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Objective
The Water Innovation Network for Sustainable Small Systems (WINSSS) brings together a
national team of experts to transform drinking water treatment for small water systems

(SWS) to meet the urgeneed for statef-the-art innovation, development, demonstration, and
implementation of treatment, information, and process technologies in part by leveraging
existing relationships with industry through the Massachusetts Water Cluster. Specifically,
WINSSSwill facilitate a clear pathway for innovation implementation by creating the following
outputs: (i) novel approaches to treating grouped contaminants such as organic carbon, trace
organics, disinfection bproducts, and nitrogenous compounds,g(igt demonstration of
promising technologies previously developed wu
which will address the contaminants above as well as metals such as As, Fe, Mn, and Cr, and
other inorganics such as F and sulfide, (iii) standardesithg requirements for multiple states,
(iv) tools to simplify system operations such as an asset management app and a distributed
sensing and monitoring notification system, (v) an extensive outreach system including a
website, newsletter, workshops gmésentations, webinars and educational modules, and (vi) a
technology analysis database for determining a technology's suitability for implementation in
small systems considering energy, sustainability, robustness, human health, and human,
regulatory andgystem acceptance.

Consistent with this objective, this yearods r
table for each innovative technolobging studiedThese tablestem from a discussion at the

Center meeting held in Austin, Texas duringpghe e vi ous reporting period,
Science AdvisoryCommitteesuggested that every technology under consideration should be
compared to existing technologies to help evaluate the viability of the innovative technology in

the market place.

Progress Summary

Center Governance and Administrative Units

The WINSSS executive committee consists of David Reckhow (UMass), John Tobiason
(UMass), Desmond Lawler (UT), and Bruce Dvorak (UNL). Celina Dozier has served as
administrative coordinator since M2016, while Patrick Wittbold (UMass) continues as Quality
Assurance Manager and together with Celina Dozier as overall support staff. The WINSSS
Executive Committee and support staff meet every two weeks via-gaderence to discuss
WINSSS issues andgects. Pls are invited periodically to participate in the videaference to
update the committee on the progress of their respective project(s).

The WINSSS Center Advisory Board (CAB) is composed of tegiel representatives from 8
different agenciesr governmental groups:

1 MA Legislature (a key member of the MA house or senate who is active on
environmental and water resources committees)

MA Executive office of Energy and Environmental Affairs (secretary or undersecretary)

MA Department of Public Hetld (Commissioner or Director of Bureau of Public Health)
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New England Water Cluster (NEWIN Chair or Executive Director)
US House of Representatives (MX District Representative)
US EPA Region 1 (Administrator or Director of Ecosystem Protection)

US Indian Health Service (Director of Environmental Health & Engineering)

= =4 4 A -2

US Corporation for National and Community Service (CEO or Atlantic Cluster Area
Manager)

The represented groups were carefully selected to include those charged with making decisions
on regonal and national needs in drinking water. The groups are sufficiently diverse so that their
perspectives on various water issues will span a range of needs and objectives. In addition, there
is a focus on individuals from MA, which was done to improveaxances of getting both their
physical attendance at meetings and to heighten their interest as WINSSS has a substantial
presence in MA.

The original intent was to convene the Center Advisory Board annually for reviewing and
assessing the overall directiof the Center. However, there were no compelling reasons for this
group to meet during FY17, so communication was via email only. The next meeting is planned
to coincide with the Center meeting in Amherst on October 13, 2017.

The WINSSS Scientific Adviey Committee (SAC) was created to provide review and input on
all the WINSSS projects, with a special emphasis on assessing technical issues related to
implementation as well as cost. The membership of the SAC includes:

1 Marjorie Aelion, PhD, UMass AmherSichool of Public Health, Amherst, MA, Dean

1 Marlo Berg, Texas Commission on Environmental Quality, Drinking water section
9 Sarah Clark, HDR, Inc. Denver CO, Senior Project Manager
1 John McClellan, PhD, Tighe & Bond, Inc., Westfield, MA, Vice President
1 Ken Mecer, PhD, AWWA, Denver, CO, Senior Manager, Technical and Research
Programs
1 Chris Miller, Miller and Associates, Kearney, NE, Small systems consultant
f Madjid Mohseni, PhD, University of British
1 Orren Schneider, PhD,merican Water, Vorhees, NJ, Manager, Water Technology
1 Scott Summers, PhD, University of Colorado, Boulder, Professor, Director, DeRISK
1 MichaelHiscock US EPA, WINSSS EPA Project Manager

The SAC members include representlsystamon fr om t
research centers, consultants, regulators, water utilities and public health academia. The SAC has
reviewed the original center proposal and annual reports, and met at the WINSSS Eenter in

person meeting in Austin, Texas in March 2016. Three 8®&@bers served on the review

committee for the proposals submitted under&heerging Technologies RRRat the WINSSS

Center issued in early 2017. SAC members have been invited to attengpénean WINSSS

Center meeng in Amherst, MA on October 13, 2017.
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Collaborations with DeRISK and 2 %3 6 %! 5

WINSSS is strongly interconnected with DeRISK at a high level and this feature adds value to

both centers. First, Dave Reckhow is a member of the DeRISK Science Advisory Geand

Bruce Dvorak is a member of the DeRISK Implementation Advisory Committee. As such, both
participated in the 2015 DeRISK Center meeting in Boulder (Au§et 1). In addition, Scott

Summers (DeRISK Director) is a member of the WINSSS Science Agvmnmittee. Finally,
Madjid Mohseni, Director of the Canadian Cent
SACs.

The two centers also participate in several focused activities. Both are engaged in working on
reducing barriers to acceptance of new tetgies. This includes close collaboration, especially
with the help of Steve Wilson and ASDWA. The two centers have been working together on a
common newsletter and set of wieassed research meetings, discussed in further detail below.

In May 2017, thetwdJ S centers joined their Canadian coul
meeting in Victoria, BC. The majority of the conference program was devoted to presentations

by RESOEAU researchers, but there were also s
DeRISK. Both US centers participated in panel discussions as well. The result was a stronger
connection between the centers and a deeper u
projects, as well as synergies with similar projects from the other centers.

Service Unit 1: Education and Outreach

The WINSSS Center has an active outreach program that focuses on providing credible and
engaging information to help advance the state of the science. This allows for the research,
findings, and data developed from the Centdre disseminated by multiple pathways, thereby
increasing knowledge and positively impacting small system sustainability and public health
protection. Center outreach is providing nationwide exposure of WINSSS Center products and
other applicable technajg-related information. A number of approaches are being used to
create a resource that improves access to technology information and fosters communication
among stakeholders (small systems, consulting engineers, state personnel, Technology
Assistance [TAroviders, and scientistd)uring the life of the Center, members of the

WINSSS Executive Committee collaborated with the DeRISK Center Executive Committee to
coordinate outreach and educational activities. This includes creating a joint menthly e
newsldter, a sharewebsite (drinkingwatercenters.org) that describes the work being done for
each center and | inks to each centerds respec
presentations, such as at the AWWA Annual Conference.

Progress

Website and ForumThe WINSSS Center website (umass.edu/winsss) has been utilized to share
Center objectives and information with the public. Presentations from the @edéemeeting

in Austin are available for viewing and profiles of Center personnel and partnersiaecessi

Additionally, there is an upo-date listing of journal papers and presentations that are produced
from WI NSSS projects. This year, WI NSSS has m
more interactive, such as posting the latest results themdrious research projects, posting

information about the Emerging Technologies Program Awsad Service Unit)3and work

has begun to implement forums. These forums are aimed at providing an online space for state
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regulators and plant operators to discuss proglsoiutions, and implementation of

technologies. A SurveyMonkey poll was conducted to identify topics of interest and to gauge the
usefulness of such a forum. Approximately 50 operators, from Massaclamskittebraska,
participated in the poll. With the assistance of the UMass Center for Education Software
Development, the forum will be live on the WINSSS Center website within the upcoming
months.

Newsletter.Ten joint email newsletters have been distridugimce August 2015. These provide
interested stakeholders within WINSSS and DeRISK with project updates and information on
upcoming events and links to upcoming events and relevant scholarly publications. More than
200 people subscribe to the monthly nietisrs. This effort is led by the WINSSS Center,
through the University of lllinois.

