OKI GROUNDWATER COMMITTEE
MARCH 5, 2008 - 10:00 A.M.
OKI Board Room
720 East Pete Rose Way (at the corner of Eggleston Avenue)*
AGENDA

1.

Welcome/Introductions

2.

Announcements

3.

OKI Staff Updates

4.

Update on Local Groundwater Management Efforts
Scott Belcher, Barry Conway, Tim McLelland, Donna Runkle

5.

Source Water Protection Education
Suzanne Geisler, M.Ed., Environmental Educators, Inc.

6.

Using Ozone for Water Treatment

Andrew Connor, H & T Systems

7.

Other Business

ADJOURNMENT

** SEE the MAP and DIRECTIONS on the REVERSE HARD COPY
(or in separate attachment to email)

Source Water
Protection Education
Suzanne Geisler, M.Ed.
Environmental Educators, Inc.
Springboro, OH
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2007 Impact Summary
¾

September through December 2007
9 Third grade:
9 Fourth grade:

30 Presentations,

750 Students

116 Presentations, 2900 Students

9 Fifth grade:

9 Presentations,

225 Students

9 Sixth grade:

0 Presentations,

0 Students

9 Seventh grade: 56 Presentations, 1400 Students
9 Eight grade:

20 Presentations,

500 Students

¾ 231 Presentations in Warren and Montgomery Counties
¾ 5,775 Students Engaged
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How do I Reach my Audience?
State Standards!!
Indiana’s Academic Standards
www.doe.state.in.us

Kentucky Department of Education’s Core Content
www.education.ky.gov

Ohio Department of Education’s Science Indicators
www.ode.state.oh.us
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Lesson Descriptions
Where Has All the Water Gone? (Grades 4-12, 60 minutes)
The Educator will use a Groundwater Model to demonstrate the movement of water and
pollutants through the aquifer. Non-point source pollution, source-point pollution, time of
travel, groundwater, aquifers, water tables, water cycle and source water protection and
remediation will be discussed and demonstrated. Water must be available on site.

Earth and Space Science: Grade 6: #1; Grade 7: #2, 3, 4; Grade 10: #5, 6, 7
Life Sciences: Grade 7: #5, 6; Grade10: #9, 18, 19
Science and Technology: Grade 6: #2; Grade 7: #1, 2; Grade 9: #1
Gr. 7:# 2: Explains Earth's capacity to absorb and recycle materials naturally (e.g.,
smoke, smog and sewage) can change the environmental quality depending on the length of
time involved (e.g. global warming).
Gr. 7:#4: Analyze data on Fresh Water availability, which is Essential for All Life and
for most industrial and agricultural processes. Describes how rivers, lakes and
groundwater can be depleted or polluted becoming less hospitable to life and even
becoming unavailable or unsuitable for life.
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How to Reach Teachers!
¾ Correlate each Lesson to your State’s:
9 Grade Level Indicators (OH)
9 Core Content (KY) or
9 State Standards (IN)

¾ Create a Brochure Listing:

9 Lesson Description
9 Appropriate for Grade Levels and
9 Recommended Lesson Completion Time

¾ Obtain Permission from each Superintendent
for Distribution of Brochures to Teachers
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Suzanne’s Web Page
http://www.freewebs.com/suzannegeisler/
Suzanne Geisler offers a variety of presentations and support services to
teachers in the Miamisburg, Springboro, Carlisle, Franklin, Little
Miami, Kings, Clinton-Massie and Blanchester school districts. These
schools are located within the well head protection zones of the Western
Water Company, the Warren County Water and Sewer Department and the
City of Springboro's Water Department.
All services are free of charge!
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Source Water Protection Education Resources
Ohio’s Source Water Environmental Education Teams
http://www.epa.state.oh.us/ddagw/SWEET/index.html

Great Page with Lots of Online Ground Water Resources & Posters
http://www.epa.state.oh.us/ddagw/SWEET/sweet_resources.html

Environmental Lesson Plans Covering Indiana State Science Standards
http://www.in.gov/idem/your_environment/education/activities.html

Education on the Indiana Environment
http://www.in.gov/idem/your_environment/education

Kentucky Environmental & Public Protection Education and Outreach
http://www.eppc.ky.gov/educationoutreach

Interdisplinary Standards Based Lesson Plans
http://www.keec.ky.gov/publications.htm
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Project Wet
Water Education for Teachers
http://www.projectwet.org
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Supplying Quality Water & Wastewater
Equipment Throughout the Midwest

