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PRESIDENT’S MESSAGE
CWEA President

WWOA President

—Craig Murray

—Rose Marie Cline-Lowe

articipation: The act of taking
part, as in some action or
attempt.
As some of you (hopefully)
heard during my address at this
year’s CWEA business meeting,
the theme of my term as president is “Participation”.
During the nine years I have been a member of the
CWEA I have seen the organization continue to grow
and mature. I truly believe that we are primed to make
great strides in the coming years but in order to do that
we all need to become more active participants.
One shining example of participation is the exciting
news that the CWEA has officially formed a Stormwater
Committee. As we all know, the Chesapeake Bay is a
hot-bed of activity for stormwater issues. Earlier this year,
a group of individuals (led by Jeff Cantwell and assisted
by countless others) capitalized on the publicity caused
by the pending regulatory changes and scheduled a full
day conference focused specifically on stormwater
issues. As the registration for the conference continued
to grow, discussions about the formation of a stormwater
committee blossomed. This all culminated on October
20, 2010 when 117 people participated in an extremely
informative and interactive stormwater seminar at
MITAGS. The stormwater committee was officially
formed at the board meeting the very next day. We all
look forward to the many more successful activities and
opportunities for participation that this committee will
surely produce for our members.
Participation can take many forms. The purpose of
the CWEA is to improve water quality and protect the
water environment through public education, the
exchange of technical and scientific information among
water quality professionals, the training of wastewater
and water treatment plant operators, and by offering
technical expertise and advice to the law-making and
regulatory processes. Stated above are four specific
mechanisms through which our organization is
intended to carry out its purpose. I encourage each of
you to pick one of them and actively participate. Present at a school, write an article for the Ecoletter, participate in a training program or contact your regulator.
The definition of “participation” provided at the top
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ello members! I’m the new
President of the Water and
Waste Operators Association.
The Tri-Con committee did a
great job keeping everything running smoothly with a lot of great
classes on new technology. We applaud all our
exhibitors for their continued support.
First, I want to thank the Delaware Rural Water
Association for granting me time to participate on the
board working for the water and waste operators. I’m
privileged by the fact my job is being the wastewater
technician for Delaware. I get to work with the operators on a daily basis and I’m so proud of them.
While at the conference, I was standing by an operator talking to a vendor over a product. The statement
made by this operator was: “I’m not important, I’m just
an operator.” This statement brought tears to my eyes.
The vendor, as well as I, let him know that his job is
very important. Operators, you are the eyes and ears,
electricians, plumbers, scientist and engineers. Your
dedication and hard work are very important to the
water and waste field.
I hope this will remind superintendents, mayors,
town managers, boards to pat the backs of these operators and say “JOB WELL DONE.”

H

Editor’s note: I must echo and amplify what our president
said about the importance of operators. Our industry is
not well served when operators sell themselves short for
they have much to offer. Any engineer who does not seek
out operators is not much of an engineer, and any operator who does not get involved in a project is letting down
their employer and their profession. So operators step up
and make your valuable contribution. The experience you
have in living with equipment and processes, and making
them work, gives you unique knowledge.
Floyd B. Johnson, Licensed Wastewater Operator
of this article clearly states that even an attempt counts.
Not all of our actions as an organization or as individuals will be successful, but I have no doubt that if we all
actively try to participation more, the organization will
be better for it.
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EDITOR’S CORNER
e must comment on the poor attendance of the
Conference Opening Session. One reason for this
was not total conference attendance, for it was nearly
500 and similar to the last Tri-Conference in 2008. It
was disappointing to see less than one-tenth that number at the opening session, where CSAWWA member
and National AWWA president, Joe Mantua gave the
keynote address. Hopefully this situation will be on the
conference committee’s agenda for next year so the
opening ceremonies are better attended.

W

••••••
The York, Pennsylvania WWTP will make pellets and sell
them as fertilizer. That’s been done before, so what?
Except these pellets will be white and come from treatment of the filtrate stream of the dewatering process.
Magnesium Chloride is added to the filtrate to form crystals with this phosphorus rich stream. After drying the
crystals, phosphorus laden, white pellets are produced.
These pellets are then sold to a fertilizer company, saving
the plant an estimated $90,000 / year.

••••••
There was a big fish kill in Delaware Bay this year. Back
in August, eight miles of New Jersey shoreline were littered with dead menhaden that died from low dissolved
oxygen. A major contributing factor to the kill was a water
temperature of 85 F (10 degrees above normal for the
summer). We all know that warmer water holds less oxygen than cooler water. The last time a similar Delaware
Bat fish kill took place was in the 1970’s.

••••••
In Southwest Kansas, a large cellulosic ethanol/electric
generation plant is scheduled to open in 2012. In the
meantime the plant operator, Abengoa Bioenergy is
contracting with farmers in the area for corn stover
(corn stalk and cob minus the kernels), wheat straw
(wheat stalk minus the kernels) and switchgrass
(native, heat and drought tolerant, grass). The 870,000
dry tons/ year facility will need a daily diet of over
4,500, 3’X4’ bales of material. The plant will not be the
only market for what used to be considered waste.
Feedlots are using crop residue mixed with high protein, dried distillers grain (a byproduct of starch-based
ethanol plants) to replace alfalfa and corn silage. Also
agronomists have concluded that leaving half of the
crop residue in the fields helps prevent soil erosion,
builds soil quality, and reduces loss of soil moisture and
irrigation needs, while sequestering carbon. So the
next time you see a harvested field with left over stalks,
think not of waste but of further uses. Like a WWTP, a
farm does not have waste.
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DC Area Water Issues Program (DCAWIP), a feature of
the University of the District of Columbia’s College of
Agriculture, Urban Sustainability and Environmental
Sciences offered free seminars for anyone interested in
water every Thursday in September. Funded by the US
Geological Survey, this multi-disciplinary program has
a goal of creating a more cohesive water research
community in the DC area. Seminar topics thus far
have included ; DC Regional Severe Flood Risks and
Protection, Getting to Know DC’s Water, Watersheds,
and Stakeholders, DC Drinking Water Supplies and
Systems, Regional Coordination on Stormwater and
Water Quality Protection, DC Department of Environment’s Water Pollution Control Approach and DC
Waters in History and Culture. For more information on
future programs contact Dr. Tolessa Deksissa at tdeksissa@udc.edu / 202 274-5273 or Dr. Cat Shrier at
cat@watercatconsulting.com / 202 344-7894.

••••••
The largest engineering school in the Bay watershed
just received a large allocation of supercomputing time
to scale up models of local watersheds to regional and
national levels. The goal of this Penn State University
study is to better predict how changes to land use, population and climate effects watersheds and water
resource management.

••••••
Well the you know what’s hit the fan and you know
what? It ain’t pretty. And none of us should be surprised for it’s been a long time coming. We speak of the
Bay TMDL, or as one Virginia farmer calls it Take Mom,
Dad Land. Way back in our Spring 2000 issue we put
that acronym on our cover and presented many possible meanings for it such as Too Many Damn Laws,
Testing Man’s Disciplinary Limits, Tough Mandatory
Discharge Liability and Taxing Mankind’s Disposable
Lust. It’s a case of all of the above and more as EPA
rolls out the TMDL’s impact to the watershed community in a series of meetings that has brewed considerable consternation to the far reaches of the watershed.
Officials, farmers, developers and of course politicians
are screaming bloody murder (largest unfunded mandate ever) of the drastic harm that the TMDL will do to
an already weak economy. The wild ride has begun so
buckle down and hang on as we enter a new era in the
effort to improve Bay water quality. If any of our members and readers has to enter the fray, we wish you well
and may you take a thick skin and a clear mind with
you. It won’t be hard to follow this issue for it will certainly be tailed by a herd of journalists as we determine
just how important the Bay is to all of us.
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2010 Annual WWOA Business Meeting
—By Floyd B. Johnson, Ecoletter Co-editor
uring the Tri-conference, the WWOA held a business meeting/luncheon. After serving as WWOA
president for a term and half, Duane McCoy handed
over the reins to Rose Marie Cline-Lowe. In his parting
speech, Mr. McCoy urged everyone to be mindful of the
need to train the next generation of operators. In her
first act, the incoming president presented Mr. McCoy
with a well deserved Past Presidents Award.
WWOA membership remains stable and stands
around 700. Finances are strong with $65,000 in a saving account, and a well stocked checking account supporting organization activities. The largest inflow of
funds continues to be the annual conference. The 2009
conference brought over $26,000 into WWOA coffers.