Social mediaThe Twitter account @tech4smallwater gives updates on WINSSS Center project
progress and shares information on related research and events. Throughvenstyoif
lllinois, WINSSS has also established a LinkedIn group, Tech 4 Small Water.

Workshops and PresentationAs t he Centerds work continues,
research outputs through presentations are starting to increase. Der2@j @17 fiscal year,

presentations related to how the Center is helping facilitate the development of innovative
solutions were made at the US EPA Small Syste
Conference and Exposition (ACE) in Philadelphia, Natld®ural Water Association Annual

Conference in Orlando, and at multiple regional conferences. The WINSSS Center participated

in small systems conference in Victoria, British Columbia with the DeRISKRaEdS 6 E A U
WaterNETCenters.

Webinars.The WINSSS Cemt is collaborating with the US EPA to have presentations on

specific projects given as part of their monthly Small Systems Webinar series. Two presentations
were given as part of this series in the fall of 20@6e onapproaches to technology approwal

December 13, 201@&ndtheuse of ion exchange to remove multiple contaminants on August 30,
2016.Six Joint Center Webinars were held during the reporting year (October 13, November 17,
January 19, February 24, March 31, and Apr)l ZBiese webinars atuded Pls and students

from WINSSS, DeRI SK, and REOSEAU Water Net , i n
summaries and findings to date.

Other educational activitiesAdditional outreach activities include educational activities within

the academicircles. These activities highlight the unique challenges faced by small systems to
the next generation of researchers, design engineers, innovators, and regulators. The educational
activities include:

1 Sponsorship of the New England Graduate Student Wgitep&ium in Amherst,
MA,
1 Participation in an online thrementer small water and wastewater systems class

during the spring of 2017, including three presentations given by WINSSS faculty
and the participation of about five students and fadubiyy WINSSSUniversities.
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Service Unit 2: Research Project Outcome Assessment, Contaminant
Regulation, and Sustainability

Project progress is on track with the research objectives and timeline to accomplish research
activities. The literature review has been condilieted a draft of the sustainability assessment
framework with semguantitative matrix has been generated. The current version of the
sustainabilityassessment framewohlas included 5 dimensionE3 criteria, 28 qualitative

indicatoss, and 45uantitativeindicatoss. The approaodsto acquire data or estimate indicator

have been included in the sustainability assessment framework as well. Database and survey are
the primary data sourceA.draft of the ating scale questiorier surveying managers and

cugomers of small water systemadibeen developed.

Progress

Adib Amini and Jie Zhang have developed a Sustainability Assessment Framework (SAF),
which allows for multidimensional evaluation of water treatment technologies. Details for the
dimensions andriteria in the SAF were described in the 2016 annual report.

To assess the qualitative criteria, a weighting scheme has been created through an analytic
hierarchy process (AHP) with the information from a survey of various stakeholders. The survey
was putinto a digital platform with SurveyMonkey software to make it easy to distribute and
complete. The survey was designed with three primary sections. The first section collected
demographic and background information (e.g., age, gender, race, etc.). dre ssttion

included a pairwise comparison of the 5 dimensions of the SAF including technological,
environmental, economic, societal, and managerial. In the second section, the participants were
asked to slide the scale closer toward the side that thielg feere important among the two

options FigurelError! Reference source not found). The third section of the survey allowed

for rating of the 18 criteria. Each of these criteria fall within one of ttiengnsions Tablel).

Over 80 individuals partook in the survey, with the majority being operators and managers of
water utilities. An individual score for each of the 18 criteria of the framework has been
calculaed from the survey results, using the AHP, as showrabiel. It was found that the

criteria considered most important to survey participants are the performance (14%) and
reliability (13%) of the system. Furtiraore, robustness (the ability to endure shock loads) and
ease of use were also considered very important. These calculated weights of the criteria will be
used in the SAF.

In this section of the survey, you are asked to rate various sustainability dimensions in terms of how important you feel they are in comparison
to each other.

IMove the sliding scale toward the side that you feel is more important. For example, if the slide scale is all the way to the left. this indicates
that the dimension on the right is not at all important compared to its counterpart

Technological more important Environmental more important
than Environmental Equal Importance than Technological

. 5 Clear

Figurel. Snapshot of section 2 of the survey, showpagwise comparison of dimensions
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Tablel. The calculated weighting scheme of the sustainable assessment framework (SAF) criteria based on survey

results
Dimension Criteria Weight Dimension Criteria Weight
- Waste
Performane 14% Envwogmenttal | Production anqg 2%
(Contd Generation
Robustness 9% Technology 6%
Costs
_ . Economic Technology
Technological i'?‘nblllgntgnt:: q 4% Externality 4%
P Costs
Transferability 1% Ease of Use 7%
Adaptability 3% Societal A Risk 4%
wareness
Reliability 13% Acceptance 6%
Energy Usage 0 Managerial o
Amount 6% Mechanisms 8%
Environmental Chemical Usage 4% Managerial I_nform_at|o_n 2%
Amount dissemination
Land Area 0 Managerial 0
Required 2% Adaptability &
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Service Unit 3: Emerging Technologie s

Service Unit 3 for the WINSSS Center is focused on identifying and supporting emerging
technologies that were not included in the WINSSS Center proposal. WINSSS Center leadership
recognized that researchers outside of the WINSS and DeRISK Center awgdikid\ato have

some excellent ideas for viable innovative technologies for small water systems. Thus, a
competition to offer a total of $200,000 in seed funding to support fundamental work on
technologies that are appropriate for small systems and beulehdy for use within 10 years

was included in the WINSSS Center proposal.

A request for proposals (RFP) for up to $50,000 funding pezat duration project was issued

in late 2016 with the intent of funding 4 projects. A total of 38 proposals weze/eg by the

due date ofFebruary 15, 2017. A committee of two WINSSS investigators and three members of
the WINNSS Science Advisory Committee evaluated the proposals and decided to support the
four projects listed below:

1 Removal of Nitrate from Groundwater withtdCo-Production of High Concentration of
Disposable BrineArup SenGuptalLehigh University

1 Electrocoagulation and Electrooxidation to Treat Microbial and Chemical Contaminants
in Small Drinking water systemBrooke Mayer, Patrick McNamara, and Kyana Ngu
Marquette University

1 Biological Denitrification for Small Water Systems Using H®umfur Minerals Sarina
Ergas and Jeffrey Cunninghaiiniversity of South Florida

1 Reactive Electrochemical Membranes for Simultaneous Removal of Multiple Classes of
Contaminants of Concern in Small Drinking Water Systdngn Chaplin University of
lllinois at Chicago, Wenging Xwillanova University

The four projects began in June 2017 and will be completed by June 2018. Projects selection was
based on three main @rta: engineering/scientific advancement and innovation, applicability to
small systems, and chance of success. Results of these projects will be included in the year 4
annual report.

Service Unit 3 activity also includes periodic engagement with compédigiewant assessment

and evaluation of a technology that they would like to bring to market (or expand market
presence) and/or further develop. Some of the contacts result from company interactions with the
NEWIN water cluster while others result frometit contact with the WINSSS center. Outcomes

of these contacts have included donated or discounted purchase of equipment for the
WINSSS/NEWIN Mobile Pilot Trailer, as well as additional project funding to UMass outside of
the WINSSS funding.
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Service Unit 4: Center Sustainment

As stated in the WINSSS proposal, our vision for the Center is of an ongoing entity that provides
innovations for small systems on a letegm basis, extending well beyond the initial foear

funding period (i.e., beyond 2018 his requires that the Center have a kegn funding plan

as well as a plan to keep its contributions relevant and vigorous. Several models were put
forward in the proposal to keep the Center funded beyond 2018, including some combination of
the following sources:

1 Sales and intellectual property related revenue

Validation testing for private companies and related water cluster support
Direct funding by utilities

Industry groups (e.g., local section AWWA)

= =2 = =

States and primacy agencies
1 Federal agencies (e.&PA)

Funding from intellectual property (IP) licensing and validation exercises is a potential source
related to technologies developed by the university Pls working under the Center and from Water
Cluster activities related to the Center. As new teagies are developed, established

agreements on IP will be crafted in a way that will return a fraction of any income to the Center.

