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RURAL WATER: MODERNIZING OUR
COMMUNITY WATER SYSTEMS

Wednesday, July 19, 2023

U.S. SENATE
Subcommittee on Rural Development and Energy
COMMITTEE ON AGRICULTURE, NUTRITION, AND FORESTRY
Washington, DC.

The subcommittee met, pursuant to notice, at 3 p.m., in room
328A, Russell Senate Office Building, Hon. Peter Welch, Chairman
of the Subcommittee, presiding.

Present: Senators Welch [presiding], Stabenow, Booker, Lujan,
Tuberville, Hyde-Smith, and Braun.

Also Present: Senators Booker and Hyde-Smith.

STATEMENT OF HON. PETER WELCH, U.S. SENATOR FROM THE
STATE OF VERMONT

Senator WELCH. I call the hearing of the U.S. Senate Sub-
committee on Rural Development and Energy to order. First of all,
it is wonderful to have the witnesses here, and I just want to start
off by acknowledging what is happening in Vermont. We have had
tremendous flooding, a great deal of suffering, homes and busi-
nesses, and our water systems have been, in many cases, the town
of Johnson I will speak about a little bit, a bit overwhelmed.

It is a timely hearing because there is a lot of vulnerability in
a lot of our water and septic systems, especially in rural America,
all around the country. Many of our town—dJohnson, Richmond,
Woodstock, Morrisville, and Barre—are under boil-water orders
right now, and that is pretty tough on folks.

On Friday, with Senator Sanders and Congresswoman Balint we
toured Johnson, Vermont, and the wastewater treatment plant was
a complete loss. It was amazing. The plant was underwater for two
days. They had eight feet of water on the first floor. That is after
the basement was flooded. The plant typically takes in 270,000 gal-
lons in a day. It was taking in 1.25 million. The system was out-
dated. That is just one example where we had that terrible rain,
but many of the communities that you all represent could probably
report outdated systems as well.

You know, these weather events, with climate change are getting
more and more frequent, and it is more and more urgent that we
try to make our systems resilient.

If there was one bright spot in the flooding last week is that
some of the resiliency work that was done after we had Tropical
Storm Irene—that was in 2011—actually made a big difference.
FEMA did something where we were able to build back to higher
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standards as opposed to just what we had. It is a real argument,
I think, for resilience going forward, anticipating the scope of
storms that we may have to contend with.

These well-functioning water systems, as you all know, are abso-
lutely essential to rural communities, the health and the safety and
the economy of rural communities. Some of our rural communities
have aging or insufficient systems. That is particularly true in
lower-income communities, many of which have significant chal-
lenges facing, and in many cases, are communities of color. Many
of these systems are facing obstacles, and this is true in all of our
rural communities, where they have small systems, little funding,
challenges make regular investments in infrastructure impossible
in managing and governing capacity. All of those are big chal-
lenges, and when you do not have a tax base to be able to get the
resources you need it makes it very, very tough.

We have got some terrific witnesses here today. Joe Duncan, it
is good to have you, President of Green Mountain Water Environ-
ment Association, and Jennifer Day, Director of Development. You
have first-hand experience with these issues in Vermont, and we
look forward to hearing from you. One of our witnesses today,
Catherine Coleman Flowers, has spent years fighting for her own
community in Lowndes County, Alabama.

I just want to acknowledge your presence and the work you have
done over all these years. What I understand is one of the incred-
ible effects of not having proper water and septic systems is that
there can be real illness, and I understand 34 percent of the county
residents tested positive for hookworm because of the pollution.
That is a situation that we do not want anywhere.

The USDA Rural Development Program has programs to help
small and rural communities to maintain and improve their water
systems. Among those programs is technical assistance, which is in
real demand in these small communities, where they do not have
the technical capacity, and it is helpful in evaluating and planning
drinking water and wastewater infrastructure. There are also some
grants and loans for construction, although not enough, and com-
munities at every step of the process can benefit from the USDA
water programming.

In the farm bill I am hopeful that we can increase funding where
we can and protect funding where we need to. There is a money
issue here—how do you afford to do what needs to be done?

We look forward to hearing from our witnesses, and before we do
I want to turn it over to my colleague, the Ranking Member, Sen-
ator Tuberville. Thank you, Senator.

STATEMENT OF HON. TOMMY TUBERVILLE, U.S. SENATOR
FROM THE STATE OF ALABAMA

Senator TUBERVILLE. Thank you, Mr. Chairman, and first I
would like to start by saying I want to send my condolences to peo-
ple in Vermont and all of the Northeast. What a catastrophe that
was last week. We all saw the pictures on TV, and sometimes even
the pictures do not make it, you know, what it actually is. A lot
of people out of their homes and it is tough.

Senator WELCH. Thank you.
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Senator TUBERVILLE. I always appreciate working with you here,
and what an important topic this is today. We cannot do without
water. It is so important that we probably should be spending more
time on this than not.

I want to extend a special welcome to two Alabamians, Mr. Rob
White and Ms. Catherine Flowers. Thanks for being here today. I
look forward to our discussion about ways to ensure Americans in
rural areas have access to water infrastructure needed to keep
them and their families safe and healthy, a topic which impacts
constituents in Alabama and really all over the world, not just our
country but all over the world.

Every American deserves access to water that is clean and safe
to drink, and a functioning water system that safely disposes of
sewage and waste. It does not matter where you live or what back-
ground you have, clean drinking water and sanitary waste disposal
systems are a necessity that are directly linked to better health
outcomes for all Americans. However, communities across the Na-
tion face constant threats to their water services, due to various
contaminants, cybersecurity risk, work force challenges, aging in-
frastructure, and funding shortages.

What is this Committee’s role in the overall rural water discus-
sion? To prioritize rural communities in the farm bill discussion we
must help rural communities access the resources they need to
achieve economic success, prosperity, and better health and edu-
cational outcomes, ensuring they are not left behind their urban
counterparts.

This is my goal as we continue to look at ways to improve and
modernize the various funding and technical assistance programs
within the USDA Water and Environmental Programs Division. In
Alabama, there are 503 permitted community water systems. Out
of over 500 systems in the State, 75 percent of these serve commu-
nities with a population of less than 10,000. Many of these are in
what we call the Black Belt. However, all communities have access
to public water or wastewater systems.

In fact, Quality Water Association states that approximately 23
million households—23 million households—across the country rely
on private wells to deliver their water. In Alabama, over 212,000
households rely on private wells. Private Wells are a necessity for
rural areas as a public water system, and they may not be feasible
due to location or funding. Considering these private wells are not
subject to the same regulatory oversight as public systems, we
must ensure these rural areas have the same access to water treat-
ment systems as the more populated areas.

According to the U.S. Census Bureau, approximately 21.7 million
households resort to using a septic tank or a decentralized system
to remove sewage, as a public sewer system is unavailable. In Ala-
bama, many residents throughout the Black Belt rely on these de-
centralized waste systems. We cannot forget these citizens. No mat-
ter your ZIP code, all Americans deserve the same access to safe
drinking water and wastewater systems.

I have heard the challenges from rural communities across Ala-
bama who struggle to secure the necessary financing and technical
assistance to continue operating their water and wastewater sys-
tems. In addition to funding concerns, I hear about work force chal-
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lenges. Labor shortages continue to be top of mind across not only
Alabama but across our Nation. Many certified water operators
across the country are aging toward retirement, and there are not
enough qualified applicants to fill the positions. We are facing a
growing knowledge gap in the future of the water and wastewater
industry. We need to close the gap.

To comply with numerous Federal regulations, small and rural
systems are being forced to outsource to private companies as they
do not have the staffing capacities or knowledge to perform activi-
ties in-house. This is unacceptable.

I will be looking for ways to modernize the regulatory environ-
ment at USDA so that water systems are able to safely serve all
Americans while complying with regulations based on science, not
politics or activism. We must find the delicate balance between up-
dating and maintaining critical infrastructure, treating water to
safe levels, preparing for natural disasters and cybersecurity
threats, and maintaining a fiscal budget. I believe this Committee
can find that balance.