D
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For the foreseeable future the annual conference will
be a tri-association affair and as such a tri-association
group will form to plan conferences and to bring the
organizations closer together.
Anthony Rocco, the webmaster, announced he’s
working on a WWOA Facebook page. Incidentally, if
you want to read a past issue of the Ecoletter, they can
be found on the WWOA–CWEA webpage.
Awards were given to Duane McCoy and DuWayne
Potter for service to the organization. Employer Recognition Awards were given to ; WSSC- Western Branch
WWTP, DC Water, Rehoboth Beach, Delaware Rural
Water, City of Salisbury, Charles County, St. Mary’s
County and Middletown, Maryland. James Timmons
received a Lifetime Award.

McCoy Service Award

Potter Service Award

Rehoboth
Recognition Award

DC Water
Recognition Award
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Delaware Water
Recognition Award

Salisbury
Recognition Award

Western Branch
Recognition Award

Charles County
Recognition Award

St. Mary’s
Recognition Award

Middletown
Recognition Award
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Pre-Conference Session:

Replacing Our Infrastructure
and Extending Its Life
—By Chip Wood, Ecoletter Staff
he session consisted of seven speakers grouped into two panels. The first three speakers spoke on replacing infrastructure while the remaining four speakers spoke on ways to extend the life of infrastructure. Each
speaker made a presentation followed by a question and answer period. Hiram Tanner introduced the speakers
and performed as moderator.

T

REPLACING OUR
INFRASTRUCTURE (1st Panel)
Lisa Ochsenhirt, Attorney, AquaLaw
Enforcement Perfect Storm Brewing for Wastewater Systems. Lisa presented on the changing regulatory climate and gave points on how to avoid
enforcement aimed at our water and sewer systems.
Lisa cautions that a perfect storm may be brewing for
wastewater collection and treatment system owners
and operators, especially for wastewater systems
that discharge into the Chesapeake Bay watershed.
National Spotlight on the Bay: There is renewed emphasis at both Federal and State levels. At the Federal
level, we have the President’s 2009 Executive Order, new EPA appointments, increased EPA resources, and
US Congress bills sponsored by Cardin and Holden. At the State level, there is more pressure from EPA. Also
interest groups are heavily involved and are exerting pressure such as CBF litigation and the Riverkeeper petition to rescind EPA’s delegation of NPDES Permitting to MDE.
SSO Rulemaking: EPA is working on a new SSO rule (but is likely to be a long process.) Watch out for how
EPA will address: Definition of Avoidable SSO, Acceptable level of wet weather capacity for your collection system, Use of peak flow management strategies at treatment plants.
Increased Level of Enforcement: Expect more citizen suits together with more federal and state enforcement
actions for SSOs—many actions have stipulated penalties for unavoidable overflows.
Tips for Avoiding Enforcement Include: Have a CMOM program (Capacity Management Operation Maintenance.) Respond carefully when you have unexpected occurrences” (5-day letter & talking to MDE.) Report
both gross and net SSO releases. Check MDE’s online SSO reporting system.

10

Autumn 2010

•

Ecoletter

Alfred Foxx, Director of Public Works,
Baltimore City
Baltimore City’s Bleak Situation. Alfred provided a
candid overview of Baltimore City’s bleak situation
and related it to the national water infrastructure
deficit.
Challenges Include: The City’s Bureau of Water
and Waste Water serves a growing population of 1.8
million people who reside in Baltimore City and in
several surrounding counties. New regulations and
mandates necessitate new operational and capital
requirements. Many of Baltimore’s main line pipes
are beyond their useful life, which EPA defines as
between 60 and 95 years. Major capital investment is needed. If funded thru water user charges, then City
needs annual rate increases for customers. While politically unpopular, there is growing need to educate public
and legislators on need to invest in water infrastructure and the serious consequences if this work is deferred.
Water Needs: Unaccounted for water loss is 15 mgd. City experiences 5000 main breaks in five years, causing
costly property damage, service disruption for customers and lost revenues for businesses. In year 2009, 13 miles
of water mains were rehabbed. At this rate, it will take 340 years to rehab the water distribution system.
Wastewater Needs: City’s location in Chesapeake Bay watershed means City experiences tighter NPDES
discharge limits than other US utilities. Total wastewater debt has doubled during years 2004 thru 2008. City
borrowed heavily for treatment plant and collection system upgrades in accordance with Chesapeake Bay
Restoration Act and MDE Consent Decree.
Major actions to increase efficiencies and address needs include: Water system leakage audits and corrective rehab, source water meter accuracy tests, energy savings contracts, educating legislators and collaborating
with other localities and industry leaders to present a unified voice.
Assessment: City has reached a critical point in infrastructure management. Increasing environmental mandates redirected local funds. Ability to maintain water systems to a reasonable industry standard is crippled. Baltimore is one example of nation’s water infrastructure crisis. City predicts that they can not succeed on their
own. “We are not alone, but we are on our own.” Nation needs sustainable funding on a national level.
State and Federal Funding: During last two decades, State Revolving Loan funding for water and wastewater has decreased dramatically, despite increasing needs. Between 2004 and 2008, the wastewater loan fund
was cut incrementally from $1.3 to $0.6 billion, representing a net decrease of 33% in federal funding.
National Outlook: Over next twenty years, an estimated $2.5 to $4.8 trillion dollars needs to be spent on
nation’s water and wastewater infrastructure, with 90% paid locally. Continued deferred maintenance and capital
investment leads to: poor water systems performance, major main pipe breaks that cause property damage,
lost water revenues, lengthy service disruptions, treated water loss, etc.
Compare Federal Funding for Water to Funding for Transportation: Between 1994 and 2008, federal investment in water and wastewater state revolving LOANS was approximately $36 billion. Such SRFs place 100 %
of the financial burden on the utilities which must pay off the loan over a lengthy period of time. Consider that
during the same period, federal investment in surface transportation, i.e., highways and transit, was approximately $557 billion in GRANT monies. Why such a disparity? Foxx observes that the US Department of Transportation serves as an advocate of highways where as the USEPA serves as primarily as a regulatory function
Continued on page 12
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Pre-Conference Session
Continued from page 11
over water and wastewater. Foxx suggests that we need a single advocate for the water and wastewater utilities.
Politicians relish ribbon-cutting ceremonies related to roads and bridges—but how is this to be done with invisibly buried water main pipes?

Charles Kiely, Assistant General Manager,
DC Water
Managing an Aging (Water) Infrastructure
Includes: develop an asset management plan; define
the assets, develop maintenance plans, deploy limited
resources, and extend assets’ useful life.
Inventory of small diameter water mains installed
from years1860 to 2009 found: Unlined Cast Iron, 749
miles; Lined Cast Iron, 249 miles; Lined Ductile Iron,
129 miles; 1127 miles total. Median Age is 77 years;
180 miles are over 100 years old
Leak Detection on Large Steel water mains: DC employed an acoustic acquisition device in a 36-inch main
and a 1-inch diameter hydrophone device in a 48-inch main—the hydrophone will indicate leaks and also measure pipe wall thickness.
Performance criteria includes: hydraulics, fire flow, head loss, water quality, and leakage. Risk criteria includes:
probability of failure, break history, pipe age, pipe material, soil conditions, environmental conditions and failure
consequences such as critical customers, hydraulic impacts, and property damage. Crews are directed to do every
thing they can when crews are on location, e.g. scheduling, data collection, preventive maintenance.
Prioritizing Water Main Replacement: Coordinate with other projects at same location, such as street repair,
leak and break history, pipe age, flow characteristics, customer complaints. DC is developing “Deterioration
Point Assessment Methodology” which involves extensive use of GPS and hydraulic modeling. Also, method
uses analytics that incorporates all assert management data as a predictor of where to do main replacements.