Discover the Power of O3

A Guide to Ozone

Overview
• History of Ozone
• What is Ozone?
• How We Make it
• Benefits
• Example Installation

What is ozone?
• Same stuff in our ozone layer
• Same properties make it excellent for
water treatment
• Discovered 1839 by Freidrich Schoenbein
• Nice, France – Turn of the century
• Whiting, Indiana - 1940

What is ozone?
• A threethree-atom form of oxygen created
by breaking up oxygen molecules
and rere-forming them into ozone.
• Extremely powerful oxidizer – 1.52
times more oxidizing potential than
chlorine.
• Very unstable – ‘lifespan’
lifespan’ of only 2220 minutes in water. Converts back
to oxygen.

What is ozone?

The molecules quickly
reassemble into the most
powerful oxidizer
The oxygen we
available:
When oxygencommercially
is struck
breathe is a two-atom
by an electrical burstOzone.
form of oxygen
of energy, the oxygen
cracks.

Creating ozone
• Because ozone is unstable, it cannot be stored
and must be generated onsite

• Two ways to create ozone:
– Bombard oxygen molecules with UV light
– Arc electricity through oxygen gas

• The latter, referred to as corona discharge, is
much more efficient largelarge-scale.

• Most manufacturers use only corona discharge
generators. Extremely compact and effective.

Corona discharge
The electricity arcs from
the brush to the cylinder,
creating a corona.

In this plasma
environment, oxygen is
cracked and reformed into
ozone.

Improved Technology
The generator to the left is about 60 years
old. It fills up an entire room and consumes
massive amounts of electricity.
The generator below is the size of a cooler
and creates enough ozone to treat about 1.2
million gallons of water per day – five times
the volume of the generator to the left.

Bottom Line: Today’
Today’s generators
arecomputers,
stateofart,generators
compact,
low
state-each
of-thethe
Like
year -ozone
become
more
powerful and more compact.
power and extremely reliable.
4 feet across!

How does ozone disinfect?
Chlorine acts like a poison, disrupting
the act of metabolism within the cell.

Chlorine

How does ozone disinfect?
Instead of poisoning, ozone
attacks like a shotgun –
annihilation is instant.

How does ozone disinfect?
• Scientists have yet to discover a
strain of bacteria or virus that can
withstand the attack of ozone.
• Will even destroy
Cryptosporidium and Giardia
cysts (chlorine cannot).

Ozone Vs Conventional
If ozone is to be considered to replace
conventional water treatment, ozone must
provide benefits that would outweigh the
costs of switching to ozone.

Benefits of Ozone
• Oxidation of metals
• Microflocculation
• Disinfection
• Filtration/Backwash Efficiency
• Taste and Odor Control
• Disinfection Byproducts

Oxidation of Metals
Compound

Oxidation Potential
(volts)

Flourine
Hydroxyl Radical
Atomic Oxygen

Relative Power to
Chlorine

3.06 ions are formed2.25
Both
2.80 when ozone 2.05
2.42 decomposes 1.78

Ozone

2.07

1.52

Hydrogen Peroxide

1.77

1.30

Permanganate

1.67

1.23

Chlorine Oxide (ClO
(ClO))

1.36

1.10

Hypochlorous Acid

1.49

1.10

Chlorine

1.36

Ozone:
1.00
Bromine
1.09
0.80than chlorine
1.5 x more oxidizing potential
Oxygen
0.40
0.29
5 x more oxidizing potential than air (oxygen)

Microflocculation
Colloidal particles stay suspended
Some chemicals have the ability to
in water due to tiny repulsive
neutralize those charges – Flocculents.
Flocculents.
charges (Van der Waals Forces).
•
•
•

Polymers
Alum
Ferric Chloride

Flocculated material is
now able to be filtered

Microflocculation
• Ozone is an excellent microflocculant
• Because it is a gas, saves the operator the
cost of handling an using solid or liquid
flocculants.

EXAMPLE:
systems in operation with
The Benefits of Ozone
ion rates exceeding 10
– 3 times the flow of the

With the blazing reaction time of

2).
te standard (3 GPM/FT
ozone, all oxidation occurs

instantaneously.
disinfecting power
hed by chlorine, no
survive the trip to the
filter beds.
No oxidation in the filters.
No biological growth in the filters.

No biological growth in the filters.

The result of these two concepts
is ‘cleaner’
cleaner’ filters, which allow for
massive filtration rates and fast
backwashing.

