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president report
Marie Pearthree
Board President

collaborative leadership —
a guiding principle of az water

T

which suggestions of how one committee could support another
his is such an exciting time for the AZ Water Association! The
were made or recommendations were provided about additional
fact that it was dreadfully hot in June and July didn’t slow down
approaches to consider.
the Association one bit; as a matter of fact, incredible work was
In response to the primary areas of focus for the Association,
accomplished this summer at the annual Leadership Retreat, and
the Retreat also served as the forum in which to launch the
that work has been built upon since then in a truly meaningful way.
2016-17 Membership Growth and Development Plan; review the
But I’m getting ahead of myself, so let me explain.
nexus between the website, committees and planned website
The Association really hit the ground running following the very
improvements; and discuss expanding communications internally
successful annual conference in May. In June, based on input from
and externally including through social media. Continuing the focus
committees and members, the Board of Directors established the
on leadership, Association Manager Debbie Muse presented a
primary areas of focus for the Association this coming year, within
new Leadership Manual, and the Leadership Committee proposed
the context of the Strategic Plan: membership recruitment and
additional approaches to expanding AZ Water’s visibility and
development; expanding the use and content of the website;
influence within the Arizona water industry. It was awe inspiring to
enhancing internal communication to members and external
hear about all the work that has been done this past year and truly
outreach; internal review of governing documents, policies and
energizing to see the enthusiasm and commitment behind all the
procedures; and planning for the 2017 Annual Conference at the
activities and events that are planned for this year.
Phoenix Convention Center.
The Business Plan has since been updated with the results of the
In July, the Committee Chairs, Board of Directors, Executive
Retreat, and is available on the AZ Water Association’s website
Director and Association Manager gathered in Flagstaff for the
at www.azwater.org. I encourage you to look at it and see the
Leadership Retreat to discuss the direction of AZ Water in the
direction in which the Association is heading and the wide variety
coming year. But before the Retreat was held, the Committee
of supportive activities, which are also opportunities for YOU. For
Chairs, representing the 34 volunteer committees that are the
example, you will see that a number of committees will be hosting
backbone of the organization, were asked to reflect on their
webinars, training workshops for operators, seminars, treatment
committees’ accomplishments this past year, their goals and
facility tours and more. There will also be luncheon programs in
objectives for 2016-17, and how those goals and associated
Tucson and Phoenix throughout the year. I truly hope that you take
activities support AZ Water’s Business Plan and thereby its Strategic
advantage of all of these opportunities.
Plan. The response was amazing - the work that the Committee
AZ Water
Chairs and others
is a volunteer
did to prepare for
organization that
the Retreat was
works for the
timely, thoughtful,
betterment of
and very thorough.
Arizona’s water
At the Retreat itself
professionals only
the Committee
with your help, ideas,
Chairs gave a
and assistance, so if
brief report on
you’re not involved
each committee’s
in a committee,
activities, focusing
please consider
on how the
joining one or more
committees will
that interest you.
support the Business
If you cannot, you
Plan. Because
can still be involved
Retreat participants
by attending one or
were so engaged
more of the many
and because
events planned
there was so much
throughout the year
energy in the room,
to learn and network
almost every report
with your peers. For
was followed by
more information
a lively give-andAZ Water Board Members, Committee Chairs and Staff take time for a picture
on committee
take discussion in
during the Summer Leadership Retreat at Little America in Flagstaff.
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opportunities and events, look for notices in this publication,
watch for information in E-bulletins, check out the upcoming
events page on our website or contact me or any one of our
Board members or staff for more information.
The AZ Water Association is also closely affiliated with the
national American Water Works Association (AWWA) and
the Water Environment Federation (WEF), both of which also
offer multiple volunteer opportunities. If you are interested
in volunteering for either of these organizations, go to either
awwa.org or wef.org and see how you can get involved.
Many committees need new members, new ideas, and the
passion that comes from you as dedicated water professionals.
And finally, the AZ Water Association also works closely with
WateReuse Arizona at both the committee level and by jointly
hosting the Water Reuse Arizona 2016 Symposium meeting in
Flagstaff this summer.
I hope that I’ve been able to give you a sense of how
involved, excited and energized leadership is within the AZ
Water Association, and what a dynamic year has been planned
for the Association and its members. It is the collaboration
between the Board of Directors, Committee Chairs and
Committee Members, Executive Director, Association Manager
and all of the volunteer members of the Association that
created the level of leadership expressed at the Retreat this
summer and seen in the planning for 2016-17. I hope that
it’s also apparent how collaborative leadership is within the
organization, as true leadership depends on the willingness of
all those involved in the organization to participate to the best
of their abilities. With your participation, we can not only meet
all of the commitments made to continually increase the value
of the organization for our members, but also to increase the
value of the organization externally as a true voice for the water
profession in Arizona.

az water association news
2017 Board of Director Nominations
The Nomination Committee is accepting qualified and willing
members to fill the position of Vice President within the Board of
Directors of the AZ Water Association for 2017. In the event the Vice
President is selected from the current sitting Board of Directors, a
Director position might be open for consideration. So please send
your nominations for a Director as well. Nominees will be listed in
the spring 2017 Kachina News and voted on at the Annual Business
meeting on May 4, 2017 during AZ Water’s 90th Annual Conference
& Exhibition at the Phoenix Convention Center in Phoenix, Arizona.
Submittals should include nominee contact information and an
explanation why this person should be considered for a leadership
position within AZ Water. Please submit your nomination in writing by
March 1, 2017 to the chair of the Nomination Committee:
Board Nomination Committee Chair
Kevin Conway, 5th Past President
602-432-9663, kconway@epcor.com
Vice President Duties
The Vice President serves within the structure of the AZ Water
Association, Arizona Water Environment Association and Arizona
Section of the American Water Works Association. This position
oversees the activities of various committees during June 2017 June 2018. The Vice President shall assist the President and President
Elect and shall be the presiding officer of the Association in the
absence of both the President and President Elect. The Vice
President will have served as a Director, Secretary, or Treasurer of the
AZ Water for at least one year and will have been a member of the
AZ Water for at least one year and a member of both the AWWA
and WEF at the time of elections. The term for the Vice President is
one year (2017-2018). This person must be willing to commit to move
through the officer chairs and serve as President Elect, President,
and first Past President (three additional years).
Director Duties
The Director serves within the structure of the AZ Water
Association, Arizona Water Environment Association and Arizona
Section of the American Water Works Association. Directors are
expected to attend all AZ Water Board Meetings (nine per year)
and other meetings as designated by the President. All Director
positions oversee assigned AZ Water committees. Directors must
be members in good standing of the WEF, AWWA, and AZ Water.
Terms are for one year, with an understanding that a three-year
commitment is involved. Each year’s term is subject to re-election.
If you have the energy, drive, and commitment to serve AZ Water,
please consider placing your name or the name of a colleague in
nomination for a Board seat.
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executive director report
Dave Iwanski
AZ Water Executive Director

MEMBERSHIP growth and development
strength in numbers

I

n August the AZ Water Board of Directors approved and adopted
a Membership Growth and Development Plan with the intent
in mind of not only growing the organization from a numbers
standpoint, but also developing our talent pool to ensure future
vitality. One of the major responsibilities itemized in the Plan is for me,
as your Executive Director, to aggressively recruit new members and
work on a theme of constant and constructive communication to
retain existing members.
The foundation upon which someone joins depends on what
one Board member astutely called the “Value Proposition”. What
does an individual or business see as the value of belonging to
the AZ Water Association? Is it the networking, is it the training
opportunities, is it the education experience and mentoring
received from more experienced colleagues, is it participation
in the committees where thoughts and ideas are discussed and
acted upon, is it access to the latest technologies, is it also having
membership in our national affiliates, the American Water Works
Association (AWWA) and the Water Environment Federation (WEF)?
All of these can contribute to being valuable for anyone in the
water profession.
The adopted Action Plan contains six specific steps, along with
a number of reoccurring steps which provides the blueprint. As
an association, we want to make sure that our database is upto-date with all the current information and to identify levels of
participation. Some members are extremely active, while others are
members in name only. We need to know with some certainty, what
the drivers are in deciding whether to join, leave and the level of
involvement. Surveys can be an effective tool in soliciting from our
membership why they join, why they stay and, most important, what
do they consider “valuable” for them as a professional. We want to
draft and finalize a Membership Tab on the AZ Water website, which

6 | the kachina news | Fall 2016

will contain a “Welcome Packet”, association information such as
the updated Strategic Plan, Business Plan, Committee listings and
other “one-stop-shop” information, including what is happening
with AWWA and WEF. Another area in which improvement can
be made is outreach to the education communities – K-12, the
Community Colleges and the Universities in order to create a high
level of interest about becoming involved in the water profession
and the importance of the AZ Water Association and its role. The
Plan identifies various databases from which new members can
be recruited. The smaller and rural utilities are currently underrepresented in our association and specific efforts should focus
on bringing them into the fold. Targeting non-traditional entities
such as law firms, economic development groups, water intensive
industries and high technology firms is another specific charge
for us to pursue. Having a formal membership drive and visiting
areas throughout Arizona is a perfect way to get to know current
members and to recruit new members. Lastly, growing the AZ Water
Membership Committee itself to lead this effort is important. To
have motivated and active members representing a diversity as to
experience, sectors, disciplines, geography, skill sets and outreach
capabilities is essential if we are to succeed. Your suggestions, ideas
and recommendations are welcome.
I am asking for your help with membership growth and
development. Even if every member today recruited one new
member into the organization, that doubling effect would have
huge financial and professional standing implications. I recruited
my wife, Sherri, a second generation Arizonan, who supports me
in every way possible. She sees how important you all are. The AZ
Water Board of Directors has given us the vision and has created
the expectations that growing and retaining membership creates
“strength in numbers” for the future.

director report
Alan Forrest
AWWA Director

imagine a day without water

I

f you didn’t already know, AWWA is joining the Value of Water
Coalition and hundreds of other organizations around the country
to Imagine A Day Without Water on September 15, 2016. By the
time you read this article, September 15th will have come and
gone. Even so, I believe this is an important event for those of us
who have made a career out of providing safe drinking water to
people throughout the globe and I felt it was worthy of our time to
revisit this concept.
As you all know, it is a very challenging and rewarding thing
we do as water professionals and I believe we all do it for the right
reasons. It’s definitely not for fame and fortune, but rather for the
personal satisfaction we get from public service and serving the
greater good – it’s a noble calling indeed.

often invisible challenges plaguing our water infrastructure”. What
I like about this campaign is that it is not self-serving. It is not an
attempt to pat ourselves on the back for a job well done (although
I have to admit, it would be nice to know the people we serve were
aware of what we do for them on a daily basis). No, it is quite the
opposite. I believe it is a “call to action”. A recognition that our
water infrastructure is in danger of failing and we, as a country,
need to do something about this – NOW!
So, the idea behind Imagine A Day Without Water is to
encourage organizations and people who care about their local
water supplies to join the effort by sharing their passion for water
through signing a petition, hosting an event, promoting and
participating in social media campaigns, issuing a press release,
writing an op-ed, or doing whatever they think best educates and

“Every person who dedicates his or her life to something
that belongs to the greater good is very meaningful”
Mariane Pearl, Author
“Every person who dedicates his or her life to something that
belongs to the greater good is very meaningful” Mariane Pearl,
Author
However, the general public – the people that we serve – really
don’t have an appreciation for what we do for them day-in
and day-out. Or the amazing water systems we have built and
maintain that provide vast amounts of clean water, on demand,
to millions of people every day. To quote AWWA’s past President,
Gene Koontz “Many North Americans take for granted our water
and the remarkable water systems that deliver it to our homes and
businesses, carry it away to be cleaned, and ultimately return it to
the environment. But…we must continue to raise the conversation
about buried water infrastructure above ground”. That is what this
event is all about.
WHAT ARE WE TRYING TO ACCOMPLISH?
The stated goal for the event is to “raise awareness about the
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engages the public and stakeholders about how water is essential,
invaluable and worthy of investment.
You should know that the AZ Water Association – your Association
– participated in this year’s campaign in a big way. We posted
information about the event on our website, we participated in
social media and our Executive Director, David Iwanski, wrote a very
thoughtful op-ed piece that hopefully found some play in our local
newspapers.
WHAT’S NEXT?
I would like to challenge all of us to take this campaign one step
further. Rather than just devoting a day to this effort, I ask that we
each carry this message with us every day. I have every confidence
we can meet this challenge, because I think we all do this anyway
– I just thought you should get some credit for it. Thanks for all you
do to make Arizona a better place and for working towards the
“greater good”.
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delegate report
Don Manthe
WEF Delegate

so long.... but not goodbye!

