up rocks and stones as it moves over the earth.
While the ice moves, it expands into cracks and crevices, picking up material. The material is
carried along and collected as it leaves the second hydrant.
Samples are collected and dewatered to determine how much material has been removed. In most
cases, the quantity of material is staggering. The average time the water main is actually out of
service is less than two hours. The procedure can be done at night if necessary. In the UK, the
procedure is typically done at night. Where performed in the US, it has been done during the day
and customers are advised not to use the water until the main has been flushed. Only cloudy salt
water would be collected if water is withdrawn during the flushing procedure. The salt
concentration is only slightly more than seawater.
It should be noted that normal system pressure is maintained at all times and pressure is never
allowed to decrease below 30 psi so a “boil order” is not needed. The high concentration of sodium
chloride effectively disinfects the areas of the main that has been cleaned.
Ice-pigging can also help reduce the potential of DBP formation by removing any organic material
that may collect in the bottom of large, slow moving water mains.
Recommendation

Summary of Recommendations
Total Estimated Costs*

1. Flushing Stations
Hilly Lane
Wesemann Drive

$035,000
$035,000

3. Water Main Cleaning (ice pigging)
$15,000/2000 ft (16,000 ft estimated)

$120,000

2. Randall Road Elevated Tank Dual Riser
Emergency Installation
Permanent Installation
Total Estimated Costs

$007,000
$060,000

$257,000

* Total Estimated Costs does not include engineering, permitting and construction costs.

In Summary
Reducing the average water age in the High Pressure Zone, in addition to improving circulation
within the water distribution system and elevated storage tank is the key to resolving a majority of
the Village’s water quality issues and are recommended even with the upcoming implementation of
the Village’s Ozone project.

APPENDIX 3
ELEVATED TANK OPERATIONAL CHANGES
GENERAL
This report is a discussion of the results of chlorine residual and temperature monitoring of the
Randall Road Elevated Tank (see attached graph). Temperature, free chlorine residual and pH were
tested by Pat Doyle, Water Superintendent, on the days indicated on the graph. The graph
illustrates the general reduction of chlorine within the elevated tank and the change of temperature
throughout the summer. These results are typical of a tank with high water age. A tank with low
water age would have a more consistent temperature and chlorine residual.

In order to improve the chlorine residual within the tank, a procedure of filling the tank until water
exited through the overflow pipe was initiated. The chlorine residual in the water exiting the
overflow pipe was measured and the flow was allowed to continue until an adequate chlorine
residual was detected. This allowed water in the top of the tank with low or no chlorine residual to
be replaced by water from the treatment plant with 3.5 ppm to 4.0 ppm free residual. The data
used to produce the attached graph does not include the information obtained by flushing the tank
through the overflow as this was “maintenance” and would skew the information. The May 1, 2013
and May 8, 2013 data points, while influenced by the draining procedure, were included for
reference.

OVERFLOW PROCEDURE

Water leaving the water plant typically has a chlorine residual of between 3.5 ppm and 4.0 ppm fill
the tank. The water leaving the plant enters at the bottom of the elevated tank. Some mixing occurs
at the bottom of the tank. Most of the water entering the overflow pipe is from the top of the tank.
This continued until the chlorine residual exiting the overflow was measured at 0.6 ppm free
chlorine by the operator. Ten minutes after measuring the residual from the overflow as 0.6 ppm,
the pumps were stopped and the tank began to operate normally. The chlorine residual was
measured leaving the tank at 0.5ppm free chlorine residual.

This result indicates the 3.5 ppm to 4.0 ppm free residual in the new water entering the tank was
significantly reduced by the water within the tank. This drastic reduction in chlorine levels
suggests the water within the tank had little or no chlorine residual and/or the water within the
tank had degraded.

The overflow flushing procedure was repeated on April 11, 2013 until the chlorine residual in the
water exiting the overflow measured 1.0 ppm. Following flushing, the chlorine residual in the inlet
pipe was measured at greater than 3.5 ppm. This suggests something in the water within the tank
was consuming chlorine. The two flushing procedures appeared to eliminate the demand for

chlorine in the tank. With the demand for chlorine satisfied, the freshly chlorinated water may be
able to maintain a residual for a short period.

Tests taken on May 1, 2013 indicated that the chlorine residual within the tank had decreased to
1.7 ppm following normal filling and drawing between April 11, 2013 and May 1, 2013. This
suggests that approximately three weeks of normal operation allowed the chlorine residual to
decrease by more than 50%.

Allowing the tank to overflow as a means of introducing more chlorinated water may appear to
increase the chlorine residual. However, a phenomenon known as “short-circuiting” can occur
giving a false indication of mixing.

Short-circuiting occurs when the water entering the tank through a single small diameter pipe in
the bottom of the tank travels in a straight line to the single small diameter outlet at the top of the
tank. A corridor of chlorinated water can establish between the inlet and the overflow. The highly
chlorinated water does not mix with the entire tank volume but with only a small percentage of the
volume between the inlet and outlet leaving the bulk of the tank unchlorinated by the new water.

The IEPA is very familiar with this effect and has developed guidelines for determining the effective
volume (compared to real volume) when baffling is not used to prevent short-circuiting. Tanks
without baffling to prevent short-circuiting are considered to have an effective volume of less than
10% of the actual volume.

