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Mixing Up The Twins
Active Mixing And Other Water Quality
Considerations For Storage Tanks
Thomas Waters, PE, LEED AP, Design Engineer
O’Brien & Gere, Cincinnati, OH
Lebanon, Kentucky is the County Seat for Marion
County located in central Kentucky. The Lebanon
Water Works Company (LWWC) serves approximately 8,400 customers in the City of Lebanon
and the Marion County Water District (MCWD).
The water treatment plant is a typical surface water treatment plant with a capacity of 5.2 million
gallons per day (MGD). The normal raw water
source is the North Fork Rolling Fork River with
approximately 300 square miles of drainage area
at the raw water intake. The secondary source is
the Fagan Branch Reservoir, a pumped storage

reservoir with a capacity of 1000 MG. The river
water quality is typically very good, however,
there is a high TOC potential due to the agricultural and rural nature of the drainage area. Presently, the plant produces an average of 2.6 MGD.
The distribution system consists of approximately
65 miles of pipe in two pressure zones, the twin
0.94 MG Calvary Road stand pipe tanks (CRTs),
the Warehouse Road Booster Pump Station that
pumps to the 0.25 MG Springfield Road Elevated
Storage Tank (SRT).

continued on page 6

2

A M E R I C A N

W A T E R

W O R K S

A S S O C I A T I O N

STR A IGHT FROM T HE C H AI R

Karen Hawkins,
Ohio Section Chair

As I write this on a cold, January
day; it is officially snow and water
break season. Hopefully, as you read
it however, Spring has sprung and
the earth has begun to awaken from
her long winter’s nap and provided a
respite from those emergency repairs
in inclement weather. Just as Spring
brings newness to our landscape, 2012
is bringing exciting changes to our
Section.
The first is in your hands right now.
As you flip through the pages of this
newsletter, you’ll notice that for the
first time ever, it is all in color. For
those submitting articles and ads remember to take this into consideration
when submitting pictures so that your
material can take full advantage of this
enhancement. Many thanks go to our
newsletter editor, Larry Valentine, for
championing this effort and to our
advertisers for supporting the upgrade.
It is hard to believe but it is already
time to start thinking about planning your participation in the 2012
Annual Section Conference to be held
in Dayton, September 18 – 21. The
City of Dayton, our Local Arrangements Committee, Technical Program

For our members with competitive
natures, the conference will once again
host an array of contests that will put
both knowledge and skills to the test.
These include the tapping, meter madness, top ops and water taste contests.
This year, for the first time, regional
competitions will be held to determine who will have the opportunity
to represent their district at the state
meter madness competition. For all of
our competitions, the ultimate winners
will have the opportunity to represent
Ohio at the 2013 ACE in beautiful
Denver, Colorado!
The Ohio Section has a long, strong
history of leadership at the association level. We can be proud that
once again, one of our own has been
selected to serve on the AWWA board,
this time in the position of Treasurer.
Dave Rager from the SW District will
take office during ACE this June in
Dallas. Hopefully many of you will be
there to offer him congratulations.
The Section is moving forward in the
electronic age with the implementation of on-line registration for our
annual conference and seminars. This
exciting option will allow you to both
register and pay with a credit card for
these events. Additionally using this
new feature; you can purchase the Section produced book, History of Ohio’s
Water Systems, which takes you on an
informative and beautifully illustrated
journey through our industry’s past.

Visit our website at: www.ohiowater.
org/awwwa for further information.
Thanks to Professional Services for
bringing this amenity to fruition.
We are continuing to move forward
with the planning for the 2014 OAWWA/OWEA Conference. This undertaking is built on the foundation of
the cooperative efforts we have already
embarked upon with OWEA including
fund raising for Water for People and
the Annual Washington DC Fly In. It
will be exciting to see a comingling of
both sides of the tap providing “one
voice for water.”
As Spring is the season for planting, it
is a perfect time to once again sow the
seeds of my challenge to “Grow the
Passion” for AWWA. In 2012 try at
least one new thing (like recruiting a
member or writing a newsletter article)
to benefit our Section. You’ll find that
you benefit too!
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Melinda Raimann,
Ohio Section Director

I recently returned from the Association’s Winter Board Meeting. One of
the main tasks accomplished at this
meeting was the election of our new
Association officers. This year we had
three people running for the PresidentElect position, nine candidates for four
Vice–President Positions, and three
candidates for the At-Large Director
slot. This level of interest speaks well
for the future of AWWA. The incoming
President-Elect is Jim Chaffee from the
Wisconsin Section. Jim was the visiting
officer to our 2010 Annual Conference
in Columbus. Many of you had the
opportunity to meet him at that time,
and I am confident that Jim will be an
excellent President of our Association.
I was honored to be one of the candidates for Vice President. The Ohio Section Governing Board has my sincere
thanks for their nomination and support of my desire to do more within the
Association. While an extremely interesting experience, I was not elected this
year. Our new Vice-Presidents are Reid
Campbell from the Atlantic –Canada
Section, Mark Cline from South Carolina, David Koch from Michigan, and
Rosemary Smud from the CaliforniaNevada Section. Our own Cliff Shrive
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ran for Director-at-Large this year. He
gave an excellent speech and was a
strong contender for the position, but
lost out to Sean Osborne from the New
England Section. Cliff, your dedication
to AWWA and willingness to always go
that extra mile for the Association and
your fellow members is truly an inspiration. I am confident that AWWA will
be well served by our incoming officers
and I look forward to the opportunity
to continue to work with them in their
new roles. In addition to the elected
positions, I am pleased to announce
David Rager of Cincinnati as the next
Association Treasurer, beginning at the
conclusion of ACE 2012.
One of the other topics at the board
meeting was the changes in the Life
membership criteria. Due to the
significant costs associated with the
Life membership category, the Board
voted last year to change the criteria

If you have any questions
about AWWA please feel free
to call me at 216-664-2444
or e-mail me at
melinda_raimann@
clevelandwater.com.

years and be age 65 or older. In order
to recognize our long term members, a
new Membership longevity award has
been created. This is the Silver Water
Drop award, which will be awarded
after 30 years of membership.
AWWA is also working hard in Washington DC on gaining support for WIFIA (the Water Infrastructure Finance
and Innovations Authority). This is an
AWWA inspired water infrastructure
financing concept that was developed
and sponsored by the Water Utility
Council. It has been endorsed by WEF,
AMWA and the US Conference of Mayors. WIFIA is envisioned to support investment in our infrastructure by lending money at long term Treasury rates
to water and wastewater utilities, and
to State Revolving Funds (SRFs). As
of early February, these rates would be
about 3% for a thirty year loan, which
is considerably lower than the rate for
a municipal bond of similar term. The
effort to gain support for WIFIA will be
the primary focus of this year’s Water
Matters! Fly In in Washington DC. The
Ohio Section’s Water Utility Council
has been a leader in this effort, and has
gained significant support in Congress.
In an election year, grass roots support
of this effort is key to getting it enacted
in 2012. Such outreach could include
a meeting in a Congressman’s District
office, or a plant tour for your local
member of Congress. Your support
will be crucial for our success!
If you have any questions about AWWA
please feel free to call me at 216664-2444 or e-mail me at melinda_
raimann@clevelandwater.com.

and begin charging annual membership dues in January of 2012. This
was not an easy decision, but one that
was necessary to help ensure the long
term financial health of AWWA. The
new criteria require a member to have
maintained their membership for 30
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Governing Board Candidates Sought
Are you looking for a way to expand your volunteer efforts with the Ohio Section? Do you like to take on new challenges?
Are you interested in growing your industry network? Do you have new ideas to grow the membership or expand services?
If you answered yes to any of these questions, you might be interested in serving on the Ohio Section Governing Board. The
Nomination Committee is seeking qualified candidates for consideration for the 2012-2013 board including: Vice Chair,
Northeast District Trustee, and Treasurer. These positions will be elected during the Annual Conference Business Luncheon
in Dayton, September 20, 2012.
All Governing Board members help to guide our organization by participation in board meetings; acting as liaisons or members of Section committees; and participation in policy, program and budget development and implementation. The successful candidates can expect to undertake interesting projects, develop new skills, and build friendships with water industry
professionals from across the state of Ohio and beyond.
With the exception of the Vice Chair, all positions are for a three year term and open to active members of the Ohio Section.
Of course, the Northeast Trustee positions must be filled by a candidate from the respective district. The Vice Chair position
is a one year term with automatic succession to the Chair position. Applicants for Vice Chair must have served at least two
years on the Governing Board.
Because the work of the Governing Board does take time, the individual selected by the nomination committee must have
full support of his/her employer. In addition to the time requirement, we also ask the employer to be prepared to absorb a
significant portion of travel and lodging expenses related to Governing Board business.
For further information, please contact Lorrie Brown, Nomination Committee Chair, at 937-333-6135. Interested parties
may submit a letter of consideration to her at: 3210 Chuck Wagner Lane, Dayton OH 45414 or via e-mail at lorrie.brown@
cityofdayton.org.

Award Nominations Being Solicited
2012 Ohio Section Awards Nomination Forms are posted on our Website www.ohiowater.org. The deadline for submission
of nominations is May 1, 2012.
John J. Sadzewicz Award
To commemorate John J. Sadzewicz for his outstanding contributions to safe public health practices, encouraging the use
of proven new technologies and promoting sound operational approaches in meeting regulatory requirements and ensuring
safe, potable drinking water for the citizens of Ohio. Since John’s impact on the drinking water community was mainly as a
member of the public regulatory sector, it is intended that consideration be given first to people whose career is in that area.
Richard F. Melick Award
The Richard F. Melick Award is presented to a member of the Section who has distinguished himself/herself by giving unselfishly to the field of operator training and technical education through the Ohio EPA, Operator Training Committee of Ohio,
Inc., and/or the American Water Works Association. Richard F. Melick was the 3rd Executive Director For Operator Training
Committee of Ohio, Inc.
Operator Meritorious Service Award (Plant)
Operator Meritorious Service Award is presented to a member who distinguished himself by regular compliance with public
health standards, exemplary plant maintenance, development of new ideas, training, and outstanding achievement above and
beyond his normal operating responsibilities.
Operator Meritorious Service Award – (Distribution)
Water Distribution Operator Meritorious Service award is presented to a member who distinguished himself for continued
compliance with all public health standards in the water distribution system, and consistent outstanding contribution to
distribution maintenance.
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COMPLIANCE APPROACH FOR
STAGE 2 DBPR

HYDRAULIC MODELING OF
ALTERNATIVES

The Stage 2 Disinfectants / Disinfection Byproducts Rule was signed by the U.S. Environmental
Protection Agency on December 15, 2005 and
was published in the Federal Register on January 4, 2006 (71 FR 288) and requires utilities to
conduct an Initial Distribution System Evaluation
(IDSE) to build on the Stage 1 DBPR by “focusing
on monitoring for and reducing concentrations
of two classes of DBPs” – total trihalomethanes
(TTHM) and five types of haloacetic acids (HAA5)
– in drinking water (EPA, June 2006).

High-service pumps deliver water to the system
from the water treatment plant to the lower pressure zone and run from 6 AM to 12 AM midnight,
and simultaneously maintain water levels in the
two 0.94 MG Calvary Road standpipes (CRT).
A booster pumping station delivers water from
the low zone to the high zone, and is operated
according to levels in the high zone elevated SRT.
When the high-service pumps shut OFF at night,
the CRTs act as the source of water for the system.
At this time, the booster station draws water from
these tanks to feed the SRT and high zone customers.