T

his my last article as your WEF Delegate. After over a decade
on the AZ Water Board and serving as your President (in what
was our first official year of bearing the AZ Water Association
name) I want to use this last opportunity to both give thanks and
renew a challenge to all of you.
I am AZ Water – and 45 years ago my Dad was too! My Dad was
the first superintendent of the Northern Gila County Sanitary District
and helped build the water reclamation plant that serves Payson
today. I like to think my Dad would have been proud that I helped
lead an organization that he was a member of many years ago –
public and civic service is something he strongly believed in. I have
been a member of AWPCA, now AZ Water since 1987.
First - the Thank You’s. Thanks to Debbie Muse and all of the
AZ Water Board members for their vision, contributions, and
collaboration throughout the years. The Association’s progress in
the last decade would have not been possible without their tireless
efforts. I know that the WEF portion of our organization is in fine
hands, as Patty Kennedy takes the reins as your WEF Delegate.
I am committed to continuing my service to AZ Water and help

the Board and Association achieve their goals. Finally, I want to
thank you – all the members of AZ Water. All of you have provided
tremendous support, and made me realize what a beautifully
unique and passionate Association we have. Thank you for your
inspiration!
Now, I want to renew a challenge to each and every one of you.
I want AZ Water professionals to continue to be strong leaders for
the water future of Arizona. We are committed to the public health
and safety of the communities we live in - 24/7/365. Who better
than AZ Water members to educate the public about the value
of water in an arid state? AZ Water must continue to reach across
communities, agencies, and political party lines for a collective
good – safe, sustainable water for all. We must be leaders. Why?
Barry Goldwater said, “Because water is that damn important to
Arizona!”
To this end, AZ Water needs to advocate for a comprehensive
Arizona Water Plan. To mitigate future crisis management (such as
drought and climate change), Arizona must engage in long-term
planning based on good science and understanding of local and
regional needs. Policies within such a state plan should encourage
water conservation, consider local economic and physical
constraints, and facilitate cooperation between various water
entities.
Water stewardship and advocacy not only requires public
education beyond slogans and sound bites – it requires the
building of a sound civic ethic. Most Arizonans pay more for cable
TV than water/sewer services to their homes. What is valued more?
What can you live without for three days? Policy makers need
to develop long-term civic wisdom to make water management
decisions, while having the financial means from the public to fund
water infrastructure – both on a state and local level.
Water stewardship should be among the very highest priorities
within the state. However this is currently not the case. AZ Water
needs to help change this lack of vision. Robust water policy
sustains Arizona’s economic vitality. Robust water investment
sustains Arizona’s economic health. Arizona’s water future requires
renewed political priority and public funding.
The members of AZ Water will continue to lead the stewardship
of Arizona’s water future. We have done much, but we need
to do more. We are uniquely qualified. It is our duty – and our
commitment. Thank you for allowing me to serve this great
organization. So, so long for now and….
REMEMBER – Together, we are AZ Water!
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connecting israeli water management and
technological innovations to arizona
Sharon B. Megdal and Glenn Hamer

W

e in

Arizona have
become all too
familiar with
projections of
a future gap
between water
demand and
supply, due
in part to our
growing economy and potential reduction of supplies.
The importance of Arizona’s ability to ensure a reliable water
supply can’t be overstated. It affects the entire trajectory of our
future economic development prospects and our overall quality of
life.
But we’re not alone. Half-way around the world, Israel is
confronting similar challenges head on, proving that desert
economies cannot only survive, but thrive.
Wise management forestalls crisis
The good news in the short run is that, due to proactive water
management, Arizona has managed to avoid a Colorado River
shortage declaration for 2017, meaning there will be no curtailments
in the delivery of Colorado River water through the Central Arizona
Project (CAP) in the coming year.
Things get murkier beyond 2017, however. Future cutbacks are
likely. But Arizona is ready. We have a rich history of surface water
and groundwater management investments and innovations. And
now it’s time for us to build upon our strong foundation and look to
our friends with common experience for new methods, approaches
and technologies.
A legacy to build on
Thankfully, we’re not starting from scratch. Arizona has a legacy
of water management success to position our state for prosperity in
the 21st century.
Thanks to the foresight and leadership of great water stewards
like Rep. Morris K. Udall, Sen. Jon Kyl, Governor Bruce Babbitt, and
other key leaders, Arizona sits in relative comfort compared to its
neighbors when it comes to water. Arizona is not experiencing a
crisis of water resources.
Arizonans know the importance of the Central Arizona Project
canal and Arizona’s 1980 Groundwater Management Act (GMA).
The GMA created the Department of Water Resources, which
centralized responsibility for water planning and regulation in a
single state agency and actively managed and regulated the
pumping of groundwater in designated Active Management Areas.
The later addition of a regulated program for underground water
storage and recovery and formation of the Arizona Water Banking
Authority has resulted in underground storage of nine million acre
feet of water and significantly reduced overdraft of Arizona’s
precious groundwater resources.
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Arizona’s municipal, industrial and agricultural sectors are
leaders in improving water use and efficiency. Growers in Yuma, the
nation’s leading producer of winter vegetables, have adapted to
new, innovative production and irrigation technologies that have
enabled growers there to improve crop productivity while lowering
the amount of water used for irrigation.
Overall, from 1957 to 2013, Arizona reduced its water
consumption by 100,000 acre feet. Arizonans use less water now
than we did in 1957, yet since then our state’s population has
increased six times over and the size of our economy has grown by
a factor of 19. That’s an accomplishment to be proud of. Arizona
cities have been and remain leaders in conservation.
Looking to Israel for inspiration and innovation
Arizona is not the only arid desert landscape that has adopted
a forward-looking approach to water. Israel has its own record of
success that’s worth understanding. After all, Israel and Arizona
share similar climates, variation in terrain and weather conditions,
growing economies and populations, vibrant agricultural sectors,
and, most importantly, natural conditions of water scarcity.
Israel is a recognized water management and technology
leader. The nation’s 1959 Water Law paved the way for it to be the
world leader in desalination and for innovation in efficiency and
recycling; over 80 percent of Israel’s wastewater is now treated and
re-used.
Israel has also embraced leading-edge water conservation
efforts and partnerships with the private sector to build large
treatment facilities, as well as the deployment of innovative
technology to reduce water loss.
Desalination
Israel is known
globally for its
deployment of
seawater desalination
for meeting the
country’s drinking
water needs.
In response to
drought and its
impacts on water
availability for

municipal and agricultural
users, Israel built a series
of state-of-the art, largescale desalination facilities,
which vary in size and
configuration. Israel also
relies on brackish water
desalination, with a plant
continued on page 14

Fall 2016 | the kachina news | 13

connecting israeli water management

in southern Israel relying on evaporation ponds for brine disposal.
In fact, Israel’s IDE Technologies was recently named second
in Fortune’s Change the World List for its pioneering work in the
desalination industry. The list recognizes companies that have had
a positive social impact through activities that are part of their core
business strategy, rated by level of innovation, measurable social
impact and business results, and Fortune was impressed by IDE’s
global scale and wide-ranging innovations in desalination.
Similar technology has been built and tested in Yuma. The wide
scale deployment of desalination across the state, though, will be
affected by cost considerations
for the capital investments
required for infrastructure and
ongoing energy costs. Arizona
can look to Israel for guidance on
different financing opportunities,
such as public-private
partnerships, that leverage private
capital for investments in largescale publicly owned facilities.
Reuse
Another water use practice that distinguishes Israel—and
Arizona—is water reuse. As a nation, Israel leads the world in water
reuse, with over 80 percent of the country’s water reused, mostly by
the agricultural sector.
In Israel, parks and playing fields offer green spaces, but
household landscaping tends to be limited to small gardens. And
Israel utilizes storage and recovery as a key element of water reuse
for agriculture.
Water reuse in Arizona has historically been for turf irrigation, Palo
Verde Nuclear Generating Plant cooling, some limited agricultural
use, and wetlands and riparian areas.
Our reuse rates, especially in the Phoenix metropolitan area,
are relatively high compared to other areas of the U.S. Unlike Israel,
where the future of reuse is likely to remain in the agricultural sector,
Arizona’s reuse may expand to indirect and direct potable reuse.
While direct and agricultural reuse have raised concerns in
the past, modern technologies allow far greater reuse than ever
before. Arizona and Israel share research on and development of
advanced treatment technologies to purify treated wastewater so
it can be safely used.
Water takes center stage
It’s encouraging that water management—including from a

continued from page 12

binational perspective—is starting to receive proper consideration
in policymaking circles here in Arizona and elsewhere in the
U.S. thanks to some high-profile events, with just a few examples
provided here.
An expert panel at May’s AZ Water Association Annual
Conference examined the extent to which Israel’s policies and
practices can serve as a model for Arizona, and what Israel can
learn from Arizona.
Last October, Arizona Gov. Doug Ducey addressed Israel’s
biennial WATEC Conference, a prestigious international water
conference that attracts high level leaders and government
officials from all over the world. Among the speakers at the Tel Aviv
conference were the deputy president of the Republic of Kenya
and former Israeli Prime Minister and President of Israel Shimon Peres.
Gov. Ducey served as keynote speaker at the opening plenary
session at the invitation of the Israeli Minister of the Economy. Article
coauthor Sharon B. Megdal was invited to speak at the session on
management of water systems in arid environments.
And in December 2016, the U.S. Chamber of Commerce and
Industry is hosting a major summit focused on U.S.-Israel water
policy and technology. The forum is supported by Israel’s Ministry
of Economy and Industry and Israel NewTech, a national program
aimed at promoting Israel’s water and sustainable energy sectors.
The summit will bring together business leaders, government officials
and water experts from across the U.S. and Israel to discuss best
practices in corporate water stewardship and public policies to
address the ongoing water shortages.
Common challenges, common solutions
Arizona and Israel have much in common when it comes to
water management. We both face drought conditions. We both
share a desire for potable water of the highest quality. We both
face new demands due to growing economies. Conservation
in both places is a way of life. And Israel and Arizona both share
borders with other nations and regional water users.
Arizona and Israel have each developed successful water
strategies and have each rightly been recognized as world leaders
in water stewardship. But we can’t rest on our laurels. Tomorrow’s
water challenges will be even tougher than those we have already
faced. By taking advantage of opportunities for collaboration—
sharing research, technology and innovation—Arizona and
Israel will chart a successful course of future water planning and
management, ensuring our desert economies continue to thrive for
generations to come.

Sharon B. Megdal, Ph.D., is the director of the University of Arizona Water Resources Research Center
and a Central Arizona Project board member.
Glenn Hamer is the president and CEO of the Arizona Chamber of Commerce
and Industry and a member of the Governor’s Water Augmentation Council.
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5 reasons to protect lake mead

#1

The Colorado River is suffering an extended drought and
overallocation The Colorado River is now in its 17th year
of drought and is also overallocated. This overallocation
means the Lower Basin states are promised more water than is
actually available in an average year. Arizona water leaders,
including CAP, have been working together with the federal
government, partner states in the Colorado River basin, and Mexico
to address these issues.

#2

Lake Mead water levels are steadily falling The
combination of drought and overallocation creates a
structural deficit, which is the imbalance between supply
and demand on the Colorado River. This results in more water being
taken out of Lake Mead than is flowing in, causing the lake level to
fall approximately 12 feet per year.

#3

If the lake level continues to fall there will be a shortage
Lake Mead is the country’s largest reservoir and a key
component in the Colorado River system. The declaration
of a Colorado River shortage is based on the water level in Lake
Mead. Currently the water level is just a few feet from the first
shortage trigger level.

#4

CAP’s water supply is cut and costs go up during a
shortage If a shortage is declared, CAP’s Colorado River
water supply would be reduced because CAP holds a
junior priority water entitlement among the Lower Basin states. A
near-term shortage would not impact water supplies for Arizona’s
cities, towns, industries, mines or tribes using CAP water, but it would
halt water deliveries for recharge and reduce a portion of the CAP
water supply identified for groundwater replenishment. A shortage
would also impact agricultural users in central Arizona and cause
an increase in CAP water rates.
If more severe shortages are declared and Arizona’s supply
of Colorado River water is reduced further, CAP, the Arizona
Department of Water Resources and the Arizona Water Banking
Authority are developing plans to recover stored water and
deliver these supplies should the need arise. In addition, CAP and
its partners may consider programs that would go beyond local
level conservation and might include acquisition of water supplies
that, today, look expensive compared to what we now have. It will
cost more to maintain the reliable water supply and the lifestyle we
enjoy in Arizona.