I look forward to this, Mr. Chairman, and I look forward to talk-
ing to our witnesses today and learning as much as we possibly can
about their areas. Thank you.

Senator WELCH. Thank you, Senator Tuberville, and I am de-
lighted that the Chair of our Committee, Senator Stabenow, from
Michigan, has joined us. Senator.

Chairwoman STABENOW. Well, let me just say thank you so much
for this important hearing, and I am so appreciative of all the won-
derful work the Subcommittee is doing. Thank you to you, Chair-
man Welch, and Ranking Member Tuberville. I very much appre-
ciate it.

I also just want to extend my deepest condolences to your home
State of Vermont for the ongoing flooding conditions. It is just hor-
rendous. I have not had the opportunity to be there, but looking
at the picture it is unbelievable. I know you are going to continue
to be a champion for the recovery in Vermont, and I know that my
colleagues will join me in saying we will do everything we can to
help.

Senator WELCH. Thank you so much. That matters. There is so
much the USDA can do to help.

Chairwoman STABENOW. So much.

Senator WELCH. I thank you very much for that.

Chairwoman STABENOW. I am so appreciative of everyone who is
here today. Thank you.

Senator WELCH. Thank you, Senator.

Our witnesses, we will start with Jennifer Day, who has over two
decades of experience in community and economic development, in-
cluding capacity building, managing projects, water system oper-
ation. She and her organization provide very critical technical, fi-
nancial, and managerial support in progress for sustainability of
rural communities.

We have Joseph Duncan, who is the General Manager of the
Champlain Water District. It is a renowned regional water sup-
plier, renowned for those of us in the community and those of us
in Vermont, that received the first Excellence In Water Treatment
Award in the United States, the very first. With a master’s degree
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in environmental engineering, Joe is responsible for overseeing all
operations and business activities in his district.

Catherine Coleman Flowers, internationally recognized environ-
mental activist, author, and MacArthur Genius Grant recipient.
She has dedicated her life to advocating for environmental justice,
particularly equal access to clean water, and functional sanitation
for communities in the United States. Her work includes founding
the Center for Rural Enterprise and Environmental Justice, serv-
ing on the boards of various organizations, and being appointed as
Vice Chair of the White House Environmental Justice Advisory
Council. In 2023, she was recognized as one of Time’s 100 Most In-
fluential People in the World. That is pretty amazing.

I will now turn to Senator Tuberville to introduce our other wit-
nesses.

Senator TUBERVILLE. Thank you. First I would like to introduce
Ms. Pauli Undesser. Did I pronounce that correct?

Ms. UNDESSER. You did.

Senator TUBERVILLE. Awesome. She serves as the Chief Execu-
tive Officer of the Water Quality Association. She spent several
years as WQA’s Director of Regulatory and Technical Affairs before
becoming the CEO, and is a recognized leader with a vast knowl-
edge of water treatment technologies, standards codes, and regula-
tions. Through WQA she works to promote the betterment of qual-
ity water around the globe.

She is also the CEO of the Water Quality Research Foundation,
a nonprofit that sponsors relevant academic and professional re-
search to advance the knowledge and science of high-quality, sus-
tainable water. In 2016, Ms. Undesser was named to the Associa-
tion Forum’s 40 Under 40 List, and in 2018, she was honored with
the Association Forum’s Inspiring Leader Award. Congratulations.
She holds a bachelor’s degree in chemistry from the University of
Illinois, and a master’s degree in biochemistry from Northern Illi-
nois University. Thanks for being here today.

Next is Mr. Rob White. Our next witness, he is from Wetumpka,
Alabama. Rob is the Executive Director of the Alabama Rural
Water Association, which represents over 450 water and waste-
water utilities across our great State of Alabama. He was born in
Troy, spent considerable time in the watergrass region of the State
so he knows the ins and outs of rural Alabama. Rob has over two
decades of experience in improving the water and wastewater in-
dustry and works hard to ensure all Alabamians have access to
clean water.

He is a certified specialist in many fields, including water and
wastewater operations, a commercial efficiency auditor, and train-
ing specialist, and the FEMA National Incident Management Sys-
tem. For over a decade he has helped implement Alabama’s rural
waters and emergency response programs, which oversees response
efforts across various natural disasters and pandemics. Addition-
ally, he manages a loan program for water and wastewater utili-
ties, helps utilities seek diverse funding sources, and provides tech-
nical assistance to hundreds of systems across the State.

I am grateful for the hard work rob has done so far to deliver
water and wastewater in our rural communities through Alabama,
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and I look forward to seeing his continued work. Thanks for being
here today, Mr. White.

Senator WELCH. Thank you. Ms. Jennifer Day, you are recog-
nized for five minutes.

STATEMENT OF JENNIFER DAY, DIRECTOR OF
DEVELOPMENT, RCAP SOLUTIONS, WORCESTER, MA

Ms. DAy. Thank you, Chairman Welch, Ranking Member
Tuberville, and members of the Subcommittee, for this opportunity
to discuss the importance of the U.S. Department of Agriculture’s
Rural Development suite of programs and services that foster rural
economic development and prosperity. USDA-RD is the only Fed-
eral agency dedicated solely to rural America and plays a key role
in improving access to capital to ensure rural areas remain great
places to live and thrive.

I also want to thank this Committee for their work on writing
the next farm bill and for prioritizing water as part of your sched-
ule today.

My name is Jennifer Day, and I am the Director of Development
with Rural Community Assistance Partnership (RCAP) Solutions,
the Northeast and U.S. Caribbean RCAP. I am very proud of my
five years both in the field and as the Director of Community and
Environmental Resources, responsible for a team of 30 technical as-
sistance providers serving rural communities across all New Eng-
land, New York, New Jersey, Pennsylvania, Puerto Rico, and the
U.S. Virgin Islands.

RCAP is a national network of nonprofit partners working to pro-
vide technical assistance, training, and resources for rural commu-
nities in every State, territory, on Tribal lands, and in the colonias.
Through our network of more than 350 technical assistance pro-
viders, they build capacity that leads to sustainable and resilient
infrastructure and strengthens rural economies. Our approach is
grounded in long-term, trusted relationships in those communities.

For 50 years, this network has partnered with multiple Federal
agencies, including USDA-Rural Development, to bridge the gap
between Federal programs and the communities they serve. We
help communities understand how to properly manage and operate
their infrastructure in a fiscally sustainable manner and ensure
that Federal borrowers meet the terms of their loans.

RCAP supports robust reauthorization of USDA-Rural Develop-
ment water, wastewater, and solid waste grant and loan programs
and their associated technical assistance programs, including the
Water and Environment Programs, or WEP, in the next farm bill,
programs whose impact can be demonstrated in every State and
territory, including in Vermont, where flooding last week and the
major disaster declaration highlights the importance of the long-
term, managerial, and financial work that is RCAP’s specialty, ena-
bling small systems to prepare for and recover from emergencies.

In Vermont, the WEP funding allowed RCAP solutions to work
directly with 25 communities in the past few years, on a range of
critical water and wastewater needs. We helped board members
who were previously proud of not having raised rates in over a dec-
ade see the light and understand the need to have sustainable
rates that cover their true operating expenses. We work with water
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and wastewater system managers to document system failures,
communicate the importance of system upgrades, and provide pub-
lic education to ensure that all stakeholders can make informed de-
cisions when it comes time to vote on measures.

The need to plan for systems upgrades and comply with regula-
tions does not discriminate based on system size, and technical as-
sistance providers like RCAP help fill the capacity gap of the small
rural systems.

In most cases it takes multiple years of predevelopment planning
and multiple funders to successfully implement each project. The
small systems rely on federally funded predevelopment grants and
technical assistance like USDA-Rural Development and the RCAP
network provides. We assist with community engagement, applica-
tion assistance, and affordability qualifications.

Continued support, increased funding, and State office oversight
of the SEARCH and WEP funds would increase applications to
WEP to make sure that no rural systems are left behind.