In addition, WINSSS will play a role in thisparty testing and evaluation of new water treatment
technologies. A fee for sh testing will be charged to cover costs of piloting and associated
water quality analysis, as well as administrative costs. This testing is an opportunity of great
interest to NEWIN and to the Massachusetts Clean Energy Center (CEC). Partly for tmns reas
the CEC pledged $100,000 to UMass in support of a mobiletpiting facility. The mobile
pilot-testing trailer was carefully developed on the Amherst campus to make maximum use of
existing resources and donated materials. The intent is for thex tcabe used in the piloting
projects within the Center as well as for clustdated thirdparty testing and validation.

Direct funding by utilities might proceed via the North Carolina Urban Water Consortium

(UWC) model. While small utilities are noegerally able to support national technology efforts,
medium to large utilities might have the interest and resources to help. Many have recognized
that it is in their selinterest to support organizations such as the UWC to help address regional
problemsrelated to water quality and treatment. The UWC model incorporates a board of
advisors from NC water utilities who make decisions on funding using pooled resources. On a
national scale, the Water Research Foundation (WRF, formerly AWWARF) runs a research
program partly through subscriber utility fees. The WRF subscribers are heavily weighted
toward the largest utilities in the US. Many medium sized systems have elected not to subscribe
because of perceptions that WRreddcfarelaiwlyar ch ac
small number of big utilities. This situation has helped create some space for local organizations
such as the NC UWC. The Center proposes to work with the National Institutes for Water
Resources centers, who have expressed anshtevénelp them develop a local UWC model for
interested states. In return, the National Center would be given some authority to help steer the

YIncludes initial 3year grant, plus a-§ear necost extension.

17



funding toward issues that have national as well as regional significance and are appropriate to
small systemss well as medium or large systems.

National and regional industry or trade groups (e.g., NRWA, AWWA, NEIWPCC) and their
local sections are strong supporters of this Center. This support may not translate to any direct
financial assistance. It may howevieiad to collaborative education and technology transfer
activities that are mutually beneficial. This type of collaboration has developed in many parts of
the US, such as will the NEWWA coalition. The national Center may be able to continue its
outreach etivities at a greatly reduced cost by virtue of such collaborations.

State primacy agencies should benefit substan
technologies and associated training will help small systems comply with state and federal
regulations, which will lift some of the burdens under which primacy agencies are working.

Since the state agencies wouldabehief beneficiary of this work, it makes sense to look to them

for assistance to continue the Center funding. Many state agencies mamaigngrograms are

financially challenged. Nevertheless, we may be able to make a convincing argument that
supporting the Center is a good investment and ultimately relieves regulatory pressures, helps

with training of state regulatory personnel, and &&¥th interstate regulatory coordination

(Project B).

Long-term Innovation

Sustainability of the Centerds intellectual v
be successful in the lortgrm, it is critcal that new ideas and approaches be embraced. A

dynamic and fertile atmosphere for innovation must be maintained at the Center. All of the

Center Pls actively engage in research, immerse themselves in the scientific literature, interact

with industry omnew water technologies, and regularly participate in national and international
conferences as well as in panels to evaluate proposals for national and international funding
agencies. Nevertheless, to best serve national needs, the flow of new ideasmeusbim a

broader range of researchers than those directly funded by this Center. Many new ideas worth
pursuing will not come from the Center Pls (i
but from other researchers not currently associatddthve Center who will be best suited to

advance them. As such, one activity of the Center this past year was the four awards of $50,000
each we made under the Service Unit 3 Emerging Technologies pragdist€d above
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Mobile Pilot Trailer

The WINSSS Center benefits from seed fundin
for a mobile pilot trailer that has been provided
by the Massachusetts Clean Energy Center. T
UMass Mobile Water Treatment Facility
(MWTF) is a 36ft trailer that has been
customize to allow simulation of both an
experimental and a parallel control water
treatment train. Each train is able to treat up to ¢
gallons per minute (gpm) of water using a wide
range of conventional and advanced technologyfi{/

The original purpose of the UMa MWTF was
twofold: (1) to support the EPA center (WINSSS
by testing WINSS&ssociated technologies in
pilot scale and (2) to support NEWIN by testing
other technologies as requested in pilot scale.
need for a mobile unit is based on the-site
specifc nature of raw water quality and the larg
amounts of water used for testing at this scale,
making transport of the requisite amount of ra
water impractical.

In 2016 and 2017, WINSSS acquired monitoring equipment §@reral sources. These allow
on-line sensing of:

1 pH, ORP and temperature
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Free Chlorine, chloramines and ozone monitor, via several technologies
Turbidity

UV absorbance

Total organic carbon

Chemical oxygen demand

THM precursors

= =4 =4 -4 -8 -9

Testing and calibration of the trailer units and sensorsuarently underway. The treatment
scheme of the trailer consists of conventional technologies includingaxioliaion contactor,
up-flow roughing filtration, intermediate oxidation contactor, dual media-sautioracite

filtration, and a posbxidation comactor. The installed components are designed in such a way
that numerous operational and flow configurations are possible to evaluate a wide variety of
treatment options. Advanced treatment technologies including ferrate oxidati@axcioange,
electreachemical oxidation, and ultsiltration are currently being evaluated for installation
during this current year as needed.

The first deployment for the trailer is planned for early October 2017 in Boston. This will be a
public event to build support for WSSS and thank MA CEC for their support. After thie

plan to use the trailer in support of: (1) testing WINSSS technologies such as ferrate under pilot
scale conditions, and (2) direct assistance to small systems (see paragraph below).

Direct Assistanceto Small Systems

With about 150,000 small systems in the US, it would be impossible for an entity like WINSSS

to provide direct assistance to even a small fraction of them. However, WINSSS can help

develop models for academic assistance and instructionlmul i ke RESOGEAU has d«¢
with their Community Circle initiative. A key step in this direction is being taken with the

of fering of a speci Rotabld\Vdapeifa SmaltdnédBisadvantaiged) Mas s o0
Communitie t he Fal | Re@dsdtiptisneoitescauese is presented below.

Course Instructors and Resource Providers:

1. DaveReckhowi Civil & Environmental Engineeringvater quality and treatment
(https://cee.umass.edutiaty/davidreckhow)

2. Emily Kumpeli Civil & Environmental Engineeringvater for low income communities
(https://cee.umass.edu/faculty/emidympel)

3. Tim Fordi Environmental Health Sciencesaterborne pathogens and community
engagementhttps://www.umass.edu/sphhs/person/faculty/timestigrd )

4. Anita Milmani EnvironmentalConservationwater resources and environmental
governancel{ttp://eco.umass.edu/people/faculty/milrreamta/)

5. John Tobiasonr Civil & Environmental Engineeringvater quality and treatment
(https://cee.umass.edu/faculty/jctobiason)

In the US, there arapproxmately150,000 public drinking water systems. Of these 50,000 are
considered community water systems. The vast majority of these systems are small (serving less
than 3300 people), underfunded, unestaffed and experience almost daily challenges to meet

the needs of their customers, and the regulatory agenciesertlwkcircumstanceseates new
underserved populations in communities that are often already disagldna situation that

raises serious environmental justice concerns. Solving these problems requires a concerted effort

20


https://cee.umass.edu/faculty/david-reckhow
https://cee.umass.edu/faculty/emily-kumpel
https://www.umass.edu/sphhs/person/faculty/timothy-e-ford
http://eco.umass.edu/people/faculty/milman-anita/
https://cee.umass.edu/faculty/john-tobiason

by interdisciplinary teams including social scientists, engineers, political scientists, public health
scientists, chemists and ecorstsa. Some of the relevant areas of study include:

Institutional structure, incentives and dynamics
Interactions across levels of government
Social capital

Politics

Engineering: treatment used for small water systems
Water Quality & Public Health

Economics

Participation of public and other stakeholders

. Communitybased management

10. Capacity

11. Sciencepolicy interface

12.Psychological aspects

©CoNoO~wWNE

In this course, we will create several interdisciplinary teams of students who will work together
over the semester to addseproblems experienced by a specific nearby public water system (i.e.,
the Aistudy siteo or Afield sited). The study
consultation with the New England state water administrators. Each of the instwititors

present background on public water supplies from the perspective of their academic disciplines
(see lists below). The lead instructor (Reckhow) will then present case studies from recent
experience using the RESDOGEAUsotersimiarreffottsye.gGi r cl e
Community Engineering Corps). The instructors will then work with each of the student teams to
begin addressing the problems at the assigned study sitesvarkiwill include: (1)

documenting the system and its challengeseld on existing records at the state offices and
community files; (2) identification of the key stakeholders, (3sib@ or video meetings with

those key stakeholders; (4) development of a preliminary report on the system needs, problems,
and solutionsleeady proposed by the stakeholders; (5) development of a plan and report

including proposals for new, alternative solutions to the identified problems.