#5

Leaving water in Lake Mead averted a shortage for 2017
The U.S. Bureau of Reclamation recently announced
there will not be a shortage in 2017. This positive
declaration can be attributed to water left behind in Lake Mead

by CAP and its partners, which was accomplished through three
approaches: reducing demand (conservation), increasing supply
(augmentation) and implementing system efficiencies.
Two programs – a Memorandum of Understanding and Pilot
Conservation Program – have made the difference. In late 2014,
CAP and the Arizona Department of Water Resources executed
a Memorandum of Understanding (MOU) with the U.S. Bureau
of Reclamation and municipal water agencies in California and
Nevada. The agreement identified the need for proactive and
voluntary actions to develop between 1.5-3 million acre-feet of new
water for Lake Mead by the end of 2019. CAP is making significant
contributions by storing 345,000 acre-feet in Lake Mead, completing
its contribution this year. To make this contribution possible CAP has
entered into agreements with eleven irrigation districts in central
Arizona to reduce their use of CAP water. CAP is also working with
the City of Phoenix, Scottsdale, Glendale, and Peoria to replace
a portion of their CAP water delivery with local supplies held by
CAP, thus reducing the use of Colorado River water and conserving
water in Lake Mead.
But these are currently voluntary, temporary programs
and Reclamation’s projection shows that, without additional
conservation actions, 2018 could be the first year of shortage on
the Colorado River. CAP and its local and interstate partners are
working to extend existing conservation tools to avoid shortage in
2018, and to develop longer-term solutions to address the risks of
critical shortages on the Colorado River.
Next Steps
CAP is committed to continuing the existing conservation
programs that are protecting the levels of Lake Mead and
keeping the system out of shortage. In addition, CAP, following the
leadership of the Arizona Department of Water Resources, is working
to develop new programs in cooperation with Reclamation,
California, Nevada, and Mexico. Together, water leaders are
addressing the long-term risks to the Colorado River and improving
the health of the entire system, united in the commitment to ensure
an adequate water supply for the communities that depend on the
critical water supply. A long-term solution to the structural deficit
problem is imperative to ensuring the sustainability of this vital
resource for all parties.
One thing is clear: continuing “business as usual” in the Lower
Basin poses an unacceptable risk to all Colorado River water and
power users. CAP is encouraging the public to “Protect Lake Mead”
by learning more about Arizona’s water issues and supporting local
and regional water utilities and elected officials in the difficult and
potentially unpopular decisions they may have to make.

Learn more at www.ProtectLakeMead.com
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Wastewater Treatment Committee
The Wastewater Treatment Committee continues to work hard
to fulfill its mission to “provide value to our colleagues and the
public through training, education, and increased awareness of
wastewater treatment… to protect water quality, public health and
the environment.”
The committee’s third annual Technical Seminar, entitled
“Advancing Wastewater Treatment Plant Operations” is scheduled
for October 25 (see flyer on page 21). With an operations-oriented
theme this year, the seminar will once again provide an outstanding
lineup of speakers from the Arizona wastewater profession. Some
of the topics to be covered include maintaining plant operations
during construction, optimizing underloaded treatment facilities,
career paths and training for operators, and new technologies.
The event will be held once again at the SRP Pera Club in Tempe.
Registration includes a full day of speakers, lunch, morning and
afternoon breaks, a notebook with the conference proceedings,
and lots of great networking opportunities. Six (6) Professional
Development Hours will be available for all who participate. Last
year’s seminar filled to capacity, so don’t miss out—register today
on azwater.org on the events page. If you have any questions or
need additional information please contact committee chair
Doug Kobrick at 602-826-2454 or dkobrick@hazenandsawyer.com.
The committee has continued to provide an active slate of plant
tours, trainings, and other educational opportunities. So far this year,
the committee has organized six treatment plant tours, including
the Cottonwood WWTP, Chandler Airport WRF, the Chandler
Ocotillo WRF (a joint tour with the Construction Committee), the
Gilbert Neely WRF and Riparian Preserve (a joint tour with the Water
Resources Committee), the 91st Avenue WWTP, and the Prescott
Airport WRF. Each of our plant tours includes a breakfast or lunch

(thanks to our generous sponsors), provides 2 PDHs, and is free of
charge to AZ Water members. Watch for upcoming tours in Sedona
on October 12 and Yuma Desert Dunes WRF on November 17.
The committee’s “Five Amigos of Math,” Miguel Ayala, Doug
Berschauer, Jesse Black, Tyson Glock, and Gary Whitten, donate
their time to provide operator math training workshops. So far
this year, the amigos have provided this outstanding training at
Chandler, Cottonwood, and Prescott; and trainings are planned in
conjunction with the plant tours in Sedona and Yuma for those who
are interested. Again these are offered as a service to AZ Water
members free of charge, and they typically provide 3 PDHs. Please
contact us if you are interested in having a training at your facility.
The committee has also launched its webinar program; so far
this year we have had two webinars, one from Tom Chapman of
Brown and Caldwell on digester mixing, and one from Lacey James
of the City of Avondale on the role of pretreatment in protecting
wastewater systems and facilities. The webinars are free of charge,
and offer 1 PDH each. Both this year have been sell-outs, so watch
for upcoming webinars and be sure to sign up early. An additional
webinar is planned for later this fall on new developments in
wastewater treatment processes, with Ron Latimer from Hazen
and Sawyer.
Our committee members continue to support a wide range of
AZ Water activities, including Bill Kenning doing yeoman service for
the website, Doug Berschauer leading the operator training portion
of the Annual Conference, Jesse Black spearheading the popular
Meter Mania competition, three of our members on the AZ Water
Board, and many efforts to work jointly with our fellow committees
to bring value to AZ Water members.

Customer Service Committee
The Customer Service Specialists Committee held its first official
meeting as an AZ Water Association committee on August 24, 2016.
It was a success with 11 cities attending, including Tucson and
Yuma. Smart Utility Systems sponsored the event, providing breakfast
and an overview of their suite of products.
Dave Iwanski, Executive Director of AZ Water, welcomed all
staff and emphasized the importance of all levels of staff involved
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in Water. He discussed the benefits of membership and the
importance of who we are, what we do, how we do it and why we
do it.
There was a lot of good discussion regarding the certification
of customer service staff. To reduce cost, we can look at offering
1-day training sessions to send our staff as a joint effort. We will be
continuing this topic at an upcoming meeting.

Tucson has made a lot of changes recently in their contact
center and shared their ongoing effort, inspiring much discussion. It
was a great example of how we can learn from each other!
We want Customer Service to have a presence at the AZ Water
Conference in May 2017– and committee members were asked
to submit abstracts by November 4, 2016 for presentations. We

are hoping to get at least 4-5 customer service presentations for
office and field staff. Please sign up online or contact me if you
are interested. Check out our committee page and join us if you
are interested in our efforts to make customer service a priority in
the water industry. The next meeting event will be posted on our
website for sometime near the end of the year.

Water For People
Water for People continues celebrating its 25th Anniversary!
Over the past 25 years Water
For People has celebrated many
successes towards the goal
of achieving full coverage for
Everyone|Forever! The work isn’t just
about building wells, installing toilets
and setting up pumps, but looking
to create long-lasting community
partnerships so that infrastructure
supports what people need to feel
healthy, safe, empowered and
successful.
As the fiscal year for Water For People draws to an end, we
are excited and grateful for the contribution of our community.
Your support and engagement has helped raise over $56,000 so
others can experience access to water and sanitation which we
readily enjoy. Together we are creating environments where water
and sanitation can flow to every person that wants them, on a
permanent basis. We look forward to what the new year has ahead
and increasing our global impact!
Thank You for Supporting Water For People
This year the Water For People Committee once again
coordinated two successful golf outings! The Phoenix Tournament at
Troon North Golf Club raised over $9,000 and the Tucson Southern
Arizona Golf Classic raised $35,500! A huge THANK YOU, to the
sponsors and participants of both events. Your contribution goes a
long way to implementing sustainable solutions to eradicate water
and sanitation poverty.

Upcoming Event
Join the 9th Annual Pedal With
Purpose as cyclist take on two
challenges: riding El Tour de Tucson
presented by Casino del Sol Resort
– and raising money for Water For
People to develop innovative and
long-lasting solutions for water,
sanitation, and hygiene. Main event
distances include 106, 76, 54, 37, or
28 miles. Additional information available on pages 44-45.
Water for People, Water Bottles
To celebrate the 25th anniversary of Water For
People the AZ Water Association Committee is
selling 25th Anniversary Ecovessel Water Bottles. Get
your limited edition bottle especially designed to
commemorate this milestone. The committee sold
many water bottles at the Annual Conference and
they are available online. 100% of net proceeds go to
Water For People. Don’t miss the opportunity to show
your support in ending water poverty and making
water accessible to Everyone|Forever!
Next Meetings
Interested in attending a meeting to find out more about
events, help with planning, or expand your impact on international
humanitarian efforts? Upcoming meetings are:
October 13, 2016 at Hazen and Sawyer | 5:30 – 7:00pm
November 10, 2016 at Terrior Wine Pub |
(Happy Hour) | 5:00 - 7:00 pm
Contact Amy Baker, amy.baker@peoriaaz.gov, for more details.

Leadership Committee
Help Lead AZ Water Into the Future
During the 2016 AZ Water Summer Leadership Retreat, the
Leadership committee proposed a plan to reinvigorate this vital
committee. The committee, led by past president Kevin Conway,
proposed a vision “To Bring Together Current and Foster the
Development of New Leaders to Provide for Safe, Reliable Water.”
This vision will be accomplished through our following mission
statements:
• Provide Leadership Programs to Help AZ Water and Water
Professionals Advance their Careers and Build Trust, Inside and
Outside the Water Industry
• Help AZ Water to Effectively Communicate the Important
Water Issues to the Public

• E
 ngage AZ Water Past and Current Leadership as Stakeholders
in State-wide Policy Development
The committee’s objectives will be to support AZ Water’s business
plan strategic objectives and actions with special emphasis on
helping AZ Water be recognized as an industry leader, conveying
the importance of investment in Arizona’s infrastructure to the
public and developing a “value of water” briefing.
The committee’s plan is to engage Past Presidents, AWWA / WEF
Representatives, Committee Leaders and Young Professionals and
provide outreach to elected and business leaders. The committee
is planning their first meeting in October and any water professional,
which is all of us, who would be interested in joining the Leadership
Committee; please send an email to Kevin Conway at EPCOR
Water, kconway@epcor.com.
continued on page 20
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Stormwater Commimttee
When it rains in the desert, it pours. And the stormwater flows.
Come join the new Stormwater Committee and help control
pollutants in stormwater.
It’s official, on September 9, 2016,
the AZ Water Board of Directors
approved the formation of a
Stormwater Committee. AND now we
are looking for members and leaders.
AZ Water members have
traditionally grapled with issues
associated with water treatment,
water distribution, wastewater
collection and wastewater treatment
since our formation. However, more
and more of our members are now
having to comply with stormwater
permits. In addition, the Water
Environment Federation, of which
AZ Water is a member association,
recently asked us if we had a
Stormwater Committee or were interested in forming one. All of
this resulted in an exploration into the formation of a Stormwater
Committee. The exploration included contacting various

organizations and individuals who are involved with stormwater.
The conclusion is that there were many individuals who supported
the formaton of the Committee and
would serve on it if established.
Consistent with the AZ Water
Strategic Plan, the Stormwater
Committee would assist our members
in understanding and responding
to regulatory, technical, and
policy issues regarding stormwater
and compliance with stormwater
permits and would be a resource
of information for the same. We
hope to convene the first meeting
of the Committee before the end of
October. Initial activities will include
electing a Chair and Co-chair and
crafting a Vision, Mission, Goals, and
Objectives.
If interested in serving on the
Stormwater Committee please contact the Board liaison, Bob
Hollander, at 623-773-8454 or email at bob.hollander@peoriaaz.gov.

Young Professionals Commimttee
The AZ Water Young Professionals Committee took a relaxing
break from all its usual busy activities and slowed down a bit over
the summer. However, we still took the opportunity to get together
and just have fun with a few group hikes and other activities.
These kind of events gives us the opportunity to get to know our
fellow YPs and to form lasting friendships. We are also planning a
joint committee happy hour for September 30th, where we will be
able to cross boundaries and get to know members from other
committees.

AZ Water YPs at Tonto Natural Bridge near Payson, AZ

AZ Water YPs at the West Clear Creek Trail near Camp Verde, AZ

In June our Fresh Ideas Contest winner presented her project
at ACE in Chicago IL. Anjali Mulchandani from ASU represented
Arizona well in the national Fresh Ideas Contest. The YP committee
coordinates presenting to both the ASU and U of A Environmental
seminar classes to help inform students of what AZ Water is and get
the word of out of opportunities they would be interested in. During
the seminar classes we provide an overview of the YP Committee,
pizza, and a speaker. This fall semester Anjali will be giving her
presentation to the ASU seminar class on September 27h. Another
YP, Viking Edeback from Arcadis will be presenting to a U of A
Seminar class. Following that presentation we will have a happy
hour in Tucson at Gentle Ben’s.
continued on page 22
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Looking ahead, the Young Professionals Committee is busy
coordinating the following events through the end of the year:
•
Facility Tour (TBD)
•
Kickball Tournament; YPs v. ASCE YMFs (November)
•
Annual Holiday Party (December)
If you’re interested in getting involved with the YP Committee or
participating in any of the above activities, please contact the YP
Chair Lourdes Lopez llopez@pcl.com or Vice Chair Clayton Freed
clayton.freed@phoenix.gov for more information.
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2016 Fresh Ideas winner Anjali Mulchandani presenting her poster
at ACE in Chicago, IL.

Fall 2016 | the kachina news | 23

big data making waves
in utility and investment communities
Barry Liner, Ph.D., P.E.