EXTENDING THE LIFE OF OUR INFRASTRUCTURE (2nd Panel)
This panel delivered four presentations dealing with corrosion.
Tim McComas, Kerschner Environmental Technologies (vendor presentation)
Making Corrosion-Resistant Concrete. Con Shield is an ingredient that is added to the various concrete
mixes that are used either to make new concrete sewer pipe or to make repairs to manholes, lift stations, clarifiers, etc. Con Shield provides an electro-physical action that acts as a biocide for destroying bacteria that are
produced by the action of hydrogen sulfide gas in the wastewater. Since its first commercial use in 1996, Con
Shield has provided long-term protection from microbiologically-induced corrosion of concrete and it is used
throughout the world. Unlike coatings and plastic liners, Con Shield can not chip, peel, delaminate, pinhole or
wash away because it is molecularly bound through out the entire thickness of the concrete material.

12
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David Haines, Pipeline and Water Manager, NACE International
NACE Battles Corrosion. Established in 1943, NACE, the corrosion society, is the largest worldwide professional association dedicated to protecting assets from the damaging effects of corrosion. Corrosion is a naturally occurring phenomenon defined as the deterioration of as material (usually metal) due to a reaction with its
environment. Corrosion can be mitigated through materials selection and design, chemical inhibitors, coatings
and linings, cathodic protection, and inspection. NACE is committed to offering standards, training, and tools for
meeting the requirements of federal and local governments.
NACE estimates that the annual costs due to corrosion incurred by our water and wastewater infrastructure
approaches $36 billion. Corrosion results in material failure rates that can cause excessive repair and replacement
costs. Up to 50 percent of the annual costs are preventable. NACE estimates that implementing sound corrosion
control strategies in water and wastewater facilities can save $6.80 in maintenance and replacement costs for every
$1.00 spent. Governmental incentives for sustainability design include: HR 5320 (AQUA Act) subparagraph VI.

Andrew Rupprecht, Chemical Engineer, Premier
Chemicals (vendor presentation)
“MoM” Prevents Concrete Piping Corrosion.
Avoid or prevent corrosion to the crown of concrete
main piping and to walls of man holes and wet wells.
Add magnesium hydroxide, commercially called
“MoM,” (short for Milk of Magnesia) to the wastewater collection system piping. This raises the liquid
pH from about 7 to 8 which draws any hydrogen sulfide (H2S) gas situated above the liquid surface back
into the liquid and traps the gas in a liquid state.
Moreover, MoM increases pH and alkaline levels
which acts to prevent formation of sulfate-reducing
bacteria that produce hydrogen sulfides. Undissolved
MoM particles can react directly with H2S converting
H2S to magnesium poly-sulfide. Thus, foul odors
from the presence of H2S gas and the subsequent bacterial conversions of H2S gas to very corrosive sulfuric
acid (H2SO4) are prevented.
“MoM” Benefits Wastewater Treatment Plants in ways that include: pH and alkalinity control, reduced corrosion and odor, enhanced nutrient removal, decreased settling volume to improve dewatering and effluent TSS.
When compared to calcium hydroxide and sodium hydroxide, MoM substantially reduces sludge volume. Vendor
claims relative costs of MoM chemical per mgd are less than other competitive chemicals such as: potassium
permanganate, sodium hypochlorite, chlorine, hydrogen peroxide, nitrates, and iron salts. MoM is a safe, costsaving and environmentally responsible chemical strategy which prolongs infrastructure life, manages wastewater odor and corrosion, improves treatment and enhances bio-solids quality.

Jimmie Jenkins, Client Manager, CH2M Hill, (formerly DPW Director of Fairfax County)
Bakery Waste Corrodes Collection System. Jenkins described a case history of severe corrosion in a wastewater collection system caused by waste discharge from a doughnut bakery. The Bakery started up in May 2004
and within 22 months corrosion was discovered in the downstream pumping station.
Bakery waste discharge was not flagged during the plan-review process. Bakery went into operation without
pre-treatment staff review. Grease interceptor was the only pre-treatment. Floor drains were connected to the
sanitary sewer system. No monitoring manhole was provided. Effluent was low pH. Within two months of going
Continued on page 14
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Pre-Conference Session
Continued from page 13
into operation, workers noticed FOG accumulations in pumping station, force main, and gravity sewer. No hydrogen sulfide-related odors were present, i.e., odors were like doughnuts.
Conditions in the collection system were a perfect storm of high-temperature wash water in combination
with flour, yeast, sugar, dough and oil. The resulting mix resulted in a fermenting, high-strength corrosive wastewater. In 2008, the force main piping failed. Subsequent County repairs to pumping station, force main and gravity sewers cost $1 million. Bakery was fined $0.95 million. County paid out $0.5 million for legal fees.
Lessons learned: Improve coordination with plan-review staff, pretreatment staff, and collection system staff.
Develop a clear and stronger pre-treatment ordinance,

OPENING SESSION & REMARKS
After initial greetings and thank-you’s from Angela Borders, CSAWWA Chair; Duane
McCoy, WWOA President; Hiram Tanner, CWEA President; and James Chaffee, VicePresident of AWWA. Joseph Mantua, President of AWWA presented a piece of inspirational guidance for our industry.
Joseph Mantua, President of AWWA
Coping With Failure. Those individuals who are accustomed to always being successful
may eventually fail at a task or challenge. When this occurs, try to find out why. Many people in the water industry are risk-averse and too conservative. After a failure occurs, they
react in such a way as to be more afraid of failure and then can become almost paralyzed by fear of failure. We
need to embrace change and accept that we need to do things differently. Our staff people need budget dollars
for training and preparation to implement the new policies and procedures. Work to enhance your communication
skills. Provide valuable messages to our customers.

EARLY BIRD RECEPTION
After the discussions
ended, the attendees and
panelists adjourned to the
Early Bird Reception in
the Exhibit Area.

14
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Education and Entertainment
at the Technical Sessions
—By Floyd B. Johnson, Ecoletter Co-editor
s always I received a wonderful education in the
technical sessions, where there were 135 papers
to choose from. New this year was a stream-lined way
of tracking session attendance. Gone were the certificates given out for each session. This year after each
session, the session monitor stamped a form given to
each conference attendee, then at the end of the conference the completed form was signed at the registration desk. For a new system that was approved by
MDE, it seemed to work well and I would imagine it will
continue as long as it does not cause any problems in
DC and Delaware. One last note—the Pre-Conference
Session was approved by MDE after the conference so
it can be used to renew operator licenses.
As in past years, some presenters added moments
of entertainment along with their instruction, however
there was one session that offered special entertainment—at least for me.
For years, many of you have seen our photographers
taking pictures at the conference and probably ended up
in one of those pictures at least once, but something happened at this year’s conference that’s never happened
before. One of our photographers was told to stop taking
pictures. Having witnessed the demand by the presenter
at the technical session, and after being taken back in
surprise, I could not restrain a private chuckle.
At the start of the session, the presenter acknowledged he was a lawyer and apologized for being one and
received a good natured laugh in response. Then a few
minutes later he displayed behavior that gives his occupation its less than stellar reputation and gave reason for
his apology when he told our photographer to cease. I
think (a lot of thoughts were going through my mind at
that point—it was a pregnant moment) his reason for not
wanting any pictures taken involved copyright and intellectual property issues. We did stop taking pictures.
To avoid any future legal ramifications, I will not
provide a summary of his presentation and will report
the lawyer gave a good presentation and appeared to
be experienced, knowledgeable, and likely good counsel for clients. I hope all this keeps me out of libel, slander, copyright, intellectual property and loss of income
issues. If it doesn’t, I beg forgiveness and mercy.
Here’s a sampling of the presentations I attended,
which was as usual restrained by my need to maintain
my wastewater operator’s license.