Each team will be asked to prepare a preliminary and final semester report and present their
findings poth preliminary and final) to the class. Grading will be based on the reports, the group
presentations, as well as participation with the instructors over the course of the semester.

Some background topics grouped by faculty are:

Dave Reckhow (with sumgpt from John Tobiason)
1 Overview of US water supply, types of systems, system sizes, demographics
1 Basics of water systems, physical components and treatment
1 Regulatory requirements for small systems, violations and breakdown among types
1 Engineering technobgy appropriate for small systems
1 Asset management for small systems
Anita Milman
1 Overview of water system economics and challenges (capital costs, operations &
maintenance, issues with how to recover costs, sources of funding)
1 Water Policy and institutian
1 Political challenges of water provisieand the lowevel equilibrium trap
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T Environmental justice
Emily Kumpel
1 Water Safety Plans
1 Assessing capacity for monitoring
1 Data flows and Information and Communication Technologies
1 Water quality in distributionystems
Tim Ford
1 special issues when working with tribal systems
1 waterborne disease risk
1 Biofilms
Other guest lecturers
1 Wells and groundwater, safe yield, technology (David Boutt, Geosciences)
1 Kenya experience (a UMass EWB team member)
1 Regulatory perspectv(guest lecturer from MA DEP)
91 Service Providers perspective (guest lecturer from RCAP or MassRWA)

Working closely with MA Department of Environmental Protection (DEP), we have identified
three small systems in need that are also withihadrive fromthe UMass Amherst campus. In

its first semester (Fall 2017), 20 graduate and undergraduate students have enrolled in this
course. Approximately half are environmental engineering students and the other half are from
programs in Environmental Conservati@gography, Landscape Architecture and Regional
Planning, Sustainable Development, Environmental Science, Anthropology, and Environmental
& Natural Resources Economics. These students will be divided into 3 teams, each with a wide
range of backgrounds. Theams will work with the 4 instructors to identify key stakeholders for
the 3 small systems, and then proceed with community discussions as done under the
Community Circle methodology. In some cases, we may be able to proceed to proposed
solutions, incorpting engineering, financial and managerial changes.

The end result of this effort will be a fulljeveloped course that can be adapted to other
universities. We expect this should help with recruiting new talent into the area of small systems
as well aslevating the visibility of their unique problems. We will also develop a set of case
studies illustrating how universities might engage in direct assistance to these systems.

Creating a University-b ased program fiAsk the experto

University faculty reguldy serve as paid experts, providing advice on projects driven by large
utilities and their engineering consultants. This is tacit recognition that a very important and
unique knowledge base exists at the Universities. However, state regulatory agensiealbnd
drinking water systems neither have the funds nor the mechanism to engage u+basesity
experts in this way. WINSSS is currently exploring a seebed platform and a system of
incentives that could provide a level of service for states and sysédims that is comparable to
what is already available to large systems and consulting firms.

The goal would be to develop a more comprehensive24v er si on of t he AAsk
that has been a regular feature at the annual EPA workshop foisgstaihs. Instead of just

bringing together state regulators and the academic experts who happen to be at the Cincinnati
meeting, we would create a forum that is open to all from these two groups across the US. In
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addition, it would be an egoing discussin and not just be limited to an annuairfthute
session.

WINSSS has been working with the CESD at UMass to develop tHiseforum. Separate

sections (or-@ooms) are being developed on different topics and technologies. In addition, there
wilbeanfuncl assi fiedd section where new topics o
water officials will be given access as will key university experts. The site will be curated by the
WINSSS staff. We anticipate that many technological questionb&dinswered by other state

agency users. Howevegyestionghat are not easily answered will be referred to 2 or 3

designated university topic experts. These experts will be identified by a subgroup of the Center
researchers and the SAC members. Therexpéll not be financially compensated for their

time, but they will receive special recognition of the type that is valued by Universities in their
promotion and tenure considerations.

Assistance to States for Data Sharing and Technology Acceptance

Members of the WINSSS team (led by Steve Wilson) have been engaged with ASDWA in

planning how to best access and share data on new technologies among the states. This is part of
a larger effort with an oveat r ¢ h i ntg degelmmal susfainable program thavolves all

stakeholders, states, EPA, ASDWA, Universities, vendors, and consultants, in providing a
common agreed upon platform and approach to approving drinking water technologies and
provides states with adequate information to evaluate and approvectin@ologies .

The end product of this work would be a password protected site to which access is given to state
personnel, ASDWA and the key stakeholders (e.g., academic partners). This would first include
data from a few pilot states (e.g., CA, WA, Ma&)d initially populated with prexisting

compiledLevel 1data (generic and trade names for technologies, date of evaluation, state where
evaluated, decision; e.dnttp://www.nmass.gov/eea/docs/dep/water/compliance/newtech. pdf

With proper approvals, it will be expanded to incli@sel 2 (testing required, numbers,

timeframe, conditions, and expected performance) andlesxari 3data (results of specific

tests, Q&A betweenendors and regulators, folleup, conditions of approval).

WINSSS and its network of academics is ideally suited to provide special access to research and
application data for this effort. It is in the best position to extract useful information from the
academic literature and to assist in the generation of new performance data. The former would

result in newgeneration treatability database cross indexed between contaminants, treatment
objectives and technologies. The latter would employ universitydédmgrand pilot testing

facilities. Most entrepreneurs, states, utilities and consultants are not able to sustain facilities for
advanced testing and piloting. However, universities often have these for teaching and research
purposes. The solution propodece r e i s to | ink university based
There is often unutilized capacity among state university labs. One approach is to create a
potabl e water version of htiNHERIREMSEOrgh).arhel o n al LI F
nascent US water clusters may be willing partners in this endeavor. As evidence, NEWIN, the

North East Water Innovation Network, has already helped to identify existing piloting facilities

and has even made efforts tastruct new ones in the Northeast.
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WINSSS Project A: Implementation of Sustainable and Innovative
Treatment Technologies

The focus of WINSSS Project A is on the implementation of innovative technologies that are
specifically designed for, or particulgrapt for, small water systems. The underlying hypothesis

is that small water systems often require different technologies than do larger systems to
accomplish multiple treatment objectives. The overall objective is to test whether certain
innovative techalogies are particularly appropriate for small water systems, and if so, to provide
guidelines for their implementation that would be geared to those small systems.

Project A has seven syivojects. The three major sypojects are sphoffs of previous UEPA
STAR grants for innovative treatment technology research. Project Al at the University of
Massachusetts Amherst (UM) is concerned with implementing the use of ferrate for oxidation.
Project A2 at the University of Texas at Austin (UT) is directeti@use of aluminuprand
iron-based coagulants for removal of multiple inorganic and organic contaminants. Project A3,
based at Arizona State University (since Aug 2016; previously at the University of Florida (UF))
and the University of South Florida (USRyolves sustainable use of ion exchange for multiple
ion removal. The three larger projects involve laboratory, pilot, andgdale experimental

testing of the various technologies that have been identified in the initial US EPA STAR projects
and, whee appropriate, testing of alternative technologies that have been used in larger plants.
Project A4, based at the University of Nebraska, Lincoln, investigates the impacts of natural
filtration (riverbank filtration or slowsand filtration) on postlisinfection water quality. Three

very small sufprojects noted in the project proposal include: A5 (UM), develop guidelines on
the impacts of intermittent operation on treatment performance; A6 (UT) develop guidelines for
coagulant selection (and dose settimy)dnhanced coagulation; and A7 (UT/UM) investigate

the impacts of climate change on the operation of small water systems. Projecds Agly

primarily on a review and interpretation of existing literature and water quality data, with small
laboratory aalytical components to supplement the existing knowledge. These projects will be
undertaken in year 4 of WINSSS.