S

mart water infrastructure and big data are starting to attract
funding both from investors and utilities after years of capturing
the water sector’s imagination. Automated Meter Reading
(AMR) and Advanced Metering Infrastructure (AMI) have been
around for decades, but improved sensors, advanced analytics, and
visualization tools are now enabling utilities to better partner and
interact with their customers.
Smart water infrastructure technology has the potential to reform
delivery of services while raising the quality of life by helping to
make cities more sustainable and resilient. The smart city movement
encompasses many facets, such as smart buildings, energy
management, transportation connectivity, information connectivity
high speed data networks, and, of course, water management.
Opportunities from smart city programs are exciting to
contemplate, but two factors really serve as the primary drivers for a
city or community to implement smart city initiatives – achieving cost
efficiency and sustainability. In terms of actual implementation, water
utilities trail natural gas and electric utilities in the implementation
of smart initiatives. About a third of all natural gas utilities and one
quarter of all electric utilities report being engaged in a smart city
initiative, while only 15 percent of water utilities claim to be.
While smart water practices are increasing in adoption, the
barriers to implementation in the water sector are generally well
known and include siloed communication within the utility and
between infrastructure sectors, the need to justify ROI, lack of
budget, and lack of resources and expertise. Additionally, at
the municipal level, sometimes short-term, high-visibility smart
infrastructure projects such as street lights, digital kiosks, and electric
vehicle charging systems may gain funding approval more easily
than water-related initiatives. Master planning efforts to integrate
water, energy, communications, and transportation systems are
complex and come with a longer time horizon, which might make
them comparatively more difficult for decision makers.
Opportunities abound, however, such as the potential of cloudbased platforms to facilitate implementation of these big data
solutions at utilities of all sizes. Small investments in hardware and
software are required for cloud-based computing which aligns well
with resource constraints of small and medium-sized utilities.
Utilities implementing smart water practices must consider six key
aspects of a big data platform: integration, analytics, visualization,
development, workload optimization, and security and governance.
Integration is critical to have one platform managing the data,
as separate silos of data only create separate silos of insight. An
integrated solution has to be bigger than one technology. Analytics
tools are used to analyze the data, providing more sophisticated,
accurate, and actionable information. Visualization tools bring
the information into a form that is understandable by decision
makers, be they utility managers, government officials, or customers.
Development tools are needed to enhance the analytical and
visualization engines as well as support the overall platform. Workload
optimization focuses on efficient processing and storage of the data.
Security and governance are critical for maintaining the sensitive
data that must be protected, which is especially important for public
sector agencies including many water utilities.
As more and more utilities implement smart water practices, the
opportunities to harness big data are growing rapidly. In March 2016,
Imagine H2O announced the winners of its Water Data Challenge
competition. These innovative startup companies provide an
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indicator of the momentum toward providing big data solutions.
While water and many other resources have been called “the new
oil,” big data has earned this cliché moniker for nearly a decade as
well. The big data analogy to oil is quite appropriate since oil has little
value in its raw form, but when refined, it can power the world. The
same can be said of big data. The water sector has a huge amount
of data, but that data must be refined into information to spur utilities
and customers to knowingly take action.
Sensors are one of the biggest sources of big data, and the water
sector is particularly rich in sensor data. Smart metering, inventory
management and asset tracking, fleet management, SCADA
systems, and water quality instrumentation are major sources of
sensor data.
The Nutrient Sensor Challenge exemplifies one effort to advance
sensor technology. The Challenge is an innovation effort to
accelerate the market for the development, adoption, and use of
sensors to measure nitrate and orthophosphate in water. The goal
is to encourage development of sensors that are affordable (less
than US$5,000 purchase price), reliable (unattended operation for 3
months), and can provide accurate real-time data. The Challenge,
which seeks to accelerate these new technologies to commercial
availability by 2017, is being sponsored by Alliance for Coastal
Technologies (ACT). ACT is a partnership of research institutions, state
and regional resource managers, and private sector companies,
supported by US National Oceanic and Atmospheric Administration
(NOAA) and Environmental Protection Agency funding, whose
purpose is to develop, improve, and apply sensor technologies to
study and monitor coastal environments.
Private investment from venture capital firms are helping
companies that provide solutions associated with many aspects of
big data platforms to advance at a rapid rate. For example, XPV
Water Partners (Canada), one of the world’s leading institutional
water funds, counts the US firm FATHOM as one of their portfolio
companies. Based in Phoenix, Arizona, FATHOM is a software-as-aservice, cloud-based, geospatial data integration platform helping
to enable water utilities of all sizes to unlock the power of their meter
and customer data in order to increase revenue, decrease costs,
and delight customers. Emerald Technology Ventures (Switzerland)
recently invested in Optimatics, an Australian firm providing
infrastructure planning software that uses genetic algorithms to
optimize capital investment for water and wastewater utilities.
Imagine H2O, a global water innovation accelerator, conducts
water infrastructure challenges that produce companies advancing
technologies for analytics, sensors, and visualization. From the
analytics arena, 2015 winner Valor Water (San Francisco, California,
USA) provides customer sales analytics software to water utilities
to address revenue risk, affordability, and supply management.
Finalists included FLOWatch (Wynnewood, Pennsylvania, USA),
which provides integrated asset management software for water
and environmental systems operators, and Dropcountr (Redwood
City, California, USA), who uses data analytics and mobile apps to
communicate water usage and metrics to consumers and utility staff.
On the topic of sensors, finalist Lumense (Atlanta, Georgia, USA) is
developing a real-time, continuous sensor platform for monitoring
chemicals and biologicals in water, while fellow finalist Aquarius
Spectrum (Israel) features a near real-time, automatic water pipe
monitoring tool for leak detection based on acoustic sensing.
Like Imagine H2O, The BREW accelerator program at the Water

Council in Milwaukee, Wisconsin, USA has seen an increase in
big data-related participants from the city. The most recent class
included Optiktechnik, which makes laser-based, optical sensors
and instrumentation to improve monitoring and control of key
particle processes in water and wastewater treatment. Radom
creates instrumentation to identify toxic trace metals in water,
wastewater, industrial processes, and food and drugs. Current Data is
a watershed-focused water quality data collection and information
system using a sensor array and mobile app with cloud storage and
analysis tools to lower the costs of data collection and increase
its use in critical water quality decisions. In the BREW’s inaugural
class, Meter Hero focused on water consumption data and social
networking to drive conservation programs.
Drinking water and wastewater are not the only categories of
water sector advances in big data. On the groundwater front,
Wellntel, provides a real-time understanding of well and surrounding
water table dynamics, provided through constant measuring and
reporting of water levels. Both Imagine H2O and the Water Council’s
BREW program recognized this firm for its innovation. Managing
stormwater in real time is the focus of both EmNet and OptiRTC, while
companies like H2Ometrics provide cloud-based visualization tools to
better plan stormwater and sewer operations.

Cloud-based solutions provided by innovators will help water
utilities of all sizes advance smart water infrastructure. Smart water
innovation has even emerged from firms better known for other
IT sectors such as network giant CISCO or mobile devices leader
Qualcomm. With innovations developed by entrepreneurial startups
and large companies including IBM, GE, and OSIsoft, an exciting
future is already underway for big data solutions in smart water
infrastructure.
The information provided in this article is designed to
be educational. It is not intended to provide any type
of professional advice including without limitation legal,
accounting, or engineering. Your use of the information
provided here is voluntary and should be based on your own
evaluation and analysis of its accuracy, appropriateness for
your use, and any potential risks of using the information. The
Water Environment Federation (WEF), author and the publisher
of this article assume no liability of any kind with respect to the
accuracy or completeness of the contents and specifically
disclaim any implied warranties of merchantability or fitness
of use for a particular purpose. Any references included are
provided for informational purposes only and do not constitute
endorsement of any sources.
Authors Note

Barry Liner is the director of the Water Science & Engineering Center at the Water Environment Federation (WEF).
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selenium removal using a moving bed biofilm reactor
Caroline Dale and Barry Liner

S

elenium is a naturally occurring and essential nutrient for
humans, animals, and some plants; however, selenium also
can cause adverse health and reproductive effects when
consumed in excess. In nature, selenium is found primarily in
organic-rich sedimentary rocks (e.g., petroleum source rock,
coal, phosphorites, and carbonaceous shales) and sulfidic ores.
Because of its natural occurrence in geologic materials used as
industrial feedstocks, selenium often is present in wastewater due
to oil and gas extraction, petroleum refining, coal-fired electric
power generation, metals mining and processing, and production
of phosphate fertilizers. It also is found in wastewater and sludge
at wastewater treatment plants. Selenium also may be present in
irrigation water and stormwater runoff from agricultural operations
located in areas with seleniferous soils.
In mining and coal-fired power plant effluents, selenium is
mainly found in the form of selenate (Se [VI]) and selenite, (Se
[IV]). Both compounds are toxic to aquatic life; hence, discharge
limitations for selenium are becoming increasingly stringent. The
U.S. Environmental Protection Agency (EPA) requires selenium
concentrations in discharges from coal-fired power stations to
be below 12 ppb on a monthly average and 23 ppb as daily
maximum. The discharge consent for release into freshwater systems
at certain sites is 5 ppb.
Treating selenium
Selenium treatment technologies can be applied either at the
source (upstream) or at the end of the pipe (downstream), or both.
The species of selenium can change as wastewater moves through
different chemical, physical, and biological processes within the
facility’s treatment plant or process units. The applicable treatment
technology required will depend on the species of selenium in the
wastewater and discharge requirements.
Selenate and selenite can be reduced biologically to the
elemental form of selenium, which makes it virtually insoluble.
Particulate elemental selenium can then be separated from
the wastewater by traditional liquid–solid separation methods.
Biological treatment methods include constructed wetlands and
fixed-film bioreactors — using granulated activated carbon as
support material for biofilm growth, either as a packed bed or as a
fluidized bed — and moving bed biofilm reactors (MBBRs) utilizing
a plastic support for biological growth. Other methods include
precipitation with iron salts, ion exchange, zero valent iron, and
reverse osmosis.
Although technologies are capable of removing selenium
from industrial wastewater, the ability to consistently and reliably
remove selenium remains a challenge. Treatment of selenium
using these core technologies will require primary, tertiary, and
residuals treatment. The effectiveness of selenium treatment is
highly dependent on species, concentration, and mass of selenium
in wastewater and other water matrix parameters. Therefore, a
detailed wastewater characterization including selenium speciation
and mass balance would be important to properly evaluate
treatment options. An example of this evaluation based on utilizing
an MBBR process on both power plant and mining effluent is
provided below.
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MBBR technology
An MBBR is a biological method to remove selenium that can
operate with the same support material for over 20 years, while
granulated activated carbon in other biological methods may
need to be replaced regularly. The MBBR does not require backwashing; it can tolerate high suspended solids concentrations in
the feed and is not subject to clogging. MBBRs also are generally
energy-efficient, and individual reactors can be made significantly
larger than other bioreactors.
The MBBR process has been used extensively for carbon and
nitrogen removal. The process utilizes media made of polyethylene,
which has a shape that provides a large protected surface area for
biofilm development. Two examples of MBBR media are shown in
Figure 1. K1 is the original media with a protected surface area for
biofilm growth of 500 m2/m3 at 100% filling (bulk volume/volume).
K5 is a later development that provides 800 m2/m3 at 100% filling.
Fillings up to 60% to 65 % can be used. Under anoxic conditions, the
media are kept in suspension using mechanical mixers.

Figure 1. Examples of MBBR media: K1 (left) and K5 (right).
Credit: Veolia Solutions and Technologies
Performance evaluation
Studies were performed on laboratory MBBR models that were
continuously fed with industrial wastewater from two sources: flue
gas desulfurization (FGD) from a power plant and a coal mine.
Carbon sources and nutrients were added in small separate feed
streams. Effluent samples were collected and treated in batches
with either filtration through 0.2-µm membrane filters or with
coagulation and flocculation using ferric chloride and polymer.
The characteristics of the wastewaters treated are summarized in
the table on next page.
FGD effluent
Treatment of the FGD effluent containing approximately 250 ppb
selenate and 90 ppm NO3-N was studied in a two-stage MBBR with
K1 media. Glucose was added as carbon source and the process
was operated at 30°C.
The results (Figure 2) show that it was possible to achieve 10–20
ppb of total selenium after chemical treatment. The total selenium
concentrations after chemical treatment were consistently lower
than that of the filtered samples, which demonstrates that chemical
treatment was more efficient than filtration through a 0.2-µm filter for
separation of selenium from the effluent.

Table. Influent characteristics of the tested wastewaters
NO3-N and NO2-N were depleted in the first MBBR, while most of
the selenium removal took place in the second reactor.