Several options are available to utilities for conducting their IDSE, depending on the availability
of TTHM and HAA5 monitoring data and historical concentrations, and system size. According to
the requirements, systems that have ample available TTHM and HAA5 sampling data or choose to
develop a hydraulic model can opt to conduct a
System Specific Study (SSS) as a means of selecting Stage 2 DBPR compliance monitoring locations. According to the Kentucky Division of Water (KDOW), the LWWC is one of only two water
utilities in the state of Kentucky that has conducted a SSS by means of developing a hydraulic
model. A Modeling Study Plan identified SSS
monitoring locations based on water age modeling
results, which can be an indicator for DBP formation potential. LWWC conducted preliminary
monitoring at these sites during the month of July,
which was determined to be the peak month for
DBP formation potential in the system. Laboratory
testing on these preliminary samples confirmed
that the selected SSS monitoring locations are
trouble spots for DBP concentrations.
TTHM concentrations in water distribution systems are directly proportional to residence time
and water temperature. HAA5 concentrations
usually peak at about 24 to 48 hours of residence
time, and then begin to degrade over time (US
Dept of Interior, 2003). For this reason, targeted
mitigation strategies for these two regulated DBP
classes can differ slightly. This article focuses on
strategies better suited to mitigate TTHMs by
reducing residence times and water temperatures,
rather than HAA5s, for which mitigation strategies
are usually more directed at treatment processes.
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Model simulations were intended to address the
requirements of the IDSE and involved modeling water age at various locations in the system
to determine areas of the system with increased
DBP formation potential for monitoring. Modeling
confirmed that the CRTs are bypassed while the
high-service pumps are ON. This is also known
as a “side-storage system” because the tanks use a
single 16-inch main for filling and draining. When
the high-service pumps shut OFF, only 10-20% of
the stored water is drained to meet overnight system demands. Thus the CRTs’ fill/drain fluctuation
follows a “last-in, first-out” (LIFO) pattern, where
only the bottom 10-20% is utilized, leading to
stratification of the tank, especially during warmer
months. This leads to a long residence time
problem, which creates an increased potential
for formation of TTHMs. Since the CRTs service
the system when the high-service pumps are off,
modeling showed that the system experiences a
“slug” of high water age water flowing from the
tanks and moves though the distribution system
throughout the day, once the high-service pumps
turn back on at 6 AM. This results in certain areas
that receive water from the CRTs, having high
TTHM formation potential.
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Since TTHM formation rate and extent increases with water age and temperature, an obvious mitigation
strategy would be to reduce residence time and thermal stratification in the CRTs by mixing. Several
alternatives were evaluated and modeled, and are presented below.

CRT BOOSTER PUMPING STATION
Concurrent to planning and modeling conducted to support the IDSE; analyses were also conducted to
accommodate a new potential industrial customer. Having identified a need for DBP mitigation strategies at the CRTs, LWWC considered adding a booster pump to the CRT system that would provide better turnover of the tank during normal operations and make it possible to utilize the entire CRT capacity
for fire protection. The table below summarizes advantages and disadvantages of constructing a booster
pumping station at the CRTs to mitigate water quality issues and provide adequate fire flow pressures to
the potential industrial customer.
PROS

CONS

Uses more storage volume for fire protection
Increased system operating pressures

Higher capital cost than piping modifications
Higher cost of power to re-pump water

Allows HSPS to shut down or cycle throughout Additional maintenance
the day
Increased SCADA and controls complexity
May allow HSPS to pump more water with
existing motors
Potential need for emergency generator
Ensures turnover of tank contents
Reduces importance of emergency generator
at WTP

When the industry unexpectedly decided not to expand to Lebanon, it was decided that the CRT
booster station option was not necessary at this juncture, as increased fire protection was not needed.
Other, less expensive, DBP mitigation strategies, such as mixing, modification of piping to and from the
CRTs, and high service pumping operational changes were explored and the booster station shelved for
future implementation.

ADDING MIXING TO THE CRTS
To evaluate the efficacy of various mitigation strategies, it was first necessary to determine the baseline
operation and resulting water quality in the CRTs. Since filling and draining of the tanks occurs through
a common 16-inch main, it was assumed that mixing in the tanks follows a “LIFO” pattern such that
water “last in” to the tank is the “first out” of the tank. See the pink line on Figure 8, below, for modeled
water age versus time for the LIFO condition.
Several alternatives were evaluated to add a mixing system to the CRTs. The intent of adding mixing is
to reduce thermal stratification. This maintains chlorine residuals and reduces disinfection by-product’s
formation potential by reducing temperatures in the upper reaches of the tank by blending with newer,
cooler water from the plant. Both passive and active mixing strategies were considered. To quantify their
effect in the tanks, all mixing strategies were assumed to result in a completely mixed water volume for
modeling purposes. Hydraulic modeling indicated that adding a mixing mechanism to the tanks would
continued on page 8
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reduce water age from greater than 600 hours to approximately 175 hours. This was a significant improvement in predicted water quality; therefore mixing was pursued as the best alternative. The several
types of passive and active mixing strategies evaluated for LWWC are summarized later in this paper.

HIGH-SERVICE PUMP STATION OPERATION
Operation of the high-service pump station (HSPS) at the WTP also plays a role in the quality of water
being stored in the CRTs. To reduce DBP formation potential, there is a need to not only improve
thermal stratification, but also tank turnover. The HSPS currently operates daily between the hours of
6 AM and 12AM. When the pumps are off during the night, the CRTs act as the source of water for the
system. Overnight demands however, are only enough to drain the tank between 10% and 20%. The
tanks then refill throughout the day as the HSPS is operated. As mentioned previously, this generates
long residence times in the tanks. Modeling was conducted to determine optimized HSPS controls to
reduce residence times in the CRTs and improve turnover. Operating the pumps based on levels in the
CRT, rather than time of day, resulted in marked improvements in water age in the tanks. Two such scenarios were modeled: 10 feet of drawdown and 15 feet of drawdown. The modeled controls were such
that when water levels in the CRTs dropped to the specified cutoff, the HSPS would turn ON. When the
tanks reached their overflow, the HSPS would turn OFF. These operational scenarios maintained system
pressures throughout the day while improving water quality in the CRTs to 70 hours/3 days (10 foot
operating range) and 60 hours/2.5 days (15 foot operating range), when coupled with complete mixing.
Typical recommendations for storage turnover are 1-5 days. Water quality improvements observed in
the modeling are due to the combination of complete mixing and increased turnover in the tanks attributable to the increased drawdown frequency during periods of higher demands (during the day). This
demonstrates a significant improvement from the baseline conditions. Table 2 summarizes the advantages and disadvantages associated with changing high-service pump controls at the WTP to improve
turnover, which improves water quality in the CRTs.
PROS

CONS

Ensures increased turnover of tank contents

Increased SCADA and controls complexity

Allows HSPS to shut down or cycle throughout Changes to operator’s daily routines, added
the day
training

EVALUATION OF MIXING SYSTEMS
Hydraulic modeling indicated that adding a mixing system to the CRTs was necessary to begin improving water quality in the tanks and as a first step in making system changes to comply with the Stage 2
DBPR. Both passive and active systems were considered. A passive mixing system relies on the turbulence created by the tank inlet velocity to mix the water, with no additional energy added. Examples of
passive mixing systems in storage tanks are duckbill or flap valves and separate inlet/outlet pipes. An
active system is one that directly imparts mechanical energy to the water for mixing, such as a mixer
impeller. In each of the approaches considered, the goal was to improve the tanks’ water quality (reduce
DBPs) by reducing thermal stratification, optimizing the tanks’ turnover rate, and improving the chlorine residual.
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The project team developed the following criteria for evaluating mixing system options for LWWC:
Mixing Ability

• Mix tank contents 24/7?
• Eliminate thermal stratification?
• Maximize chlorine residual?

Installation & Operational Costs

• Access and lay-down area. Is a crane required to install system in standpipes?
• Do the tanks have to be drained for installation?
• If so, can we coordinate installation with routine maintenance (e.g. painting) to reduce down-time for each tank?
• Cost of equipment
• Energy requirements to run system and corresponding cost of power
• Operational and maintenance requirements / costs

Suitability for LWWC’s System

• Can it be adapted to the system without major alterations to facilities?
• Does it require any major changes in operation and maintenance structure
or schedules?

Consideration was not only given to the ability of the mixer to improve water quality in the CRTs, but also installation and
operational criteria and how well the mixing system adapted to LWWC’s existing distribution system and operation. Options to coordinate mixer installation with scheduled routine tank maintenance (i.e. painting) were also considered to reduce
down-time for each tank. Through the evaluation process, it was determined that three classes of mixing systems existed on
the market at the time of the study: submersible active mixers, floating draft tube active mixers, and duckbill/flap valve or
nozzle-type passive mixers. The table below provides a comparison of these three mixing system categories.
COMPARISON OF MIXING SYSTEMS
SUBMERSIBLE,
ACTIVE MIXERS

FLOATING, DRAFT
TUBE ACTIVE MIXER

DUCKBILL/FLAP VALVE OR
NOZZLE PASSIVE MIXERS

Applicable to thermally stratified
tanks?

Yes

Yes

Yes, If enough tank turnover
each day

Applicable to low turnover tank
and standpipes?

Yes

Yes

No

Good for freeze protection?

Yes

Perhaps mixing not
vigorous enough

Yes – if enough tank turnover
each day

Engineering design time required
per tank

Minimal

Minimal

Extensive

Number of hours of mixing per day
(Grid Power)

24 hours

24 hours

Typically 3-6, depending on fill cycle

$4,000-$7,000

$8,000-$15,000

N/A

No

Yes

Possibly

$2,000-$8,000

$10,000-$16,000

Typically $20,000 + depending
on tank size

Time required to install

8 hours

24 hours

4-10 days

Approximate equipment size

65 lbs.
4 ft. tall

200-850+ lbs.
30-120 ft. tall

200+ lbs.
20-120 ft. tall

RPM of device

500-1200

40-60

N/A

CRITERIA

Solar Option Cost
Crane onsite for installation
Installation Cost

Source: Adapted from PAX Water Technologies data

continued on page 10
9

O H I O

S E C T I O N

N E W S L E T T E R

S P R I N G

2 0 1 2

continued from page 9 - mixing the twins

Duckbill/Flap Valve or Nozzle-Type Passive Mixers for the CRTs
Duckbill/flap valve or nozzle-type passive mixers
rely on hydraulic energy of turbulent flow velocity
through small openings to
mix the tank contents. The
valve or nozzle, typically
manufactured from some
type of rubber or elastomer,
is installed at the end of the
tank inlet pipe and maintains a flattened “duck bill”
shape until water flows into
the tank inlet pipe when it
opens slightly to allow the
flow to enter the tank at a
high velocity. Inlet mixing
nozzles were considered
based on their many successful installations. When
typical LWWC system operation is considered however, it was determined that
there is not sufficient flow
for high-velocity mixing
into the CRTs from the HSPS during the day. As
mentioned previously, this is because the CRTs are
essentially bypassed when the high-service pumps

are on. Modeling indicated that the flow rate to
the CRTs during the day was in the range of 500
gpm, or 250 gpm per tank, due to LWWC’s typical
daily demand patterns and the tanks’ side-storage
configuration. This led to concern that not enough
flow was available provide suitable mixing velocities. In addition, the inlet mixing nozzle approach
does not provide mixing to the water in the CRTs
when the HSPS is off (overnight). Since the tanks
refill quickly in the morning when the HSPS
comes on and are then bypassed in side storage
as flow from the HSPS serves daily demands, only
small flow rates fill the tanks during the day when
temperatures are highest. Therefore even though
the HSPS may be in operation, the CRTs may only
experience mixing during the brief refilling period
in the morning hours (which are less critical to
stratification). Unused and unmixed water can sit
in the tanks during the hottest times of day, which
leads to thermal stratification, reduced chlorine
residual, and higher DBP formation potential.
Therefore, a system that mixes tank contents 24
hours a day was preferred. The table below summarizes advantages and disadvantages of inlet
passive mixing systems with respect to the CRTs
and LWWC’s system.

PROS

CONS

No additional power requirements

Requires pipe modification inside each tank.

Installation through existing tank openings

Provides mixing only when HSPS is ON.

No maintenance

Not ideal for tanks with low turnover rates
(infrequent mixing)

May not damage existing coatings if
self-supported inside the tanks.
Supports other system changes such as
booster station or parallel main.

Increases potential need for emergency
generator at WTP
Not effective if water level falls below
nozzles.

Floating Draft Tube Active Mixers for the CRTs
Floating draft tube mixers float on the water surface and draw water in through an adjustable draft
tube suspended from the underside of the floating
mixer. Water exits horizontally out the top of the
mixer after passing through an impeller, powered
either by the electrical grid or solar panels. Floating mixers have been utilized successfully in other
tanks by the author’s company. However, during
the comparison of the various mixing options, the
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client and engineer decided not to pursue this option due to concerns about fluctuating water level
in the CRTs, the potential for icing if the mixer
turned off (e.g. loss of power), power cabling,
anchoring of the mixer, intake draft tube, and
size of CRTs’ existing access openings. The table
below summarizes advantages and disadvantages
of floating draft tube active mixers identified with
respect to the CRTs and LWWC’s system.
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PROS

CONS

Mixes CRT water 24 hours a day, independent
of HSPS status Requires power cable out
existing hatch or through wall

Requires minimum of 24” x 24” opening for
installation

No pipe modifications
Can use solar or grid power for low voltage
operation
Mixes water regardless of level.