A

The Chesapeake Bay TMDL—A Model for EPA”S
New Accountability Framework—The formal attempts

16

to clean up the Bay in recent history go back to the 1983
and 1987 Bay Agreements, followed by Chesapeake
2000 and Tributary Strategies in 2004. Now, something
we’ve talked about for years, the Bay wide TMDL, will be
issued by year’s end. The states have drafted Phase 1
Watershed Implementation Plans which give target
loads. Phase 2, focusing on non-point sources, is due
November 2011. Maryland has done the best job of
reducing point source loads and will be conducting pilots
in Anne Arundel and Caroline Counties for state wide
application on non- point source reductions.
Environmental and Economic Benefits of Reusing
Treated Wastewater Effluent for Agriculture Irrigation—The Inland Bays Regional WWTP in Delaware
will expand from 1.46 to 2.1 mgd and using an aerated
lagoon with chlorine disinfection; will discharge into
fields leased to farmers. Corn and soybean will be
grown in the fields and winter wheat will be the off season cover crop. Operation of the discharge will be governed by a limit of 250 pounds of nitrogen per acre per
year and less than 10 mg/l of total nitrogen in monitoring wells surrounding the fields. Class B biosolids are
applied to non-irrigated fields where corn and soybeans are also grown. Fields are leased to farmers at
twice the rate normally paid for non-irrigated land so
the plant sees some nice revenue from the operation.
Impact of Thermal Hydrolysis Solids Pretreatment
on Sidestream Treatment Process Selection at the
DC WATER Blue Plains AWTP—Thermal hydrolysis
processes produce a concentrated sidestream high in
volatile fatty acids and ammonia. The VFAs have a benefit for they can be used to reduce methanol dosages
in nitrogen removal and they also produce ammonium
sulfate, a liquid fertilizer. Interestingly, soils in the Delmarva Peninsula need sulfur thanks to reductions in
sulfur emissions from power plants. While the idea of
liquid fertilizer seems to be gaining favor, the market is
still uncertain and because of that and larger process
issues, Blue Plains is hesitant to pursue development
of this technology.
The Bay TMDL is Finally Here: What it Means for
Bay Watershed Communities—The TMDL will have
hard regulatory implementation deadlines and will
impose costly measures on watershed states. To get a
sense of how painful things will be, Maryland, with the
best funded Bay Restoration Fund will have a $660 million shortfall for WWTP upgrades beginning in 2012.
Good luck, Pennsylvania, Virginia, West Virginia and
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New York. This situation will demand pursuit of cost
effective solutions. What is clear is the TMDL will slow
development and to not make matters worse than they
have to be, EPA needs to provide a stable regulatory
environment so officials can make better plans for what
will be a challenging road ahead.
Selection of the Enhanced Nitrogen Removal
Process Alternative for the Blue Plains Advanced
Wastewater Treatment Facility—Deciding what ENR
process to use at a WWTP is a big decision and that
decision at the largest WWTP in the Bay watershed
serving 2 ½ million people, is very big. And given the
small space available, very challenging. Along with
cost, the key considerations were process risk and
O&M issues. Will the process be robust and able to
handle varying flows? Will the effort to operate and
maintain it be reasonable and not overly complex and
equipment intensive? A process that will be part of the
existing activated sludge configuration using similar
type equipment would work the best for the plant.
Expanding the World’s Largest Thermal Hydrolysis
Facility—Thermal hydrolysis is the heating and pressurizing of biosolids to reduce organic solids and make
the solids more readily bio-degradable. The Ringsend
WWTP in Dublin, Ireland, the largest THF in the world
was recently expanded to 130 dry tons/ day. That commitment to thermal hydrolysis technology was noted
close to home. Blue Plains is beginning to plan an even
larger facility, capable of producing Class A biosolids.
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Cost Reductions Strategies, Opportunities and
Technology Improvements for Remote Station Monitoring—Cecil County, Maryland has 32 WWPS spread
out of over a large part of the county. The SCADA system for the stations was replaced by a radio frequency
system with monitoring from one location. A particular
challenge was creating a line of sight relay network in
the 535 feet elevation difference in the WWPS network.
That problem was solved by careful transmitter location
and even use of a Harford County antenna. The system
should be more reliable, reduce station visits and provide reporting for better O&M performance.
The Train is Coming, Biofuels and the WW Industry—The wastewater industry’s input to the biofuels
equation mainly comes from digester gas and vegetable based grease (don’t call it scum). The grease is
produced at an approximate rate of nearly 5 tons/ yr/
mgd. Biofuels production is coming from more different
sources, resulting in keen competition for products and
funding. Two areas, celluloid ethanol and algae based
fuels, are particularly promising. Since fossil fuels
remain the lowest priced, biofuels must find ways to
compete. Several years ago biofuels were attractive,
but the current situation has swung back in favor of fossil fuels. For example, for biodiesel to be competitive
diesel prices need to be around $5/gal.
Expansion and Upgrading of the Woodstock, Virginia WWTP—Flow to the plant along the North Fork
Continued on page 18
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Technical Sessions
Continued from page 17
of the Shenandoah River increased from 0.4 to 0.7
mgd and the tighter Bay requirements demanded
change. So an oxidation ditch plant was replaced by a
higher capacity MBR plant with high heat lime stabilization capable of producing Class A or B solids. An interesting part of the upgrade was the use of a mobile
MBR unit for operator training. Given the orders of
magnitude change in technology, a good idea.
Embedding Sustainability into a Wastewater Treatment Plant Upgrade—The Alexandria WWTP wanted
to focus on sustainable practices, even as a project
was being built by working with the contractor to use
procedures to reduce energy consumption and to use
renewable fuels. The project itself will explore use of
solar panels and wind turbines throughout the plant

18

and realizing the plant was directly along the beltway
and surrounded by thousands of people, the many
neighbors will be consulted about impacts.
Fine Bubble Isn’t Always Better—Evaluating
Upgrades to the Secondary Treatment Plant Aeration System at Blue Plains AWTP—The plant was
having trouble maintaining a proper DO level with the
existing course bubble diffuser system. A major problem was the poor condition of the system with damaged and missing diffusers and broken air lines. After a
study it was determined that despite conventional wisdom, new course bubble diffusers with new blowers
would be more efficient than fine bubble diffusers. Add
to that the more painful cleaning requirements of fine
bubble diffusers, requiring tanks to be taken out of
service for weeks at a time and the decision to stay
with course bubbles made itself evident. The only concession was providing for a possible hybrid system with
both course and fine bubble diffusers.
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CWEA Awards Presented
at the Conference
—By Hiram Tanner, CWEA Past President
ob Wimmer was recognized as a past WEF Delegate.
He served as the at-large member of the House of
Delegates representing the Young Professionals.
Rekha Hareendran, from The George Washington
University won the WEF Student Paper-Master Division
for her paper, A Study of Denitrification Kinetics of
Methanol Utilizing Organisms at Wastewater Treatment
Plants in the Chesapeake Bay Watershed. Methanol is
widely used as an external carbon source by a number of
wastewater plants in The Bay watershed to enhance biological denitrification. Ms Hareendran paper reported on
the denitrification kinetics of methanol utilizing organisms
at temperatures in the range of 12 degrees to 27 degrees
C to obtain a better understanding of the kinetic parameters of heterotrophic denitrifying bacteria. (Editor’s Note:
Ms. Hareendran’s paper appears on pg. 34 of this issue.)
Derik Morin received the Outstanding Contribution
to Wastewater Collection Award. This award recognizes published contributions to the fundamental principles of wastewater collection and transport as
comprehensively described and published in a Federation periodical. His abstract said, “The possible causes
for pump station performance are numerous and finding the correct cause quickly can be daunting. In such
circumstances it is important to use a methodical
process to gain and maintain the owner’s confidence
and to ensure that all issues are found and resolved
efficiently. Evaluating an underperforming pump station
can be divided into two phases that are easily delineated by effort, costs and time.”
Walter Bailey, Alan Cassel, Marija Peric, Dilli Neupane, Rumana Riffat, and Sudhir Murthy from the Blue
Plains WWTP received the George Bradley Gascoigne