Figure 3. Total HRT, process temperature, and effluent concentrations of
total selenium in coal mine effluent (green triangles represent samples
that were below the detection limit, 3 ppb, for total selenium)

Figure 2. Effluent concentrations of selenium when treating FGD
wastewater
Coal mine effluent
Treatment of coal mine effluent containing approximately 38
ppb total selenium and 23 ppm NO3-N was studied in another
two-stage MBBR using K5 media and Micro C as a carbon source.
The process temperature was decreased gradually from 22°C to
6°C during the study, and the total hydraulic retention time was
decreased from 30 to 4.5 hours.
The results (Figure 3) show that it was possible to consistently
achieve concentrations of less than 5 ppb total selenium after
chemical treatment and frequently below the detection limit of 3 ppb.
The concentration of NO3-N+ NO2-N was reduced to 0.4 to 1.2 ppm
after the first reactor and then further reduced to around 0.2 ppm after
the second (Figure 4). Between 50% and 85% of the selenium reduction
also occurred in the first reactor, with the second reactor acting mainly
as a polishing step for both nitrate and selenium.
A viable treatment option
The results show that MBBR can be a viable solution for biological
selenium removal as well as nitrate removal from FGD and mine
effluents. By combining the MBBR with traditional chemical

Figure 4. Concentrations of NO3-N + NO2-N in MBBR 1 and in effluent
for coal mine wastewater

treatment, very low effluent selenium concentrations can be
reached. With so much focus on the selenium regulations, having
a biological solution offers treatment options where they were
previously limited, especially in the mining and energy markets.
Note: This article was adapted from a WEFTEC 2014 presentation,
“Moving Bed Biofilm Reactor for Selenium Removal from FGD and
Mine Effluents,” by Caroline Dale, Maria Ekenberg, Mikael Sjölin,
Flemming Wessman, and Jens Morän.

Caroline Dale is a principal engineer of biological processes at the Cary, N.C., office of Veolia Water Technologies (Paris).
Barry Liner is the director of the Water Science and Engineering Center at the Water Environment Federation (Alexandria, Va.).
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the pipeline – operator certification challenge
Ted Bailey
Baileytb@att.net

WATER TREATMENT GRADES 1 AND 2

1. Calculate the million gallons (MG) of
water in a basin that measures 75 feet
long by 30 feet wide and is filled to a
level of 16 feet.
A. 0.27 MG
B. 2.25 MG
C. 7.48 MG
D. 8.34 MG
2.	Jar testing indicates a demand of 0.8
mg/L chlorine is required for disinfection
of surface water. Calculate how much
chlorine in pounds per day is needed
to treat 38 million gallons per day if a
residual of 1.0 mg/L chlorine is desired.
A. 100 ppd
B. 254 ppd
C. 570 ppd
D. 904 ppd
3.	Which of the following is normally
used initially as an indicator organism
to determine bacteriological
contamination in raw surface water?
A. E Coli
B. Total Coliforms
C. Salmonella
D. Giardia
4.	What consumer problems might
be caused by excessive calcium in
drinking water?
A.	Customer complaints of gastric
disorders
B.	Customer complaints of stained water
fixtures
C. Customer complaints of scale deposits
D. Customer complaints of brown lawns
5.
A.
B.
C.
D.

What does pH measure in water?
Acidity
Alkalinity
Hardness
Hydrogen ions

WATER TREATMENT GRADES 3 AND 4

1.	Excess lime addition to remove
magnesium carbonate hardness results
in a pH of:
A. 9.0
B. 10.0
C. 11.0
D. 12.0
2.	What is the chemical formula for
sodium bicarbonate?
A. SnCO3
B. Na2CO3
C. NaHCO3
D. SiCO3
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3.	If a pump is filling a basin 75 feet in
diameter with a flow of 7000 gpm, how
long will it take to fill 15 feet deep?
A. 1.0 Hr
B. 1.2 Hr
C. 2.5 Hr
D. 6.0 Hr
4.	Which treatment process is most
effective in removing THM precursors?
A. Aeration
B. Coagulation/sedimentation/filtration
C. Ion exchange
D. Oxidation with ozone
5.	You feed an average of 15 mg/L alum
and produce 5.5 billion gallons per
year. Your alum is 48% aluminum sulfate
and weighs 11.1 lbs per gallon and
costs $.085 per lb. of aluminum sulfate.
How much will the annual alum cost
be?
A.	There is not enough information to
determine costs.
B. $15,000.00 per year
C. $30,000.00 per year
D. $60,000.00 per year

WATER DISTRIBUTION GRADES 1 & 2

1.	The quantity of water that a unit volume
of saturated permeable rock or soil will
yield when drained by gravity is:
A. Specific Yield
B. Aquifer Yield
C. Well Drawdown
D. Saturation by Gravity
2.	Which type of fire hydrant has no main
valve but has a separate valve for each
nozzle?
A. Wet barrel
B. Warm climate
C. Dry barrel
D. Breakaway
3.	Calculate the dosage in mg/L of chlorine
fed at a rate of 65 lbs/day to a flow of 2.7
MGD:
A. 0.5 mg/L
B. 1.8 mg/L
C. 2.9 mg/L
D. 10.0 mg/L
4.	How frequently should fire hydrants be
inspected and maintained?
A. Monthly
B. Twice per Year
C. Annually
D. Every 5 Years

5. What is disinfection?
A.	The process which is used to kill or
inactivate pathogens.
B.	The process which is used to kill or
inactivate coliform bacteria.
C.	The process which provides
concentration and time to meet ADEQ
requirements.
D.	Raising the pH of the water so bacteria
cannot live.

WATER DISTRIBUTION GRADES 3 & 4

1.	The growth of ammonia-oxidizing
bacteria in systems that use
chloramines results in incomplete or
partial nitrification and production of:
A. Ammonia.
B. Nitrates
C. Nitrites
D. Nitrogen
2.	Which of the following is commonly
used instead of nutating disc meters for
services?
A. Pitot
B. Piston
C. Propeller
D. Turbine
3.	How long will it take to fill a reservoir 50
feet in diameter up 5 feet with a well
producing 2.25 MGD when demand is
drawing 750 GPM out of it?
A. It cannot be determined.
B. 1.5 Hours
C. 5.0 Hours
D. 10.0 Hours
4.	Which of the following produces a
basic solution when dissolved in water?
A. Sodium Hypochlorite (bleach)
B. Aluminum Sulfate
C. Ferric Chloride
D. Chlorine gas
5.	Your distribution system produces 150
MGD and 1/3 is supplied by a system
that has electric costs of $7.5 million.
An alternate supply can be brought on
line for $13.5 million and will cost $750
thousand per year. What will be the
payback time in years for bringing the
alternate supply on line?
A. 2 Years
B. 7.5 Years
C. 13 Years
D. It will never happen.

WASTEWATER COLLECTION GRADES 1 & 2

1.	Industrial discharges to sewers vary
widely due to the:
A. Cost of wastewater storage.
B.	Distance down to the groundwater
table.
C.	Local practices regarding the runoff
from firefighting practices.
D.	Types of manufacturing processes used
by industries.
2.	Explosive or flammable atmospheres
can develop __________ in a collection
system:
A. After high flushing velocities.
B. At any time.
C. Only after gasoline truck spills.
D. Whenever there are toxic gases.
3.	A 16-inch diameter sewer 500 feet long
has an upstream invert of 1856.3 and
a downstream invert of 1845.8. What is
the slope in percent?
A. 10.5
B. 3.0
C. 1.5
D. 1845.8
4.	Always contact property owners in an
area before excavating to make them
aware of any:
A. Inconvenience that might occur.
B. Need for increasing sewer charges.
C.	Noise that might be generated by
equipment.
D. Reasons not to use any water.
5.	Wastewater carries a marker through a
sewer line 500 feet in 2.5 minutes. What
is the velocity in feet per second?
A. 1.25
B. 2.5
C. 3.3
D. 8.3

WASTEWATER COLLECTION GRADES 3 & 4

1.	All excavation work shall at all times be
under the immediate supervision of:
A. A certified operator.
B. A properly certified supervisor.
C. A competent person.
D. A licensed backhoe operator.
2.	Electric motors need additional
insulation to prevent problems due to:
A. Cold weather.
B. Arizona dust.
C. High voltage.
D. Moisture.

3.	What is the daily cost of energy in a lift
station to lift 695 GPM sewage 50 feet
when the pumps are 75% efficient, the
motors are 80% efficient and electricity
costs $.15 per KwH?
A. $27.50
B. $39.39
C. $50.00
D. $80.45
4.
A.
B.
C.
D.

SSES stands for:
Sanitary sewer energy survey.
Scoured solids evaluation system.
Sewer system evaluation survey.
State sewer evaluation survey.

5. The purpose of lubrication is to:
A.	Keep moisture away from motors.
B. Protect moving parts from corrosion.
C. Provide a source of power.
D. Reduce friction between moving parts.

WASTEWATER TREATMENT GRADES 1 & 2

1.	The primary nuisance insect associated
with trickling filters is:
A. Mud dauber wasp.
B. Cockroaches.
C. Mosquito.
D. Psychoda.
2.	A rotating biological contactor treats
a flow of 1.8 MGD. The surface area of
the media is 600,000 square feet. What
is the hydraulic loading?
A. 1.0 GPD/sqft
B. 2.0 GPD/sqft
C. 3.0 GPD/sqft
D. 4.0 GPD/sqft
3.	Calculate how many pounds per
day of chlorine are needed daily to
disinfect a flow of 18 MGD with 3.5
mg/L chlorine?
A. 525 lbs
B. 1,666 lbs
C. 4,178 lbs
D. 8,765 lbs
4.	Estimate the detention time for
a sedimentation basin 90 feet in
diameter and 12 feet deep if the flow
through the tank is 3.4 MGD. Select the
closest answer:
A. 1.0 hours.
B. 2.0 hours.
C. 3.0 hours
D. 4.0 hours.

5.	Estimate the pounds of BOD removed
daily by a clarifier that handles 8 MGD.
The inlet BOD is 250 mg/L and the
outlet BOD is 75 mg/L.
A. 6,200
B. 8,300
C. 11,700
D. 18,000

WASTEWATER TREATMENT GRADES 3 & 4

1.	How long should you allow an
activated sludge process to react and
stabilize after a change?
A. 3 hours
B. 8 hours
C. 24 hours
D. 7 days
2.	How many pounds of solids are under
aeration in an aerations tank with a
capacity of 0.6 MG when the MLSS are
2,400 mg/L?
A. 2,400 lbs
B. 6,000 lbs
C. 12,000 lbs
D. 89,832 lbs
3.	What is the Detention Time in a basin if
the flow is 2.5 MGD, the diameter of the
basin is 50 feet and it is 15 feet deep?
A. 2.1 hours
B. 6.00 hours
C. 12 hours
D. 1.2 days
4.	The term biosolids refers to:
A.	Any solid waste material that can be
biologically oxidized.
B.	Sludge that can be recycled for
beneficial use.
C.	Sludge that is used as fertilizer on public
lands.
D.	Wastewater treatment plant sludge
which contains more than 8% solids.
5.	Which chemical may be used in
phosphorus removal processes?
A. Chlorine
B. Potassium permanganate
C. Copper sulfate
D. Calcium hydroxide

SEE ANSWERS ON PAGE 64
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finding strength in numbers

the water advocates website makes it easier to get involved
in water-related legislation and regulations
Steve Dye, WEF Government Affairs

T

he Water Environment Federation (WEF; Alexandria, Va.) has
launched a new website and on-line grassroots advocacy
tool for the Water Advocates program that features important
legislative and regulatory matters and calls-to-action on issues
impacting the water sector.
The website offers a number of free grassroots tools to help WEF
members engage with their elected officials. Although the website
is accessible to all water professionals, WEF invites members to
join the Water Advocates program to increase their effectiveness
in advocating for the water sector. WEF members can join the
Water Advocates community on wefcom.org, as well as the Water
Advocates website.
Automated Letter Writing to Congress
The Water Advocates website currently has two calls-toaction on significant bills pending in Congress that connect
users to a “Write your Congressman” tool on the website.
The tool electronically submits pre-drafted letters to Senators
and Representatives. The tool uses the official Congressional
correspondence process so the emailed letter will not get marked
as spam.
The first call-to-action urges the House and Senate to increase
funding for water infrastructure in FY2017 appropriations bills. The
letter asks Congress to fund the Clean Water and Drinking Water
State Revolving Fund (SRF) programs at $2 billion each. In addition,
the letter includes a link to a new report by WEF and the WateReuse
Association that states that for every $1 million in SRF funding,
$930,000 is returned to the federal treasury in tax revenues, 16.5
high-paying jobs are created, and $2.95 million in economic growth
is generated in the U.S. economy.
The second call-to-action urges the Senate to pass the Water
Resources Development Act of 2016 (WRDA). The Senate version of
this bill includes a number of important policy and funding provisions
that benefit water infrastructure investment. The bill was passed out
of committee earlier this year, but now needs to go to the Senate
floor. The draft letter asks senators to urge Senate Majority Leader
McConnell to bring the WRDA bill to the floor and pass it with the
water infrastructure provisions.
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Grassroots Advocacy Toolkit
Members and Member Associations have another toolkit for
their grassroots advocacy efforts. This toolkit explains the benefits
of grassroots advocacy at the federal, state, and local levels, and
provides advice and guidance on how to engage with elected
officials and the public on important issues affecting the water
sector. The toolkit outlines essential steps to grassroots advocacy,
as well as provides quick tips on calling, writing, and meeting
with elected officials. Also, the toolkit includes useful links to
Congressional and federal agency websites and directories.
WEF members can download the PDF version of the toolkit at the
Water Advocates website. Member Associations are urged to share
it with members as a resource.
Since 2011 Steve Dye has served as Legislative Director for the
Water Environment Federation (WEF). In his government relations
role Steve represents the Federation before Congress, monitors key
legislation and federal policies, develops and executes legislative
strategies and proposals, and maintains WEF’s excellent reputations
before public and private interests in the water sector. He also leads
WEF’s Water Advocates Program, a grassroots program designed to
mobilize and train WEF members to advocate before federal, state,
and local officials.
Sign-up for This Week in Washington
If you’d like to get all the latest news from Washington, D.C., and
elsewhere around the country on important legislation, regulations,
legal action, and national policies and programs, sign up for WEF’s
weekly government affairs e-newsletter, This Week in Washington.
Every Friday afternoon you will receive a brief report on
important issues affecting the water sector as well as upcoming
events, webcasts, and publications. And best of all, it’s free to
subscribe. Sign up at http://www.wef.org/GovernmentAffairs/
ThisWeekInWashington/.