Our funding application assistance and other related tasks helps
communities in the Northeast and Caribbean receive 57 awards in
Fiscal Year 2022 alone, resulting in over $88 million in grants and
low-interest loans. Across the country we did $400 million in infra-
structure funding.

I want to thank the Committee for their work to reauthorize the
critical USDA RD programs in the next farm bill, and we look for-
ward to working with you to ensure that the rural communities
and USDA have the tools that they need to promote improved qual-
ity of life for rural America.

Thank you.

[The prepared statement of Ms. Day can be found on page 28 in
the appendix.]

Senator WELCH. Thank you.
Joseph Duncan.

STATEMENT OF JOSEPH DUNCAN, PROFESSIONAL ENGINEER,
CHAMPLAIN WATER DISTRICT/GREEN MOUNTAIN WATER
ENVIRONMENT ASSOCIATION, SOUTH BURLINGTON, VT

Mr. DunNcaN. Thank you, Chair Welch, Ranking Member
Tuberville, and the members of the Committee. I want to thank
you for having me here to speak to what I believe is, in my mind,
the most important thing out there—water, safe drinking water. If
anybody can live without it, I ask you to raise your hand.

One of the things that Senator Welch touched upon was how the
reactive measures during Irene in 2011, helped to address and
eliminate, abate some of the issues that occurred in the 2023 flood-
ing that just occurred here in Vermont, and that is wonderful. It
is wonderful that things like that happen where you can put stuff
in place and avoid incidents in the future.

A lot of our water systems operate that way. They wait for some-
thing bad to happen, and when something bad happens that is
when they make a reactive investment in it. That reactive invest-
ment is typically not one that is the most prudent way to go about
it, for users and investors in the system. People are paying rates
to keep their systems up. There is a reason it is called operation
and maintenance. A lot of times what happens is, especially in
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Vermont, people are just keeping their rates, as Jennifer said,
keeping their rates low thinking that they are helping out their fel-
low citizens, when in reality they are not doing them any favors.
Inflation, as well as all the supply chain issues and cost increases
that we saw with COVID have caught up very quickly on that.

In Vermont alone, I mean, we are an extremely small State, ex-
tremely small systems. Ten thousand is the cutoff for USDA Rural
Development funding. We have about 1,300 public water systems
in Vermont, serving about 59 percent of our 647,000 residents in
Vermont. Of that size, there is even a smaller amount of systems
that are less than 1,000. Ninety-five percent of our systems are less
than 1,000 people. We are an extremely rural State, and so I know
what it looks like to try and overcome some of the challenges that
a lot of these small systems are seeing.

We need to look at USDA as one of the ways to help our water
systems understand how to do stuff in a proactive manner. We
have to do it both with our assets and our infrastructure on an in-
vestment basis, as well as stopping to take a look at how do we
address the changes in climate that are affecting us, whether it is
impacting your source waters with hot, dry weather so that you do
not have the ability to access water to deliver to people. Perhaps
it is rain events that are impacting infrastructure by flooding them,
or washing stuff away, and how do you get yourself to be more re-
silient to deal with that. As well as—which USDA plays a role in—
the electric grid, which I am not here to speak to, but there is not
a water system in the country, that I am aware of, that does not
need the electric grid to operate. We not only need to look at that
from a water system perspective with our own infrastructure but
how we, with our partners, produce our water.

To me, looking at the farm bill, it is something that comes up
every five years, we have an opportunity to, one, make some invest-
ments in it. One of the things I know, in talking to our Vermont
residents as well as people in the water industry, there is a concern
that the recent ARPA money, as well as BIL money, is going to
give everything that we need to address all of our water infrastruc-
ture needs, and that is not the case, especially in rural States like
Vermont. We need that money to help fund infrastructure on a
very small scale, and USDA is a great place, a great source of that.

It is also one of the only funding sources that I am aware of that
is also not a regulatory compliant piece. The EPA is great with pro-
viding funds, but the EPA is a regulatory agency, and that scares
a lot of people in Vermont utilities. The ability to continue the Cir-
cuit Rider program, because boots on the ground has been incred-
ible for this recent event as well as other events, trying to look at
climate resiliency and funding that, as well as asset management,
is critical for our water systems.

Then the last thing I will say is that there does need to be a look
at—and it is in my testimony so I will leave it at that—that bond-
ing is a real challenge in Vermont, the way that the program is set
up. There are some ways, I think, that the SRF handles it that per-
haps USDA Rural Development could look at so that bonding be-
comes more of a certainty for accessing funding.

I thank you.
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[The prepared statement of Mr. Duncan can be found on page 56
in the appendix.]

Senator WELCH. Thank you.

Catherine Coleman Flowers.

STATEMENT OF CATHERINE COLEMAN FLOWERS, FOUNDER
AND CEO, THE RURAL CENTER FOR ENTERPRISE AND ENVI-
RONMENTAL JUSTICE, HUNTSVILLE, AL

Ms. FLOWERS. Thank you, Chairperson Welch, Ranking Member
Tuberville, and all the members of the Subcommittee for the oppor-
tunity to testify. My name is Catherine Coleman Flowers. I am a
disabled veteran and founding director of the Center for Rural En-
terprise and Environmental Justice in Huntsville, Alabama.

I also serve as the practitioner in residence at Duke University,
a member of the boards of the Natural Resource Defense Council,
the American Geophysical Union, and the Climate Reality Project.
In 2020, I was awarded a MacArthur Fellowship in Environmental
Health, and I authored the book entitled Waste: One Woman’s
Fight Against America’s Dirty Secret.

In my book I uncovered the extent in which rural America has
been denied access to sustainable and resilient wastewater infra-
structure. Too many people in this country lack safe, reliable, func-
tioning sanitation. About 1 in five households are not able to send
their sewage to a centralized wastewater treatment plant. These
families rely on onsite sanitation systems that are more likely to
fail. This impacts people across the country. For example, areas
like the colonias and Tribal nations lack indoor plumbing.

In Hawaii, 88,000 aging cesspools are leaking 53 million gallons
of untreated waste into streams, oceans, and drinking water every
day. Across Appalachia, raw sewage flows past people’s homes.
Centreville, Illinois, and Miami, Florida, are facing well-publicized
struggles with sanitation issues. These systems are absent or fail-
ing small rural communities, from the Central Valley in California
to native villages in Alaska. In Puerto Rico, communities struggle
to rebuild wastewater and septic systems damaged by hurricanes.

As a Lowndes County, Alabama, native, I am too familiar with
the way sanitation failures affect families. Located between Selma
and Montgomery, the soil and rising water tables in this area are
not suitable for conventional septic systems. It is common for fami-
lies to have failing systems that cause raw sewage to back up into
their homes or into their yards. A 2017 peer-reviewed study found
evidence of hookworm and other tropical parasites in rural resi-
dents exposed to raw sewage.

Failing systems degrade people’s quality of life, take a toll on
mental health, and cause economic harm by making it difficult to
attract businesses. Data gaps make it difficult to understand the
true extent of the problem and the people that it affects. However,
all communities do not equally share these burdens. Low-income
and rural areas are more likely to lack a centralized wastewater
treatment system and are disproportionately affected by inad-
equate sanitation.

This underinvestment in sustainable infrastructure goes back
decades, and is being worsened by the climate crisis, as we have
heard today what is happening in Vermont and rural towns across
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that State who have lost access not only to safe drinking water but
also to sanitation because of intense flooding.

We can make America a model of ingenuity and have a resilient
infrastructure for everyone. The farm bill funds several USDA pro-
grams that could help, including the Rural Decentralized Water
Systems Program. This program helps low- and moderate-income
families in rural areas finance the cost of onsite assistance.

Senators Booker and Capito have introduced a bill to reauthorize
the program and make it work better. This bill is a positive step
toward addressing critical rural sanitation needs across the Nation.
A strengthened version of it should be included in this year’s farm
bill, with the following improvements.

One of the things that I really want to make sure I cover this
before I run out of time, all sanitation systems funded with this
program must be required to carry a warranty of up to 10 years.
We know from experience that these systems fail often. Manufac-
turers and installers need to be held accountable instead of blam-
ing rural residents. This is the only thing that I know where people
spend this kind of money, and it goes into the ground, and if it fails
the homeowners are blamed. Rural America deserves better.