Project Al: Implementing ferrate treatmen t of drinking water in the U.S.
Project PlsJohn E. Tobiason, David A. Reckhow (University of Mabsesettd

Introduction

Ferrate (Fe(VI)) has been proposed as a viable oxidant in drinking water treatment and has been
demonstrated to decrease disinfection byproduct formation potential (DBPFP) in finished water.
Previous benciscale research suggesthadt intermediate ferrate (i.e., ferrate dosed after
clarification) may have a greater impact on destruction of disinfection byproduct precursors than
ferrate preoxidation. A continuous flow apparatuss designed to replicate fidtale drinking

water teatment systems and to assess the effects of intermediate ferrate on operational
parameters including filtdread lossnd filter effluent DBPFPWork conducted during year 3 of
WINSSS is summarized below.
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Objectives

1 Conduct continuous flow experimentsexamine the impacts of intermediate ferrate
onfilter head lossfilter effluent turbidity and filter effluent DBPFP.

1 Conduct analogous ferrate pogidation and no oxidation experiments for
comparative results.

1 Characterize particles (i.e., number, sizga potential) that result from ferrate
reduction.

Progress

To date, two raw water sources have been evaluated under all three treatment conditions (no pre
oxidation, ferrate pr@xidation, intermediate ferrate oxidation). For the first source water

(Atkins Reservaj Amherst MA), decreases in total organic carbon (T@&k comparable for

both intermediate ferrate and ferrate-predation trials (7675% decrease compared to raw

water TOC). Formation potentials of THMs and HAAs in filter effluent of dethate trials

were also similartHowever the concentrations of brominated DBPs were slightly higher under

the intermediatéerrate treatment conditiofrigure2). Intermediate ferrate did not have a

substantial impact on filtdread losgeompared to the other trials. Importantly, particles formed

by intermediate ferrate were not Acoll oidal o
ferrate reduction/decay, but were large (>0.7 um). This is likely a result of interatfemate

resultant particles with ferric hydroxide particles from coagulant addition that remain after
clarification Figure3).
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Figure2. HAAFP (left) and THMFP (right) in filter effluent of all tinesgment conditions. Raw water source:
Atkins Reservoir, Amherst MA
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Figure3. Iron fractionation folFerratePreoxidation and Intermediate Ferrate trials. Raw water source: Atkins
Reservoir, Amherst MA

In the second source veait(Babson Reservoir, Gloucester MA), filter effluent TOC values were

similar among all three treatment conditions (~65% decrease compared to raw water TOC). As in
the previous source water, while both ferrate treatment trains showed decreases ifidéter ef
DBPFP compared to raw water and filter efflue
notable difference between intermediate ferrate and ferratexptation DBPFP values-{gure

4). Iron fractionation also commed the formation of large particles in the intermediate ferrate
contactor, and of colloidal particles in the ferrate- @x&lation contactorKigure5). A profile of

headloss across the dual media filt&igure6) revealed cake filtration resulting from particle
accumulation in all treatment trials, likely caused by a high concentration of ferric hydroxide

particles remaining after clarification.

70 , 120 )

N MCAA — CHOI3
[ MBAA [ CHCR8r
[ DCAA | 100 4 [ CHCIBr2
N BCAA . CHBr3

N TCAA
Il DBAA 80
BN BOCAA
BN COBAA
[ TBAA

60

50 4

40 1
60 -

30

40

Concentration (ug/L)

20
20

e e 04

Mo Ferrate Ferrate Intermediate No Ferrate Ferrate Intermediate
[Coagulation only) Pre-oxidation Ferrate (Coagulation only) Pre-oxidation Ferrate

10 4

0

Figured. HAAFP (left) andHMFP (right) in filter effluent of all three treatment conditions. Raw water source:
Babson Reservoir, Gloucester MA.
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Figure5. Iron fractionation for Ferrate Piaxidation and Intermediate Ferrate trials. Raw water source: Babso
Reservoir, Gloucester MA.
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Figure6. Head loss across dual media filter during FerrateoRigation and Intermediate Ferrate trials. Raw water
source: Babson Reservoir, Gloucester MA.

Public Health

Although intermediate ferratkd not show major advantages over ferrategeation in the
continuous flow experiments, ferrate is quite effective at decreasing disinfectmodiycts in
finished water and is thus potentially valuable to public hgattkection In addition, ferate is
knownto be an effective disinfectaiowever, formal disinfection credit is not yet able to be
documented

Summary

A summary of issues on the applicability of ferrate treatment in small water systems is shown in
Table2. Similar tables are shown for all treatment technologies throughout this report.
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Table2. Treatment Technology Summary: Ferrate

Problem or Multiple: pre-oxidant for reduced species, inorganic or organic
Contaminant(s) destruction of DBP precursors; potential disinfectant; potential
Addressed decrease in coagulant dose needed
S'Ze. of Ffl_ant No flow or size based limits, high or low
Applicability
Comparls_on to Most similar in form as an oxidant to permangte, competing also
competing

technologies

with ozone and Cl@as strong oxidants that are also disinfectants.

Operator level
Required (1 to 5)

Similar skill level as any chemical addition, most similar to oxidan
addition

Problems with
intermittent

If dry KoFeQy salt purchased and ferrate fed as solution, then the
stability of the oxidant in solution over time may be an issue if not
used for long period of time. Otherwjsgmilar to any intermittent

operation . R
chemical addition issue
. Similar to permangaate, ferrate is reduced to an insoluble oxide fc

Residuals ! 4 ’
M thus creating a residual that must be managed along with other st

anagement .

phase residuals.

Energy Use Similar to dosing of other chemicals

Cost Comparison

Difficult to estimate as commercial level ferratgpply not currently
available for drinking water. Data suggest it can be-costpetitive

Health Benefits

Potential to provide oxidation and disinfection without forming

halogenated DBPs that are regulated and hopefully others that ar
regulated buof health concern. Ferrate is not volatile so there are
occupational ofigas issues as is the case with some other oxidant

Monitoring
Required

If disinfection capability is to be realized, the ability to
measure/monitor a ferrate residual will be ortpnt. If only for
oxidation, can monitor fate of iron with typical iron measurements
May want to use ORP type measurement for assessing residual
oxidant if an issue (but this is unlikely).

Regulatory Issues

Will require certification as suitable foreign drinking water
treatmentlf disinfection capability is to be realized, disinfection
effectiveness for various pathogens must be demonstrated in the
of ACTO tables and residual m
undertake.

Papers and Preentations

Progress on this research has been presented at the American Chemical SdtikhnaB
meeting in San Francisco in April 2017, the PA AWWA Section meeting in April 2017, the
AWWA Annual Conference in Philadelphia in June 2014vel as withn the

WI NSSS/ De RI S Isihak GySténts Mahthly Webinar Series (February 2017). An

additional oral presentation is scheduled for the AWWA Water Quality Technology Conference

in Portland, Oregon in November 2017.
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Project A2: Simultaneous Removal of Inorganic Contaminants, DBP
Precursors, and Particles in Alum and Ferric Coagulation

Project PlsDesmond F. Lawler, Lynn E. Kafiniversity ofTexag
Introduction

Background Coagulation is a conventionaber treatment process to remove particles and, in
many cases, natural organic matter (NOM). It has a long history of use at small plants for the
removal of particles and, more recently, to accomplish some NOM removal. This research
focuses on the removaf inorganic and organic (NOM) contaminants using metal coagulants,
alum and ferric chloride. The constituents of interest are shoWwigune7, which indicates that
many ligands can interact with the metal coagtd. The potential contaminants that are being
studied in this research are shown on the left portion of the figure; NOM is present to some
degree in virtually all surface water supplies while the inorganic constituents (fluoride, arsenic,
chromium and nreury) are only rarely present in significant concentrations (i.e., concentrations
that can cause health effectdgence, in this research, we have investigated the behavior of each
of these inorganic contaminants during metal ion coagulation in botmebenge and absence of
NOM. In addition, other inorganics (sulfate, chloride, and silica) are often in the natural water
and, for sulfate and chloride, can be added as part of the coaghleseé constituents can also
influence the precipitation behaviof the coagulant andherefore were studied in this research.