success and fun
Paul Hendricks

persevere for success

I

recently heard a talk from Dr. John Maxwell about the “Rule of 5”
and wanted to share some of the key points from his presentation.
I think we can all benefit from this and have “Success and Fun” in
our lives.
This topic will cover the “Rule of 5” for personal growth and
building your team. What is the question you should ask to know
how to be personally successful?
Answer: “EVERYDAY COMMIT YOURSELF INTENTIONALLY TO
PERSONAL GROWTH”
This is the only thing that will guarantee your personal success.
If you have a tree to cut down in the back yard, you need to
swing an ax and hit the tree five (5) times each and every day. You
do not need to swing 10 or 15 time, just 5.
Result: Eventually the tree will be cut down and fall. You will have
then been successful in reaching your goal. So this is the “Rule of 5”.
What you have to do is figure out what the “TREE” is in your
life? What is your DREAM and what is it that you really want to
accomplish in your life? Then pick out that Dream or Goal and do
five things each day focused on that goal.
Most people learn the “Rule of 5” and then get and ax and do 5
times at one tree and the next day do 5 times at another tree and
so on, until they have about 12 trees scared, but no tree fallen.
Your goal is not to scar the tree, it is to knock it down. Success
is about FOCUS and UNDERSTANDING. You need to figure out your
lifetime goal and then focus on it with all your heart and soul.
Here are the five things that are essential to your success. The
“Rule of 5” for Personal Growth and Development are:
1. Commit to Learn - This must be focused learning in the area of
your topic of interest. This requires that you are teachable. You
must have a teachable spirit and attitude. Have a thirst for
knowledge daily. his can be books, tapes, and seminars. This
can be a “learning lunch” where you take someone to lunch
that knows more than you about your area of interest. You
must be intentional and focused in your learning habits.
   a. Grow in your Relationships Daily - Relationships are KEY to
success, people will not go along with you if you cannot
get along
   b. Develop an Attitude of Gratitude - Living a life of
appreciation is a gift, good attitude in tough times is a
difference maker

   c. Develop and Equip Others - Share what has worked for you
and build a team
   d. Develop Leadership Skills - You cannot do something great
alone
   e. Develop your Faith - There is a God and you are not him
2. Prioritize - Make sure you are focused on what is important.
You do not have time for everything. Focus on what gives you
the best return on your investment and time. Not everything
has equal importance.
3. Apply - Take what you learn and apply it to your life, DAILY.
The greatest gap in life is between knowing and doing.
4. Evaluate - Look at and evaluate what you have done each
day, each week, each month, and each year? Evaluated
experience is the best. The question is what did you get out of
your day and or experience? Ask yourself what did you Love
and what did you Learn?
5. Share what I am learning - Leaders learn that lessons learned
must be shared with others. Apply Change and Teach, (ACT).
This is the key to multiplication.
Now that you have what it takes for personal growth and
development, the next step is to develop and build a team. Here
are the Keys to Developing Your Team:
1. Ask yourself, “How can I make my team better?” The better
the team, the better the results.
   a. Communicate to your Team
   b. Position your team members in their area of Strength
   c. Give your team a vision of the “Big Picture”
2. Ask yourself, “Am I an Example to others?” The greatest
motivation for your team’s success is by example. Your team
will do what you as a leader are doing. Develop a culture
of success. What you are doing is more important than the
dream.
   a. Followers ask the Leader:
        i. Do the Leaders care?
        ii. Can you help me?
        iii. Can I trust you?
3. Ask yourself, “Am I Developing a Growth Environment?”
   a. Others are ahead of me. If you are ahead of the class
change classes so you are challenged by others that are
better than you.

Water • Wastewater • Haz-Mat • Landfill • Consulting & Construction
CM @ Risk Contract O & M Arsenic Removal Design Build
6708 Corsair Avenue, Suite A, Prescott, AZ 86301
928-778-5335 • www.fannvironmental.com
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   b. You are continually challenged.
You need to be challenged and
not coast through life. If you are
coasting, you are not going uphill.
   c. Your Focus is Forward. You must be
over your head. You feel you are
in deep water in which you are
stroking hard to keep up.
   d. Failure is not my Enemy. No one
does everything right.
   e. Where others are growing.
    f.  Where people desire to change
and be different.
   g. Where growth is modeled and
expected.
4. Ask yourself, “Am I evaluating how
much time I give to each team
member and function?” Pareto
Principle - Spend the time with the top
performers. The 80/20 rule, “20% of the
time and effort and people provide
80% of the return or reward,” So focus
on the 80/20 rule.
5. Ask yourself, “Am I building the depth
of my team?” You must develop a
deep and wide team. This will take
you through the tough times and
provide the resources you need during
the times of success.
Each of us can apply these principles to
our daily lives. You will be amazed as you apply these thoughts and principles at work and at home. Please share them with others and see
what happens!
I am honored to share my perspective on “SUCCESS and FUN”. I hope to hear from you, contact me at phendricks@cox.net if I can be
of assistance to you.
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the arizona water reuse 2016 symposium’s
growing success, testament to
the mounting interest in recycling water
Rob McCandless, Arizona Water Reuse 2016 Symposium Chair

T

his year’s Arizona Water Reuse symposium took place July 24
through 26. Like past years, the event was held in the cool
pines of Flagstaff at the Little America hotel. This was the
first time the symposium was convened one year following the
previous symposium, and attendance topped the previous year
with over 130 registered attendees. Like last year, we kicked off
the symposium with the Purple Water Balloon Battle. We added a
third front to the battle with the NAU alumni and a travelling trophy
for future battles. The red and blue (UA) team had overwhelming
numbers and soundly soaked ASU’s two team
members. In the end, NAU walked away
victorious, but not without some controversy.
Apparently, it’s not so simple to declare one team
the winner based on ‘dryness’. It was clear that
the contest had outgrown the old rules, much like
our state’s reclaimed water rules.
Channah Rock and Marie Pearthree got
our Monday morning general session started
followed by Flagstaff Public Utilities Director Brad
Hill. Mayor Jerry Nabours returned this year and
once again shared his wit and perspectives
on water resources and politics in and around
Flagstaff. Through the hard work and persistence
of Jeff Biggs and Tim Thomure, we were fortunate
to have Senator John McCain give a keynote
address on multiple water resource issues facing
Arizona including forest management and Salt
Cedar eradication along the Colorado River. It’s
always inspiring to watch and listen to someone
who has dedicated their lives to serving our state
and nation.
The breakout sessions included Advances in Technology and
Advances in Research – both central to the success of potable
reuse. This year, we included a Water Reuse 101 presentation to
help familiarize those new to Arizona or our industry about the
history and state of water reuse in Arizona. We received positive
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feedback on this presentation, even from some long term
Arizona residents. We included a track on the Smaller Community
Experience which was very popular in 2015. As pressure on water
supplies increases, smaller communities must develop even more
creative solutions for beneficial reuse of water and there are many
stories to tell right here in Arizona. Recognizing the challenges faced
by inland utilities, we included topics on salinity and accumulation
of contaminants in recycled water, as well as development of
technologies that will allow us to implement direct reuse without
generating significant reverse osmosis brine
streams. These topics were covered by recognized
industry leaders Dr. Peter Fox, George Maseeh,
and Jim Lozier.
The WateReuse Arizona Awards and
Scholarship winners were announced during
lunch on Monday. This year, two scholarships were
awarded:
• Douglas Rice of Arizona State University’s
Fulton School of Engineering
• Victoria Karlsson of University of Arizona’s
Agricultural and Biosystems Engineering
Program
The WateReuse Awards included:
• Project of the Year: Potable Reuse for Inland
Locations; Pilot Testing. CH2M, University
of Arizona, Tucson Water and the Water
Environment and Reuse Foundation (WE&RF)
• Program of the Year: City of Goodyear’s
“One Water” program
• Person of the Year: Marci Mullins of ADEQ.
Monday night’s dinner was held at the Hart Prairie Lodge at
the Snow Bowl Ski Resort. After a long day of drizzling rain, the
clouds began to clear in time for an absolutely stunning sunset
during our reception. Following dinner, Channah Rock presented
the past-president award to Brian Biesemeyer in recognition of his
outstanding leadership and mentoring.

The Tuesday morning format was one general session. First
up was ‘Future of Reuse in Arizona’ and was somewhat of a
culmination of the previous day’s sessions. This session included
a presentation on the recent 2016 updates to EPA’s Water Reuse
Guidelines, an update on ADEQ’s Reclaimed Water Rule changes,
a progress report on the Advisory Panel on Emerging Contaminants
(APEC) and presentation of the Guidance Framework Document
for Arizona Potable Reuse given by Jeff Mosher. The update to the
existing reclaimed water rules and proposed framework for potable
reuse in Arizona reflect our state’s successful history with water reuse
and the unique circumstances we face. It’s very exciting to see
these changes taking place.

The symposium closed with three keynote addresses. The current
president of WateReuse Association, Guy Carpenter, kicked things
off with a presentation on how California, Texas and New Mexico
are implementing direct potable reuse. Guy was followed by Doug
Owen of WE&RF who showed the group how research focus areas
have shifted over time and reuse needs have evolved. Sarah Porter
of the Kyl Center for Water Policy closed out the symposium. Sarah’s
presentation highlighted the water rights challenges facing Arizona
and the great progress Arizona has made to grow our economy
while reducing our per capita water usage. It is clear that water
reuse will be a major component of water resource solutions in
Arizona and we’re making great strides setting the framework for
success.
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nanofiltration for cec removals
in water reuse applications
Zaid K. Chowdhury, PhD, PE, BCEE1
Steven M. Jones, PhD, PE2
Michael J. Watts, PhD, PE3

Introduction
ith the increasing emphasis on water recycling, there is
particular focus on direct potable reuse (DPR) as well as
indirect potable reuse (IPR) of treated wastewater as an
additional source of drinking water. In the absence of any federal
regulations regarding IPR and DPR, many states, including Arizona,
are active in formulating guidelines and requirements for IPR and
DPR. For example, the California legislature has asked their advisory
board to report by the end of 2016 regarding the feasibility of
developing DPR regulations. The expert panel has released a draft
in early Septeber, which includes a conclusion that it is feasible to
develop DPR regulations with the current state of knowledge. The
State of California is also required to adopt regulations regarding
surface water augmentation with recycled water by the end of
2016, a draft of which is also available. The Arizona Department of
Environmental Quality (ADEQ) is in the process of forming several
committees to assist them in developing DPR regulations while the
Steering Committee on Arizona Potable Reuse (SCAPR) is working
to develop a framework document in association with the National
Water Research Institute (NWRI). This same organization developed
a similar document for California in 2015.
California currently allows IPR with groundwater injection if
a wastewater treatment process achieved 12, 10, and 10 log
removal of viruses, giardia, and cryptosporidium through advanced
treatment processes based on levels present in the raw wastewater.
To achieve such a degree of removal the state regulations
recognize that the advanced treatment process should include
microfiltration (MF), reverse osmosis (RO), and advanced oxidation
processes (AOP) in a treatment train that is commonly referred to as
full advanced treatment (FAT) in the regulatory document.
In any IPR or DPR applications, the reasons for including FAT in
the treatment train are aimed at lowering the elevated levels of
particulate matter, microorganisms, and dissolved organic matter
including chemicals of emerging concern (CEC) that are found
in the wastewater to levels that are often found in typical drinking
water sources. Each of these technological steps are needed to
render the water safe and also to break the cycle of accumulation
of these contaminants in multiple use of the same water.
Both reverse osmosis (RO) and nanofiltration (NF) are capable
of removing substantial amounts of total dissolved solids (TDS).
While RO is less selective and removes the majority of inorganic
ions resulting in very low TDS in the treated water, NF is more
selective and primarily removes larger divalent dissolved ions as it
also removes a smaller degree of other inorganic ions. A typical
RO process can remove almost 99 percent of TDS from treated
municipal wastewater requiring subsequent augmentation of
minerals for stabilization. The NF process can remove around
90 percent TDS from treated municipal wastewater which can
achieve the treatment objectives of IPR or DPR applications.
Using NF process also minimizes the needs for subsequent mineral
augmentation for stabilization. The extent of removal of CECs by the
NF process has not been previously explored as extensively as it has
been done for RO.