Taste and Odor Control
• Unmatched taste and
odor control

• Chlorine dioxide,

potassium
permanganate,
aeration, and chlorine
are all ineffective or
would be unhealthy if
dosed at the required
levels to remove
taste/odor.

Taste and Odor Control
• Geosmin and 22-Methylisobornel (2(2-MIB)
– Found in surface water
– Product of Eutrophication
– Musty, earthy smell and taste
– The Big Kahuna of taste/odor problems

• Chlorine not effective
• Ozone will react at a rate of 1 mg to 4 ng
of Geosmin

Disinfection Byproducts
e
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hlo
C
e
Fr e

Humic
Substances

Reduction of TTHMs and HAA5s

RESULT:
Reduction of disinfection
byproducts such as
Trihalomethanes (THMs
(THMs))
and Haloacetic Acids
(HAAs)
HAAs) by 50% or more*.

Level of THMs

OzoneHOW
doesCAN
not form
THMs,
, but will
THMs
OZONE
REDUCE
reduce
the
organic
precursors
DISINFECTION BYPRODUCTS?
through oxidation.

Ozonation

*Pilot study performed at LA treatment plant.

Chlorination

The Benefits of Ozone
use of has
ozone
allows
Ozone The
treatment
thetechnology
ability to treat
the
for aofsmaller
plant
footprint
same amount
water in
about
half the space.

Footprint of the same
plant employing ozone
Conventional treatment
plant footprint

Ozone Safety Advantages
• Ozone is not stored in bulk onon-site
– Catastrophic largelarge-scale release is not likely
because generator shutdown eliminates the
supply of ozone.

• Ozone is not explosive or flammable
• No reported fatalities due to ozone
exposure.

Important Ozone Safety Concepts
• Automatic warning
– You can smell it before it will harm you!

• Effects of ozone exposure are a function
of time and concentration
• First aid
• Fix leaks when they occur

Ozone Exposure Levels
Condition

Ozone Concentration

Detectable odor

0.01 to 0.04 ppm

8-hr limit

0.10 ppm

Headache, short breath

>0.10 ppm

1515-min limit

0.30 ppm

Lung irritation, cough

0.6 – 1.0 ppm

Immediately dangerous to
life & health

5.0 ppm

Fatal?

50 ppm (30 min)

The Mechanics of Ozonation
How do we make this stuff
actually work?
OxygenAbsorption
Ozone
Generation
Supply

Ozone Absorbtion
Diffusers
• Original method of absorption
• Inefficient
-Some ozone wasted
-Leftover ozone gas
• Maintenance nightmare
• Can be effective in very large
facilities

Ozone Absorbtion
• Injection – More bang for
your buck

• Smaller bubbles = More
surface area

• Diffuser bubble – 3 mm
• Microbubble - <0.10 mm
(100 microns)

• 25x surface area

The Mechanics of Ozonation
How do we make this stuff
actually work?
Chlorine
Residual
Monitoring
Ozone
Detention
Filtration
Destruction
and
Time
Controls

Real World Applications
• Tate Monroe
Water
Association,
New Richmond,
OH
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Tate Monroe Water Assn

New Richmond, OH

GOALS
• Employ a method to achieve a more
complete oxidation of manganese
• Get away from chemical addition
• Reduction of TTHMs

The Beginning
• The operators and water board were
introduced to ozone

• Elected to set up a 3030-day pilot study to
test the ozone with their raw water
• H&T Systems installed a small 7 GPM pilot
study in May 2006.
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• All parties were pleased with the success
of the pilot study and plans were made to
retrofit the existing facility with ozone.

The Transformation
• March 2007: Ohio EPA approves the design.
• June 2007: Construction begins.
• Nov 2007: Construction completes.
• Present: Plant in operation

Benefits Achieved
• Reduction of TTHMs
• More efficient removal of iron and
manganese
• Reduction of chemical cost
• Better overall safety for plant operators
• Substantial cost savings over competing
technologies

Ozone in the Midwest
Questions?

OKI GROUNDWATER COMMITTEE MEETING SUMMARY
Wednesday, March 5, 2008
OKI Board Room – 10:00 a.m.