Requires anchoring or tethering in tank that
will allow for variation in water level
Concerned about ice formation
Utilizes intake hose to draw from bottom and
adjust for water level changes

Supports other system changes such as booster
station or parallel main.

SUBMERSIBLE ACTIVE MIXERS –
THE SELECTED SYSTEM
Submersible active mixers are fixed at the
bottom of the storage tank and utilize a small
motorized impeller to mix water in the tank.
The impeller motor draws power either from
the electrical grid or solar panels. Submersible
active mixers had not been used previously
by the author’s company nor had any been
installed in Kentucky as of November 2009.
However, contact with present users provided
the confidence to strongly consider them for
this application. The table below summarizes
advantages and disadvantages of the submersible active mixing systems with respect to the
CRTs and LWWC’s system.

PROS

CONS

Mixes CRT water 24 hours a day, independent
of HSPS status

Requires power cable out existing hatch or
through wall

No pipe modifications
Can use solar or grid power for low voltage
operation
Mixes water regardless of level
Supports other system changes such as booster
station or parallel main
Lightweight, tripod-mounted mixer folds to fit
through existing access openings

A PAX Water Technologies active water mixer was selected for the CRTs and installed in November
2009. This submersible active mixing system included tripod-mounted, motor-driven impellers in each
tank, powered from the electrical grid. The impeller motors draw 15 amps with a recommended service
life of about 5 years. The 24-volt power supply cable from the control panel to the impeller motor was
installed through the tank wall. The installation required a compression fitting to seal the wall penetracontinued on page 12
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tion and minor welding around the power cable. The power cord and mixer tripod were installed to
rest on the bottom of the tank, with the tripod fixed to the tank bottom by magnetic foot pads, which
protect the bottom of the tank and anchor the unit in place. Although the mixers can be installed while
tanks are in service by routing power through the top access hatch, a wall penetration was made instead
to route power supply cables to the mixer (less hanging cables). Therefore since installation of the
power supply required the tanks to be dewatered, it was coordinated with routine tank maintenance
(i.e. interior and exterior painting) to minimize down-times for each tank.

5.0 MIXER EFFICACY
To determine the effect the mixers had on stratification in the CRTs and verify the complete mixing assumption made during modeling, temperature probes were installed at 10 foot intervals on a stainless
steel cable suspended from the tank access hatch. The probes measured real-time water temperatures
at each level at 30 minute intervals over the course of summer 2010. Since the CRTs operate as one storage system (i.e. same volume, elevations, and fill/drain patterns), this presented a good opportunity to
compare mixed versus unmixed tanks of the same design and operating characteristics. For the months
of June and July 2010, the mixer in the East CRT was turned off while the mixer in the West CRT
continued to run, with the intent of observing a marked difference in thermal stratification between the
tanks. The East CRT mixer was then turned on to observe the amount of time it took for the mixer to
de-stratify and blend the tank’s contents.
Temperature probe results followed the
project team’s expectations. The figure
above shows marked thermal stratification in the East CRT when the mixer is
off. An obvious convergence of temperature from each probe elevation can be
seen when the East CRT mixer is activated in mid-afternoon July 20th. The West
CRT was the control for the duration
of the study (with its mixer on), and
exhibited relatively uniform temperature
distribution over the height of the tank.
This demonstrates a clear improvement
to thermal stratification in the tanks.
After activating the mixer in the East
CRT, the figure above demonstrates that
the mixer achieved completely-mixed,
de-stratified conditions in about 8
hours. According to PAX Water Technologies, complete mixing can take up
to 24 hours, depending on the size of
the tank.
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LESSONS CONFIRMED OR LEARNED
Planning, design, and installation of the submersible active mixers in the CRTs brought to light several
lessons-learned and theories confirmed for the project team, and are summarized as follows:
• It is typically costly to revise tank piping when the initial piping configuration design is LIFO or
side-storage
• Mixing will reduce thermal stratification and there are several methods available. Time should be
spent deciding which method accomplishes the desired water quality improvements, but also best
fits the storage and distribution system from an installation, operation, and maintenance perspective.
• Installing a tank mixing system is not the only solution for mitigating DBP formation potential in
water distribution systems. Utilities should take a comprehensive approach in planning and design
for DBP and other water quality improvements for their distribution systems – a “treatment to tap”
approach.
• Install tank wall penetration compression fittings for the mixer power supply cables to be accessible
from the outside. This allows for adjustment after installation, should any leakage occur.
The project team does not consider this tank mixing system improvement to be the final chapter in
meeting the compliance requirements for TTHM and HAA5, but are confident that the City of Lebanon
and Marion County water quality has been improved. LWWC will continue to evaluate their system to
improve their water quality. As mentioned previously, tank mixing should be considered as complementary to other water treatment and distribution system improvements as part of a comprehensive effort to
address TTHMs, HAA5s, and other emerging water quality concerns. For example, LWWC is currently
evaluating improvements to their WTP to reduce DBP precursors (i.e. organic matter) using granular- or
powder-activated carbon (GAC, PAC), new disinfection methods and processes, and evaluating additional HSPS controls directed at increasing tank turnover.
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Preliminary Schedule of Events
Tuesday		

Golf Outing – Kittyhawk Golf Center

		
Early Bird Technical Session – Research
		Committee
Wednesday		
Kickoff Breakfast – Dayton Convention
		Center
		

Exhibits and Education Tours

		

MAC Lunch

		
		

Competitions – Tapping, Top Ops, Meter
Madness & Water Taste Test

		

MAC Mixer

		
		

Young Professionals, Diversity &
Membership Mixer

Thursday		

Concurrent Technical Sessions (am)

		

Business Lunch

		

Concurrent Technical Sessions (pm)

		

Meet and Greet Reception

		Banquet

September 18-21, 2012
Crowne Plaza Dayton and
Dayton Convention Center

		

After-Banquet Entertainment

Friday		

Concurrent Technical Sessions (am)

		
		

Tour – Dayton Lime Reclamation Facility
& Ottawa Water
Treatment Plant

Spouse’s Events
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Welcome to Dayton, Ohio – the Birthplace of Aviation and
much more! The sky’s the limit for fun throughout the greater Dayton area, which is located at the intersection of I-75
and I-70 – the crossroads of America. You can trace the story
of aviation from its infancy in the Wright Brothers Bicycle
Shop, along the 45 driving stops of the Aviation Trail, at the
sites of the Dayton Aviation Heritage National Historical
Park, to the Wright Patterson AFB featuring the latest innovations in aerospace technology. Our City’s innovative spirit
is also evident in our world-class attractions. The National
Museum of the United States Air Force is the world’s largest
and oldest military aviation museum. It is also Ohio’s most
visited free tourism attraction – featuring over 360 aerospace
vehicles from hot air balloons to presidential aircraft.

W E LCOM E TO DAY TO N , O H I O
Our Five Rivers MetroParks offer almost 16,000 acres of
green space including arboretums, gardens, farms, prairies,
lakes, rivers and extensive trails. The renowned Dayton Art
Institute, Boonshoft Museum of Discovery, Carillon Historical Park and SunWatch Indian Village/Archaeological Park
are a few of the many attractions that make Dayton so appealing.
The Dayton Dragons, a Class A affiliate of the Cincinnati
Reds, pack Fifth Third Field with entertainment that is
always a home run. Unique shopping, dining and cultural
experiences are not to be missed. The Dayton Ballet Company, the Dayton Opera, the Victoria Theatre Association and
Dayton Contemporary Dance Company offer outstanding
cultural experiences to rival any city. And with all our progress, our communities and our residents have maintained the
warm, friendly Midwestern charm and hospitality that makes
you feel right at home.
We invite you to explore, to experience and to engage yourself in our community. We are sure your stay will be fun,
exciting and memorable.
For additional assistance in planning your visit, including special travel offers, promotions and sample itineraries,
please call the Dayton/Montgomery County Convention &
Visitors Bureau at 800/221-8235 or visit www.daytoncvb.
com.						
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Meter Madness Competition
A new format will start in 2012 for Meter
Madness. In the past we held a
statewide open competition at
the Ohio Section Conference,
instead we will hold 4 District
Competitions. Those four winners
along with the 2011 Section champion (Thomas Burke of Cleveland
Water) will compete at the 2012
Conference in Dayton for the Ohio
Section championship.

NEW
FOR
2012

When?
The Southeast District competitors and Southwest District
competitors will have their competitions at the Southern
Ohio EXPO in Wilmington, OH on April 10, 2012. The
Northeast District competitors and Northwest District competitors will have their competitions at the Northern Ohio
EXPO in Wooster, OH on April 12, 2012.

What is Meter Madness? Meter Madness is a fast
paced, individual competition in which the competitors
race against the clock (and each other) to assemble a 5/8”

residential meter contained in a bucket as parts. Contestants
are judged on their time, accuracy, and sign of meter leakage.
Badger will be the meter used in this year’s competition.

Want to find out more?
Participants can request a practice, loose assembled meter by
contacting Mike Gradoville at mgradoville@aymcdonald.
com or 513-252-8407. Deadline for District Competition
registration is March 20, 2012

Tapping Contest 2012
The 2012 Ohio Section AWWA Tapping Contest will be held in Dayton, OH the week of September 17th. There are
competitions for both men and women. A team would consist of 4 members; Cranker, Feeder, Copper and the coach.
If your city or utility is interested in starting up a team, please contact Mike Gradoville at mgradoville@aymcdonald.com
or 513-252-8407.
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Best of the Best – Ohio Section Water Taste Test
Date:		
Wednesday, September 19, 2012
Time:
Afternoon
Location: City of Dayton Convention Center
Entry forms must be received by August 31, 2012. Water samples are to be dropped off at the City of
Dayton Convention Center between 10:00 - 11:30 AM the day of the Competition. Two samples should
be brought, each in approximately a 1-liter container. The suggested container is a glass, Teflon-capped
container with no air at the top. Each container must clearly identify the name of the water system.

Official Water System Name

Water System Address

Contact Name

Contact Email
On Site Representative
and mobile phone number

Treatment and Source Water
(for informational purposes only – will not be made available to judges)

Signature
By signing, you certify that the water will not been altered, and that the water will be potable for consumption.

** All entries must be a Utility Member of AWWA, with no state or federal drinking water violations
(MCL, monitoring, recordkeeping, etc) during the previous calendar year. **
THE WINNING WATER SYTEM WILL BE ANNOUNCED FOLLOWING THE TASTE TEST.
Please return this entry form to Cliff Shrive at Cliff.Shrive@stantec.com or faxed
to 513-646-4886 by Friday, August 31. Phone 513-824-6744 Mobile 513-646-4886
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2012 Ohio Section Governing Board/ District Officers
Chair
Karen Hawkins, City of Fairborn Water Dept.
937-754-3097
karen.hawkins@ci.fairborn.oh.us
Vice Chair
Lorrie Brown, City of Dayton Water Dept.
937-333-6135
Lorrie.Brown@daytonohio.gov
SW Trustee
Tim Ray, Troy Water Plant
937-339-4826
tim.ray@troyohio.gov
NW Trustee
Larry Huber, City of Lima
419-221-5276
larry.huber@cityhall.lima.oh.us
SE Trustee
Shawn Wagner, City of Newark
740-349-6765
swagner@newarkohio.net

NE Trustee
Chris Nielson, URS
216-622-2425
chris_nielson@urscorp.com
At Large Trustee
Robin Liss, MWH
614-324-2224
Robin.A.Liss@mwhglobal.com
At Large Trustee
Dan Barr, Burgess & Niple, Inc.
614-459-2050
dbarr@burnip.com
Director
Melinda Raimann, Cleveland Division of Water
216-664-2444
melinda_raimann@clevelandwater.com

Treasurer
Robert Gardner, City of Westerville
614-901-6776
robert.gardner@westerville.org
Secretary
Richard Griffing, Warren Water Department
330-841-2963
rgriffing@warren.org
Professional Services Manager
RaShawn Truss, Ohio Section AWWA
614-265-3180 • oawwa@ohiowater.org
Professional Services Director
Curtis L. Truss Jr., OTCO
614-268-6826 • curtis@ohiowater.org

Northeast District

Northwest District

Southeast District

Southwest District

District Chair
Franco Lucarelli
City of Warren
330-509-4328
flucarelli@warren.org

Chair
Thomas Borck
Poggemeyer Design Group
419-352-7537
borckt@poggemeyer.com

Chair
Dan Langton
City of Westerville Water Department
614-901-6778
daniel.langton@westerville.org