W

Research Results
The authors of this paper were engaged in a research project to
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determine the removal of CECs using NF bench-scale apparatus.
Real treated wastewater from three different conventional
wastewater treatment plants were used in this research. Table 1 lists
the characteristics of the facilities sampled for the research. Figure 1
shows the approximate location of the treatment facilities.

Table 1: Summary of wastewater treatment plants

Each of the collected
secondary effluent
samples were subjected
to RO and NF filtration
in bench scale. A
photograph of the
bench-scale apparatus
is shown in Figure 2.
Table 2 summarizes the
membrane properties
that were tested. Table
3 summarizes various
operating conditions
during the bench-scale
tests. All of the samples
including the primary
Figure 1: Approximate location of
effluent, secondary
sampled wastewater treatment plants.
effluent, RO treated
water, and NF treated water were analyzed for 96 different CECs
for which methods are available. Table 4 shows the grouping of
the 96 compounds tested in this research along with the range of
molecular weights for each group.
Samples collected from each location represented effluent from
primary clarifiers (following primary treatment), and effluent from
secondary clarifiers (following secondary treatment). The sampled
wastewater treatment facilities demonstrated consistent removal
of the 96 CECs. In primary clarifier effluent, CECs were detected
above the corresponding minimum reporting limit (MRL) for 82 of
the 96 CECs analyzed in this research. 14 CECs were not detected
in the primary effluent indicating that these compounds were either
nonexistent at measurable concentrations in the WWTP influent,
or were effectively removed by the gravity separation barriers

Table 2: Properties of the tested membrane elements.

Figure 2. Bench-scale membrane testing
apparatus.
that exists in the primary treatment steps of the sampled
wastewater treatment plants. 64 of the 96 CECs were found in
the secondary effluent samples at residual concentrations (on
average) above their respective MRLs.
The rejection rate (percent-removed from initial secondary
effluent concentration) of each CEC was determined for
each secondary effluent sample treated by NF or RO. Figure 4
and Figure 5 present the average observed percent-removal
of CECs with NF and RO treatment processes, respectively.
Concentrations of CECs detected in sampled RO permeates
were all less than their MRLs, with the exception of triclocarban,
quinoline, fluoxetine, and 4-nonylphenol. Several CECs were
detected at concentrations greater than their MRLs in NFtreated secondary effluent samples. Less than 1-log (<90%)
removal by NF was observed for acesulfame-K, atrazine,
bisphenol-a, DEA, DACT, DIA, fluoxetine, quinoline, simazine,
TCEP, and triclosan.
Conclusions
Based on this research, both NF and RO are capable of
achieving a high degree of removal of CECs and TDS. Both of
these membrane technologies may be adequate for water
recycling purposes; however, NF has significant advantages
over RO for advanced potable reuse treatment with respect
to lower required operating pressures (less than 100 psi for
NF versus greater than 150 psi for RO) and greater water
recovery. However, both increasing public and regulatory
pressure toward removing CECs will certainly influence the
development of design standards and selection of treatment
technologies for future potable reuse projects. Other important
findings include:
• Iohexal, amoxicillin, acesulfame-K, sucralose, and
sulfamethoxazole were the predominant CECs
detected in all three secondary effluents sampled (with
concentrations detected in parts-per-billion).
• Reverse osmosis was the most effective barrier tested,
with only 4-nonylphenol having an observed removal rate
by RO less than 90% or (1-log removal).
• Nanofiltration was less effective than RO, however, with
only acesulfame-K, bisphenol-a, fluoxetine, TCEP, triclosan,
DACT, DEA, DIA, and atrazine exhibiting removal rates
less than 90% by NF. Average removal for atrazine by NF
was 73%, followed by 82%, 83%, 84% for DIA, DEA, DACT,
respectively.

Table 3: Test operating conditions for each membrane element

Table 4: Grouping of CECs analyzed.

Figure 4. Average percent-removed by NF for each CEC detected in
secondary effluents.
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member news

AZ Water Supports Ride With Purpose
At the September 9, 2016 Board of Directors meeting, Water Buffalo Mark Stratton
presented a plaque to AZ Water Association President Marie Pearthree thanking
the Association for their support for Ride with Purpose. AZ Water has supported the
Water Buffalos since they began their adventure of riding their motorcycles to the
AWWA Annual Conference and Exposition (ACE) starting in San Antonio in 2006.
The Ride with Purpose is closing in on having raised $1,000,000 benefiting Water
For People in the eleven years of riding to ACE (and recently WEFTEC) and Mark
has been the sole rider to have ridden his motorcycle to all eleven events. For
more information on the Water Buffalos and Ride with Purpose, please visit their
website at www.Ridewithpurpose.org.
The Water Buffalos (aka The
Herd) are part of something very
special. They participate in annual
motorcycle charity rides. Rides
begin from several locations across
the US and Canada and end at
numerous conferences, workshops
and tradeshows throughout the year. All of this is in the spirit of raising money and awareness
for non-profit organizations that provide for safe drinking water, sanitation services and
environmental stewardship to communities in need.
The Herd operates under the following four founding intentions and as stated in its Articles
of Incorporation:
1. To promote awareness of providing safe and reliable water and wastewater service to those in need.
2. To raise funds through organized motorcycle and related events to support efforts to provide safe water and wastewater service in
underdeveloped areas.
3. To provide funds and other support to water and wastewater related 501(c) (3) charities that provide needed assistance in
developing safe and reliable infrastructure.
4. To consult, coordinate and cooperate in the development of effective fund raising efforts to provide safe drinking water and
sanitation conditions to those in need.

           DISTRICT MANAGER
The Fountain Hills Sanitary District is looking for an individual experienced in overseeing the day-to-day operation of a wastewater
utility employing a staff of 43. This position reports to a five person elected Board. Requires a degree in Civil, Sanitary, or
Environmental Engineering and a minimum of seven years’ experience with a water or wastewater utility. Related experience may be considered
as a substitute for the required experience. This position also requires possession of a valid professional engineer’s registration in the State of
Arizona in Sanitary or Civil Engineering at the time of hire. Possession of valid operator’s certifications from the ADEQ are desirable. Salary
$110-150k. Send resume to 16941 E. Pepperwood Circle, Fountain Hills, AZ 85268, 480-837-9444, fhsd@az-fhsd.gov.
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wifa news

NEW INITIATIVES AND PROJECTS
Financing Update
NEW INITIATIVES
WIFA is spearheading initiatives to direct some of its funds
to address serious threats to Arizona’s water supply, nonpoint
source pollution (including watershed protection and forest
restoration) and stormwater.
Natural landscapes filter
pollutants and protect water
quality. Floodplains and natural
landscapes minimize the area
and impacts of floods, reduce
the burden on public drainage
infrastructure, and increase
groundwater recharge. These
types of projects ensure a resilient water infrastructure system,
and can reduce capital costs to supply clean drinking water
and to treat wastewater.

NEW PROJECT
Town of Wickenburg
WIFA provides $200,000 in forgivable principal for stormwater
management projects
In August, WIFA closed a $1 million loan with the Town of
Wickenburg for two projects that will address flooding and
stormwater management issues that have caused one school to
flood and destroyed roadway embankments and culverts in town.
One of the projects will address the repeated flooding at
Wickenburg’s Hassayampa Elementary School by rerouting
stormwater flows around the school site into a constructed
vegetated swale. The vegetated swale serves a dual purpose,
preventing flooding and trapping pollutants that may otherwise
make their way into the Hassayampa River.
To encourage stormwater management and green projects,
WIFA can offer incentives, including forgivable principal for eligible
project costs. In Wickenburg’s case, WIFA was able to provide
$200,000 in forgivable principal to offset the cost of the loan.
Wickenburg will also use the loan to repair damage from last
summer’s flooding event, which caused storm flows to overtop the
road and severely damage the headwalls, roadway embankments
and culverts along Mariposa Road. To prevent erosion and
sediment transport to the nearby washes, Wickenburg will rebuild
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and enhance two roadway crossings.
For more information, please visit WIFA’s Media Releases
webpage at www.azwifa.gov/media-releases.

MAKING A DIFFERENCE IN ARIZONA
Completed Projects: Q2 2016 Update
Below is a summary of the projects that have been completed
during the quarter, both loans and technical assistance projects. We
hope you will enjoy reading about the successes and results of the
funding that WIFA is providing to Arizona’s communities.
Q2 Summary:
11 projects completed (5 loans, 6 technical assistance projects)
• $$46,970,052
o $46,785,007 in loans
o $185,045 in technical assistance funding
• 5 drinking water projects
o 2 completed by small/rural communities (less than 10,000)
• 6 clean water (wastewater/stormwater) projects
o 2 completed by small/rural communities (less than 10,000)
Completed Loans
Sahuarita, Town of
Population: 8,537
Wastewater Capacity Upgrades
Loan Amount: $31,866,528
Project Results: This project increased the Town’s treatment plant
capacity to meet growing demand, upgraded the plant to produce
Class A+ effluent for recharge, and helped the facility meet odor
control and aesthetic requirements.
Miami, Town of
Population: 1,778
Wastewater Collection System Replacement Project Development
Loan Amount: $3,250,000
Project Results: To address its failing 80-year-old sewage collection
system, the Town has completed its design loan with WIFA and has

received funding from USDA Rural Development to begin the extensive
repairs and replacements.
Douglas, City of
Population: 17,378
WWTP Compliance and Facility
Improvements
Loan Amount: $5,368,479
Project Results: This project allowed
the City to make the necessary facility
improvements to fully comply with its
Aquifer Protection Permit and achieve
full environmental compliance.
Douglas, City of
Population: 17,378
Douglas WWTP Solar Power
Generation System
Loan Amount: $1,300,000
Project Results: The City was able
to install a solar panel array that is
expected to reduce their APS power
consumption and save approximately
$35,000 annually.
Oro Valley, Town of
Population: 33,648
Advanced Metering Infrastructure & Meter Replacement Program
Loan Amount: $5,000,000
Project Results: Advanced Metering Infrastructure technology now
allows the Town to monitor all water use on a daily basis and notify
customers of unusual or high water use alerts flagged by the system.
The technology also interfaces with a web portal that gives customers
the same opportunity to view and manage their own water use. In
addition, meter replacements have reduced non-revenue water from
9.8% to 2.9%.

Completed Technical Assistance Projects
Buckeye, City of
Population: 26,425
Distribution Leak Survey Phase I
TA Amount: $22,000
Project Results: The City’s leak survey located and identified leaking
locations within the distribution systems of the Historic Buckeye and
Sundance service areas.
Kearny, Town of
Population: 2,249
Water System Infrastructure Master Plan, Rate Study, and PER
TA Amount: $32,900
Project Results: The Town completed a Preliminary Engineering Report
to address aging storage tanks and other system upgrades.
Lake Havasu City
Population: 49,050
Lake Havasu City Water Audit
TA Amount: $35,000
Project Results: This project verified accuracy of the City’s water
meters, identified unauthorized consumption and determined
apparent and real water loss. The City will use the water audit results
to update their meter replacement schedule and reduce water loss.
Payson Water Company
Population: 383
East Verde Park Supply Study
TA Amount: $30,000
Project Results: This project created a water system map and storage
analysis for the Company. They also identified groundwater pumping
specifications and evaluated well fields. The Company will use this
information to rehabilitate one of its wells and install timers on its
pumps to improve efficiency.
continued on page 48
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San Luis, City of
Population: 30,607
San Luis Lift Station & Force Main Design
TA Amount: $30,150
Project Results: The City of San Luis has two wastewater treatment
plants, with one operating at about 95% of design capacity and the
other at 7% of design capacity. This project completed design to
divert about 500,000 gallons of wastewater from the plant nearing
capacity and allow both plants to operate at about 60% capacity.
Tempe, City of
Population: 175,000
Loma Vista Flood Mitigation and Stormwater Re-Use Project
TA Amount: $34,995
Project Results: The City was able to study low impact development
techniques as a mitigation measure for flooding and storm water
quality issues particularly for streetscape capital projects. The City
will use this study in conjunction with its Drainage Master Study being
conducted by Maricopa County Flood Control District to evaluate
drainage concerns city wide. This project will also assist in financial
analysis of future projects by quantifying the benefit of LID practices.

continued from page 47

CHANGES AT WIFA
Effective August 6, WIFA is part of the NEW Arizona Finance
Authority, a one-stop shop for financing that supports expanding
and relocating businesses, communities’ infrastructure needs and
first-time homebuyers. Rest assured that business will remain as usual
for WIFA borrowers.
For more information, visit the Arizona Finance Authority’s
website at www.azfinanceauthority.com.
Note WIFA’s new address below.