Ligands ]

Potential Contaminants Matrix

4+

E As(lll, V) Cr (1, VI) Hg(ll) NOM so” cl Si

Figure7. Research Design

Previous reports have focused primarily on the results for fluoride during alum coagulation; in

this report, removal results for the otl@organic contaminants with and without NOM are
emphasized although fluoride results are also included; these results suggest that the precipitation
of the metal hydroxides (Al(ORpand Fe(OHy) is influenced differently by the different ligands
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The repat explores those differences, with an emphasis on the effects of the constituents on the
resulting particle size distributions of the precipitates.

Progress

Fluoride. Results of the testing of fluoride with both alum and iron are preseniabla3. Both
coagulants were added at a dose of 0.3 mM (as Al and Fe) and all experiments were performed at
pH 6.5 in synthetic water with an alkalinity of 3.0 megilum was quite effective at removing

each of the two containants in the absence of the other, but these removal efficiencies

decreased when thowere present in the solutiofhe NOM removal decreased by

approximately 40% whereas the fluoride removal decreased by only 9%. Fluoride removal was
poor in all cases ith iron; note that experiments with iron were done with slow mixing times of

30 and 90 minutes (indicated by the parenthetical 30 oNgDM removal was quite good with

iron, as expected, but was decreased by approximately 20% in the presence of fluoride

Table3. Removal efficiency and changes in particle size distribution with fluoride and NOM

Initial Concerration- 5Nr%\;||_ Z'Lr’r?gﬁ_e Particle size dist

S T i e
Alum - - 0.92 8.3 6.06
Alum+F - 50.1 0.88 7.6 5.31
Alum+NOM 35.2 - 1.02 105 10.81
AlUM+NOM+F 21.4 45.8 0.92 8.3 9.06
FeCh - 1.37 23.4 0.92
FeCh+F (30) <1 1.21 16.2 0.59
FeCh+F (90) 23 1.40 25.1 1.23
FeCk+NOM (30) 33.75 1.30 19.9 20.33
FeCk+NOM+F (30) | 27.3 3.1 111 12.9 3.72
FeCk+NOM+F (90) | 23.3 3.1 1.27 18.6 10.99

To help in understanding the removal results, the particle size distributions were measured by a
Coulter @unter (Multisizer 11, Beckman Coulteon samples frorall the conditions shown in
Table3. The Coulter Counter utilizes the electrical sensing zone method, in whizhstant

current is passed through a mictwannel in a glass tube filled with electrolyte. As particles of
suspension in the same electrolyte pass through the aperture, a voltage pulse caused by the
difference in resistance is measured and converted to the size of particles (Chowdhury et al.
(2000).
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Figure8 shows the volume distribution results in alum coagulatith various ligands present.

On this plot, the area between two (log) diameters is the total particle volume concentration
between those sizeBhis information is useful because coagulation is considered the
aggregation of sntlgparticles to large particle$n these tests, the only particles present are those
that are precipitate@ome of the key characteristics of these distributions are atized in

Table3.

6e+7 ‘ ‘
o Alum alone
set7 - O Alum+F
c B & Alum+NOM
o % O Alum+NOM+F
B o= det+7
2%
B = 3e+7
o
g o
5 2 2et7
o O
> >
© le+7
0.4 0.6 0.8 1.0 1.2 1.4 1.6

Log of particle diameter
log dp (dp in mm)

Figure8. Alum coagulation with target contaminants, fluoride and NOM

The resultsn Figure8 andTable3 show thathe presence of fluoride decreds$ietotal volume
and the dominant floc diametef the precipitatéi.e., the diameter at the pealg compared to
nortligand conditionite., Alum alone) while NOM increaseé boththe volume andhe peak
diameter. The resulor fluorideis consistent with the previous work (Herrboldt, 2016 and
Alfredo, 2012)andsuggests that the presence of fluoride inkitkie further flocculation or
precipitation by replacing Ohbons in octahedl structire of aluminum hydroxide$Vith NOM
presem larger and greater numbers of flocs were formed due to the higher reactivity of NOM
that accelerates the initial nucleation and the secondary aggre@gkien.both contaminants
were present, an int@ediate trendbetween the two single ligand conditidios both the
dominant size and thetal volume of the flocs was foun@he size distribution results help
explain the decreasedmoval efficieneesof NOM and fluoride irthedual ligand syster(irable
3).

Different matrix compositions (i.e., sulfabased vs. chloridbased) were also tested in alum
coagulation with fluoride and NOMrigure9 shows that the sulfatbased matrix forms smaller
diameterparticlesbutalarger volume of the precipitate, suggesting that it is more reactive than
the chloridebased matrix. The trends noted above for alum in the sulfate matrix were also found
in the chloride matrix; that isluoride decreased the peak diameter of the precipitates while

NOM increased the total volume of formed solidsingle ligand system3he result

demonstrates that the compositiortted matrix also affects the morphology of the precipitate

but regardles of matrix composition, theffect of fluoridewas consistent. In addition to this, the
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results for addition of NOM and fluoride exhibited the samtermediate trendogtween the two
single ligand conditiondor both the sulfate and chloride matrix.
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Figure9. Volume distribution used in different matrix composisgnalum coagulation with fluoride and NOM

In iron coagulation, thpeak floc diameter was markedly larger than the peak alum floc diameter

and total particle volume of the iron flocs (with the exaaptf those containing NOM) was
significantly smallerOther researchers have noted that floc density and diameter erseiyv
related which is consistent with the results observed hEoeachieve a higher floc volume and
examine the effects of mixing time on floc behavior and fluoride removal during iron
coagulation, the slow mixing step was employed with the standardri2@es and for an
extended time of 90 minutes; results for both are showialhe3.

In the coagulation with ferric chloride, the effect of the mixing time was obvious in the particle
size distribution measureants.The results presented kigure10for 30 and 90 minutes of iron
coagulation with fluoride suggest that there is a significant amount of particle aggregation and
growth between 30 and 90 minut&smilar results were obsemavith experiments in which

NOM was presentFigurell). Comparing the resulefter 90 minutes of mixingiith 30 minutes

of mixing in the presence and absence of fluoride with £&i@&# curves were similar in gh&a

but the one with fluoride shifted towatige left (i.e., smaller sizesYhis 90-minuteresult is
consistent with the results noted for alum abowehich the presence of fluoride leads to

smaller particle sizeConsidering that the fluoride removaléss than 1%Table3) in this

condition, it was thought that fluoride being present in the solution delays the formation and/or
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aggregation of the precipitates. Increasing the mixing time to 90 minutes allowadtier
precipitate growth, as indicated by the decreased volume of smaller diameter flocs and the
increased total volume in the range of peak diameter. Also, the peak diameter after 90 minutes
mixing in the presence of fluoride became similar to that &0 minutes of mixing of the

solution without fluorideThat is, the presence of fluoride slowed the kinetics but did not appear
to change the precipitate. However, the total volume in the sample with both ligands was still
less than with the typical 3@in mixing without fluoride. Again, the hindrance of fluoride was
apparently more important than the higher reactivity of NOM. A possible explanation of the
phenomenon is that free fluoride (i.e7) €ontinuously repeats the following cycle of reactions.

As the particles nucleate, fluoride electrostatically adsorbs to the surface of thedibmders
subsequent growtlsubsequently, the 5 released as free fluoride and the cycle begins again

In support of this explanation, in the presence of baiM\and fluoride, thé®0-minute results

show slightly decreased NOM removal and comparable fluoride removal even though both peak
particle diameter and volume increase (closer to theflnonde system)

To corroborate the above assumption, a kinetic raxygat is required agart of ourfuture work.

When considering the similarities and differences of the particle size results for both alum and
iron, fluoride is apparently directly incorporated into the precipitate structure in alum coagulation
while it only delays the aggregati@r growthof precipitates in iron coagulation.
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Figurel0. The effect of extended mixing time in iron coagulation with fluoride
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Figurell. The effect of extended mixing time in iron coagulation with fluoride and NOM

Arsenic.