Chair
Maureen Richard
Greater Cincinnati Water Works
513-591-7853
maureen.richard@gcww.cincinnati-oh.gov

1st Vice Chair
Sandy Vozar, P.E.
City of Berea
440-234-5652
svozar@bereaohio.com

1st Vice Chair
Richard Kroeger
OEPA - NWDDAGW
419-373-4101
Richard.Kroeger@epa.state.oh.us

Vice Chair
Andrew Fruehling
American Structurepoint, Inc.
614-901-2235
AFruehling@structurepoint.com

Vice Chair
Beverly Engram
Metropolitan Sewer District of Cincinnati
513-557-7005
Beverly.engram@cincinnati-oh.gov

2nd Vice Chair
Bill Simon
Avon Lake Utilities
440-933-3229
bsimonalmu@gmail.com

2nd Vice Chair
James Bookman
City of Lima
419-221-5170
Jim.Bookman@cityhall.lima.oh.us

1st Vice Chair
Todd Garwick
City of Dublin
614-410-4665
TGarwick@dublin.oh.us

1st Vice Chair
Jay Ponder
Neptune Meter Co.
513-348-9488
jgatsbyp@aol.com

Past Chair
George Sendrey
Michael Benza & Associates
440-526-4206
georges@mbenzaengr.com

Past Chair
Doug Wagner
City of Oregon
419-698-7117
dwagner@ci.oregon.oh.us

2nd Vice Chair
John Lee II
City of Newark
740-349-6765
JLee@newarkohio.net

2nd Vice Chair
Lisa Dawn
City of Xenia
937-376-7629
ldawn@ci.xenia.oh.us

Secretary/Treasurer
Brenda Duncan
City of Berea
440-234-5652
dbkstark@aol.com

Secretary/Treasurer
Tom Hinson
Delaware Water Plant
740-203-1926
thinson@delawareohio.net

Past Chair
Kevin Gleich
City of Columbus Division of Water
614-645-6559
kcgleich@columbus.gov

Past Chair
Jason Adkins
Village of Indian Hill
513-831-3885
jadkins@ihill.org

Asst. Secretary/Treasurer
John Fitch, Jr.
CDM
216-912-1013
FitchJA@CDM.com

MAC Representative
Thomas J. Bierley
Seimens Water Technologies
419-427-1067
thomas.bierley@siemens.com

Secretary/Treasurer
Brian Macy
614-625-4163
brianmacy.pe@gmail.com

Secretary/Treasurer
Margie Thomas
City of Fairborn
937-754-3097
Margie.thomas@ci.fairborn.oh.us

MAC Representative
Ken Rogozinski
Bissnuss, Inc.
440-871-8394
krogozinski@bissnussinc.com

MAC Representative
Ted Simmons
MSC Waterworks
513-942-2888
tsimmons@mscwaterworks.com
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Using a Solid Oxidizing Media to Enhance
Arsenic (As[III]) Removal at a Very Small System
Thomas J. Sorg, USEPA, Cincinnati, Ohio
Dr. Abraham S.C. Chen, ALSA Tech, LLC

Introduction
Most, if not all, arsenic adsorptive media products have a much greater removal capacity for As(V) than for
As(III). Therefore, when the predominate arsenic oxidation state of a source water is As(III), the oxidation of
As(III) to As(V) is always included as a pretreatment step to increase the removal capacity and extend the life
of adsorptive media. Three chemical oxidants have been found to be effective for As(III) oxidation: free chlorine
(Cl2), potassium permangate (KMnO4), and ozone (O3). Manganese dioxide (MnO2) solids through a surface
mechanism have also been found to be effective for As(III) oxidation. A solid oxidizing media is simple to use,
requires little maintenance, and generally less costly than a chemical oxidant. Therefore, a solid oxidizing media
offers an alternative to a chemical oxidant particularly for a small/very small water systems seeking a simple,
low cost As(III) preoxidation process.

Background
Between 2003 and 2011, the U.S. Environmental Protection Agency (USEPA) conducted a national Arsenic Demonstration Program that evaluated the performance
of 50 small/very small, full-scale arsenic removal treatment systems in support
of the revised arsenic maximum contaminant level (MCL) regulation (10 μg/L).
Two of the demonstration projects were conducted in Ohio; one at the Chateau
Estates Mobile Home Park near Springfield, OH and the other at the LEADS Head
Start School (LHSS) in Buckeye Lake, OH. The treatment system selected for
demonstration at LHSS consisted of two tanks of ARM 200 adsorptive media in
series. The two-tank system was installed downstream of a pre-existing pressure
tank, a water softener, a chlorinator, and a retention tank (for chlorine contact
time). The LHSS source water was a 12 gal/min (gpm) production well, containing, on average, 2.2 mg/L of iron and 15 μg/L of arsenic existing predominately as
As(III). The existing water softener reduced the iron concentration to less than 30
μg/L. The existing chlorinator was effective in oxidizing As(III), but experienced a
number of operational and maintenance (O&M) problems.

Two E33 Adsoprtion Vessesls (foreground), Two Filox-R™
Oxidation Vessels (center background), and Well-X-Trol
Pressure Tank (right background)

The LHSS treatment system began operation on June 28, 2006. The EPA system
performance evaluation study continued until February 24, 2010 (1,343 days).
During the almost four years of operation, arsenic in the treated water remained
below 1.5 μg/L, indicating effectiveness of the system for arsenic removal (Chen et
al, 2011).

In the spring of 2010 shortly following the construction of a new water treatment plant in Buckeye
Lake, LHSS decided to connect up to the Buckeye Lake community water supply and close down the
on-site arsenic removal system. Rather than abandon it, the Ohio EPA (OEPA) requested that the system be used at one of the three proposed sites in Ohio. USEPA agreed to the request and, after conferring with OEPA and school officials, the Plainview Christian School (PCS) near Plain City, OH was
selected as the recipient of the LHSS treatment system.
The school, which has approximately 120 students and staff, was supplied by a 200-ft deep well whose
maximum flowrate was 35 (gpm). The water quality of the well water was somewhat similar to the
LHSS well water with iron at 1.4 mg/L and arsenic at 15 μg/L existing predominately as As(III) (Table
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1). Similar to what existed at LHSS, PCS used a water softener to remove hardness and iron as shown
in Table 1. Iron removal would have been required if the softener had not been in place to protect the
Filox-R™ from being fouled by the high iron concentrations. The water softener was also effective in
removing manganese and ammonia close to or below the respective method detection limits (MDLs) of
0.1 μg/L and 0.05 mg/L (as N).
Contrary to LHSS, PCS did not disinfect its drinking water. To maximize the arsenic removal capacity
of the adsorptive media system, oxidation of As(III) was recommended. Although chlorine is very effective for As(III) oxidization, the school officials expressed their interest in avoiding chlorination, if possible, to maintain a low O&M cost and simplify the system operation. Additionally, chlorination would
require PCS to begin monitoring for disinfection by-products (DBPs) that would substantially increase
their monitoring costs. Having successfully used Filox-R™, a MnO2-based granular media with strong
oxidizing properties, in other arsenic demonstration projects, Filox-R™ was proposed and approved by
OEPA for As(III) oxidation.

Table 1. Analytical Results of Plainview Christian School Water Quality (4/26/10).
Test Parameter

Unit

pH

Raw Well Water

Softened Water

S.U.

7.0

7.1

Temperature

°C

15.3

14.7

ORP

mV

240

245

Total Alkalinity (as CaCO3)

mg/L

422

450

Hardness (as CaCO3)

mg/L

262

1.4

Turbidity

NTU

28

0.4

Total Dissolved Solids (TDS)

mg/L

484

488

Total Oganic Carbon (TOC)

mg/L

1.4

1.4

Nitrate (as N)

mg/L

<0.05

<0.05

Nitrite (as N)

mg/L

<0.05

<0.05

Ammonia (as NH3)

mg/L

0.6

<0.05

Chloride

mg/L

1.4

5.4

Fluoride

mg/L

1.2

1.8

Sulfate

mg/L

100

78.5

Silica (as SiO2)

mg/L

15.5

12.9

Phosphorus (as P)

µg/L

13.7

17.8

As (total)

µg/L

12.4

15.3

As (soluble)

µg/L

12.9

15.2

As (particulate)

µg/L

<0.1

0.1

As(III)

µg/L

12.2

14.7

As(V)

µg/L

0.7

0.5

Fe (total)

µg/L

1,608

54

Fe (soluble)

µg/L

1,598

<25

Mn (total)

µg/L

50.0

0.8

Mn (soluble)

µg/L

50.8

0.2

Na (total)

mg/L

12.0

234

Ca (total)

mg/L

54.8

0.4

Mg (total)

mg/L

30.4

0.1
continued on page 40
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continued from page 39 - solid oxidizing media

System Design
During July, 2010, the LHSS system was dismantled and transported to PSC for installation
downstream of the existing pressure tank and
water softener. By placing the treatment system after the pressure tank and water softener, it would
operate on-demand with an instantaneous flow
significantly lower than the system design flowrate
of 13 gpm.
Two significant changes were made to the LHSS
system and both were approved by OEPA in the
system construction permit. The first was the
use of Bayoxide® E33, an iron-based adsorptive
media, in place of ARM 200 media (ARM 200

no longer produced) used at LHHS. The second
change was the addition of two parallel, 13-in
× 54-in oxidizing media tanks, each containing
2.4 ft3 of Filox-R™, upstream of the two 18-in
× 65-in E33 media tanks in series. The smaller
diameter of the Filox-R™ tanks allowed enough
flow from the pressure tank for backwashing (i.e.,
18.4 gpm or 20 gpm/ft2). The 2.4 ft3 of FiloxR™ media in each tank also allowed one vessel to
process the maximum 13 gpm design flowrate if
the other vessel had to be taken offline for backwashing. Both E33 and Filox-R™ media are NSF
Standard 61 certified.

Figure 1. Process Flow Diagram of PCS Water Treatment System.

Each adsorptive media tank contained 5.0 ft3 (or
34 in) of E33 underlain by 1.0 ft3 of garnet. At
13 gpm, the empty bed contact time (EBCT) for
each adsorptive vessel is 2.9 min (5.8 min for
both vessels) and the hydraulic loading rate for
each vessel is 7.3 gpm/ft2. A process flow diagram of the entire system, including the existing
and new equipment, is shown in Figure 1. This
figure also shows the locations of sampling taps
installed throughout the treatment system.
The modified system was designed to provide for
backwashing of both the oxidizing media vessels (automatically) and adsorptive media ves-
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sels (manually). Programmable valve controllers
with timers were included to engage automatic
backwashing of the oxidizing media vessels. To
backwash the adsorption vessels, the operator had
to open and close specific valves before turning
on the pump. The system was also plumbed to
bypass one vessel or one process (oxidation and
adsorption) for servicing. Pressure gauges were
installed throughout the system to measure the
pressure drop across all tanks and a water meter
was placed after adsorptive media vessel 2 to
measure the total amount of water treated by the
system.
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System Operation
The modified arsenic treatment system began producing treated water on September 28, 2010. From
September 28, 2010 through September 15, 2011, the system treated 99,897 gallons of well water. The
system operated on-demand and had an average daily demand of 345 gal/day (gpd) when the school
was in session and 161 gpd when the school was out of session based upon flow data collected during
the first year of operation. After an initial backwashing of the adsorption vessels, no additional backwashing was performed. System pressure readings were recorded by the operator on a regular basis and
the average differential pressure (Δp) reading across the system was 5 psi; no pressure loss was observed
across either of the two adsorption vessels. Automatic backwashing for the Filox-R™ tanks was set at
every 99 days.
The operator was onsite three days per week for 0.5 hr per day (1.5 hr/wk) to visually inspect the
system, record operating parameters on log sheets, and collect compliance samples (i.e. arsenic, copper,
and lead). The operator also performed O&M activities such as monitoring the salt level in the softener
brine tank and performing minor onsite repairs.

System Performance
During the first year of operation, water samples were collected across the treatment system six times
by either Battelle (EPA Contractor) or USEPA and analyzed by the respective analytical laboratories. All
OEPA compliance samples were collected by the operator and analyzed by a PCS contract laboratory.