Attendees:
Dave Weihrauch, Chair, City of Oxford
Bruce Whitteberry, Vice Chair, Greater Cincinnati Water Works
Lowell F. Allen, Brown County Water
Scott Belcher, City of Middletown
Milovan Beljin, MSB and Assoc.
Ken Broberg, S.M. Stoller
Peggy Collins, League of Women Voters-Fairfield
Andrew Conner, H&T Systems
Barry Conway, City of Springboro
Dwight Culbertson, City of Fairfield
Frank Divo, Southwestern Ohio Water Co.
Jim Fox, R.D. Zande/StanTech
Carl G. Gatton, Warren County Water Dept.
Suzanne Geisler, Warren County Water/Western Water
William Gollnitz, Clermont County Water and Sewer
Eric Heiser, Clermont County Water
Doug Hunter, Leggette, Brashears & Graham, Inc.
Ralph Johanson, GRW Engineers
Scott Kirk, Western Water
Mark Koch, Miller Brewing
Mike Lippert, City of Wyoming
Tim McLelland, Hamilton to New Baltimore Groundwater Consortium
Norma Pennock, Southwest Regional Water
Allison Reed, Ohio EPA
Dan Sarbach, Brown County Water
Greg Stanley, Tate Monroe Water Association, Inc.
Dan Swart, Tate Monroe Water Association, Inc.
John Truitt, H&T Systems
Kelly Vereker, Hamilton to New Baltimore Groundwater Consortium
Tom Yeager, Clermont County Water & Sewer
OKI Staff
Michelle Burwinkel, Gayle Foster, Bruce Koehler, Jane Wittke
Welcome/Introductions
Dave Weihrauch called the meeting to order at 10:05 a.m. and those attending
introduced themselves.
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Announcements
Allison Reed congratulated Ken Shearwood and the Village of New Richmond for getting
Ohio EPA’s endorsement of their Drinking Water Source Protection Plan. Allison also
congratulated the Village of New Miami for endorsement of their Drinking Water Source
Protection Plan, and acknowledged Bruce Whitteberry, Bruce Koehler, and Tim
McLelland for their contributions to New Miami’s plan.
OKI Staff Updates
Bruce Koehler handed out a map of the Potential Contaminant Source Inventory for
New Miami’s wells. Bruce also passed out announcements about the OKI Regional
Conservation Council’s annual meeting on March 31, 2008, and announced that the
Clean Sweep of the Great Miami River was scheduled for May 10, 2008. He noted that
16 of the 25 clean-up sites on the Great Miami for May 10 are in Butler and Hamilton
Counties. He also noted that OKI completed a fact sheet on the Heritage Park rain
garden and copies are available upon request.
Jane Wittke displayed an OKI map of wastewater treatment facilities and wastewater
facility planning areas in Butler, Clermont, Hamilton and Warren Counties in Ohio which
has been recently updated, along with two related tables, one containing geographic
data about wastewater treatment plant locations and the other containing operational
data about the plants. The map also indicates areas where sewer service is available
and areas that have concentrations of on-site treatment systems such as septic tanks.
Jane explained that this work is part of OKI’s regional water quality management
planning under Section 208 of the Clean Water Act. In addition to identifying the facility
planning areas (FPAs) on the map, OKI also designated wastewater treatment agencies
that are responsible for planning and managing service to those FPAs. She noted Ohio
EPA cannot issue a permit to install or NPDES permit that is in violation of the regional
“208” plan, and the recently completed map and databases reflect all plan amendments
to date.
Copies of the map and the databases are available upon request, subject to homeland
security constraints. Those who sign up at the meeting to request copies will receive an
email asking them to agree not to distribute the databases because of homeland
security concerns. Upon receipt of a written reply with this agreement, OKI staff can
provide both the map and the databases.
Jane also briefly discussed progress on developing a local comprehensive plan for St.
Clair Township with a source water protection element, a project being funded by the
Miami Conservancy District and involving as local partners the St. Clair Township
Trustees, the Hamilton to New Baltimore Groundwater Consortium and the Butler
County Planning Commission. In addition to meeting monthly with a planning advisory
group of township residents, OKI and the project partners held a public meeting in
January to get more input. Among the most frequently cited concerns were expediting
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sewers and water lines along Route 127 and limiting development in source watersensitive areas. If you wish to review materials on the project, they are available on
the website of the Butler County Department of Development:
(http://development.butlercountyohio.org/content/txtcontent/plan/StClair_Comp_Plan/S
tClair_Comp_Plan.cfm )
Local Groundwater Updates
Scott Belcher, City of Middletown, reported on the Aeronca brownfield property located
in the City’s wellfield protection area. The property was identified as containing
contaminants and several monitoring wells were added for quarterly monitoring, along
with bio-remediation in the form of injecting live organisms to take care of the
contamination. Thanks to these efforts, the brownfield site should be available for a
new use in the near future.
Barry Conway from Springboro reported that in 2000 the city constructed a new 7
million gallon a day (MGD) water treatment plant that can remove iron and manganese.
In 2006 a new well was constructed that pumps 2500 gallons per minute. A 1.0 million
gallon water tower was also constructed which provides the city a total in storage of 4.5
million gallons of water. Last year a 4 MGD sewage treatment plant was built
using oxidation ditch technology. Presently Springboro is in the process of converting all
water meters to an automatic reading system. The City’s source water protection plan
has been approved by Ohio EPA.
Tim McLelland from the Hamilton to New Baltimore Groundwater Consortium talked
about work to update the Consortium’s delineation of time-of-travel zones along with
updating the inventory databases of potential pollution sources. Updating the databases
should be completed by December of this year. The Consortium is evaluating potential
contaminant sources along the tributaries that enter into its most sensitive drinking
water protection areas, as part of the grant work it is doing with OKI. The Consortium
also has a grant to work with the Ohio Water Development Authority to gain a better
understanding of surface water and ground water interaction along the Great Miami
River. Tim added that the Consortium is in the process of reviewing data from the
ChemDyne site. The pilot study is complete on the hazardous waste at the site and the
Consortium will be reviewing the recently released study. The Consortium is also in the
process of updating its website.
There are several education activities planned starting with Earth Day on April 25, 2008
in Hamilton and the Great Miami River Clean Sweep on May 10, 2008. Tim also
announced that this year’s Butler County Water Festival would be held October 17.
Source Water Protection Education