Arsenic can be present in natural waters in either the +IIl or the +V oxidationBsitliidorms

of arsenic were investigated in alum coagulation but only Bs¢Hs studied with iron; As(V) is
generally easier to remove than As(lll) and it has been established by other researchers that
As(V) is well removed by iron coagulatiohhe removal results and the key characteristics of the
measured particle size digtutions are summarized Trable4. The alum experiments with

As(V) were performed at only half the dose (0.15 mM as Al) used in most experiments in this
report since the removal efficiency was so hifith iron asthe coagulant, the results make

clear that arsenic and NOM are competing for sights on the surface of the precipitate; that is,
removals of both NOM and arsenic are decreased with the other ligand prsseever, with

alum, the presence of NOM increaskd removal of A8ll) from 5 to 15%, but the presence of

As barely affead the NOM removal. This resdtiggests that As(IHNOM binding is

occurring and that As(lll) removal is correlated to NOM removal during alum coagulakiah

the results forron and alum are significantly different with respect to the impact of NOM on
As(Ill) removal is somewhat surprising; however, it should be noted that the As(lIl) removal
during iron coagulation (Fe(OkKly) precipitation) is significantly higher than fouan

coagulation (Al(OHys)precipitation) and the trends for particle diameter are reversed for iron
and alum. The presence of As(lll) increases particle diameter for alum whereas the presence of
As(lll) decreases particle diameter for iron

Figure12 showsthe volume distributiomwhenarsenic (lll)is present duringlum coagulation.

As shown above, the presence of NOM increased the floc volume and the peak diameter
However, he presence of arsenic (ll) negligibly changieelfloc volume and the peak diameter,
both in the presence and absence of NOMs result indicates that arsenic (I1l) has less impact
than fluorideon the formation of the precipitate. Future experiments with As(V) and iron will be
performed using the caer counter to assess the impact of As(V) adsorption on floc volume and
particle size.
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Table4. Arsenic Removal in Metal lon Coagulation and Effect on Particle Size Distributions

. . NOM Arsenic . . .
Initial Concertration- 5mg/L 50 gL Particle size dist
. Remov all logd (em) d (em) Total particle volume
Conditions® . . p P
efficiern atpeak at peak (ppm)

Alum - - 0.92 8.3 6.06
Alum+As(ll) - <5 0.97 9.3 6.00
Alum+As(V) i 96 est (low

alum conc)
35.(20
Alum+NOM @ low - 1.02 10.5 10.81
alum
Alum+NOM+As(III) 34 15 1.06 11.5 11.94
(1%@
Alum+NOM+As(V) | low 87 est(low
Al)
Al)

FeCk - 1.37 23.4 0.92
FeChk+As(lll) - 47.67 0.57 3.7 0.46
FeCk+NOM 33.75 1.30 19.9 20.33

FeCE+NOM+As(l11) 20.33 37.94 1.19 15.5 1.67
6e+7 | |
[ ) Alum alone
— 5e+7 - [ Alum+As(I1l) |
c “g & Alum+NOM
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Log of particle diameter
log dp (dp in mMm)

Figurel2. Alum coagulation with target contaminants arsenic (Ill) and NOM
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Chromium Jar tests were performed usitifferent oxidation states ohcomium (Cr(lIl) and

Cr(V1)). For each oxidation ate, both alum and Fe{Gkere separately tested with and without
NOM present. A pH sweep experiment was carried out for all possible combinations of
coagulant, ligand oxidation state, and NOM presence. For each experiment, the pH was varied
from 4 to 9 inincrements of 0.5 pH units. All samples were analyzed withM3?o determine
ligand removal and residual coagulant.

When using alum as the coagulant, Cr(lll) was almost completely removed at pH 5.5 and above
(up to the highest pH tested, pH 9.0), as showFigure13. In these experiments, Cr(Oi8)

solubility was exceeded above pHT&us, both adsorption and precipitation may be involved in
Cr(ll) removal over this pH rangét the lower end of the pH rangaudied, the NOM

containing samples showed superior Cr removal to those without N@Mr€13). This result

is most likely due to the increased alum precipitation in the presence of NOM as illustrated by
the residal Al (Figure 14). NOM presence also increas@r(VI) removal efficiency at pH 4.5

and aboveCr(VI) removalwas only approximately 5% or less throughout the pH range in
solutions with no NOM, bu20-25% C(VI) removal was obtained in the NOM containing
sampleqFigurel13).
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Figurel3. ChromiumRemoval during alum coagulation over a wide pH range.
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Figue 14. Aluminum residuals during alum coagulation of chromium as a function of pH

In the Fe experiments, a nearly identical trend was realiper(l1l) as when using alum,
i.e., at pH 5 and above, nearly all the Cr(lll) wasioved, as shown Iigurel5. At the lowest
few pH values testedhe NOMcontaining samples showéeétterremovalthan those without
NOM. Again, thisresultis likely due to the increased Fe precipitation wh&dMNis present.
When considering Cr(VI), NOM inhitedligand removal in the Fe€system especially below
pH 7.0 FeCk was far more effective than alum at Cr(VI) remoeal ~90% was removed at a
pH of 5.5. However, the removal efficiency was quite saesio pH changeas expected for an
adsorption process
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Figurel5. Chromium removal during iron coagulation over a wide pH range.

Above pH 5all the experiments with iron showed very low residual comagahs of iron due
to the precipitation of Fe(Okl)but some notable differences among the experiments occurred at
lower pH values, as shown figure16. At pH 4.0 and 4.5, the presence of NOM decreased the
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residual iron concentration dramatically in comparison to the experiments with no NOM present;
the oxidation state of chromium had no effect on the iron residiaise low pH values, NOM
was a far more important ligand than chromium in determining the esaduals.
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Figurel6. Ironresiduals duringron coagulation of chromium as a function of pH

The NOM removal was measured in terms of absorbance air@b¥this set of expeéments

and was found to b& stong fundion of pH in both the alum experimentsdurel7) and the

iron experimentsKigure18). The results were nearly identical in the presence of the two
chromium speies, which is another indication that the NOM was a much more important ligand
than chromium in determining the behaviorthe iron experimentg-{gure18), the best

removal of NOM occurred at the lowest pH &k{pH 4.0) and the removal gradually decreased
throughout the pH range test&tlith alum (shown ir{Figurel17), poor removal of NOM

occurred at both extremes of the pH range tested because aluminum hydroxiet does
precipitate at those pH values, but good removal occurred throughout the central pH range tested
These types of resultsfire n hanc ed c o a estdblskdiindhe wateatreamente | |
field. What is of importance here is that chromium hactlittt no effect on the organics

removal.
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Figurel7. NOM Removal During Alum Coagulation
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Figurel8 NOM Removal during Iron Coagulation

Public Health

All of the inorganic constituents being studied in this research are regulated because of their
significanthealth effectsAlso, natural organic matter is regulated in drinking water treatment
because of its role in foning disinfection byproducesHence, the eire basis ofhis research
effort is to enhance the public health by reducing the concentrations of each of theéteeotss

Summary and Future Work

This research has been designed to investigate the potential for removing several inorganic
contaminats of interest with the use of metal ion coagulation, particularly alum and ferric
chloride coagulants, and the effect of natural organic matter on the potential for that removal
Although few natural waters have any of these inorganic constituents ant@tions that
exceed the EPAOGs tNMevel (MAL),tneirpbresenca can presamt a substantial
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challenge to water treatment plants, especially small plahésunderlying assumption of this
research is that small plants that are already wsimgtal coagulant would benefit from a finding

that these contaminants could be removed to an acceptable degree by coatjudagoational
changes such as changing the pH or increasing the metal coagulant dose could result in meeting
the MCL for anotheconstituent of interest, this solution would probably be cheaper than
installingan additionatreatment process specdlly for thatcontaminantTable5 summarize

the findings of this research by noting the mechanism of rahforthe ligands of interest and

the effects of NOM on that removdlhe effect of NOM is considered competitive if the removal

of the inorganic ligand is less in the presence of NOM than in its abgdtermatively, the

effect of NOM is synergistic ithe ligand removal increases in the presence of NOM.