Arsenic Removal
Arsenic removal (six sets of samples) across the
Figure 1. Process Flow Diagram of PCS Water Treatment System.
treatment train during the first year of system operation are presented in Figure 2. As shown in the
figure, total arsenic in the Well No. 2 water slowly
decreased from around 20 μg/L to around 10 μg/L
during the school year after which it leveled off
at around 10 to 12 μg/L. Arsenic speciation data
continued to indicate As(III) as the predominant
arsenic species in the well water. As expected, the
softener did not remove any arsenic and arsenic
remained predominately As(III). Filox-R™, however, did possess some arsenic removal capacity as
evidenced by the low arsenic concentrations (1.3
μg/L) in the Filox-R™ effluent at startup. The
Filox-R™ removal capacity gradually decreased
as reflected by the progressively increasing arsenic
concentrations to around 8.4 μg/L a year later (after
treating 99,897 gal or 2,782 bed volumes[BV] of
water). This removal ability was anticipated based
upon the results of several pilot studies and two
other arsenic demonstration projects using FiloxR™ for As(III) oxidation (Lipps et al., 2010; Wang et al., 2011). With the following the two E33 adsorption vessels, total arsenic concentrations were consistently reduced to levels just above the MDL of
0.1 μg/L (1,336 BV by the lead and lag tanks combined media volume of 10 ft3). The school’s quarterly
arsenic compliance samples for OEPA also confirmed the excellent removals by the treatment system
with all values below 3 μg/L.

continued on page 42
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continued from page 41 - solid oxidizing media

Iron, particularly the high concentrations of the PSC well water (1.6 to 1.8 mg/L), has the potential to
interfere with As(III) oxidation by Filox-R™ both in its effectiveness and capacity. The existing water
softener was very effective in removing iron, thereby protecting the Filox -R™ media from fouling. Following softening, total iron concentrations were reduced to close to or below the MDL of 25 μg/L.

Arsenic III Oxidation
All six sampling events conducted during the first year of system operation included arsenic speciation
tests on the water samples collected before and after the Filox-R™ oxidation media. The test results
showed that Filox-R™ was every effective in oxidizing As(III) (Figure 3). All six Filox-R™ effluent
samples had As(III) levels less than 0.3 μg/L.
The obvious question is “what is the expected life of the Filox-R™ oxidation media at PCS?” Two
USEPA arsenic demonstration projects used Filox-R™ for As(III) oxidation. At both sites, Filox-R™
was very effective in oxidizing As(III). At a mobile home park (MHP) in Utah, Filox-R™ was still performing well after treating 70,000 BV of water ( Wang et al, 2011 ). At a MHP site in Maine, Filox-R™
continued to oxidize As(III) after treating 36,000 BV of water (Lipps et al, 2010). Assuming that similar
performance can be achieved at PCS, Filox-R™ should be effective for many years because of the low
flows experienced at the school.

Figure 3. Effectiveness of Filox-R™ Oxidation Media on Arsenic III.
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Conclusions
The Filox-R™ oxidizing media was found to be very effective in oxidizing soluble As(III) to As(V). As expected, the
oxidizing media also removed most of the arsenic at startup
with the removal progressively decreasing during the year.
The Filox-R™ media was protected from iron fouling by the
existing water softener that removed the source water iron to
levels well below the 0.3 mg/L secondary maximum contaminant level. And finally, the E33 adsorptive media was very
effective in reducing arsenic concentrations to less than 1
μg/L during the first year of system operation. Because of the
low water demand by the school, both Filox-R™ oxidizing
media and the E33 adsorptive media should last for many
years before requiring changeout.
The major advantages in using Filox-R™ rather than chlorine as a pretreatment As(III) oxidation step for the E33
adsorptive media are as follows:

Filox
E33 Media

• Simple operation (no chemical feed pump or
chemical solution to maintain)
• Low O&M cost (no chemical cost and less
operator time)
• Lower monitoring cost (DPB monitoring not required)
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Algaecide Application Requires New
Permit by April 30
As of October 31, 2011, all algaecide applications
to drinking water sources require coverage under
a new pesticide general permit, as mandated by a
federal court decision. Any public water system
that intends to apply algaecides to their source
water must submit a Notice of Intent (NOI) to
the Ohio EPA Division of Surface Water by April
30, 2012. The one page NOI form is available at:
www.epa.ohio.gov/portals/35/permits/Pesticide_NOI.pdf.

that identifies the type and amount of algaecide
that was applied. The annual reports are due
by February 15th of the year following pesticide
application. Ohio EPA is developing a standard
fill-in form to help simplify and streamline the
reporting process. Depending on the size of the
algaecide application area, public entities with
greater than 10,000 people served may also have
to submit a pesticide discharge management plan
(see general permit for further guidance).

Ohio EPA recommends identifying in the NOI all
of the algaecides that the water system is considering using, even if a particular algaecide has not
been used in the past. The NOI will remain valid
for five years unless the water system switches to
an algaecide not included in the NOI, in which
case a new NOI must be submitted.

Due to concerns with algal toxin release following
algaecide application, the general permit outlines
some restrictions for algaecide application to
severe cyanobacteria (blue-green algae) blooms.
Details on those restrictions and recommendations
for algaecide application and toxin monitoring are
outlined in an algaecide applications fact sheet,
available at: www.epa.ohio.gov/portals/28/
documents/HAB/AlgaecideFactSheet.pdf.

In addition to the NOI requirements, water systems must submit a brief year-end annual report

The Good, the Bad and the Ugly
A Review of 2011 Harmful Algal Blooms
The good news is cyanotoxins were never detected in finished water in 2011. Ohio EPA sampled
17 public water systems in response to potential Harmful Algal Blooms (HABs); an additional seven
systems conducted their own microcystin sampling and shared information with Ohio EPA. A special
thank you goes out to systems that voluntarily sampled: Celina, Oregon, Toledo, Ottawa County, Carroll
Township, Alliance and Lima.
The bad news is effective removal of cyanotoxins often requires expensive advanced treatment. One
system estimated it costs more than $100,000 a month to add carbon and optimize treatment for cyanotoxin removal.
Additional bad news is microcystin concentrations in raw water are increasing in HAB-affected source
waters. Average microcystin concentrations in 2011 were four times higher at the City of Celina’s intake
(maximum concentration 43.4 ug/L) and more than 14 times higher at western Lake Erie basin water
systems’ intakes (maximum concentration >5 ug/L) compared with 2010 concentrations. The extensive
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HAB on Lake Erie in 2011 was considered the worst in 30
years, with microcystin concentrations exceeding 1000 ug/L
in the open water of the western basin. Overall, cyanotoxins
were detected in the majority of source waters sampled in
2011.
Based on information from western basin Lake Erie water
systems in 2011, there was a moderate positive correlation
between microcystin concentration and pH and temperature,
but there was no correlation between microcystin concentration and turbidity. This does not mean that toxins are not
present at low pH and water temperatures, but concentrations tend to be higher at elevated pH values and water
temperatures. In addition, a USGS study determined when
taste and odor compounds (Geosmin and MIB) were present
and associated with a HAB, cyanotoxins were also present
100 percent of the time. This information can help Ohio
EPA determine when cyanotoxin sampling may be necessary
at a public water system.
Ugly surface scums do not necessarily mean high levels of
toxins at the intake. Toxin concentrations may actually be
higher at intakes when blooms are distributed throughout
the water column and scums are not present. The highest concentrations of cyanotoxins at Lake Erie water system
intakes in 2011 occurred prior to the large scums forming
across the lake, and the only time microcystin was detected
at the Lake Erie island intakes was prior to scum formation. In 2010, cyanobacteria scums covered all of Grand
Lake Saint Marys, but toxin concentrations were less at the
intake than in 2011 when surface scums were not present.

Cyanobacteria bloom on Lake Erie, photo taken at Maumee Bay State Park;
microcystin detected at or above thresholds at all four area intakes.

The City of Akron experienced a scum-forming bloom near
their intake last June and cyanotoxins were not detected, but
very low concentrations of cyanotoxins were detected at the
intake later in the year when scums were not present. In
addition, some types of cyanobacteria may be more likely
to produce cyanotoxins at concentrations of concern than
others.
If you see a bloom on your source water, please contact
Ohio EPA and we can help determine if cyanotoxin sampling
should be conducted. More information is available on Ohio
EPA’s public water system HAB website: http://www.epa.
ohio.gov/ddagw/HAB.aspx.

Plan Approval Requirements for Waterlines
The purpose of this article is to present and clarify Ohio’s plan approval requirements for public water system (PWS) waterlines. References in this article include the Ohio Revised Code (ORC), the Ohio Administrative Code (OAC) and Ohio EPA
guidance.

When Plan Approval is Required
Plan approval is required both by the ORC and the OAC: “No person shall begin construction or installation of a public water system, or make a substantial change in a public water system, until plans therefore have been approved by the director of
environmental protection….” For waterlines, plans must be approved for any new main that will be owned or operated by
the public water system, or for certain waterline replacements. Fire lines are also included in this process if they are owned
or operated by the public water system.
continued on page 46
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continued from page 45 - plan approval

“Substantial Change” of a Waterline
A substantial change for a waterline project includes installation of a new waterline, an extension of a
waterline and replacement waterline that changes the size, alignment or material of the pipe. A new
main tributary to an existing system waterline including new subdivisions is considered a substantial
change. Pipe replacements that change the size, alignment or material are considered to be a substantial
change. Plans are not required if they meet the conditions for an exemption, as described in the next
section.
Waterline cleaning or relining is not a “substantial change” and plan approval is not required. If a waterline is being replaced in kind (that is, with the same size, material and alignment), the modification
is not a “substantial change” and plan approval is not required. Example: A waterline is being cleaned
and relined. Regardless of size, the project is not a “substantial change” and plans are not required.

Plan Approval Exemptions for Waterlines
There are two possible scenarios for a waterline replacement being exempt from plan approval. First, a
waterline replacement where the pipe is less than 4 inches in diameter and is not increased in size more
than 2 inches is exempt. Second, a main 4 inches in diameter or greater that is not increased in size
more than 4 inches is also exempt from plan approval.
Examples of exemptions: The pipe replacement changes the size of the pipe from 2 inches to 4 inches
in diameter; or the pipe replacement changes the size from 4 inches in diameter to 8 inches.
It is possible for portions of a project to meet the definition of exempt, or not be considered a substantial change, but still would need plan submittal. Contact your Ohio EPA district office with questions.
For all exempt projects, the following guidelines apply:
1. The replacement waterline must comply with the requirements of Sections 8.0 through 8.12 of the
“Recommended Standards for Water Works (2007)”- Ten State Standards.
2. The PWS has appropriately investigated to ensure the pipe replacement does not take place in an
area of known water or soil contamination.
3. The PWS completing ‘exempted’ waterline replacement projects shall submit an annual project
summary to their district office. The summary should be submitted in January for the previous year
and must contain the following:
a. On an updated distribution map, the locations of the exempted replacement waterlines.
b. Type and size of pipe replaced.
c. Type and size of pipe installed.
d. Length of pipe installed.
e. Any unusual conditions encountered during the waterline replacement.
f. The project summary shall be signed by a Professional Engineer certifying the
above information.
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What to Include with the Plan Submittal
If the exemption criteria are not met and the waterline improvements qualify as a substantial change,
detail plans will be required and they must contain the following:
1. Three copies of the detailed plan drawings including plan, profile, details, such as hydrant
installation, bedding details, blocking, etc., and General Notes. General Notes should include
information on the minimum pressure allowable in the distribution system and that booster pumps
are not permitted on service connections. A title page with the following information should also be
included with the plans:
a. The owner’s name and address;
b. The official name and address of the public water system;
c. The title of the project being submitted for review;
d. The title sheet shall contain the Professional Engineer’s stamp, signature and date as per the
ORC; and
e. The signature of the responsible official of the water system approving the plans.
2. One copy of the applicable waterline specifications. Specifications should include, as a minimum,
waterline material and joint specifications, hydrant, valve and fitting specifications, waterline testing
and disinfection specifications and trenching information. In many cases the specifications can be
included on the plans.
3. If the waterline will come in contact with possible sources of contamination such as landfills or
other contaminated properties, this must be noted on the plans. Special construction techniques or
standards may be required.
4. One copy of the Water Supply Data Sheet available at www.epa.ohio.gov/portals/28/documents/
engineering/wsds_01-11.pdf. This Data Sheet provides information on the owner of the water
system, design engineer of the project, location and description of the project as well as the
following:
a. If the project includes a stream or wetlands crossing, were necessary permits from the U.S. Corps of
Engineers, Ohio EPA, etc., applied for?
b. If the project is a new water system or the project is intending to or has applied for Ohio EPA Water
Supply Revolving Loan Account (WSRLA)/Drinking Water Assistance Funds, has a Capability
Assurance Plan (CAP) been submitted? The CAP should be submitted and be approvable before
detail plans of the project are approved.
5. One copy of the Project Summary Sheet available at www.epa.ohio.gov/portals/28/documents/
engineering/WtrlnExtnsnPrjctSmmrysht_10-11.pdf. This form provides information regarding the
length, diameter, class of pipe, the conformance with applicable design and construction standards
and guidelines and can act as a checklist for the design.
6. One copy of a submittal letter from the owner or engineer.
7. A Plan Review Fee (check payable to the Treasurer, State of Ohio), calculated as follows: $150.00
plus 0.35% of the estimated construction cost of the water system improvement. Example: Cost of
waterline construction is $100,000. Plan Review Fee is $150 + .0035 x $100,000 or $150 + $350 =
$500.
continued on page 48
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continued from page 47 - plan approval