B

Derik Morin, Outstanding Contribution to Wastewater
Collection Award
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Medal.
This
medal is given
for a published
paper that presents the solution
of an important
and complicated
operational
problem within a Rekha Hareendran, WEF Student
full scale waste- Paper—Master Division
water treatment
plant. Their abstract said, “Primary clarification can
help downstream biological processes by removing
much of the biochemical oxygen demand and suspended solids from wastewater. If chemicals are
added, the clarifier can also reduce phosphorous levels. In addition, capturing more primary solids can
change the primary/secondary ratio in the centrifuge
thereby improving dewatering performance and reducing the volume of solids in the recycling to the liquid
treatment processes.”
John McGettigan was recognized as the Outstanding Young Water Environment Professional. This award
goes to young professionals for significant contributions to WEF and the wastewater collection and treatment industry. Mr. McGettigan has played a critical role
in ENR projects discharging into the Bay and regularly
publishes articles in WEF journals and makes presentations on developing ENR technology. He led the formation of VWEA’s first Young Professional Committee
and chairs the Continuing Education and Development
Committee. CWEA is a co-sponsor of this award since
VWEA is his home association.
Jerry Johnson, WSSC General Manager, won the
WEF Local Public Official Award. Mr. Johnson has unified support of both counties the WSSC serves to face
the needs of the future. WSSC is a nationwide leader in
inspections of water and sewer infrastructure. Mr. Johnson, recently quoted in the Washington Post, said the
enhanced inspection program was responsible for locating and repairing a serious defect in a large water main
that if it failed could have been more serious that the one
that made international news prior to him joining the
WSSC. Mr. Johnson continues to serve and support
national organizations, including serving on the board of
directors of the CSO Partnership, and the National
Association of Clean Water Authorities. In April 2009, Mr.
Johnson became President of the National Forum for
Black Public Officials, where he leads a nationwide
group of local and state officials and executives in
enhancing efficiency of government at all levels.
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WWOA Awards Presented
at the Conference

Barry Walter, WWOA Distinguished
Service in Water Distribution

John Wayne Swann, WWOA Distinguished Service in Wastewater
Collection

Terry Bradley, WWOA Stanley
Kappe Training Award
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Operations
Challenge
Water's Operation Challenge Team, Centrifugal Force, competed in the Water Environment Federation Operation Challenge events
held in New Orleans, Louisiana, on October 4 and
5, 2010. There were 37 teams from the United
States, Canada, and Argentina that participated in
the fast-paced, two-day event. Centrifugal Force
was placed 13th out of 30 divisions-2 teams. Centrifugal Force placed 6th, 7th and 9th in the laboratory, collections, and safety events respectively. The
members of this distinguished team are Duane
McCoy, Aaron Montgomery, Mike Addison, Moses
Reilly with alternates Melvin Keys and Gregory
Stephens and assistant Coach Wendell Smith.

DC

DCWater won the Best Team Creative Picture
category. The picture was created by Larry Bastian
and recognizes the essence of Operations Challenge which is committed to team work, unity, competition, and fun.

We would like to thank all the managers of DC
Water's Departments of DWT, Engineering, DMS,
and Sewer Services that supported our effort to be
successful and to be best in the country. Also we
would like to thank Chesapeake Water Environmental Association for sending us to represent our
region. We are looking forward to this upcoming
year to bring back the gold.
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Engineers Without Borders – USA –
Not Just for Engineers:

Continuing a Lifelong Multi-Disciplinary
Education After College
—By Kristen Markham, University of Maryland,
College Park Civil Engineering Graduate Student;
5-year member of EWB-USA
ntering the working world is a bit like being a freshman in college again—a new environment, new people, new expectations, a world in which you are relatively
inexperienced, and where finding your niche is somewhat of a daunting task. Read any book or website on
career advice, it recommends getting involved in professional organizations outside of the workplace for an
expanded knowledge base and network of contacts. Yet
amidst the multitude of professional organizations established it is hard to know what might be most amenable to
our individual interests. Engineers Without Borders—
USA (EWB-USA), a nation-wide volunteer organization,
is one such organization where both young and experienced professionals alike have found a rewarding way to
apply their skills and passions, and enjoy doing it. Sideby-side with other like-minded professionals of all levels
of experience and backgrounds, members join together
to design and build engineering solutions to help address
the needs of communities in the developing world.
“That’s what attracted me to Engineers Without
Borders-USA” states Patrick Williams, a graduate from
Virginia Tech in Chemical Engineering. “On every international project that Engineers Without Borders-USA
works on, members have the opportunity to be intimately involved in something you might never have
experienced before” explains Mr. Williams. “Even if you

E

Members of CPC and the University of Maryland Chapter of
EWB-USA at the Kickball Without Borders Tournament in
September 2010. Patrick Williams congratulates the winners.
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are working on something far outside your field of
expertise, you have the ability to affect the lives of
those less fortunate while simultaneously being able to
expand your knowledge base, and develop friendships
with other professionals you might otherwise never
have a chance to interact with.” As a young professional and doctoral student at the University of Maryland, Mr. Williams, like many other professionals, joined
the Chesapeake Professional Chapter (CPC) of EWBUSA hoping to apply his strengths for the benefit of others. Already he has been intimately involved in the
CPC through the organization of one its most recent
fundraisers—Kickball Without Borders—a kickball tournament for professionals and students.
The Chesapeake Professional Chapter (CPC) of
EWB-USA is one of over 250 professional and student
chapters across the country in which multi-disciplinary
teams of professionals, students, and professors collaborate together to implement sustainable engineering projects for the benefit of communities in need of
the everyday essentials that we often take for granted.
As CPC member Sebastian Smoot, explains, “EWBUSA plays a crucial role in addressing the serious challenges that face the world, and it is great to feel like
you’re a part of that.” Building water distribution and
chlorine dosing systems, latrines, youth
center buildings or
wastewater treatment
systems are just a few
of the thousands of
EWB-USA projects
that have been completed by EWB-USA
chapters today.
The national nonprofit
organization
started at the University of Colorado only
Sebastian Smoot, CPC member.
ten years ago with a
small group of students, and a professor who desired
to help address a small Belizean community’s need for
water. The project’s success led to the exponential growth
of the program over the past decade, attesting to its
benefit to both those involved and those communities
that receive the end product of its member’s efforts.
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Amidst the growth, the organization has been able to
maintain the opportunity for anyone interested and motivated, to find a niche within an individual chapter, such as
the CPC.
Despite what its name might suggest, EWB-USA is
not just an organization for engineers—in fact its members assert that a diversity of fields of knowledge is
beneficial to the creativity and efficiency of the organization. “It is for anyone with a desire to make a difference,” explains Paul Hlavinka, a three-year member
and current treasurer for CPC. While many of the projects might be considered civil engineering-type projects, there is a great need for much more than just civil
engineers. Just as with any U.S. based engineering
project, the projects of EWB-USA require funding,
design and approval, planning, material acquisition,
and travel arrangements, among other things. Skills in
project management, fundraising, language, culture,
public policy, and the ability to teach and listen are only
some of the many skills that are useful to have beyond
engineering expertise. “The projects we work on in the
communities abroad are as diverse as our skill sets,”
Mr. Hlavinka continues. For those professionals desiring to expand their skill set, “what better opportunity?”
Projects within EWB-USA typically take 1-2 years
to complete a full cycle from assessment of the community’s needs, to the final design approval and implementation of the project. Within that time the project
first starts with an assessment trip of a small travel
team of project members to determine the greatest
needs of the identified community. The travel team then
returns to the U.S. to collaborate with the project team
on the possible solutions to the identified problems.
The team comes up with several designs, and determines the most feasible, sustainable, and economically
viable option. “The idea is that we build something that
solves the problem, that the community can understand, maintain, and ultimately replicate in the future,”
explains Mr. Smoot, “that is sustainability.”
Once approved by the national umbrella organization, the EWB-USA team then returns to the community to implement the design. As is imaginable, much
pre-trip planning must occur for a successful implementation trip—something that requires especially
detailed project scheduling, as well as safety and cultural training.
The Chesapeake Professional Chapter recently
began a potential new project in El Toro, an Argentinean community in the Jujuy Province. This small
community in the extreme north of Argentina endures
harsh weather conditions that limit its ability to grow
sufficient crops to sustain itself. In addition it lacks sufficient potable water and sanitation systems. As the
CPC gears up to complete their assessment trip this
fall, the project team is gathering information on the village and its inhabitants, determining a travel schedule,
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and brainstorming potential solutions to the known
problems to discuss with the village.
To teach its members about what to expect in
Argentina, in August 2010 the chapter organized a
Spanish Language and Culture Workshop. “Understanding the cultural dynamics in the developing world
is critical to the success of a project,” explains Kate
Strass, member of the CPC, the lead organizer of the
workshop, and former Peace Corp volunteer in Honduras. “I would say one of the most important skills in