My written testimony has additional recommendations, and I ap-
preciate the opportunity to speak today, and I look forward to con-
tinuing this conversation about sanitation equity for all.

[The prepared statement of Ms. Flowers can be found on page 62
in the appendix.]

Senator WELCH. Thank you very much.
Pauli Undesser.

STATEMENT OF PAULI UNDESSER, CHIEF EXECUTIVE OFFI-
CER, WATER QUALITY ASSOCIATION AND WATER QUALITY
RESEARCH FOUNDATION, LISLE, IL

Ms. UNDESSER. Thank you, Chairman Welch and Ranking Mem-
ber Tuberville and all of the members on the Subcommittee. Thank
you for inviting me to testify and be a synergistic resource as you
are working through your leadership on modernizing community
rural water systems. My name is Pauli Undesser, and I am hon-
ored to be here and address the Subcommittee as the CEO of the
(\iNater Quality Association and the Water Quality Research Foun-

ation.

WQA is a not-for-profit association that amplifies and unites a
voice of over 2,500 member companies, mostly headquartered on
U.S. soil, and employ hundreds of thousands of workers. For over
75 years, our members have manufactured, distributed, and in-
stalled water quality improvement solutions in homes and in busi-
nesses. WQA upholds ethics and integrity while serving as an edu-
cator for water treatment professionals, a certifier for water treat-
ment products, and an information source for the public.

The Water Quality Research Foundation is the industry’s not-for-
profit data-generating powerhouse that advances the mission of
water quality by sponsoring peer-reviewed academic research.

Modernizing water systems, whether public, private, or other-
wise, is critical for millions of Americans across the United States
facing drinking water contamination from various sources, includ-
ing lead, arsenic, nitrates, PFAS, and others. I applaud the Federal
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Government’s recent efforts to combat these concerns and ensure
safer drinking water for all Americans. Congress, through the lead-
ership of this Subcommittee, should continue these efforts in the
2023 Farm Bill to ensure that rural communities are not left be-
hind.

Congress, EPA, and the CDC have all recognized that point-of-
use and point-of-entry-technology are effective solutions. Most op-
tions treating water closest to the point of consumption can be in-
stalled faster than centralized treatment systems, meaning people
are protected sooner. More specifically, those living in rural com-
munities served by private wells, like me and my family for the
past 20 years, in-home solutions are coveted as the proven solution
to improved water quality.

USDA’s Rural Development suite of Water and Environmental
Programs has been incredibly successful in improving the safety of
rural communities’ drinking water, but more needs to be done,
more to educate residents on their water quality and more to make
funding available under current programs. By creating new pro-
gram offerings, USDA can provide flexibility for these communities
to leverage proven solutions. WQA strongly encourages this Sub-
committee to prioritize the implementation of point-of-use and
point-of-entry solutions as a key tool for modernizing rural water
systems.

WQA is particularly supportive of S. 806, which is known as the
Healthy H20 Act, and urges the Subcommittee to include this es-
sential legislation within the 2023 Farm Bill. This bipartisan, bi-
cameral legislation would provide grants to low- and moderate-in-
come households and licensed childcare facilities in rural commu-
nities to conduct water quality testing and to fund the purchase,
installation, and maintenance of water treatment solutions. These
treatment solutions would be required to meet national perform-
ance standards for any contaminants identified during testing and
installed service maintained by qualified professionals.

The Healthy H20 Act already has the support of many members,
both from the House and Senate Agriculture Committees, and we
anticipate all Subcommittee members will be eager to join sup-
porting this bipartisan, commonsense solution.

Availability of high-quality drinking water is a cornerstone for
fortifying prosperous communities. It is of critical importance for
rural communities to be afforded the same opportunity to enhance
their quality of life through reliable and affordable access to quality
drinking water equal to their urban and suburban counterparts.
Technologies installed closest to the point of consumption are cru-
cial components in this effort.

I thank the Subcommittee for your time, attention, and thought-
ful review of including the Healthy H20 Act in the 2023 Farm Bill.
I am a subject matter expert for the betterment of water quality,
and I am available as a resource in your leadership for modern-
izing rural water systems. Thank you.

[The prepared statement of Ms. Undesser can be found on page
70 in the appendix.]

Senator WELCH. Thank you.
Robert White.
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STATEMENT OF ROBERT N. WHITE IV, EXECUTIVE DIRECTOR,
ALABAMA RURAL WATER ASSOCIATION, MONTGOMERY, AL

Mr. WHITE. Thank you. Good afternoon, Chairman Welch, Rank-
ing Member Tuberville, and esteemed members of this Committee.
I am honored to be here today to offer my insights on the U.S. De-
partment of Agriculture Rural Development Water and Environ-
mental Programs and their crucial technical assistance initiatives
which are integral for offering affordable and sustainable services
to rural America.

I would like to extend my gratitude to Senator Tuberville for his
invitation, and more importantly, his stalwart leadership and advo-
cacy for Alabama’s rural water and wastewater sector.

I serve as the Executive Director of the Alabama Rural Water
Association, a nonprofit organization that advocates for small and
rural water and wastewater systems across Alabama. I am also
here on behalf of the National Rural Water Association, which rep-
resents over 31,000 rural systems throughout the country.

Our rural systems have their roots in the 1960’s Farmers Home
Administration, and they continue to benefit from assistance and
support from its successor agency, Rural Development. If I may, I
would like to express my gratitude to this Committee for its un-
wavering commitment to these successful initiatives.

USDA Rural Development, designed by Congress, is key to sup-
porting rural America, especially since 91 percent of the Nation’s
water systems serve communities with less than 10,000 residents.
Rural Development’s mission is to expand and modernize water in-
frastructure, and rural water provides the critical technical assist-
ance needed to sustain these services.

Many communities in Alabama have access to safe and afford-
able water service today that their grandparents never had, thanks
to the resources authorized by this Committee. Thank you.

I will now quickly review a few of our top priorities for your con-
sideration as you draft the 2023 Farm Bill.

First, the Circuit Rider program, established by this Committee
in 1980, is our pioneer initiative aimed at offering solutions and
hands-on support to rural communities. Water Circuit Riders offer
a wide range of onsite, hands-on assistance and training.

On a national scale, last year alone Water Circuit Riders made
a direct impact on the health and safety of over 24 million individ-
uals, constituting 41 percent of rural America. Circuit Riders re-
spond immediately to calls for assistance, whether they concern
disaster management, sourcing disinfection supplies, design and
construction advice, or system operation and maintenance, to make
sure water service is available every second of every day. We hum-
bly request this Committee reauthorize this flagship program.

Second, the NRWA and State Rural Water Associations have
been at the forefront of emergency disaster response for decades.
Last year, during a historic cold front, Alabama Circuit Riders
were responding to utilities on Christmas Day, finding and fixing
leaks and distributing six truckloads of bottled water to commu-
nities without water service, at no cost to those utilities. We pro-
pose that this Committee consider extending authorities to enhance
preparedness activities to aid systems in recovery outside the scope
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of immediate disaster response and ensure a more resilient water
sector.

Another ongoing project of note is the Closing America’s Waste-
water Access Gap Community Initiative. ARWA has partnered with
USDA and EPA to mitigate wastewater issues in Lowndes and
Greene County, Alabama. This pilot project was announced in
White Hall, Alabama, last August, to introduce a variety of waste-
water treatment solutions for communities that lack sufficient
sewer service. The latest estimates indicate that roughly $1.4 bil-
lion are needed to implement decentralized wastewater treatment
technologies and resolve individual septic tank issues across Ala-
bama’s Black Belt alone.

Next I would like to discuss the latest cybersecurity issues facing
rural water. In Alabama, system regulatory inspections occurring
after October 1, 2023, will require a cybersecurity audit. Unfortu-
nately, given the scope and complexity of cybersecurity, the reality
is most rural utilities lack the financial resources and in-house ex-
pertise to secure themselves from cyber threats.