Professional Standards for Waterlines
Ohio EPA uses the following documents as a guide for the review of the plans submitted:
1. The Great Lakes-Upper Mississippi River Board of State and Provincial Public Health and
Environmental Manager’s “Recommended Standards for Water Works” 2007 edition, (Ten State
Standards), provides the design and construction guidelines which must be followed for the plans to
be approved. Ten State Standards can be found at: http://10statesstandards.com/waterstandards.
html
2. Ohio EPA’s AWWA ASTM Pipe Policy allows the use of American Society of Testing and Materials
(ASTM) pipe instead of American Water Works Association (AWWA) pipe in certain circumstances.
The policy lists conditions that must be met for that substitution to be approved. This policy can be
found at: www.epa.ohio.gov/portals/28/documents/pws/ENG-08-002.pdf

Plan Submittal and Review Procedures
1. Submit plans to the Ohio EPA district office in which the project is located. Refer to the Agency
website at www.epa.ohio.gov/directions.aspx for address information.
2. Direct any questions regarding plan submittal requirements to the district office.
3. Plan review will normally be completed within three weeks. If additional information is needed or
revisions required, Ohio EPA will notify the consultant via a comment letter.
4. Upon completion of the district office review, the district will forward the plans to Central Office for
the director’s signature and approval. One copy will be returned to the owner.
5. Approved plans are converted to pdf files and stored at the district office. Documents can be made
available upon request.

Common Plan Submittal Errors
1. The signature of the owner not included or the signature is not the appropriate official.
2. The signature and/or stamp of the Professional Engineer preparing the plans is not included.
3. Specifications of pipe materials, pipe pressure testing and/or pipe disinfection procedures not
included.
4. Inadequate plan or profile information where sanitary isolation distances are not clear and offsets
are not shown, making it difficult to determine waterline and sewer separation.
5. Plans are submitted without a profile; this is typically done when a consultant intends on using
aerial photography for a plan view.
If you have questions on the plan approval requirements for waterlines, please contact your district
office.
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Operator Certification Rule Revisions
The rules regarding operator certification and
facility staffing were updated recently. This article
will focus on two provisions that were modified.
Both deal with exemptions that allow facilities to
operate with an operator one classification lower
than the facility classification. The changes limit
the use of these exemptions.

The second modification was to OAC Rule 374507-03(C)(2)(d). This provision allows the operator of record of a Class II, III, or IV public water
system or Class II water distribution system to be
replaced by a backup operator with a certificate
one classification lower than the public water system’s classification for up to 30 consecutive days.

The first modification was to Ohio Administrative
Code (OAC) Rule 3745-7-02(E), which is sometimes referred to as the 02(E) exemption. This
provision allowed Class IV facilities to request
approval to designate a Class III operator as the
operator of record for up to two years, provided
the operator had been approved to take the Class
IV examination.

The purpose of this provision was to allow facilities short-term flexibility to deal with vacations,
training, illness, etc. The provision was not
intended to allow facilities to circumvent the
requirement to have an appropriately certified
operator. However, over the past five years, several
facilities have consistently used this provision to
provide an appropriately certified operator for
only one day per month and then used a backup
operator for the remaining 29 days. To address
this situation, Ohio EPA has added language stating, “This provision may not be used to routinely
circumvent minimum staffing requirements.” A
facility can still use this provision when necessary; however, it cannot be used to avoid hiring
an appropriately certified operator who meets the
minimum staffing requirement for a majority of
the time.

Over the past five years, several Class IV facilities have operated without a Class IV operator of
record. Instead, they had a number of Class III operators approved to take the Class IV examination
and rotated the 02(E) exemption among those
operators. To address this practice and ensure
that facilities are actively seeking an appropriately
certified operator, Ohio EPA now limits the use
of this exemption to a total of 30 months within
a five-year period. Once the 30 months is exhausted, a facility is required to have an appropriately certified Class IV operator designated as the
operator of record.

These changes will ensure that all facilities in Ohio
are complying with an equivalent set of standards.
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Systematic Approach to Water Treatment
Plant Process Optimization
Alex A. Yavich, Ph.D., P.E., Optimization Solutions Environmental, LLC, Grand Rapids, Michigan
Conventional water treatment consists of a series of interrelated unit processes and operations – coagulation, flocculation, sedimentation, and filtration. Suboptimal performance of one of the units may
negatively affect the performance of others. This article discusses several issues that have significant
impact on optimizing operations and achieving plant’s treatment goals.

Chemical Feed Rate Optimization
The first step in any water treatment plant process
optimization is ensuring that the chemical feed
rates are adequate under all plant conditions. This
will not only improve the quality of finished water
and reduce chemical usage, but also will help
identify other potential areas for improvement.
The existing control methods (jar test, zeta potential, streaming current monitoring etc.) do not
always allow plant operators timely and correctly
respond to changing raw water quality. Computer
models that analyze real-time raw water chemistry
provide timely and more accurate advisement to

Figure 1. Filtered water turbidity before and after chemical feed
optimization at the Three Rivers Filtration Plant (Fort Wayne, IN)

the operators of the required chemical feed rates.
Models offer other practical benefits. They can
be used to optimize other treatment parameters,
such as mixing and choice of coagulant, which are
discussed later in the article.
The following case demonstrates the benefits of
chemical feed optimization for the Three Rivers
Filtration Plant (Fort Wayne, Ind.). The quality
of source water, St. Joseph River, for this 72-mgd
plant is extremely variable. For example, raw
turbidity can vary from 3 ntu to 400 ntu and total
hardness from 100 mg/L to 450 mg/L as calcium
carbonate. The source water has also significant
variations in the concentration of natural organic
matter (NOM).
The plant uses ferric sulfate coagulation, limesoftening, powdered activated carbon adsorption
for taste and odor control, rapid sand filtration,
and disinfection with free chlorine, chlorine dioxide and chloramines. Lime-softening and ferric
sulfate coagulation were historically carried out at
the plant’s primary stage, with additional turbidity
removal by ferric sulfate coagulation accomplished
at the second coagulation stage. Carbon dioxide is
added to the primary-stage effluent for pH adjustment.
In 2005, operators at the Three Rivers Filtration
Plant began using a computer modeling program
to analyze real-time water chemistry and more
accurately predict required coagulant dosages.
Computer models were later developed for
lime-softening and distribution system corrosion
control optimization.
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The optimization of chemical feed rates at the plant’s first stage improved filtered water turbidity and
reduced chemical usage (see Figures 1 and 2). However, the plant still experienced elevated filtered
water turbidities during runoff periods. Since completion of chemical feed optimization at both first
and second stages, the plant has been able to produce consistently low filter effluent turbidity, below
the plant operating goal of 0.1 NTU, and reduce its chemical cost by approximately 25 percent. Similar
results have been achieved at other water treatment plants employing computer models for chemical
feed control.
Figure 2. Chemical cost before and after chemical feed optimization
at the Three Rivers Filtration Plant (Fort Wayne, IN)

Selecting Optimal Coagulant
The optimal coagulant can be defined as the
coagulant that best meets plant’s treatment goals.
By choosing the right coagulant a water treatment
plant can significantly improve its performance
and finished water quality.
Metal salts (e.g., alum, PACl, ferric sulfate, ferric
chloride) and cationic polymers (e.g., polyDADMAC) are two major types of coagulants used in
water treatment practice. Metal coagulants remove
turbidity through charge neutralization and sweep
coagulation of colloidal particles, while charge
neutralization is the primary mechanism with
cationic polymer coagulation.

turbidity, pH, alkalinity, natural organic matter
etc.); treatment goals (improving effluent quality,
reducing chemical costs and sludge production,
increasing filter run etc.); plant size; treatment
train configuration (e.g., lime softening, UV disinfection etc.); and hardware (e.g., the type of flocculators and clarifiers, filter configuration etc.).
The following case illustrates the coagulant selection at the Holland (Mich.) Water Treatment Plant
(HWTP). Located on the shore of Lake Michigan,
this 38.5-mgd plant uses conventional treatment
consisting of prechlorination, coagulation, settling, filtration, and postchlorination. The plant’s
water source is Lake Michigan.

The major considerations in the selection of
proper coagulant include raw water quality (e.g.,

continued on page 58
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continued from page 57 - Process Optimization

When HWTP used alum for coagulation, sludge
production caused problems. To reduce sludge,
the plant performed full-scale trials with polyaluminum chloride (PACl) and alumer, a proprietary
blend of alum and cationic polymer. It also tested
“seasonal” coagulation practice, using alumer May
through November and alum December through
April. Computer models developed for these coagulants provided real-time data to the operators
regarding required coagulant feed rates.
Full-scale plant testing and computer modeling
analysis showed that PACl would allow the plant
to reduce sludge production by an average of 45
percent, but would result in a 20 percent increase
in coagulant cost. Alumer would reduce sludge
production by up to 35 percent, while coagulant
cost would increase by 5 – 15 percent. Further
modeling analysis revealed that the cost increase
with alumer was due to increased coagulant usage under high-UV254 conditions during runoff
periods. (UV254 is discussed later in this article.)
The seasonal coagulation practice would help the
plant reduce sludge production by an average 25
percent without cost increase, but would result in
more complex operation.

The testing played a critical role in HWTP’s decision to install a polymer feeding system and feed
alum and cationic polymer separately, providing
greater feed control flexibility for a wide range of
raw water conditions when compared with other
coagulants. Since adopting this new coagulation
practice, the plant has been able to improve overall operation and produce stable finished water
turbidity below 0.05 NTU. Upon completion of
chemical feed rate optimization, this practice will
allow the plant to reduce sludge by approximately
40% and reduce chemical costs by 10-15 percent
and 25-35 percent compared to alum and alumer,
respectively.
It should be noted that, in the beginning of the
project, modeling results indicated that a combination of alum and cationic polymer, fed separately, would be a preferred coagulation practice for
the HWTP. However, because of the lack of proper
feeding equipment, this coagulation practice was
not implemented until 2011.

Rapid and Flocculation Mixing
One aspect of water treatment operation that is often overlooked is adequate rapid and flocculation
mixing. The following discussion is intended to
provide better insight in the importance of rapid
and flocculation mixing in water treatment plant
operation.
When added to water, metal coagulants undergo
hydrolysis producing short-lived positively
charged ions (hydroxometallic complexes), which
have to quickly adsorb to colloidal particles and
neutralize their negative surface charges. (This
coagulation mechanism is known as charge neutralization mechanism.) As such, intensive rapid
mixing has to be provided in order to achieve
maximum coagulant effectiveness. Gentle mixing over a longer period of time then needs to be
provided during subsequent flocculation process
in order to bring the neutralized colloidal particles
together to form settleable floc.
With a capacity of 12 mgd and treating about
5 mgd of Lake Michigan water, the St. Joseph
(Mich.) Water Treatment Plant uses alum for
58

coagulation, with flocculation and sedimentation
accomplished in three upflow clarifiers. Alum is
injected into a 30-in. raw water transmission pipe
upstream of the clarifiers. There is no rapid mixer.
Some mixing due to water velocity in the pipe
was found insufficient for effective coagulation.
Because of this inadequate mixing, the plant’s
chemical feed control was more challenging than
at other Lake Michigan plants. Occasionally, the
plant also experienced loss of sludge recirculation in the upflow clarifiers. Computer modeling
results showed that although the lack of a rapid
mixer caused increased coagulant usage, because
of plant’s size the installation of a rapid mixing
system was not economically justifiable.
To address operational challenges, the plant
implemented a chemical feed control computer
model in 2006, which adjusted coagulant doses
based on both raw water quality and changing
with temperature and flow rates mixing conditions. This improved coagulant feed control, clarifier performance and effluent quality (see Figure
3).
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Even if a water treatment plant does provide
adequate coagulant dosing and satisfactory rapid
mixing, optimal performance cannot yet be guaranteed. The study conducted at the Holland WTP
showed that flocculation effectiveness is another
factor that has significant impact on overall plant
performance, including filtration and finished
water quality. This is especially important con-
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sidering that flocculation mixing conditions vary
with water temperature and flow rate. By merely
adjusting seasonally flocculation speed, the Holland WTP produced more stable filtered water
turbidity (see Figure 4) and reduced coagulant
usage by 10 percent.