Table5. Summary of Ligand Removal in Metal Coagulation

Effect of NOM on Ligand

Ligand Dominant removal mechanism Removal
As(IIT) Adsorption Synergistic
As(V) Adsorption Compditive
Cr(llN Precipitation No Effect
Criv) Adsorption Compatiive with ron
F Co-precipitation Competitive
Hg?* Adsorption Synergistic

Adsorption(or precipitation at low

NOM
PH)

NA

In Table6, the features of inorganic and organic constituent removal in aluminum and iron
coagulation are summarized. Qasearch outcome indicates that seviaetors (e.g., type of
contaminants, single and mdlijands condition, matrix compositipand mixing time) affect

the formation of amorphous precipitate during coagulation. To demonstrate our findings further,
dry-precipitate analysis is needed such as scanning electron microscopy (S@ai), x
diffractometry (XRD), and fourietransform infared spectroscopy (FTIRparticularly in iron
coagulation, a kinetic condition should be considerezktomine the delayed aggregation caused
by thepresence of fluoride. Additionally, éiseimportanceof treating chromium in drinking
wateris highlighteal, chromium (Il and VI) willbe investigated in future worRreliminary
experiments have been performed at the time of wrikilly, understanding these
interrelationships through precipitate analysis will be used to assess the feasibility ofursing a
and iron coagulation to remove inorganic constituents in small water treatment systems,
considering both practical operating and economical perspe(liabte6).
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Table6. Treatment Bchnology Summarynorganic ions (F, As, €@moval by coagulation with aluminum and

iron

Problem or
Contaminant(s)
Addressed

Presence of unacceptable concentrations of fluoride, arsenic, anc
chromium, along with NOM, in source water.

Size of Plant
Applicability

Applicable at any size plant that is already using metal ion coagul

Comparison to
Competing
Technologies

Competing technologies include activated alumina adsorption col
for F, ironcoated sand adsorption or reverse osmosis (RO)deni,
and RO for chromium.

Operator Level
Required (1 to 5)

Unknown

Problems with
Intermittent

Not expected to be a problem; if anything, the removal might be
enhanced by the extra time allowed when the plant is sitting idle
Coagulation plats that operate intermittently now report no particu

Operation problems and this situation will be unchanged by the additional
chemicals needed to remove these inorganic ions
: Residuals are the potential Achilles Heel of this technologyeas th
Residuals " . o 97
additional coagulant added to remove inorganic ions will directly
Management . . .
impact the amount of residual solids formed.
Energy Use No change from existing plant

Cost Comparison

Both chemical costs and residuals disposal costs will rise
proportionately to the srease initial coagulant dose

Health Benefits

Direct health benefits accrue from reduced concentrations of eact
these ions, especially F and As

Monitoring
Required

Additional monitoring required to ensure proper pH control and
proper dosing to get desd removal

Regulatory Issues

None expected

Papers and Presentations

Yeo, S., Stewart, D. Ill, Bartolo, M., Herrboldt, J., Gee, I., Lawler, D.F., and Katz, L.E., Ligand

effects on amorphous aluminum and iron hydr(oxide) precipitate characteristics in
coagulation; WINSSSS webinar, (Nov 17, 2016).

Yeo, S., Stewart, D. lll, Bartolo, M., Herrboldt, J., Lawler, D.F., and Katz, Ligand effects

on amorphous iron and aluminum hydr(oxide) precipitate characteristics, 253th ACS

National Meeting, San FrancscCA, April 2, 2017.

Yeo, S., Stewart, D. lll, Yoon, S.awler, D.F., and Katz, L.ELigand effects on amorphous
iron hydr(oxide) precipitateharacteristics in coagulatioB017 RES'EAU, Victoria,
Canada, May6,2017.
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Project A3 : Contaminant reduction, life cycle impacts, and life cycle costs of
lon exchange treatment and regeneration

Project PlsTreavor H. Boye(formerly University of Florida, currently Arizona State
University), Qiong (Jane) Zhang (University of South Florida)

Introduction

The goal of WINSSS Project A3 is to create a framework that enables a more sustainable

approach to ion exchangkx) treatment and regeneration throughggethesiof IX pilot plant

study,IX process models, life cycle assessment (LCAg, diycle costing (LCYE; andan

integrated desionsupport toal WINSSS Project A3 builds upon the 2011 EPA STAR grant
R835334 entitled, ASmall, Safe, Sustainabl e (
Exchangeo also by Pls Boyer and ZhannXg. Out put
process modelsnd LCA and LCClata collection, serve as direct inputs to Project A3, which

allows Project A3 to focus on linking data, models, and tools. The framewaoftdject A3in

generaland the integrated decisisupport toglin particular allows for evaluation of critical

choices in the basic design parameternxdfeatment and regeneration by linking them directly

to their environmental and economic ingaliions at the level of fubcale implementation.

Furthermore, optimization methods can be used to allow for optimization of design parameters to
reduce both environmental impacts and costX afesigns.

Objectives

The research objectives of project Aéne to (1) conduda long-term IX pilot plant study on the
performance of bicarbonat®rm anion exchange resfAER) for contaminantemoval and
sodium bicarbonate salt for AER regenerat@md (2)develop a usefriendly tool thatenables
oneto dynamially link LCA andLCC with process models of I¥ystems

Progress

Progess on Project A3 during Yearf@used orcompleting the IXpilot plant studyObjective
1) and creating the integrated decisgupport too[(Objective 2)

The specific objectives dbjectivel were to evaluate bicarbondtmm AER with sodium
bicarbonate regeneration compared with chlefaten AER with sodium chloride regeneration

in terms of (11) treated water quality and DOC removal2) AER properties,1(.3)

regeneration eftiency, and1.4) operational characteristics. The IX pilot plant system was
operated for 11 months at a small, coastal drinking water plant in Florida. The pilot plant used
fixed-bed IX columns to treat raw groundwater from the Floridan aquifer, whidtaigcterized

by high DOC, iron, and hardness. To mimic real operating conditions, each pilot test was
performed over three treatment and regeneration cycles. Data collected during the pilot study
wereused to perform a comparative analysis of sodium lbigaate to sodium chloride. The

study criteria included DOC removal, regeneration efficiency, operational differences, and the
cost of chemicals and brine disposal.

A detailed description of the IX pilot plant study and all results are available from(204s8

and Ness and Boyer (201 The key outcomes from th¥ pilot study are summarized Figure

19. Chloride-form AER and bicarbonateerm AER have a similar affinity for DOC, and
chlorideform resin isregenerated more effemtly. S dium bicarbonate salt costs more than
sodium chloride salHowever, sodium chloride brine is more expensive to dispose of based on
the assumptions in this study.
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The bicarbonatéorm AER achieved similar water quality as chloridem AER. Bothforms of

AER removed 8@6% DOC despite variability in raw water DOC concentration betwee8.3.3
mg/L. In every test, chloridéorm AER treated 10% more water on average before UV254
breakthrough compared with bicarborédem AER. Throughout the pilotsdy, chlorideform

AER was regenerated more efficiently compared with bicarbdoate AER. Polyacrylic AER

and polystyrene AER removed the same amount of DOC, but polyacrylic resin was regenerated
14-23% more efficiently than polystyrene AER. Despiteuraty high alkalinity and hardness in

the raw water, no carbonate precipitation was observed during treatment or regeneration in the
IX column. For the municipality where the pilot plant study was conducted, the total estimated
cost for sodium chloride a@sodium bicarbonate were comparable. The chemical usage cost of
sodium bicarbonate salt is approximately three tiasexpensiveassodium chloride. However,

the sodium bicarbonate waste stream could be disposed of via the sewer to tvadtmabter
treatment plantsuch disposal would not only be the least expensive option but would also
provide sufficient alkalinity for nitrification to occur. Disposing the sodium chloride waste

stream via deepvell injection or hauling 60 miles offsite to a largesistewater treatment plant
would cost more than sodium bicarbonate brine disposal to local devwemmary, this

research provides new insights on the feasibility of using bicarbéorateAER for contaminant
removal and sodium bicarbonate for regenenationsidering contaminant removal, operation,

and cost.

Figurel9. Key results from the ion exchange pilot plant study comparing chifotderesin and bicarbonatiorm
anion exchange resin

The specific objectives of Objectizewere to 2.1) developa use-friendly LCA/LCC analysis

tool for ion exchange systemand(2.2) analyzeesults of the environmental impacts and cost of
the IX systems to observe how changes to design variables influence the environmental impacts
and cosof the systems

Adib Amini and Jie Zhang have developed a model that integrates IX process models with LCA
and LCC. Thiscombinationallows for the assessment of a various design scenarios, where the
user can specifglesigncharacteristics of the 1X sy&@nh, such as the reactor type and hydraulic
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