We suggest this Committee consider providing funding for cyber-
security Circuit Riders to help rural water systems protect their
utility and its customers. We also recommend modernizing the
Rural Development Water and Wastewater Programs to better ad-
dress current utility needs with additional affordable financing and
servicing options. This should include zero and one percent loans
to disadvantaged or economically distressed communities. EPA and
the Rural Housing Service already have similar authorities.

Finally, we recommend advancing voluntary consolidation of
rural communities by allowing a contiguous system to apply for a
grant or loan on behalf of a neighboring underserved community.
This authority show be narrow and ensure that the additional sub-
sidy is targeted entirely to the community in need.

In summary, USDA’s Rural Development Water and Environ-
mental Programs are critical in keeping rural America’s water and
wastewater services areas economically viable while also providing
the resources to support underserved communities. With the cur-
rent backlog of around $4 billion, demand remains high. ARWA
and NRWA are honored to continue and strengthen the successful
partnership with USDA Rural Development and this Committee.

Thank you for the opportunity to participate today.

[The prepared statement of Mr. White can be found on page 364
in the appendix.]

Senator WELCH. Thank you, and I want to thank all the wit-
nesses for their excellent testimony. I am the last Senator before
a vote closes so I am going to have to leave temporary to vote, and
I am going to turn the gavel over to Senator Cory Booker, and I
will be right back.

Senator LUJAN. [Presiding.] Well, with that comes the privilege
to questions, I believe, so thank you, Mr. Chairman, for letting me
dig in there real quick as the gavel is going to switch to another
hand, so I am going to jump on this opportunity.

My first question, Ms. Day, surrounds colonias, so I appreciate
you raising those as well. I appreciate the testimony of Mr. White
with the importance of being able to apply for neighboring commu-
nities that may be in need as well and how you can get them sup-
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port. One of the challenges with colonias is they are unincorporated
communities, and so it is hard to do that.

My question to you is, looking at New Mexico, specifically, home
to about 129 colonias—and for those that do not know what they
are, these are unincorporated communities. They often have eco-
nomic challenges. They are generally economically distressed. They
are along the U.S.-Mexico border, in the United States, and they
lack access to safe drinking and sanitary wastewater systems. In
2022, USDA announced a $13 million investment to expand access
into these areas, so we support these and we appreciate them, spe-
cifically, as you pointed out, Ms. Coleman Flowers, to colonias,
rural and Tribal communities as well.

These investments are vital to ensuring that at-risk communities
are able to take advantage of these funds. My question to you, Ms.
Day, is as colonias are unincorporated they do not have a mayor
or a council. Often they do not have a voice in State or Federal
Government. How can Federal programs such as USDA Water and
Environmental Program better catch our colonias and rural com-
munities so they do not fall through the cracks when it comes to
providing essential utilities?

Ms. DAY. Thank you, Senator Lujan. I appreciate the opportunity
to talk to this. We know that this area, the environmental impact
of weather will continue to make this issue worse for these commu-
nities. I know that when RCAP technical assistance providers are
working in a community we are empowering them to make deci-
sions on their own. We hear often that we are giving them the tools
that they need and then they are using those tools.

In colonias we are looking at continued technical assistance and
funding. It is critical to maintain those water systems. We are
often there when boards transition after a big project, so for us it
feels like that is the place that we can have the most impact is
helping even communities that are underfunded continue to find a
way forward. We will be there for 10 years if that is what it takes.

Senator LUJAN. I appreciate that. Ms. Coleman Flowers, you
mentioned colonias as well in your testimony. Do you have some
thoughts to the question that I presented to Ms. Day?

Ms. FLOWERS. Yes, and I think that first of all a lot of people do
not know what the colonias are and they do not know they are
there, aver 2,177 communities from Texas to California. A lot of
these areas are dealing with the same problems that we see in
Lowndes County, Alabama, and I think that there should be more
of an emphasis on that. As the Co-Chair of the White House Envi-
ronmental Justice Advisory Council my suggestion to everybody—
just as when I first met Senator Booker I invited him to come to
Lowndes County to see for himself—I think that the only way we
can even come up with positive solutions to those areas is going to
visit and convene people in those communities to try to get this
work done.

I know that in California, for an example, they have just insti-
tuted a program where they are trying to find out how many people
are on septic or do not have systems at all, so that they can come
up with policies and ways in which to address this. I think one of
the ways we can do this is to fund USDA to actually do the type



15

of studies or collect that data to close those gaps so that policy-
makers can make the type of policies to address these issues.

Senator LUJAN. I appreciate that. I have some other questions,
but I will submit them into the record. I am reminded, to your tes-
timony, Ms. Coleman Flowers, you cannot unsee what your eyes
show you, and it is the power of seeing and feeling because you un-
derstand people’s stories and plights as well when you go down
there and see for yourself. I thank you for that reminder. I yield
back.

Senator BOOKER. [Presiding.] By the power vested in me by Sen-
ator Welch I hereby decree that Senator Braun shall go next.

Senator BRAUN. Thank you, Senator Booker. I have gotten water,
ever since I moved back to my hometown, from a rural water dis-
trict, Patoka Lake, an Army Corps lake. Several utilities get water
from it. I am not sure about it, but at least 10 places across our
State we have had PFAS showing up in the water at levels above
the Federal guidelines.

Ms. Undesser, you talked about that. How can these rural dis-
tricts use point-of-use and point-of-entry systems? Is that economi-
cally viable for them to address an issue that I think we are all
going to be more worried about in the future?

Ms. UNDESSER. Thank you, Senator Braun. I appreciate the ques-
tion. PFAS is very complex. It is a moving target, adding new com-
pounds all the time. However, one thing that is great to know
today is that there are solutions that are certified products that
can remove specific PFAS compounds, and those products can be
installed in rural water communities by qualified individuals that
would take care of the installation, service, and maintenance of
those as well.

The solutions are available today. The Healthy H20 Act would
help in the areas of low- to moderate-income areas where having
access to reliable and affordable technologies is a real challenge.
Including that in the farm bill is something that will be key going
forward.

Senator BRAUN. Then another question for you and then Mr.
White. Oftentimes I hear that there are guidelines, regulations in
actually building out a water system that are difficult. I would like
each of you to maybe talk about the one or two that you would hear
most often about, whether it makes sense, or whether they are
over-burdening, and apply it again to the smaller water districts
that might not have the resources to navigate through all of that.

Ms. UNDESSER. As the Water Quality Association, the biggest
burdens we hear about when it comes to creating a new centralized
system is the time to get the solutions in and the costs to be able
to get the solutions there as well. But, there are certified products
and decentralized solutions that are able to do things today, and
in a timely manner as well.

Senator BRAUN. Mr. White, is the regulatory framework that we
have got in place, does it hit the sweet spot, making sure that we
adhere to them, or are there any instances where it is over the top?

Mr. WHITE. There are definitely challenges with some of the reg-
ulations. Lead in drinking water, getting the lead out, that is one
that many water systems are struggling to kind of wrap their
hands around as far as how they are going to address this and get
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the resources into the local systems and be able to put those into
the field.

PFAS is another emerging contaminant that is causing a lot of
questions and consternation with rural water systems especially.
As this emerging contaminant is found within various water
sources, it is very costly to remove these chemicals. Some of the
rural systems just simply would likely not have the capacity to be
able to implement upgrades required in order to remove those
chemicals.

Senator BRAUN. Is there something beyond remediating contami-
nants? I am talking about just the general construction of water
systems. Or do you feel that the guidelines we give when we cost-
share here, is it reasonable in terms of actually building out a
water system in the first place?

Mr. WHITE. I believe so. One of the largest problems that we
have in Alabama, and I am sure across the Nation, is supply chain
disruptions. We work with a lot of systems, trying to get projects
designed and get funding from, say, USDA or SRF into the commu-
nity. The project have been extended for months and months. The
turnaround time on these has just been extended out years in some
cases, and the cost is ever-increasing. Oftentimes we get the project
obligated and by the time we put those funds out for bid to the
communities, those cost overruns are to the extent that they have
to go back to USDA, apply for more money to even complete the
project that was originally designed.