Kate Strass teaches CPC members about Spanish language and culture in preparation for their new project in
Argentina.

the professional world is the ability communicate effectively with others,” explains Mr. Smoot. “Here in the
U.S. engineers must be able to fully understand their
clients’ needs and concerns and express their recommendations and designs effectively, but when working
in EWB-USA, cross-cultural communication becomes
even more important. EWB-USA helps improve these
skills to help you become a more effective engineer.”
After their assessment trip this fall, the CPC will
focus their efforts on designing a sustainable solution to
the community’s most important needs, drawing from
the unique experiences of each of its project members.
The CPC meets once a month at varying locations
throughout the Washington D.C. and Baltimore metropolitan areas, varying their location in attempt to
accommodate as many members as possible. Project
meetings are held separately in small groups at a time
and location that works best for those involved. Many of
the members have regular work schedules, families,
and other commitments to juggle, but Mr. Hlavinka
assures, “there’s definitely the possibility of making
EWB-USA fit into your schedule.”
In addition to the professional chapter’s projects,
members of the CPC also have the opportunity to serve
as mentors for projects of the student lead chapters in
the D.C. and Baltimore metropolitan areas. “Each EWBUSA student project must have a professional mentor
that reviews designs and helps provide technical guidContinued on page 32
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Engineers Without Borders
Continued from page 31
ance,” explains Sarah Ness, CPC member and South
East Regional President of EWB-USA. Student chapters complete similar projects to those that professional
chapters complete, yet they require the help of professionals and professors to ensure that their design ideas
are reasonable. “It’s a true mentorship,” explains Mr.
Hlavinka. “You help provide credibility to the students’
efforts, and a sounding board for ideas.”
Members of the CPC come from a diversity of fields,
and vary in experience from recent graduates to senior
professional engineers. “It’s what makes it such a unique
experience,” explains Teresa DiGenova, current president of the CPC. Even if problem solving or mentoring is
not your forte, the CPC, like many other EWB-USA chapters, holds fundraisers, participates in conferences and
committees, and much more. “And if you have a thought
or suggestion, we’re always open to new ideas.”
As the former president of the University of Maryland student chapter and five-year member of EWBUSA, I can certainly attest to the positive impact it has
had on my life and the lives of people I know. It has
helped open my eyes to some of the most fundamental
problems that developing countries face, and how
much impact that a team of passionate, driven people
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can have on a community.
The Chesapeake Professional Chapter works intimately
with
multiple
student chapters of EWBUSA, providing support
and guidance to their projects in addition to working
on projects of their own.
Anyone, however great or
small a contribution they
can make—whether it be
technical expertise, translation, or something else—
can find their own niche in
Kristen Markham, a CPC
this organization doing
and University of Maryland
something they enjoy.
chapter member.
Facing the challenge of
improving the essential infrastructure in the developing
world is no small task, and one that remains to be
resolved. Every little bit helps. Everyone has something
unique to bring to the table and that’s what makes it fun
and interesting.
If you are interested in joining or finding out more
about Engineers Without Borders-USA, visit the
Chesapeake Professional Chapter’s website at
http://www.chesapeakeewb.org/
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A Study of Denitrification Kinetics
of Methanol Utilizing Organisms at
Wastewater Treatment Plants in the
Chesapeake Bay Watershed
—By Rekha Hareendran
The George Washington University

ABSTRACT
ethanol is widely used as an external carbon source
by a number of the wastewater treatment plants in
the Chesapeake Bay watershed to enhance biological
denitrification process, in order to achieve low effluent
total nitrogen concentrations. The overall objective of this
research was to study the denitrification kinetics of
methanol utilizing organisms at temperatures in the
range of 12°C to 27°C, to obtain a better understanding
of the kinetic parameters of the heterotrophic denitrifying
bacteria. The denitrification parameters studied were the
Specific denitrification rates (SDNRs) and the Nitrate
half saturation constants (Ks(NO3-N)). Most of the experimental studies were conducted for Blue Plains
Advanced Wastewater Treatment Plant in Washington,
DC. A few tests were also conducted for samples
obtained from the Alexandria Sanitation Authority
Advanced Wastewater Treatment Plant (AWTP) in Virginia. A Respirometer system was used to conduct
these tests on mixed liquor taken from the anoxic denitrification zones of the AWTPs. A modified specific denitrification rate (SDNR) test was utilized. The maximum
specific denitrification rates (SDNR) were found to be in
the range of 3.1 to 8.6 mg/gm MLVSS/ hr for temperatures ranging from 12°C to 27°C for samples obtained
from Blue Plains AWTP. The temperature dependency of
SDNRs was evaluated and an Arrhenius coefficient ( ) of
1.08 was obtained. The average values of nitrate half
saturation constant obtained using the nitrate limiting
tests for the same temperature intervals were between
0.02 and 2.1 mg/L. It was observed that a higher mixed
liquor volatile solids concentration could be used to
increase the denitrification rates at low temperature.

M

KEYWORDS
Denitrification, methanol, specific denitrification rate,
half saturation constant, respirometer, temperature,
nitrate limiting test.