Susan Geisler, M.Ed., from Environmental Educators, Inc. described her work in
environmental education in southwest Ohio, several source water education resources
available in the tri-state, and how water suppliers can make their education efforts
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responsive to state requirements.
Suzanne has provided environmental education
services to eight school districts through contracts with Warren County, the Western
Water Company and the City of Springboro. From September to December 2007, she
reached over 5,700 students on the topic of source water protection, working mainly
with grades three to eight, although she can also work with older students through
twelfth grade.
Susan emphasized the need to have all source water protection lessons correlated to
the standards and goals of the state’s curriculum, and provided website addresses
where the standards can be found. She explained that the length of time needed for
the presentation and the grade level targeted are the two most important variables that
teachers need to know, and that permission is needed from the district superintendent’s
office to approach a school. An important key to preparing lessons is that they must be
interactive to maintain the attention of the students. Project WET or Water Education
for Teachers has a web site (http://www.projectwet.org) with free grade level
curriculum and highly interactive activities. For more information, see the attached
PowerPoint presentation.
Ozone in Municipal Water Treatment

Andrew Connor from H&T Systems presented information on ozone technology
which can reduce disinfection byproducts by reducing organic precursors.
He
highlighted what ozone is and how it works in water treatment, including the difference
between chlorine and ozone disinfection. Chlorine acts like a poison by disrupting the
metabolism of a cell. Ozone actually blasts the bacteria or virus apart. Scientists have
not found a strain of bacteria or a virus that can withstand the fatal effects of ozone.
Andrew stated that ozone will even destroy Cryptosporidium and Giardia cysts (which
chlorine cannot).
He noted that ozone’s safety advantage is that it is not explosive or flammable, and it is
not stored in bulk on-site. It was first used for water purification in 1904 in Nice,
France, and the first water treatment facility using it in the United States was in
Whiting, Indiana in 1940, at a plant decommissioned only in the past five years. The
benefits of using ozone for water treatment include the oxidation of metals,
microflocculation, disinfection power, filtration/backwash efficiency, taste and odor
control, and that disinfection byproducts such as fulvic acids and trihalomethanes
(THMs) are not formed. Andrew also summarized the experience of the Tate Monroe
Water Association, which constructed a new plant with an ozone system to achieve a
more complete oxidation of manganese, to get away from chemical additions, and to
reduce THMs. For more information, see the attached Power Point presentation.
Other Business and Adjournment
Bruce announced that the next meeting will either be May 28, 2008 or June 4, 2008.
Jane clarified that she is maintaining communications with Ohio EPA to get updates on
the progress of the draft Ground Water Rule. The meeting was adjourned at 11:55 a.m.
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Source Water
Protection Education
Suzanne Geisler, M.Ed.
Environmental Educators, Inc.
Springboro, OH
1