Figure 3. Effect of rapid mixing on filtered water turbidity at the
St. Joseph Water Filtration Plant (St. Joseph, MI)

Figure 4. Effect of flocculation mixing on filtered water turbidity at the
Holland Water Treatment Plant (Holland, MI)

continued on page 60
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Source Water Monitoring
Water treatment plant operators closely monitor a
wide range of raw water quality parameters (e.g.,
turbidity, pH, hardness, alkalinity etc.) and make
treatment adjustments accordingly. However, the

importance of UV254 monitoring in improving
chemical feed operation and maintaining stable
finished water quality is often overlooked.

Figure 5. Effect of raw water UV254 on coagulant dose and filtered water turbidity at the
Lake Michigan Filtration Plant (Grand Rapids, Michigan)

The UV254 is a measure of ultraviolet absorption
at a wavelength of 254 nm and is considered representative of the humic content of natural organic
matter (NOM). Special attention was given to
NOM in mid1980s, when it was discovered that
its reaction with chlorine forms health related
disinfection by-product, such as trihalomethanes.
The effect of natural organic matter on coagulation
process has been much less appreciated.
The presence of NOM reduces coagulants’ charge
neutralization and sweep coagulation potential. As a result, the coagulant demand increases
as UV254 increases. Computer modeling at a
number of water treatment plants that routinely
monitor UV254 revealed that UV254 had often
greater effect on coagulant dosage and filter effluent turbidity than other raw water quality factors,
including raw turbidity.
For example, an increase in UV254 from 0.03
cm-1 to 0.1 cm-1 at the Lake Michigan Filtration
Plant (Grand Rapids, MI) would call for an increase in alum dose from 14.1 mg/L to 27.7 mg/L
and would result in some increase in filtered water
turbidity (see Figure 5 on the next page).
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The cause of the latter effect was specifically
studied at the Holland WTP using zeta potential
and settled water particles count data. It was
found that the addition of coagulant in water
could transform soluble NOM into new, positively
charged colloidal particles that may pass through
filtration and increase filtered water turbidity. As a
result, the coagulants that produce greater amount
of metal hydroxide precipitate are generally more
effective for waters that have high UV254.
The small South Haven (Mich.) Water Treatment
Plant, with a design capacity of 4.2 mgd, also
uses Lake Michigan as its source water. The plant
employs conventional treatment that includes coagulation, settling, filtration, and chlorination. To
improve filter-run operations, in 2006 the plant
switched from alum to a PACl/polymer blend.
Although this coagulation practice increased the
plant’s filter runs by 40 percent and helped the
plant meet its operational objective, the blend
was ineffective at UV254 higher than 0.12 cm-1.
Because an alum/polymer blend (alumer) forms
more metal hydroxide precipitate than the PACl/
polymer blend does, switching to alumer allowed
the plant to control filtered water turbidity much
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more effectively (see Figure 6), while still maintaining filter
runs 25 percent higher than alum did.
The UV254 analysis is very simple taking just several
minutes. It is done according to 5910 Ultraviolet Absorption Method found in Standard Methods for Examination of
Water and Wastewater. Online units for continuous UV254
monitoring are also available.
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The benefits of UV254 monitoring (bench-top or on-line) include improved chemical feed control; more consistent filter
effluent turbidity; and reduced chemical usage and sludge
production. In addition, UV254 monitoring can improve
disinfection by-product control and also help the plants employing UV disinfection maximize UV transmittance.

Figure 6. Effect of raw water UV254 on coagulant effectiveness at the
South Haven Water Treatment Plant (South Haven, Michigan)

Summary
The first step in any plant process optimization is ensuring that the chemical feed rates are adequate under all plant
conditions. Computer models can advise operators of the
required chemical feed rates based on water chemistry and
other treatment conditions, as well as identify low-cost solutions to plant’s operational challenges.
Advances in coagulation chemicals provide options for
cost-effective coagulation practices. By choosing the proper
coagulant, a water treatment plant can significantly improve
its performance and finished water quality. Computer models
can help evaluate coagulant options and choose the coagulation practice that best meets plant’s treatment goals.
Inadequate rapid coagulation mixing may have negative
impact on plant operations. The evaluation of thirteen water
treatment plants found that four plants did not provide adequate rapid coagulation mixing. Simple computer simulation
analysis can verify if plant’s mixing conditions are adequate
or some adjustments may be needed.

Because optimal flocculation mixing depend on seasonal
turbidity, temperature and flow rate variations, most water
treatment plants can improve finished water quality, reduce
coagulant usage and increase filter run, if they simply adjust
seasonally the flocculation speed.
Finally, source water UV254 monitoring (bench-top or online) is critical for surface water treatment plant operations.
This monitoring will improve operational control, resulting
in more stable finished water quality and reduced operational costs.
Author’s Note: Thanks to Jim Van De Wege, Steve Teunis, Chet
Shastri, Vicky Zehr, Duane Ninke, Mike O’Malley, and the
operations staff of the water treatment plants mentioned in this
article for their dedication and expertise. Their support and feedback were invaluable during these projects
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2012 AWWA Committee Chairs
Awards and Recognition
Steve Heimlich
Avon Lake Utilities
440-933-3229
SHeimlichalmu@gmail.com

Information Technology
Kurt Smith
ARCADIS
419-473-1121
kurt.smith@arcadis-us.com

Sadzewicz Award
Steve Skinner
Ohio EPA, Retired
740-797-4102
sskinner@nelsonvilletv.com

By-Laws Review and Update
Melinda Raimann
Cleveland Division of Water
216-664-2444
melinda_raimann@clevelandwater.com

Kenneth J. Miller
Debbie Metz
Greater Cincinnati Water Works
513-624-5658
Debbie.Metz@gccw.cincinnati.oh.gov

Safety
Michele Humphrey
City of Columbus Div of Water
614-645-7691
mrhumphrey@columbus.gov

Conference Management (Co-Chairs)
Lorrie Brown
City of Dayton Water Dept
937-333-6133
lorrie.brown@daytonohio.gov

Leadership
Bob Davis
Warren Water Department
330-841-2710
bdavis@warren.org

Martha Schwendeman
City of Dayton Water Dept
937-333-6099
martha.schwendeman@daytonohio.gov

Membership
Danella Pettenski
City of Columbus
614-644-7677
ddpettenski@columbus.gov

MAC Exhibits 2012
Bill (William) Schindler, P.E.
LJB, Inc.
937-259-5046
wschindler@ljbinc.com
Communications
Keshia Johnson
Cleveland Division of Water
216-664-2444
keshia_johnson@clevelandwater.com
Customer Service
Caryn Dachner
City of Westerville, Utility Billing Supervisor
614-901-6436
caryn.dachner@westerville.org
Distribution
Jennifer Webster
Malcolm Pirnie, Inc
513-677-6859
jwebster@pirnie.com
Diversity
Susan Wilson
City of Columbus
614-645-1874
slwilson@columbus.gov
Education
Steve Heimlich
Avon Lake Utilities
440-933-3229
SHeimlichalmu@gmail.com
Finance and Audit
Joe Flahiff
Fremont Water Plant
419-332-2955
jmflahiff@fremontohio.org
Fuller Award
Rick Martin
Lake County Utilities, Executive Director
440-350-2645
Rick.Martin@lakecountyohio.gov
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Newsletter
Larry Valentine
Water Consultant
330-328-2137
lvalentine@neo.rr.com
Nominating
Lorrie Brown
City of Dayton Water Dept
937-333-6133
lorrie.brown@daytonohio.gov
Operator Meritorious Service
(Treatment)
Bill Eitel
City of Columbus Div of Water
614-645-3227
WJEitel@Columbus.gov
Operator Meritorious Service
(Distribution)
Jack Hogue
City of Kent, Retired
330-277-3225
hogue1@live.com
Public Affairs
Cliff Shrive
Stantec Consulting Services
513-842-8200
cliff.shrive@stantec.com
Research (Co-chairs)
Keshia Kinney
City of Dayton
937-333-6054
keshia.kinney@cityofdayton.org
Tim Truman
City of Dayton
937-333-6048
tim.truman@daytonohio.gov
Richard F. Melick Award
Doug Brookhart
Jones and Henry Engineers
419-473-9611
dbrookhart@jheng.com

Scholarship
Lorrie Brown
City of Dayton
937-333-6135
lorrie.brown@daytonohio.gov
Section History (Co-chairs)
Doug Brookhart
Jones & Henry Engineers, Ltd.
419-473-9611
dbrookhart@jheng.com
Al Wansing
Champion City Consulting LLC
937-390-0955
AWansing@aol.com
Strategic Plan
Melinda Raimann
Cleveland Division of Water
216-664-2444 ext 5638
melinda_raimann@clevelandwater.com
Tapping Contest
Mike Gradoville
A Y McDonald Mfg Co
513-252-8407
mgradoville@aymcdonald.com
Technical Program
Gina Hayes
Ohio EPA - SWDO
937-285-6118
gina.hayes@epa.state.oh.us
Technology
Matt Steele
City of Columbus Div of Water
614-645-7691
MASteele@Columbus.gov
Top-Ops
Kevin Gleich
Columbus Division of Water
614-645-6559
kcgleich@columbus.gov
Water for People
Todd Radel
Greater Cincinnati Water Works
513-591-7749
todd.radel@gcww.cincinnati-oh.gov
Water Taste Contest
Mike Gradoville
A.Y. McDonald Mfg. Co.
513-252-8407
mgradoville@aymcdonald.com
Young Professionals
Sierra McCreary
Black & Veach Corporation
614-473-0921
McCrearySB@bv.com
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Council Chairs

Participating Organizations

Manufacturers/Associates
Council Chair
Jay Cermenaro
American Ductile Iron Pipe Division
412-851-1230
jcermenaro@american-use.com

Ohio Rural Water
Kevin Strang
Executive Director
55 Whites Rd.
Zanesville, OH 43701
800-589-7985
ksorwa@aol.com

Water Utility Council
Richard Lorenz
City of Westerville
614-901-6772
richard.lorenz@westerville.org

OTCO
Curtis L. Truss Jr.
3972 Indianola Ave.
Columbus, OH 43214
614-268-6826
614-268-3244 fax
curtis@ohiowater.org

A S S O C I A T I O N

OWEA
1890 Northwest Blvd, Suite 210
Columbus, Ohio 43212
614-488-5800
614-488-5801 fax
Ohio WARN
Randy Gilbert
Montgomery County
937-781-2625
GilbertR@mcohio.org

Volunteers Make a Difference
We Cannot do it Without you!
The active participation of the Ohio
Section members has been a key
ingredient in our organization’s
success. Each member can make
a significant contribution.

Committees and corresponding chairs
are listed above. Please call the chair
listed, or list the area you are willing to
contribute your time, skills, and experience to benefit the entire membership.