INTRODUCTION
The Chesapeake Bay is the largest and one of the most
diverse estuaries in the United States. It is used both
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recreationally and commercially. Chesapeake Bay has
experienced serious environmental degradation since
the early twentieth century. One of the main causes of
pollution in the Chesapeake Bay has been eutrophication by the presence of excessive nitrogen and phosphorus in the water. Excess nutrients enter into waterways
by point source pollution and non-point source pollution.
It is more practical to control the point-source pollution
which generally comes from the wastewater discharged
from industrial facilities and municipal wastewater treatment plants into rivers, streams, and lakes. The focus of
this study is nitrogen removal from wastewater.
Heterotrophic denitrification is a process in which
heterotrophic bacteria utilize organic substrate as the
electron donor to convert nitrate, the electron acceptor,
to nitrogen gas and this process is commonly employed
by wastewater treatment plants for nitrogen removal. An
external carbon source such as methanol is added to
the wastewater to facilitate the denitrification reaction,
near complete removal of nitrate, when sufficient internal carbon is not present in order to achieve desired levels of denitrification. More research is required to get a
better understanding of the kinetics of the methanol utilizing bacteria to optimize the denitrification process. In
particular, the half saturation kinetics (Ks) of the bacteria
are either unknown or have not been studied extensively. A high Ks results in inefficient denitrification rates
at low substrate (both for the electron donor and acceptor) concentrations. To achieve some of the very low permit limits of 3 to 4 mg/L total nitrogen in the Chesapeake
Bay, the effluent nitrate concentration has to be reduced
to 0.5 mg/L or less. If the nitrate half saturation concentration is in this range, it will start to impact growth rates
of the biomass and the denitrification rates of the electron acceptor. The result would be larger tank requirement to achieve denitrification to low nitrate levels.
The objective of this test was to gain more knowledge of the denitrification parameters for methanol utilizing organisms, by studying the specific denitrification
rates (SDNRs) and the nitrate half saturation constant
values(Ks(NO3-N)) of samples obtained from a post-denitrification suspended growth process at the Blue Plains
AWTP. The nitrate Ks(NO3-N) for methanol utilizing organisms was also evaluated for the Alexandria Sanitation
Authority’s (ASA) AWTP in Virginia. A modified specific
denitrification rate test was conducted using a Challenge
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AER-200 Respirometer system. Different KS concentrations may exist not only for the different substrates, but for
different processes as well. These tests will be further
explained in the methodology section.

METHODOLOGY
Experimental Setup
The CHALLENGE AER-200 Respirometer System
(Challenge Environmental Systems, Inc.) consists of biological reaction vessels, a stirring base for mixing the
samples, a cell base containing eight flow measuring
cells, an interface module, and a computer. When operating in the anaerobic mode, gases produced by biological reactions flow through each cell under the influence
of a slight pressure buildup caused by gas production in
the reaction vessel and bubbles of a fixed volume are
formed in the lower section of the cell. These bubbles in
turn pass through a detection section thereby activating
a counter in the interface module. Finally, the number of
bubbles is registered by the computer to produce a
measure of cumulative volume and rate of flow. This data
is stored by the computer for later processing. The nitrate
half saturation constant and SDNRs for methanol utilizing organisms were estimated under nitrate limiting conditions using the set up shown in Figure 1. All the tests
were conducted at the Blue Plains AWTP laboratory.
Mixed liquor was collected from the plant in the
anoxic denitrification zones. A sample volume of 5L
was collected and substrates were added to this sample. The concentration of chemicals added is shown in
Table 1. Ammonium chloride and potassium dihydrogen phosphate were added to provide nutrients to the
microorganisms. Excess COD (Chemical Oxygen
Demand) as methanol was added to provide nitrate
limiting conditions. pH of the sample was maintained
between 6.7 and 7.0. Nitrogen gas was initially purged
in the liquid to achieve anoxic conditions and to mix the
sample. A sample was immediately extracted and filtered to obtain initial concentrations of nitrate, nitrite,
COD, MLSS and MLVSS (Mixed Liquor Volatile Suspended Solids). The mixed liquor was then poured into
500mL stopper bottles having septa in the cap to pre-

vent ingress of atmospheric oxygen. Tubes containing
a small amount of 30% Potassium hydroxide (KOH)
were inserted in the bottles before closing it to absorb
the CO2 in the bottle. All the bottles were purged with
nitrogen gas before starting the test. A stir bar rotating
at a fixed 700 rpm was provided for mixing using a
tachometer. The bottles were placed in a water bath
that was maintained at similar temperature (+/-1 °C) as
that of the samples obtained from the full-scale AWTP.
The production of nitrogen gas was monitored (in mL)
at 1.0 minute time intervals and plotted as shown in figure 2. Final nitrate, nitrite, COD were measured using
HACH spectrophotometer and stoichiometric calculations were performed using these measured initial and
final values. Some of the tests were performed for three
different dilutions of the same sample to analyze differences in SDNR and Ks(NO3-N) values for the same
set. These tests were performed at different temperatures in the range of 12°C to 27°C.
Table 1. Amount of chemicals added to the mixed liquor

Chemicals Added

Amount in mg/L

KNO3

20

Methanol

280 mgCOD/L

NH4Cl

5

KH2PO4

5

Figure 2. Nitrogen Gas Production at 1 minute Intervals
for Blue Plains AWTP at 170C

Estimation of SDNRs and Nitrate Half
Saturation Constants

Figure 1. Diagram of anoxic test set up using
Challenge AER-200 Respirometer (Challenge
Environmental Systems, Inc.)
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Respirometer provides nitrogen gas production data at
1 minute intervals as shown in figure 2. From these
data, cumulative NO3-N (mg/L) consumed at 1 minute
intervals were calculated using equations 1 and 2 and
the remaining NO3-N (mg/L) concentrations at 1
minute intervals were then calculated by subtracting
the cumulative nitrate from the initial nitrate concentration. The assumption here is that all the nitrate is converted to nitrogen gas, as there is very little
Continued on page 36
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Denitrification Kinetics
Continued from page 35
accumulation of nitrite in these types of tests. Figure 3
shows the graph obtained by plotting the temporal variation of remaining NO3-N (mg/L). The SDNR values
were then calculated for mixed liquor at different temperatures using Eq. 3.

(1)
Where :
n = Number of moles of nitrogen gas produced
P = 1 atmospheric pressure (atm)
R = 0.08206 L atm K-1 mole-1, the ideal
gas constant
T = Temperature, K (273 + °C)
V = Volume of nitrogen gas produced (L)

(2)
Where:
C = Cumulative nitrate (NO3-N) concentrations
(mg/L)
n = Number of moles of nitrogen gas produced
0.5 = Volume of the reaction vessel (L)
1000 = Conversion factor, mg/g

Figure 3. Remaining NO3-N(mg/L) with time for Blue
Plains AWTP at 17oC

The nitrate half saturation constants (Ks(NO3-N)) were
obtained for different temperatures using a model
developed based on the Monod kinetic expression and
a spreadsheet interactive search routine. For developing this model, time was calculated from measured
concentrations and compared to actual sampling time.
Time was calculated using Eq. 4.

(4)
36

Where,
t=time in days
rmax = maximum biomass production rate, g-biomass/(L.d)
Y = biomass yield coefficient (g COD biomass produced/g COD removed)
Ks(NOx-N) = half-saturation constant (mg/L)
S0 =Initial nitrate Concentration
S =Nitrate concentration at time t
2.86 = O2 equivalent of NO3-N, g O2/g NO3-N
(Metcalf and Eddy, 2003)

RESULTS AND DISCUSSION
Specific Denitrification Rates (SDNRs)
The first part of this study was the investigation of specific denitrification rates of methanol-utilizing organisms for Blue plains and ASA AWTPs for temperatures
in the range of 12°C to 27°C. As discussed earlier,
SDNRs at different temperatures were calculated using
Eq. 3. Figure 4 shows the SDNRs at different temperature for the plants and their standard deviations. SDNR
for each temperature is an average of 2 or more test
values. These temperatures were observed during winter and summer at Blue Plains and ASA AWTP, and
hence used as the test temperatures to study the temperature dependency of SDNRs. Methanol was used
as the external carbon
source and all the tests
were conducted with
(3)
nitrate limiting conditions.