Senator BRAUN. Thank you.

Senator BOOKER. I will go next because I have got the gavel and
Mr. Tuberville is a generous man. Thank you, sir.

First of all, I am grateful for the Ranking Member and the
Chairman for holding this Committee. I cannot tell you about the
urgency, and I think it was reflected in a lot of the comments that
were made beforehand. I am, frankly, when I finally started doing
the research when I got into the Senate I did not realize how much
of a crisis many areas of our Nation have by just having not access
to clean water or to septic systems.

I was telling the Ranking Member that my roots go down into
Alabama, and I owe that State so much of my life. When I went
down to meet with you, Catherine, when you challenged me to
come down and actually see for yourself, I was really stunned. It
started because I was meeting with a doctor who was telling me
that we have these tropical diseases that many doctors do not know
exist in many areas of this country that have these kinds of
straight piping because they have no septic systems or wastewater
systems at all. When you see it for yourself and you meet with peo-
ple who are struggling with this, it just makes you think it is a
shame of our Nation, a nation this strong, this powerful, this
wealthy, that could not do something about it.

That is why I am glad this is a bipartisan issue, which is re-
flected in the comments from all the witnesses as well as from
many of my colleagues. I have had the privilege of working with
Senator Capito, who has been a great partner, in addressing these
issues, and we were able to create authority for the USDA to pro-
vide loans and grants to low-income households to install indi-
vidual wastewater systems.
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Now in the upcoming farm bill, Senator Capito and I are looking
to make improvements to the program that we were able to get es-
tablished, and I am going to direct my questions to, sincerely, one
of my great American heroes. Catherine, you have inspired me
more than you know, and I am just grateful.

One of the changes that Senator Capito and I are pushing for in
the farm bill is for a program to provide funding for warranties to
accompany these septic systems. Can you talk about the warranties
and why they are so important?

Ms. FLOWERS. Yes. Thank you, Senator Booker.

Senator BOOKER. She calls me Cory when we are not in public.

Ms. FLOWERS. Yes. I cannot do that today. It is very important
because what happens is once a septic system is put in—and we
paid for a lot of them in Lowndes County—the liability is trans-
ferred to the homeowner. When they fail, the homeowner has to fix
it, and a lot of them cannot afford to do that.

We are finding, not just in Alabama but across the country, these
systems are failing within two years, and some of them, when they
do fail, it is very costly to fix, and people do not fix it. That is when
they start straight-piping or they do something else to come up
with some remedy that is not legal in order to make sure that the
sewage does not come back into their homes. When they come back
into their homes it comes back either through a bathtub, it can
come back through a sink. I mean, those of us that are pet owners
know that a dog would not sleep on a bed that has been fouled.
Why do we expect humans to live that way?

I think the only way we can really change the way this works
is to have warranties in place. It can inspire research and develop-
ment and improvement. I mean, I am old enough to know when a
car would not last more than two years, but when we had competi-
tion and we had to look at cars that were being made in other
countries that were lasting longer, American cars got better too.
Likewise with warranty systems for these wastewater systems,
that people have to have.

I spoke with Ranking Member Tuberville earlier. He talked
about the importance of water. Sanitation is also important and is
a part of water, and we have to have that for health and safety.

Having these warranties in place, I think, would ensure health
and safety for all homeowners, and certainly those in rural commu-
nities that should not be left to fix this on their own.

Senator BOOKER. Thank you, Catherine. I had a brief brush with
power, which I am not about to lose to the great Senator Welch.
I did not even get to slam the gavel down. I will ask you just one
more question before I surrender the position I have, that has most
of the people here in awe.

Despite authorizing both grants and loans, we know that the
USDA has administered this program strictly as a loan program.
Now the folk I saw in Alabama, and now have seen in other places,
are not the folks that can really afford these programs. Can you
talk to me a little bit about how important it is that low-income
households, which are usually the households affected, receive
grants to install these systems?

Ms. FLOWERS. Yes. I think that is a very important point, not
only low-income households but also for a lot of the communities.



18

When 1 first got involved doing this work I remember talking with
Senator Sessions years ago about why rural communities, although
the money was available, could not get it because they could not
come up with a match. Likewise with loans. A lot of these families
are struggling. They cannot afford that. Everybody in this country,
I believe that we are a great nation, and we everybody in this coun-
try should have the right to sanitation, and they should not be able
to be without it simply because they cannot afford a loan. That is
viflhy grsants would be very important to a lot of poor families across
the U.S.

Senator BOOKER. Mr. Chairman, Catherine said that eloquently,
but I had this wonderful, beautiful moment with Senator Shelby,
in the gym of all places. He and I used to work at odd times and
became really good friends because we were the only two people in
the gym, and nobody was there to make fun of how little work we
were doing in the gym. When I told him about your problem, Cath-
erine, he said the exact same thing, that these are good folk that
should have what is basic and did a lot on his position to deal with
the issue. I am glad that we have Alabama Senators that have the
same heart to address these issues and that this has been such a
bipartisan space for me to work in, and I am just really grateful.
Thank you, Mr. powerful Chairman.

Senator WELCH. [Presiding.] Thank you, and by the way, I want
to acknowledge the letter that you are working on to get data that
we need in order to focus where we need to have the allocation of
resources. Thank you very much, and I look forward to working
with you on that.

Senator Tuberville.

Senator TUBERVILLE. I yield to my colleague, Senator Cindy
Hyde-Smith.

Senator HYDE-SMITH. Thank you very much because I do have a
couple of questions, and thank you for hosting this important meet-
ing. Thank you for coming to testify. This is so valuable to hear
from folks, and I know sometimes it is hard to come up here and
do that. It takes a lot of time, and I just appreciate your willing-
ness to do that.

Mr. White, the Rural Water Association provides so much tech-
nical service that is very valuable for the training of our small util-
ity providers. When the tornadoes blew through Mississippi just a
couple of months ago, the Rural Water Association responded in-
stantly to help. You know, they were so knowledgeable.

You have already talked about this some, the Circuit Rider pro-
gram. Can you kind of elaborate on that, like in disasters such as
this tornado, how valuable it is and how the communities benefit
so much from this technical support?

Mr. WHITE. Yes, absolutely. Thank you so much for the oppor-
tunity. In Rural Water we have a robust emergency response pro-
gram, and it exists across the Nation. National Rural Water is a
leader overall in emergency response, and the States joined to-
gether to support that effort. The States, we actually own and oper-
ate a lot of our own equipment—generators, bypass pumps, and
just a variety of equipment that we pull together in times of need.

Even now, the flooding in Vermont, my counterpart, Liz Royer,
I know she has got her team out responding to systems now, and
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she knows that if she needs assistance she would be able to reach
out to our national network of emergency responders, and we will
show up when necessary.

One additional resource that would be very helpful, from this
Committee and the farm bill, is building upon the emergency re-
sponse network. Having a Circuit Rider that could be dedicated to
emergency response would be invaluable to the States across the
Nation. Right now we can respond to disasters as they occur. When
the tornadoes occur we move our teams in. We help get those com-
munities put back together as quickly as possible and bridge the
time where those communities will be without commercial power so
that we can set generators and keep the water plants up and run-
ning so people can cleanup and move forward while the commercial
power industries get those resources put together for the commu-
nities.

In times of blue sky, we refer to, there is a lot of work that can
be done that we generally cannot focus on in those days. If we had
the resourcing ability to have a full-time Circuit Rider position that
could go around and network with State and Federal agencies,
work with the communities, ensure that they have all of their haz-
ard requirements on hazard mitigation lists and county emergency
networks, those are required for when a disaster moves through
the community for the community to be able to access the money
that immediately precedes that disaster.

In addition, the administrative efforts are quite intense for any
community that is going through a disaster, and to be able to sup-
port tracking all of the expenses and filing all the required docu-
ments with the appropriate agencies afterwards in order to get
money that is made available back into the community and not
leave any of that on the table would be of huge benefit to those
rural systems.