2007 Impact Summary
¾

September through December 2007
9 Third grade:
9 Fourth grade:

30 Presentations,

750 Students

116 Presentations, 2900 Students

9 Fifth grade:

9 Presentations,

225 Students

9 Sixth grade:

0 Presentations,

0 Students

9 Seventh grade: 56 Presentations, 1400 Students
9 Eight grade:

20 Presentations,

500 Students

¾ 231 Presentations in Warren and Montgomery Counties
¾ 5,775 Students Engaged
2

How do I Reach my Audience?
State Standards!!
Indiana’s Academic Standards
www.doe.state.in.us

Kentucky Department of Education’s Core Content
www.education.ky.gov

Ohio Department of Education’s Science Indicators
www.ode.state.oh.us
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Lesson Descriptions
Where Has All the Water Gone? (Grades 4-12, 60 minutes)
The Educator will use a Groundwater Model to demonstrate the movement of water and
pollutants through the aquifer. Non-point source pollution, source-point pollution, time of
travel, groundwater, aquifers, water tables, water cycle and source water protection and
remediation will be discussed and demonstrated. Water must be available on site.

Earth and Space Science: Grade 6: #1; Grade 7: #2, 3, 4; Grade 10: #5, 6, 7
Life Sciences: Grade 7: #5, 6; Grade10: #9, 18, 19
Science and Technology: Grade 6: #2; Grade 7: #1, 2; Grade 9: #1
Gr. 7:# 2: Explains Earth's capacity to absorb and recycle materials naturally (e.g.,
smoke, smog and sewage) can change the environmental quality depending on the length of
time involved (e.g. global warming).
Gr. 7:#4: Analyze data on Fresh Water availability, which is Essential for All Life and
for most industrial and agricultural processes. Describes how rivers, lakes and
groundwater can be depleted or polluted becoming less hospitable to life and even
becoming unavailable or unsuitable for life.
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How to Reach Teachers!
¾ Correlate each Lesson to your State’s:
9 Grade Level Indicators (OH)
9 Core Content (KY) or
9 State Standards (IN)

¾ Create a Brochure Listing:

9 Lesson Description
9 Appropriate for Grade Levels and
9 Recommended Lesson Completion Time

¾ Obtain Permission from each Superintendent
for Distribution of Brochures to Teachers
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Suzanne’s Web Page
http://www.freewebs.com/suzannegeisler/
Suzanne Geisler offers a variety of presentations and support services to
teachers in the Miamisburg, Springboro, Carlisle, Franklin, Little
Miami, Kings, Clinton-Massie and Blanchester school districts. These
schools are located within the well head protection zones of the Western
Water Company, the Warren County Water and Sewer Department and the
City of Springboro's Water Department.
All services are free of charge!
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Source Water Protection Education Resources
Ohio’s Source Water Environmental Education Teams
http://www.epa.state.oh.us/ddagw/SWEET/index.html

Great Page with Lots of Online Ground Water Resources & Posters
http://www.epa.state.oh.us/ddagw/SWEET/sweet_resources.html

Environmental Lesson Plans Covering Indiana State Science Standards
http://www.in.gov/idem/your_environment/education/activities.html

Education on the Indiana Environment
http://www.in.gov/idem/your_environment/education

Kentucky Environmental & Public Protection Education and Outreach
http://www.eppc.ky.gov/educationoutreach

Interdisplinary Standards Based Lesson Plans
http://www.keec.ky.gov/publications.htm
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Project Wet
Water Education for Teachers
http://www.projectwet.org
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Source Water Protection Education Resources
• http://www.epa.state.oh.us/ddagw/SWEET/index.ht
ml Ohio’s Source Water Environmental Education
Teams.
• http://www.epa.state.oh.us/ddagw/SWEET/sweet_r
esources.html This is a great page with lots of
online ground water resources. The posters available
are great!
• http://www.in.gov/idem/your_environment/educatio
n/activities.html Environmental Lesson Plans
Covering Indiana State Science Standards
• http://www.in.gov/idem/your_environment/educatio
n/ Education on the Indiana Environment
• http://www.eppc.ky.gov/educationoutreach/
Kentucky Environmental and Public Protection
Cabinet Education and Outreach page.
• http://www.keec.ky.gov/publications.htm
Interdisplinary Standards based lesson plans.
• http://www.projectwet.org/
Project WET; Water Education for Teachers