Interested in getting involved?
Name
Phone
Title
Employer
Address
City, State, Zip

Please send the Willingness to
Serve form to:
Richard Griffing
City of Warren
Utility Services Department
PO BOX 670
Warren, OH 44482-0670
330-841-2963
330-841-2780 fax
rgriffing@warren.org

Area of Interest
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Evans Lake – Water for People Fishing Fundraiser
Sponsored by Aqua Ohio, Inc.
Date & Time: May 19 from 6:00 AM to 4:00 PM
Place: Check in at ¼ mile west of dam
Price: Adults $25 – Children 12 and under $10
Limited number of boats allowed:
		 >14 feet, 10 HP limit or respect no wake – Launch fee $10
		 Boats must be quarantined for 48 hrs or disinfected

Limited number of tickets available.
Forms can be mailed to or picked up at Aqua Ohio, Inc.
Attn: Water for People
			6650 South Avenue
			Boardman, OH 44512
Evans Lake has been closed to fishing to the general public
for seven years. Come out for a great day of fishing.
Ticket proceeds will support Water for People in its efforts
to improve drinking water and sanitation facilities in third
world villages.		

www.water4people.org

Evans Lake Fundraiser Registration Form
Please make checks payable to OAWWA/Water for People

Name 								
Street Address
City							State			Zip
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Number of adults attending

@ $25

= $

Number of children attending

@ $10

= $			

				

Boat Launch $

				

Total Enclosed $

$10.00
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29th Annual OAWWA Northern Expo
Where:		
					
					

Wayne County Fairgrounds
199 Vanover Street
Wooster Ohio 44691

When:		

Thursday, April 12th, 2012

Time:			

Registration begins at 8:30am

For more info:
					
					
					
					
					
					

Kevin Givins, Expo Chair
City of Wooster
1123 Old Columbus Road
Wooster, Ohio 44691
Phone# 330-263-5285
Fax # 330-263-5291
kgivins@woosteroh.com

FREE CONTACT HOURS

Look for our website coming soon: northernohioexpo.com

26th Annual Southern Ohio Utility Expo
Sponsored by SW District American
Water Works Association
Where:		

Roberts Convention Center, Wilmington, Ohio

When:		

Tuesday, April 10th, 2012

Time:			

8:00am to 3:00pm

For info:
					
					
					
					
					

Jay Ponder
Neptune Meter Company
11802 Southland Road
Cincinnati, Ohio 45240
513-623-0539
jponder@neptuneequipment.com

O
P
X
E
2
1
0
2

Exit 50 at I-71 & SR-68
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Scholarship Committee
The purpose of the scholarship award is to encourage water industry related education through
scholarship. This scholarship program has been created in an effort to give back to the individuals
who support the water industry and the American Water Works Association.
Any Ohio student attending an accredited institution of higher learning during the scholarship year,
in a water industry related program (i.e. science, engineering, management, computer information
systems, or other water related field).
Current Committee members or their immediate family are not eligible to receive a scholarship.
State Governing Board members who themselves or immediate family members applied for a scholarship cannot vote for scholarship award winners.
If no students meet the criteria, no awards shall be given during that calendar year.
Application submission deadlines are February of each year. Requests for this year’s scholarships were due on February 10. Keep a look out for the 2012 awardees in the summer newsletter.
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Membership Summit
Robin Liss, At-Large Trustee and Danella Pettenski,
Membership Chair attended the Association Membership
Summit at the AWWA headquarters in Denver, Colorado
on January 25-27. The summit was attended by about
40 members from other sections throughout United
States, Mexico and Canada. The main topics discussed
were “Cultivating Membership Engagement” and “Tools
and Techniques to Mobilize Membership Volunteers to
Action”. The Executive Director, David LaFrance and his
staff discussed membership goals for 2012 and an incentive
program to support membership growth by focusing on
young professionals and student members. Fortunately the
objectives closely align with initiatives already taking place
within our Section and YP committee so we are well on our
way to meet the challenge set by our Association Director.
Robin Liss and Danella Pettenski were greeted by AWWA National President
Jerry Stevens

Diversity Committee Sponsoring Budget Workshop
• Do you consider doing a budget “a chore?”  
• Have you been asked to do more with less?  
• Do you just wish you were better at doing budgets?
If you have answered yes to any of these questions, plan to attend the
workshop. This workshop covers the following: Getting the Most
from Your Fiscal Staff, Developing a Budget, Monitoring and
Controlling Your Budget, Lessons Learned the City of Cincinnati, and Presenting Your Budget. This workshop is ideal for
anyone wanting to obtain a better understanding of budgets.
This workshop will provide a total of 6.0 contact hours.

When: May 23, 2012
Where:
		
		
		

City of Columbus
Public Utilities Complex
910 Dublin Road
Columbus Ohio 43215

Times: 8:30 a.m. to 4:00 p.m.
Cost: $75
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Badges... History Committee
When you hear that you need a badge at the various meetings/workshops of the Ohio Section what comes to your
mind? The basic “Hello, my name is ____” or the plastic
holder with your name, employer and other details of who
you are and what you are attending at the moment. These
are principal identifiers that one comes in contact with today
and are expected to wear while participating in the program
at hand.
Let us now step back in time a bit to when the “Badge” was
a bit more elaborate and proudly worn as a sign of participation in an event. In the late 19th and early 20th centuries,
participants were issued what we would consider elaborate
badges for use during an event. The badge would typically name the organization, the event, where the event was
held and the dates of the event. It was common practice to
imprint these items onto the ribbon portion of a badge such
as that shown on the Page 46 of the History of Ohio’s Water
Systems. That badge was created for the First Annual Convention of the Central States Water Works Association the
founding organization of the Ohio Section - AWWA.
Shown below is a portion of a badge that was issued to attendees at the National AWWA Convention in 1905 held in
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West Baden, Indiana (French Lick). This badge added the
fact that this was the 25th Annual Convention of the AWWA.
This would have been the top portion of the badge since a
portion of the stick pin is still attached to this section. The
badge would have likely had a ribbon extending from this
section down to a lower metal piece that likely would have
indicated if the wearer was a member, an exhibitor or a guest
at the Convention. The description of this badge follows the
format for the badge shown in the Section history book and
would indicate that the badges of this era where a bit more
elaborate that the typical one for today.
This particular section of badge was acquired from a gentleman in South Carolina who stated that he had located this
underground with his metal detector. Obviously, due to it
having been lost or discarded, only this portion of the badge
survived. Now if only we could figure out how a badge issued at the 25th Annual AWWA Convention made its way
from Indiana to South Carolina only to be lost and then
found some 100 years after being issued. This would likely
make a good story but unfortunately, it’s a story that we are
not likely to discover.
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Advertiser’s Directory
AECOM.....................................................................15
American Analytical Laboratories, Inc........................32
American Ductile Iron Pipe........................................51
Aqua Ohio, Inc...........................................................15
Aqua Serv Consultants...............................................16
Artesian of Pioneer.....................................................33
Baker and Associates, Inc...........................................74
Bennet & Williams.....................................................32
Bergren Associates......................................................74
Biosolutions, LLC.......................................................34
BioTech Agronomics, Inc............................................53
BissNuss, Inc..............................................................16
Black and Veatch........................................................14
BNR Inc.....................................................................55
Brown and Caldwell...................................................14
Burgess & Niple.........................................................70
Caldwell Tank............................................................15
Calgon Carbon...........................................................14
CB & I Water Storage Tanks.......................................50
CDM Smith................................................................36
CEI-Carbon Enterprises, Inc.......................................73
CH2M Hill.................................................................53
Chesley Associates, Inc...............................................72
Corrpro Waterworks..................................................55
CT Consultants..........................................................19
CTI Engineers, Inc.....................................................17
Delta Chemical now part of USALCO, LLC................17
Dixon Engineering, Inc..............................................37
DLZ............................................................................71
EBAA Iron Sales,Inc....................................................50
EE&T, Inc..................................................................32
EMH&T.....................................................................52
EMMA Sales, LLC.......................................................52
Engineering Associates, Inc........................................14
Everett J. Prescott, Inc................................................75
Floyd Browne Group..................................................35
Ford Meter Box Company, Inc....................................18
Fox & Dole Technical Sales........................................73
Gannett Fleming/Acuren Inspection (formerly Extech)....74
GFS Chemical............................................................51
Ground Water Science................................................50
GRW Engineers..........................................................18
H.R. Gray...................................................................74
Hammontree & Associates, Limited...........................71
Hanson Pressure Pipe.................................................51
Hatch Mott MacDonald Consulting Engineers............74
Hazen and Sawyer Environmental Engineers..............73
HDR...........................................................................74
Henry P. Thompson Company....................................34
Henry Pratt Company................................................73
HNTB.........................................................................71

Hungerford & Terry...................................................19
Integrity Aquatic, LLC................................................53
J. Dwight Thompson Co.............................................37
J.G.M. Valve Corporation...........................................70
Jack Doheny Supplies.................................................37
Jacobs.........................................................................15
Jones and Henry Engineers, Ltd.................................73
Jones and Henry Laboratories, Inc..............................71
Kohli & Kaliher Associates.........................................19
Lake Erie Diving, Inc..................................................51
Lee Supply.................................................................72
Leggette, Brashers & Graham.....................................35
M.E. Simpson Company, Inc......................................52
Malcolm Pirnie- ARCADIS.........................................54
MASI Environmental Services.....................................55
Metropolitan Industries..............................................52
Mid-Atlantic Storage Systems, Inc..............................73
Moody and Associates, Inc.........................................70
ms consultants, inc.....................................................14
MSC Waterworks.......................................................70
MTech........................................................................50
MWH.........................................................................18
Natgun Corporation...................................................35
Neptune Equipment Company...................................36
O’Brien and Gere........................................................36
Ohio Drilling Company, Inc.......................................55
Operator Training Committee of Ohio........................72
Pelton Environmental Products, Inc...........................53
Pittsburg Tank and Tower...........................................18
Poggemeyer Design Group.........................................54
Process Control Services.............................................32
ProTech......................................................................71
RA Consultants, LLC..................................................19
Ranney Collector Wells...............................................17
Ribway Engineering Group, Inc..................................36
Smith Environmental, Inc...........................................50
Stantec Consulting.....................................................32
Stark State College......................................................35
Sullivan Environmental Technologies, Inc..................16
Tank Industry Consultants.........................................37
Tonka Equipment Company.......................................70
Trojan UV.....................................................................2
Trumbull Industries....................................................54
UIS Programmable Services........................................34
Underground Utility Services, Inc...............................34
URS............................................................................34
US Pipe and Foundry.................................................16
W.E. Quicksall and Associates, Inc.............................16
Warner Diesel Filtration.............................................50
Water Solution Unlimited, Inc....................................16
XCG Consultants, Inc.................................................16

If you did not receive a notice for advertising or you want
to be on our advertisers manufacturers mailing list, please
contact the Newsletter Editor at:
		
					
Larry Valentine, P.E.
					
717 Shannon Avenue
					
Cuyahoga Falls, OH 44221
					
Phone 330-328-2137
					
lvalentine@neo.rr.com

2012 Advertising Rates:
Full Page Ad..............................................................$1,950
Half Page Horizontal Ad............................................$1,040
Half Page Vertical Ad.................................................$1,040
Quarter Page Ad...........................................................$650
Professional Card Size Ad.............................................$325
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Ohio Section Advertisers
help bring you this copy
of AWWA’s newsletter.
When you are in need of supplies or services,
please contact the companies who support
the Ohio Section Newsletter.
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AWWA Ohio Section
3972 Indianola Avenue
Columbus, Ohio 43214

2012 National Conferences
June 10-14
Sept 9-12

Dallas, Texas - Annual Conference
and Exposition
St. Louis, MO - Distribution System
& Water Security

Specialty Conferences
Jul 17 - Distribution Workshop
Aug 23 - Canton Drinking Water Workshop
Nov 16 - Safe Drinking Water Act Seminar
(6 contact hours each)

2012 State Water Tests
May 10 - Water I/II/III, Water Distribution I/II
Nov 8 - Water I/II/III, Water Distribution I/II
Deadline for application - August 10

Review Sessions
Northeast District - TBD
Northwest District - Apr 28
Southeast District - Apr 30
Southwest District - Apr 28

Oct 27
Oct 27
Oct 22
Oct 20

2012 Ohio Section Meeting
September 18 - 21, 2012, at the Crowne Plaza, Dayton, Ohio

Water and Inovation Flowing Into the Future
Northwest District

Northeast District

Southwest District

Southeast District

Apr 12 - Northern Expo/Meter Madness
Apr 19 - Upper Sandusky
Jul 19 - Wapakoneta
Oct 18 - Archbold

Apr 10 - Southern Expo/Meter Madness
Apr 19 - SW/SE Joint Deer Creek
Jul 20 - TBD
Oct 12 - TBD

The Ohio Section Newsletter is the newsletter of the Ohio
AWWA, published three times a year. Send comments,
news notes, glossy / digital photos, and articles to:
Larry Valentine, Water Consultant
330-328-2137
717 Shannon Avenue
lvalentine@neo.rr.com
Cuyahoga Falls, OH 44221

Apr 12 - Northern Expo/Meter Madness
May 17 - Cleveland
Aug 23 - Canton Hall of Fame
Oct 18 - City of Canton

Apr 10 - Southern Expo/Meter Madness
Apr 19 - SW/SE Joint Deer Creek
Jul 20 - TBD
Oct 24 - TBD

Deadline for material to be in the 2012 newsletters are:
Summer Issue - Jun 1 - Target mailing week of Jul 16
Winter Issue - Oct 5 - Target mailing week of Dec 3

Disclaimer: The ideas, opinions, concepts, procedures, etc. expressed in this publication are those of the individual authors and not necessarily
those of the Ohio Section AWWA, its officers, general membership, or the editor.