Senator HYDE-SMITH. Thank you very much because we sure
benefited from it then. You know, I understand in your testimony
that work force recruitment and development is a challenge for
Rural Water Associations. I am really passionate about keeping
young people in rural areas, but we have got to provide something
for them. One way to do that is promoting and encouraging careers
and technical education to help us out here. It is great to see the
Whater Apprenticeship Program in Mississippi. It is taking off down
there.

How can Congress help ensure these work force challenges are
met in rural America’s water industry, particularly when it comes
to recruitment and with training and retention, and keeping these
people here?

Mr. WHITE. Yes, thank you. The apprenticeship program is grow-
ing, and we are certainly proud of it. Alabama is one of the 34
States now that have developed an apprenticeship program. We
have recently started ours. We are looking for our first graduate
next April, so hopefully that will go smooth.

Additionally, just continuing to support the resources that are
available now with training that is offered through the technical
assistance provisions in the farm bill is a huge asset to rural water
systems throughout the country, really. The apprenticeship pro-
gram is going to continue to grow. It gives us the opportunity to
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promote the industry where we have not been able to before. In
Alabama we are going to engage in career centers and be able to
get the word out to people so that they can engage with our indus-
try in a proactive manner. Then also provide a structured platform
to move those people from curious about water and wastewater
work into the career that we all know it could be, a very rewarding
career.

Senator HYDE-SMITH. Another thing that has been discussed a
lot is the challenges that communities face when navigating the
funding application process. You know, we get calls on that for
water and wastewater projects, and we may want to talk about
that. I know my time is out right now, if you will indulge, but how
can the administrative burden for small and rural water commu-
nities be alleviated when participating in the USDA funding pro-
grams for water and wastewater projects? We are going to have to
be fast because I am a minute over.

Mr. WHITE. I will try to be quick. The most success that we have
in the State, when rural communities reach out and they are look-
ing to apply to USDA for a project, is we will send a team out.
They will go and they can help kind of navigate and cut a lot of
the red tape, or the initial burden of engaging with USDA’s online
RD Apply system, for instance. There are a few complications in
there that are required. They have to be registered with SAM.gov,
and sometimes there can be some back and forth. In fact, that one
can be difficult at times.

Having the technical assistance available to be able to move into
a community, get all the registrations registered, get the team
pulled together, and then have to have an e-authentication creden-
tial in order to engage with the system, the individual roles have
to be set up, you have got to bring the engineers in, the account-
ants, and all of that to the table.

Having the technical resource able to come in and help organize
and get all that together so that we could kick the project off, or
the application off, seems to be of great assistance to those commu-
nities.

Senator HYDE-SMITH. Makes sense. Thank you very much, and
we have five votes going on, so I apologize that the table looks
empty. They just called the second vote, and I am going to go vote.
Thank you.

Senator WELCH. Thank you very much.

Mr. Duncan, I appreciate the help you are giving us in Vermont
to assess what the damage has been. Do we need to make any
changes to give USDA more flexibility to upgrade the resilience fac-
tors to accommodate the reality of the more extreme weather
events that are occurring?

Mr. DUNcCAN. Yes. You know, my take on things is to always look
to find proactive ways to do things as opposed to the reactive ways,
and I think that USDA Rural Development can play a role in doing
that. I know EPA has a “CREAT” I believe they call it, for climate
resiliency evaluation tool.

What you are looking for is those small communities that do not
know where to begin at all with any of this, let alone the aging in-
frastructure needs that they have, they do not really have a sense
of where to go, so planning assistance is very valuable there. That
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also applies for how to understand where their weak points are in
their system when it comes to any kind of extreme weather event,
and how to prepare for that, whether it is a large infrastructure
investment or whether it is a small infrastructure investment. Pro-
viding the technical resources to allow for that, to get ahead of it,
in my mind is a way that USDA Rural Development, through their
Water and Environment programs, can play a role in making sure
that as extreme events do occur, we are more buffered and

Senator WELCH. By the way, does that also get to where the Cir-
cuit Riders are able to provide that kind of support and help that
small communities do not have the resources for?

Mr. DUNCAN. Yes, that is correct. I mean, the Circuit Riders in
Vermont, I know, and it sounds very similar for Bob White in Ala-
bama and I am sure in the rest of the rural water world, where
those Circuit Riders are out there talking about not only the day-
to-day stuff but, especially in Vermont I know it will be a big topic
for a while, on how can we avoid this in the future and what can
we be doing to——

Senator WELCH. Let me ask you. You mentioned bonding, and it
is a really big deal for communities to have to assess themselves
when they already feel overtaxed, and you cannot spread that out.
What are the concrete suggestions you would make? Because what
I understand is the apprehension people have that the bond
amount is not going to cover the cost of the project, so they are re-
luctant to vote for something where they do not know what the bot-
tom line is going to be. What could we do to address that?

Mr. DUNCAN. At least in Vermont, the way that is handled is a
first come, first served basis for USDA Rural Development loan
and grant funding, and obviously the grant funding element is
based upon median household income and your rates where they
stand. What happens is USDA Rural Development will give you an
estimate of what they believe their loan and grant package will be,
at which point the users of the system have to conduct a bond vote
to try and pass the financial will of the system to cover that loan
amount. Then you have to put the application in and hope that the
package that they told you that you might get will actually be
there and available for you when you actually get the application
into them. Providing certainty is key.

Senator WELCH. Thank you.

Ms. Coleman Flowers, you said that there should be a 10-year
warranty. That actually makes a lot of sense to me. I mean, what
has been the practice for folks who put money out, and they come
together to do it, it is a big decision, and they want to get that
problem solved. Is it the standard practice that there is no war-
ranty for the construction and building of these systems?

Ms. FLOWERS. Well, we were engaged in discussions with some
manufacturers early on. This is actually prior to COVID, and we
talked about this. Right now the warranties, generally, through
some home warranty companies, the homeowner has to take the re-
sponsibility themselves. Some insurance companies will cover it.
Why is it transferred from the manufacturers? I think there should
be a manufacturer’s warranty. That is the only thing that is going
to encourage research and development and improvement.
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Why it is like that, I do not know, but for something that is so
important we need to change it.

Senator WELCH. All right. You know, I listened to you, Senator
Tuberville. One of the things I thought I heard you say was trying
to target that money to the places that need it the most, in the
rural areas. Maybe you could comment on that, Ms. Flowers.

Ms. FLOWERS. Yes. I think that in terms of rural communities
there are numerous ways in which we should look at how we get
money to them. I think I heard my colleagues today talk about the
challenges of getting to these communities, these funds. A lot of
funds are available now, but they need the technical assistance to
be able to access it. I think that we need to come up with a process
in which—when 1 first got started doing this work, over 20 years
ago, there was a USDA office that was open in Lowndes County,
where someone came at least once a week. Now that person is no
longer there, and people have to travel long distances. I think we
have to find a way in which to make it accessible to people in rural
communities where they can get these funds.

We also have to keep in mind that part of the problem, too, is
a lot of these communities do not have broadband. If you have to
register for SAMS.gov in order to even apply for the funds, that is
the first hassle, to get to the funds.

We have to make sure that rural communities, a lot of these gaps
are closed, not just the wastewater gap but a lot of these gaps are
closed in rural communities so they can get access to technical as-
sistance that you do make available.

Senator WELCH. Thank you. Just to let you know, Senator
Tuberville and I have made it a major priority about broadband in
rural America for this Committee to focus on, so thank you for
that.

Ms. Day, I want to ask you a little bit about the Technical Assist-
ance Program. You have done a great job on that. How do the TA
providers help communities before and after the natural disasters?
You know, we are having one right now, but can you just elaborate
a bit on that?

Ms. DAY. Thank you, yes. There are emergency response plans
and vulnerability assessments that are part of the USDA loan re-
quirements. USDA helps us to get those done in the communities
so that these planning documents that might have been sitting on
a shelf, actually we take them down, we work through them with
the community, and make sure that they are up-to-date and accu-
rate and are a viable document to work on pre and post disasters.