Supplying Quality Water & Wastewater
Equipment Throughout the Midwest

Discover the Power of O3

A Guide to Ozone

Overview
• History of Ozone
• What is Ozone?
• How We Make it
• Benefits
• Example Installation

What is ozone?
• Same stuff in our ozone layer
• Same properties make it excellent for
water treatment
• Discovered 1839 by Freidrich Schoenbein
• Nice, France – Turn of the century
• Whiting, Indiana - 1940

What is ozone?
• A threethree-atom form of oxygen created
by breaking up oxygen molecules
and rere-forming them into ozone.
• Extremely powerful oxidizer – 1.52
times more oxidizing potential than
chlorine.
• Very unstable – ‘lifespan’
lifespan’ of only 2220 minutes in water. Converts back
to oxygen.

What is ozone?

The molecules quickly
reassemble into the most
powerful oxidizer
The oxygen we
available:
When oxygencommercially
is struck
breathe is a two-atom
by an electrical burstOzone.
form of oxygen
of energy, the oxygen
cracks.

Creating ozone
• Because ozone is unstable, it cannot be stored
and must be generated onsite

• Two ways to create ozone:
– Bombard oxygen molecules with UV light
– Arc electricity through oxygen gas

• The latter, referred to as corona discharge, is
much more efficient largelarge-scale.

• Most manufacturers use only corona discharge
generators. Extremely compact and effective.

Corona discharge
The electricity arcs from
the brush to the cylinder,
creating a corona.

In this plasma
environment, oxygen is
cracked and reformed into
ozone.

Improved Technology
The generator to the left is about 60 years
old. It fills up an entire room and consumes
massive amounts of electricity.
The generator below is the size of a cooler
and creates enough ozone to treat about 1.2
million gallons of water per day – five times
the volume of the generator to the left.

Bottom Line: Today’
Today’s generators
arecomputers,
stateofart,generators
compact,
low
state-each
of-thethe
Like
year -ozone
become
more
powerful and more compact.
power and extremely reliable.
4 feet across!

How does ozone disinfect?
Chlorine acts like a poison, disrupting
the act of metabolism within the cell.

Chlorine

How does ozone disinfect?
Instead of poisoning, ozone
attacks like a shotgun –
annihilation is instant.

How does ozone disinfect?
• Scientists have yet to discover a
strain of bacteria or virus that can
withstand the attack of ozone.
• Will even destroy
Cryptosporidium and Giardia
cysts (chlorine cannot).

Ozone Vs Conventional
If ozone is to be considered to replace
conventional water treatment, ozone must
provide benefits that would outweigh the
costs of switching to ozone.

Benefits of Ozone
• Oxidation of metals
• Microflocculation
• Disinfection
• Filtration/Backwash Efficiency
• Taste and Odor Control
• Disinfection Byproducts

Oxidation of Metals
Compound

Oxidation Potential
(volts)

Flourine
Hydroxyl Radical
Atomic Oxygen

Relative Power to
Chlorine

3.06 ions are formed2.25
Both
2.80 when ozone 2.05
2.42 decomposes 1.78

Ozone

2.07

1.52

Hydrogen Peroxide

1.77

1.30

Permanganate

1.67

1.23

Chlorine Oxide (ClO
(ClO))

1.36

1.10

Hypochlorous Acid

1.49

1.10

Chlorine

1.36

Ozone:
1.00
Bromine
1.09
0.80than chlorine
1.5 x more oxidizing potential
Oxygen
0.40
0.29
5 x more oxidizing potential than air (oxygen)

Microflocculation
Colloidal particles stay suspended
Some chemicals have the ability to
in water due to tiny repulsive
neutralize those charges – Flocculents.
Flocculents.
charges (Van der Waals Forces).
•
•
•

Polymers
Alum
Ferric Chloride

Flocculated material is
now able to be filtered

Microflocculation
• Ozone is an excellent microflocculant
• Because it is a gas, saves the operator the
cost of handling an using solid or liquid
flocculants.

EXAMPLE:
systems in operation with
The Benefits of Ozone
ion rates exceeding 10
– 3 times the flow of the

With the blazing reaction time of

2).
te standard (3 GPM/FT
ozone, all oxidation occurs

instantaneously.
disinfecting power
hed by chlorine, no
survive the trip to the
filter beds.
No oxidation in the filters.
No biological growth in the filters.

No biological growth in the filters.

The result of these two concepts
is ‘cleaner’
cleaner’ filters, which allow for
massive filtration rates and fast
backwashing.