Water Infrastructure Finance Authority of Arizona
100 North 15th Avenue
Suite 103
Phoenix, AZ 85007
Phone:
(602) 364-1310
Fax:
(602) 364-1327
Toll Free:
(877) 298-0425
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historian report
Jon Schladweiler

A

s one looks back on the drawings, photographs, etc. of older engineering projects, you gain an “amazement” regarding what they
conceived, engineered and constructed, with the tools and knowledge they then had available to them! The article presented
below for your reading pleasure illustrates one of those projects. St. Joseph, Missouri is located along the Missouri River. The goal in1903
was to reclaim several hundred feet of the bank area that the River had “taken away’ during past flood events. To do that, dikes were built
to facilitate the collection of silt to help fill in the area to be reclaimed, then extensions of sewers that once drained into the River (at its old
bank) were installed out to the new bank’s location and, new sewers to “sewer” the newly reclaimed area’s proposed development were
designed and constructed. Then, the area to be reclaimed from the Missouri River was finished being filled in. Thereafter, streets, shallower
utilities, etc. could be installed and actual construction of new buildings begun!
This article from page 554 of The Engineering Record of 5 May 1906, entitled “Reinforced Concrete Pipe Sewers in St Joseph, Missouri”
describes such a project — primarily, from the vantage point of the new sewers. More specifically:

A harbor line has recently been
established along the Missouri River front
in St. Joseph, Mo., 175 to 375 ft. outside of
the old main bank of the river. The Union
Terminal R. R., of St. Joseph, is filling in this
strip of land, which was 20 to 30 ft. below
the river bank, for a distance of 5,300 ft.,
thus reclaiming about 35 acres. Several of
the main sewers of the city discharged into
the river at different points along the strip
that is being filled, and had to be extended
to the harbor line. The first work that was
done in reclaiming the low land was to
build a dike of piles along the harbor line
and cross dikes from it to the shore. The dike
on the harbor line consists of three rows of
heavy timber piling in bents of three piles
each, the bents being inclined upstream.
The bents are heavily cross-braced and the
whole dike is braced by top and bottom
longitudinal stringers to each row of piles.
The cross dikes are built of two rows of piles,
similarly braced, the piles in the rows being
staggered. The dikes were built to catch
and deposit in the low area back of the
harbor line some of the extremely large
amount of silt carried by the river. More than
1,000,000 cu. yd. of material were deposited
back of the harbor line in less than a year
after the dikes were started in March, 1905.
The remaining 900,000 cu. yd. necessary
to complete the fill to 8 ft. above high
water line is being deposited by centrifugal
dredges, which pump sand from the river
channel into the space surrounded by the
dikes.
The cross dikes were built on the lines
of the sewers which had to be extended
across the area that is being reclaimed.
Four of these sewers, a 36-in., a 42-in., a
48-in. and a 72-in., have been extended
with reinforced-concrete pipe, built in
3-ft. sections on the river bank and then
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laid in place. The pipe was made by the
Reinforced Concrete Pipe Co., of Jackson,
Mich., and in order to be absolutely certain
to secure good results the same company
also took the contract for laying the pipe.
The extensions were laid on transverse
timbers carried by the lower longitudinal
stringers on the rows of piles in the cross
dikes. These transverse timbers are spaced
18 in. on centers, so each 3-ft. pipe section
is supported at two points. At the time the
extensions were made, the deposit of sand
over the area enclosed by the dikes had
not been raised to the timbers carrying the
pipes, so the latter had to be carried entirely
by the timber structure. As the current in the
river has a velocity of at least 8 ft. a second
during floods, even inside of the dikes,
the pipes had to be built to withstand this
current until the fill is made around them by
the dredges with the sand from the river.
The extension had to be made during
the winter and finished before the spring
floods occurred in the river in order to avoid
blocking the sewers with the silt which would
be deposited back of the dikes during these
floods. Tents were set up on the river bank
as close as convenient to the land ends of
the cross dikes on which the pipe extensions
were made. The concrete was mixed and
the pipe sections were made and cured
in these tents, the temperature in the latter
being maintained well above freezing by
coke fires in salamanders. The pipes were all
made in the regular forms of the Reinforced
Concrete Pipe Co. The thickness of wall
for the various sizes is 4 in. for the 36-in., 4½
in. for the 42-in., 5 in. for the 48-in, and 7
in. for the 72-in. pipe. Each pipe section is
reinforced longitudinally by five bars, except
the 72-in. pipe, which has seven longitudinal
bars. Each section is also reinforced by two
transverse circular bands, one placed 9 in.

from each end of the section.
The thickness of one end of each
section is reduced by a rectangular rebate,
and by a beveled edge, both extending
around the circumference. The other end
is correspondingly flanged so that when
the several sections are laid in position, the
contact by entrance of one end to the
other gives a smooth surface on the inside
and leaves a uniform groove on the outside
at the joints of the assembled sections. The
longitudinal reinforcing bars in each section
protrude with hooked ends into the rebated
space which forms the outside groove
when two sections are placed together in
position. The sections are then interlocked
by a tie-band which passes completely
around the sections in the grooves at the
joint and through the hooked ends of the
longitudinal reinforcing bars. After the
sections had been thus interlocked, the
joint was girdled, except for some 20 in. on
the top, with a galvanized iron shield. The
outer surfaces were wet thoroughly, and
the groove completely filled by pouring it
with 1:2 Portland cement mortar, mixed with
25 percent water. The joint was protected
from freezing immediately after pouring
by a burlap wrapper filled with straw and
manure.
In the process of manufacturing the
pipe, a bottom plate of cast iron is used,
shaped so as to give the flanged or
receiving end of the pipe section. The core
defining the inside diameter of the section
is assembled in four sections of rolled sheet
steel on the upper and inner flange of the
cast-iron plate; the longitudinal reinforcing
bars are inserted in receiving sockets
in the plate and the outer case is then
added on the lower and outer flange. The
reinforcing bars are held in place at the
top by space clips. The circular reinforcing

bands are slot-punched, so as to receive
and accommodate the longitudinal bars
when the bands are put in place, as the
process of making is followed. The concrete
is shoveled into this form in very small
quantities and the tamping is continuous,
with the result that there are no layers or
creases in the finished pipe. The concrete
used in this work was composed of 1 part

American Portland cement, 2 parts river
sand, and 3 parts crushed limestone;
the latter being a mixture of two grades,
ranging from pea-size to 1 in. in diameter.
The resulting concrete was exceptionally
dense. Although the first pipe was made
Dec. 26, last, and the sewage was turned
into the extensions on Feb. 16, there has
been no cracking or settlement of the

extensions, nor has there been any leakage
at the joints. The method of making and
laying the reinforced-concrete pipe
produces an unusually smooth and uniform
cross-section with perfectly tight joints,
as may be seen in the accompanying
illustrations.

72--Inch Reinforded Concrete Pipe Sewer.

42--Inch Reinforded Concrete Pipe Sewer.

Mouth of 13 by 15 Foot Blacksnake Creek
Sewer at St. Joseph, Missouri.
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distance
learning
water quality training

Learn at your own pace. All you
need is an internet connection.
Whether this is your introduction to wastewater treatment, a
refresher course, or an intellectual stimulator, WEF’s Distance
Learning training courses cover operation, design, and
engineering from top to bottom. More than just a series of online
quizzes, these courses offer hours of instructional material
needed by wastewater professionals.
Choose from a number of fundamental and accelerated courses,
ranging from 1 to 7 hours worth of content and recommended
educational credit.

http://training.wef.org
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AZ Water Association Membership Form
This information will be added to our database and used to inform you of opportunities specific
to your needs. Your contact information will also be used in our annual membership directory.
.
If you do not want this information published in our annual directory, please check here
Please note that the items showing an asterisk (*) are required.
When possible, please register for membership online by credit card or check at www.azwater.org.
Please Print

Full Name*______________________________________________________________________________________________________________
Title_____________________________________________________________________________________________________________________
Business (if applicable)___________________________________________________________________________________________________
Address*________________________________________________________________________________________________________________
City/State/Zip*_ _________________________________________________________________________________________________________
Phone*_ __________________________________________________

Fax_____________________________________________________

Email*___________________________________________________

Web Site________________________________________________

Sponsor_________________________________________________________________________________________________________________
Check here if you are a current member of:

AWWA

WEF

Please help us serve you better by indicating the categories that best describe your business/industry, environmental focus,
job title, and field services (if one is more prominent than another, please indicate so).

BUSINESS INDUSTRY
Government

 ublic owned municipal or special
p
district, water, wastewater treatment
system or plant processing > 1mgd
	public owned municipal or special
district, water, wastewater treatment
system or plant process < 1mgd
administration and/or enforcement of
government environment programs
administration of public health
programs

Private Entity
	private

or investor owned facility
	private industrial systems
	consultant
	contractor
	manufacturer (equipment or
representative)

	distributor (equipment or
representative)

Other Entities
	educational institutions
(all components)
	research laboratory
	other _________________________

FIELD SERVED
	water supply only
	wastewater only
	both industries
	other _________________________
ENVIRONMENTAL FOCUS
	wastewater
 ater
w
process water
	ground water
solid waste
	storm water
pollution prevention
residual/biosolids management
coastal, river, lake ecology/
surface water
	toxic

& hazardous materials
	public education / information
	instrumentation/automation controls
	other _____________________

M e m b e r D u e s a re
Subject to Change

Individual Annual Membership — $50

JOB TITLE
executive

: commissioner, board

member, city manager, mayor,
president, vice president, owner,
partner, director
management

: division head, section
head, manager, chief engineer,
comptroller, etc.
engineering

/non manageriaL:
civil engineer, mechanical engineer,
environmental engineer, planning
manager, field engineer, system
designer
scientific/non managerial:
chemist, biologist, biophysicist,
researcher, analyst, etc.
purchasing: purchasing agent,
procurement specialist, buyer
operations

: foremen, operator,
maintenance, crewman, service
representative, etc.
mar

keting & sales-non
managerial: market analyst,
marketing representative, sales
representative, etc.
student
retired industry representative
other

_________________________

Student Annual Membership — $15

When possible, please register for membership online by credit card or check at www.azwater.org.
RETURN YOUR MEMBERSHIP APPLICATION ALONG WITH ANNUAL DUES TO:
AZ Water Association
18521 E. Queen Creek Rd., Ste. 105-611 • Queen Creek, AZ 85142
Questions? Call toll free 888-559-8844 • 480-987-4888 phone • 480-816-7039 fax
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AZ Water Association Volunteer Form
Please Print

Name__________________________________________________________________________________________________________________

Title_________________________________________________________________________________________________________
Organization____________________________________________________________________________________________________________
Address_________________________________________________________________________________________________________________
City/State/Zip___________________________________________________________________________________________________________
Phone_ ____________________________________________________

Fax_____________________________________________________

Email________________________________________________________________________________________________________

AZ Water COMMITTEES
(indicate 1st, 2nd, 3rd choice)

Administrative

Education

Specialties

____Awards
____Budget, Finance, Audit
____Communications
____Customer Service
____Information Technology
____Leadership
____Member Services
____Scholarship

____Annual Conference
____Lab Practices
____Luncheon Programs - Phoenix
____Luncheon Program – Tucson
____Research
____Safety
____Tri-State Seminar

____Biosolids & Residuals
____Construction
____Energy Management
& Sustainability
____Pretreatment
____Security/AZWARN
____Stormwater
____Wastewater Collections
____Wastewater Treatment
____Water Distribution
____Water Resources
____Water Reuse
____Water Treatment

Outreach
____Tap Into Quality
____Utility Council
____Water For People
____Young Professionals

I am interested in serving on the committee(s) indicated above.
I would like to know more information about the committee(s) indicated above.
I am looking for suggestions for a committee on which to serve. My skills are:_______________________________
________________________________________________________________________________________________________
________________________________________________________________________________________________________

RETURN COMPLETED FORM TO:
AZ Water Association
18521 E. Queen Creek Road, Ste. 105-611 • Queen Creek, AZ 85142
Questions? Call toll free 888-559-8844 • 480-987-4888 phone • 480-816-7039 fax
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PIPELINE ANSWERS
See questions on pages 30-31

Water Treatment Grades 1 & 2
1. A

2. C

3. B

4. C

5. D

Water Treatment Grades 3 & 4
1. C

2. C

3. B

4. B

5. D

Water Distribution Grades 1 & 2
1. A

2. A

3. C

4. B

5. A

Water Distribution Grades 3 & 4
1. C

2. B

3.B

4. A

5. A

Wastewater Collection Grades 1 & 2
1. D

2. B

3. B

4. A

5. C

Wastewater Collection Grades 3 & 4
1. C

2. D

3.B

4. C

5. D

Wastewater Treatment Grades 1 & 2
1. D

2. C

3. A

4. D

5. C

Wastewater Treatment Grades 3 & 4
1. C
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2. C

3. A

4. B

5. D
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