Figure 4. SDNRs at different temperatures for Blue
Plains and ASA AWTP

It is clear from the results that at low temperatures there
is a significant reduction in the SDNR values. SDNRs for
Blue Plains were in the range of 3.1 to 8.6
mg/gMLVSS/hr for temperatures ranging from 12°C to
27°C. The SDNR values for the Blue Plains samples
were found to be higher than those of the ASA mixed
liquor for most of the tests. The ASA plant uses a single
sludge step-feed process for BOD removal and for nitrification and denitrification and the active fraction of the
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methanol utilizing organisms should be lower than that
for Blue Plains, thus explaining the lower SDNRs. For
ASA, as the test temperature increased, SDNRs also
appeared to increase. To study the temperature dependency of SDNRs for Blue Plains, Arrhenius coefficient ( )
was calculated to be 1.084 and this indicates a strong
temperature dependency. This theta value was close to
those obtained by previous researchers (Nichols et al.,
2007; Dold et al., 2008; Mokhayeri et al., 2008).

achieve some of the very low permit limits in the Chesapeake Bay, the effluent nitrate concentration has to be
0.5 mg/L or less. Ks(NO3–N) values observed at low temperatures were as low as 0.02mg/L. Denitrifying bacteria
are very sensitive to their environment and hence denitrification is greatly affected by temperature changes.

Nitrate (Ks(NO3-N)) Half Saturation Constant
The second part of this study involves the evaluation of
Ks(NO3-N) values for temperatures ranging from 12°C to
27°C estimated under nitrate limiting conditions. A curve
as shown in Figure 5 was plotted using the data obtained
from the respirometer and it was used for the analysis.
The analysis of half saturation constant for nitrate limiting
test was then performed using a model developed based
on the Monod model for substrate utilization, and a
spreadsheet interactive search routine was used to find
the best fit value of the coefficient by minimizing the sum
of squared weighted errors. The average values of nitrate
half saturation constant obtained using the nitrate limiting
tests (with excess COD present) conducted using
respirometery for temperatures ranging from 12°C to
27°C were estimated between 0.02 and 2.1 mg/L.

Figure 6. Ks(NO3-N) Vs DNR for Blue Plains AWTP

Figure 7. Ks(NO3-N) Vs rmax for Blue Plains AWTP

Effect of Biomass concentration

Figure 5. Ks(NO3-N) for Blue Plains AWTP at 14oC(
Ks=0.10, MLVSS= 1700 mg/L)

Figure 6 shows the curve obtained by plotting Ks(NO3–N)
values and the denitrification rates (DNRs) obtained at
various temperatures and dilutions and Figure 7 represents the relationship between maximum biomass production rate(rmax) and Ks(NO3–N). In figures 6 and 7 a
linear relationship is shown. More research is needed to
establish the reasons for this relationship between
Ks(NO3–N) and DNR or rmax. One possibility is that an
affinity constant relates Ks to growth or denitrification
rate. Many of the higher Ks values occurred at higher
temperatures and for more concentrated sludge samples, especially when denitrification rates were also the
highest. Overall, the Ks(NO3–N) values seem to be
dependent on the initial maximum denitrification rate,
type of process, as well as sample temperature and
mixed liquor concentration. As discussed earlier, to
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Tests were conducted for different dilutions of the same
sample for each temperature and this resulted in different concentrations of biomass in the respirometer bottles. The biomass concentration was measured in terms
of MLVSS. Different dilutions of the same sample were
prepared in order to obtain samples with MLVSS concentrations higher and lower than that of the original
sample. Figure 8 shows the nitrate-time reduction
curves for different MLVSS concentrations of the same
sample at 17°C. As MLVSS increases, the active biomass fraction also increases resulting in an increase in
denitrification rates. Table 2 shows the DNRs obtained
for different MLVSS concentrations of the same sample.
From the curves obtained it is clear that DNR increases
with an increase in MLVSS. It is also observed that
DNRs are different for MLVSS concentrations at different
temperatures. At 18°C, DNR was estimated to be 13.52
mg/L.hr with MLVSS of 2500 mg/L. To obtain similar
DNR at the low temperature of 12°C, the MLVSS would
have to be increased by about 64 percent.
Continued on page 38
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Continued from page 37

in MLVSS concentration. Reduction in rates at low temperature could be compensated by an increase in MLVSS
concentration.

• There appears to be a broad linear relationship between
the initial maximum denitrification rate (DNR) and the nitrate
half saturation constant for methanol utilizing organisms with
a wide range of nitrate half saturation constants obtained
(0.02 to 2.1 mg/L). There also appears to be an increase in
Ks(NO3-N) with an increase in temperature. More work is
needed to establish and understand these relationships.

Figure 4-11: Nitrate-time reduction curves for Blue
Plains AWTP at 17°C
Table 4-2: DNRs for different MLVSS concentrations

Sample
Temperature
MLVSS
DNR
Sample Source
Temperature
(°C )
MLVSS
Source
(°C
)
(mg/L)
(mg/L/hr)
(mg/L) DNR (mg/L/hr)
BP
BP12

ASA

410012 13.8

4100

13.8

2300

6.9

2300

6.9

1400

4.4

1400

4.4

7.8
2900

7.8

2000

5.4

220017 12.2

2200

12.2

1300

7.4

1300

7.4

700

5.3

700

5.3

250018 13.5

2500

13.5

2000

8.9

2000

8.9

1200

5.9

1200

5.9

12 12 2900
2000

BP
BP17

BP
BP18

5.4

CONCLUSIONS
The objective of this research was to obtain a better understanding of the denitrification parameters, especially the
Specific denitrification rates (SDNRs) and the nitrate half saturation constants (Ks) for the Blue Plains AWTP and ASA
AWTP. These plants are two large methanol-using advanced
wastewater treatment plants in the Chesapeake Bay watershed. The following are the conclusions:

• Specific denitrification rates were estimated for temperatures in the range of 12°C to 27°C. The observed Arrhenius
coefficient of 1.084 indicates a strong temperature dependency of SDNRs. As the temperature increased from 12°C to
27°C, the SDNRs also increased from 3.1 to 8.6 mg/g
MLVSS/hr. There was significant reduction in the denitrification rates as the temperature was reduced.

• Denitrification rates were determined for different MLVSS
concentrations of the same sample for a particular test
temperature. DNRs (mg/L/hr) increased with an increase
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The results obtained provide useful insights into denitrification
behavior of methanol utilizing organisms. The study of half saturation kinetics becomes especially important when the electron donor or acceptor concentrations are small. A high Ks
results in inefficient rates at low substrate (both for the electron
donor and acceptor) concentrations. Effluent nitrate concentration needs to be 0.5 mg/L or less to achieve some of the
very low permit limits in the Chesapeake Bay. If the nitrate half
saturation concentration is in this range, it will start to impact
growth rates of the biomass and the denitrification rates of the
electron acceptor. If such situation arises, larger tanks would
have to be used to achieve denitrification to low nitrate levels.
Suggestions for future studies include measurement of COD
limiting Ks for methanol utilizing organisms, and model development to describe the relationships observed in this study.
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A new, supplemental Carbon
Source without the flammability
concerns of Methanol.
GLYCERIN,
a Biodiesel by-product,
is a clean, non-flammable,
easy-to-handle source of carbon.
Proven in numerous WWTPs and
comparable to Methanol on a
BOD/COD basis.
For Pricing and Details Contact:

Marty Goldberg

MAGIC 4 MAINTENANCE
807 Parkview Ave, Rockford, IL 61107
815-519-1491 • martyg61107@yahoo.com
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EBA ENGINEERING, INC.
Professional Services Since 1952
■ Civil ■ Structural ■ Geotechnical ■ Environmental
■ Haz-mat ■ Transportation ■ Water/Wastewater Utility
■ Construction Management and Inspection
■ Surveying and Mapping ■ Materials Testing
4813 Seton Drive • Baltimore, MD 21215
(410) 358-7171 • (800) 950-3223 • (410) 358-7213
www.ebaengineering.com
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