GRAPH DISCUSSION

The data represented on the graph suggests the water within the tank is unable to maintain a
chlorine residual (see attached graph). While the water entering the tank has a chlorine residual
between 3.5 ppm and 4.0 ppm, the water within the tank quickly reduces the residual by
approximately 50%. The most dramatic was noted on April 1, 2013 and April 8, 2013.
The chlorine residual entering the tank on April 1, 2013 was measured at 3.5 ppm. On April 8,
2013, the water leaving the tank and feeding the distribution system was only 0.2 ppm (the IEPA
minimum level). It was noted that the automatic switch over on the chlorine cylinders had failed.
However, the cylinders are checked daily and if the tank had contained an adequate chlorine
residual and been adequately mixed, the switch over failure would have been an inconvenience
rather than a major problem.
Chlorine residual measurements continued into June. Following the flushing of the tank, the
chlorine residual appeared to stabilize at a lower level. This suggests that the age of the water is
promoting loss of chlorine but the new water entering the tank is maintaining a higher residual.

The IEPA and AWWA have become increasing concerned about the negative affect that large
elevated storage tanks have on water quality. It has always been assumed that by allowing the tank
to drain normally followed by filling, that the water quality within the tank could be maintained.

Research has proven that unless additional steps are taken, the majority of elevated tanks are not
sufficiently mixed and water quality is typically negatively impacted.

The age of the water in the tank can be estimated by using a formula presented in the AWWA Water
Distribution Systems Handbook. The formula for determining the average detention time (ADT) is
as follows:
ADT = [0.5 + (V/ΔV)] x (td + tf)

V= volume of water at start of fill cycle (870,000 gallons)
ΔV = Change in water volume during fill cycle (140,000 gallons)
tf = Fill time (2.4 hours)
td = Drain time (36 hours)

Based on the assumption noted above, the ADT would be approximately 10.8 days.

Based upon the supplied data, the concentration of chlorine in the water entering the distribution
system is erratic. When the pumps are running, the system is being fed with water having a
residual of 3.5 ppm to 4.0 ppm. When the pumps are off and the tank is supplying water, the
chlorine residual will vary from 3.0 ppm to as low as 0.2 ppm. Maintaining the tank at a
consistently high residual may result in reducing the concentration leaving the plant, thus, reducing
operating costs.

TEMPERATURE AND CHLORINE RESIDUAL

An elevated tank can become a large “solar collector”. Sunlight will heat the metal roof and sides of
the tank allowing the top and non-wetted sides of the tank to become very hot, even in the winter.
On warm summer days, the temperature of the exposed steel can exceed 120 degrees F. These high
temperatures are conveyed to the air inside the tank and the water.

Water temperature can affect chlorine residual. The warmer the water becomes, the more quickly
chlorine residual will decrease. Water within an elevated tank can stratify with warmer water on
the surface and the colder water at the bottom. This stratification is exacerbated since the new
cooler water enters the tank at the bottom while the sun is warming the surface of the water at the
top. Without a means of mixing the tank, a thermocline can establish. A thermocline is a narrow
layer of water that develops between the warm upper layer and the cooler lower layer of water in
the tank. The thermocline will resist normal mixing as new water enters the tank.
The warm water in the upper layer allows chlorine to dissipate rapidly. Low chlorine residual
combined with warm water can promote the growth of algae and other biological which can
increase chlorine demand and reduce the chlorine residual farther.

ELEVATED TANK OPERATION

Research conducted by the American Water Works Association Research Foundation (AWWARF)
has shown that even under ideal conditions, elevated tanks with a single inlet and outlet do not

adequately mix a large tank. The Recommended Standards for Waterworks, paragraph 7.0.6 states;
“Consideration should be given to separate inlet and outlet pipe, baffle walls, or other acceptable
means to avoid stagnation.” While the IEPA has not required separate inlet and outlet pipes on
elevated tanks, they are becoming increasingly concerned about water quality, chlorine residual
and general tank stagnation.

RECOMMENDATIONS

It is recommended that the Village temporarily utilize the existing tank overflow pipe to circulate
water from the main riser into the top of the tank. This will promote mixing during filling and
draining of the tank. It will require approximately three days of normal operation to completely
mix the tank. Once the water is completely mixed, the tank will remain mixed and maintain an
acceptable chlorine residual.
The Village does not have the capability to chlorinate the water leaving the well within the well
house itself. In the event that biological growth within the tank is more pronounced than
anticipated, a temporary sodium hypochlorite system can be added to boost and maintain the
chlorine residual within the tank.
The following components will be required:
•

•
•
•
•
•

100 gpm, 2 Hp, 120/240 VAC, single phase water pump. ($500.00)

Temporary cap for the overflow pipe
Saddle to tap the main riser pipe
Saddle to tap the overflow pipe

Miscellaneous PVC pipe and valves, ($500.00)
Electrical starter for the pump ($500.00)

The estimated cost to purchase and install the temporary pump and pipe is approximately $7,000.

Once the tank can maintain a constant chlorine residual of 2.5 ppm to 3 ppm, the cost of chlorine
feed can be reduced and control of the chlorine residual into the distribution system will be more
consistent.

It is further recommended that the Village remove the tank from service and clean the interior. It is
possible that some biology is adhering to the sides and bottom of the tank that could be affecting
the chlorine residual and which could assist in the formation of DBPs.