Taste and Odor Control
• Unmatched taste and
odor control

• Chlorine dioxide,

potassium
permanganate,
aeration, and chlorine
are all ineffective or
would be unhealthy if
dosed at the required
levels to remove
taste/odor.

Taste and Odor Control
• Geosmin and 22-Methylisobornel (2(2-MIB)
– Found in surface water
– Product of Eutrophication
– Musty, earthy smell and taste
– The Big Kahuna of taste/odor problems

• Chlorine not effective
• Ozone will react at a rate of 1 mg to 4 ng
of Geosmin

Disinfection Byproducts
e
rin Fulvic Acids
hlo
C
e
Fr e

Humic
Substances

Reduction of TTHMs and HAA5s

RESULT:
Reduction of disinfection
byproducts such as
Trihalomethanes (THMs
(THMs))
and Haloacetic Acids
(HAAs)
HAAs) by 50% or more*.

Level of THMs

OzoneHOW
doesCAN
not form
THMs,
, but will
THMs
OZONE
REDUCE
reduce
the
organic
precursors
DISINFECTION BYPRODUCTS?
through oxidation.

Ozonation

*Pilot study performed at LA treatment plant.

Chlorination

The Benefits of Ozone
use of has
ozone
allows
Ozone The
treatment
thetechnology
ability to treat
the
for aofsmaller
plant
footprint
same amount
water in
about
half the space.

Footprint of the same
plant employing ozone
Conventional treatment
plant footprint

Ozone Safety Advantages
• Ozone is not stored in bulk onon-site
– Catastrophic largelarge-scale release is not likely
because generator shutdown eliminates the
supply of ozone.

• Ozone is not explosive or flammable
• No reported fatalities due to ozone
exposure.

Important Ozone Safety Concepts
• Automatic warning
– You can smell it before it will harm you!

• Effects of ozone exposure are a function
of time and concentration
• First aid
• Fix leaks when they occur

Ozone Exposure Levels
Condition

Ozone Concentration

Detectable odor

0.01 to 0.04 ppm

8-hr limit

0.10 ppm

Headache, short breath

>0.10 ppm

1515-min limit

0.30 ppm

Lung irritation, cough

0.6 – 1.0 ppm

Immediately dangerous to
life & health

5.0 ppm

Fatal?

50 ppm (30 min)

The Mechanics of Ozonation
How do we make this stuff
actually work?
OxygenAbsorption
Ozone
Generation
Supply

Ozone Absorbtion
Diffusers
• Original method of absorption
• Inefficient
-Some ozone wasted
-Leftover ozone gas
• Maintenance nightmare
• Can be effective in very large
facilities

Ozone Absorbtion
• Injection – More bang for
your buck

• Smaller bubbles = More
surface area

• Diffuser bubble – 3 mm
• Microbubble - <0.10 mm
(100 microns)

• 25x surface area

The Mechanics of Ozonation
How do we make this stuff
actually work?
Chlorine
Residual
Monitoring
Ozone
Detention
Filtration
Destruction
and
Time
Controls

Real World Applications
• Tate Monroe
Water
Association,
New Richmond,
OH
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Tate Monroe Water Assn

New Richmond, OH

GOALS
• Employ a method to achieve a more
complete oxidation of manganese
• Get away from chemical addition
• Reduction of TTHMs

The Beginning
• The operators and water board were
introduced to ozone

• Elected to set up a 3030-day pilot study to
test the ozone with their raw water
• H&T Systems installed a small 7 GPM pilot
study in May 2006.

mg/l
mg/l

Pilot Study Results
0.2
0.4
0.18
0.35
0.16
0.3
0.14
0.25
0.12
0.1
0.2
0.08
0.15
0.06
0.1
0.04

Raw
Iron
Raw
Mang.

TTHMs consistently undetectable
Finished
Iron
Finished
Mang.
during the pilot study
0.05
0.02
00
11 33 55 7 7 9 9 111113131515
SampleDays
Days
Sample

• All parties were pleased with the success
of the pilot study and plans were made to
retrofit the existing facility with ozone.

The Transformation
• March 2007: Ohio EPA approves the design.
• June 2007: Construction begins.
• Nov 2007: Construction completes.
• Present: Plant in operation

Benefits Achieved
• Reduction of TTHMs
• More efficient removal of iron and
manganese
• Reduction of chemical cost
• Better overall safety for plant operators
• Substantial cost savings over competing
technologies

Ozone in the Midwest
Questions?