Senator WELCH. How can we be developing some more manage-
rial capacity? Senator Hyde-Smith was asking about the training
and the availability of a work force, and we want to have opportu-
nities for young people who would like to stay in a rural commu-
nity or come there, to be able to have a good job. How do we do
that?

Ms. DAY. We will take any opportunity to work on work force de-
velopment. We have some foundation work and some other work
that we have been able to combine together to really raise the posi-
tion of these water operators in the communities. I work on so
many consent orders, when I started in this field, for the elderly
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manager of the system, who was a volunteer, who was operating
a system without the correct licenses.

There is a lot that can be done around regionalization, and if
there are some more planning dollars available to help the small,
disadvantaged communities who are strapped anyway, without ac-
curate coverage for operators, then those larger systems could actu-
ally do eligibility criteria too, to get the grants from USDA, because
the smaller system is probably more eligible for grants, and then
that can work to bring the lack of operators that we have, making
sure that there are more of them to go around.

Senator WELCH. Thank you.

Senator Tuberville, and take the time you want. I went over a
little bit.

Senator TUBERVILLE. No problem.

Senator WELCH. I do not want to shortchange you.

Senator TUBERVILLE. No problem. The problem we are having,
obviously, in the rural areas too is educating, getting enough peo-
ple educated to do the work in the rural areas. Urban areas are
fine. You know, they will struggle, but we are really struggling in
the rural areas.

I am going to ask everybody this one question, in 20 seconds or
more. Just do not make it long, if you have got a perspective on
this. What is the most critical element in ensuring the operation
of safe public drinking water supply? Rob, what do you think the
most critical element is?

Mr. WHITE. I would say the most critical element would be your
trained operators who have to oversee these systems and actually
put in place, abide by all the regulations, and create the plans, and
assess the systems, make sure that the system is rehabilitated
when necessary and has a plan to move forward, and remains in
compliance and within the regulatory bounds every day.

Senator TUBERVILLE. Ms. Undesser.

Ms. UNDESSER. The most critical item as far as looking at safe
public drinking water supply certainly is how do we think about
water differently going forward. It is a complex world, and it only
getting more complex as we are sitting here right now. We really
need to think differently and really leverage all of our solutions
that are out there.

Senator TUBERVILLE. Keep it simple, stupid, right? That is what
we need.

Ms. Flowers.

Ms. FLOWERS. I think that the most critical element, if we are
under-resourced and underserved communities, is access to fund-
ing.

Senator TUBERVILLE. Thank you. Mr. Duncan.

Mr. DuNcAN. The answer is definitely trained operators, but
playing off of that a little bit is having the resources for those oper-
ators, being able to give them technical assistance as well as being
able to allow them to plan for how to manage and operate the in-
frastructure that they have to work with and keep in good condi-
tion, whether it is something that is aging and knowing when to
make those changes and having the investments to do so or wheth-
er it is understanding the risks, both cyber, climate, and whatever,
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to be able to address the needs and create a sustainable water fu-
ture.

Senator TUBERVILLE. Thank you. Ms. Day.

Ms. DAy. I would add educated and informed board members
who actually run the systems and make the decisions, that they
are informed about the technical aspects of running the wastewater
and water system.

Senator TUBERVILLE. Thank you. Mr. White, 91 percent of our
Nation’s water systems serve communities with populations of
10,000 or less. I said that in my opening statement. In Alabama,
75 percent of the people we serve are 10,000 or less. In your experi-
ence, what suggestions do you believe could improve program oper-
ations and services for small system operators? Do not say money
either. I do not want to hear that.

[Laughter.]

Mr. WHITE. Well, that was the short answer, is money.

Well, one thing I would like to comment on is what is working
now, what is available under the farm bill and the resources that
are being utilized, at least in the State of Alabama. We have three
water Circuit Riders, we have two wastewater specialists, an en-
ergy efficiency technician, numerous training staff, all working to-
gether, a source water assessment person. They all work together
every day within all of the rural communities in Alabama to put
in place all of these resources and technical assistance.

We meet regularly. Our partnerships with USDA, locally, within
the State, are strong. We meet quarterly with USDA, SREF,
ADECA, other funding partners, and provide technical assistance
reports, and we really get around the table and hammer out all of
the concerns for the water and wastewater systems in Alabama.
Those partnerships are critical, and they really help bring every-
body to the table, and we do not duplicate work. That way we can
find the targeted resources for those areas.

To improve, I would say giving USDA more flexibilities. The fi-
nancing options that were discussed in my written testimony, that
would be critical in helping some of the rural, poorer areas in Ala-
bama, being able to have the zero and one percent loans, refi-
nancing options. That would help Uniontown, that we are working
with on the west side of Alabama now, if we had that opportunity.

Additional authorities for addressing cybersecurity and more re-
sources for emergency response would also be helpful.

Senator TUBERVILLE. Ms. Day, can you answer that one?

Mr. DuNcaN. Day or Duncan?

Senator TUBERVILLE. Either one of you. Have at it. Hey, I have
got all time. I am the last one.

[Laughter.]

Mr. DuNcAN. Well, thank you. You know, I think the funding al-
ternatives are definitely a way to do it, if you are looking at it
without additional moneys to throw in there. I do think a shift in
the paradigm is critical in how we operate our facilities today. The
run-to-failure mode is where we are at, so whatever abilities and
resources can be put toward systems, especially those small sys-
tems. I think if you went and talked to any operator in any small
system, in any State around the country, they would tell you what
their problems are. They do not have the capacity, knowing what
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they know that needs to be addressed, nor the ability to go and ad-
dress it.

Continuing to promote the Circuit Rider program to help them
find that path forward, education to boards, and education and pro-
moting the value of water is also critical because it is one of the
cheapest utilities out there with the highest value in life, but yet
we undervalue it incredibly.

Anything along those lines, absent actual money, would be the
way to go forward, I think, in helping to give those operators, as
well as the system owners, which is the public, an understanding
of how to create systems that will be more resilient going forward,
will be more affordable to run. Any of those tools in the toolbox
that can be promoted within the USDA WEP program are critical,
in my mind.

Senator TUBERVILLE. I have got one last question, and I would
like all of you to answer it, kind of like the first one, kind of short.
Let’s start with Ms. Day. All these natural disasters we are having,
how do we prepare for those for our water system? In your mind.
I mean, because we are having more and more. We are having hur-
ricanes, tornadoes, what we saw in Vermont this week, it is a dis-
aster, and we have to have water. How do we prepare for that?

Ms. DAY. We plan. I have to say that the USDA predevelopment
dollars for the really small, rural, disadvantaged systems are the
only predevelopment dollars that are available to them, and they
cannot do a feasibility study without that. Vermont does a good job
with SRF dollars getting out to those small communities, but not
every State does. They may have an idea of what to do to make
their system better, but they need that $35,000 of predevelopment
to actually make a change in the system. Thank you.

Senator TUBERVILLE. Mr. Duncan.

Mr. DuNncAN. The No. 1 answer, in my mind, is stop fighting
Mother Nature and taking a look and understanding climate
change. One of the things that is a real challenge is a lot of our
systems are built in lowland areas, at least in Vermont, so it is a
real challenge. That is not going to change overnight, but taking
a look at what the risks and liabilities are associated with each of
those different events that come at us, and then identifying paths
to resiliency and redundancy is really the only way to move that
forward, as opposed to keep getting knocked down and standing
back up and taking it on the chin again.

Senator TUBERVILLE. Ms. Flowers.

Ms. FLOWERS. You know, I actually live in Tornado Alley in
north Alabama.

Senator TUBERVILLE. I know you do.

Ms. FLOWERS. We had a tornado last night. I think that, first of
all, planning, and then in terms of dealing with resilience, we have
to have resilient infrastructure. I agree. We cannot build the way
that we have built before and think things are going to change.
Things are actually getting worse. Building a more resilient sys-
tem. Just an example of a system that was built, this was in an
urban area, and they did not prepare for the lights going out. When
the lights went out, then the wastewater treatment stopped, and
then the communities were flooded with raw sewage.



26

I think we have to start looking at what we could probably do
in terms of renewable energy, to use it as a backup energy source
for when the power goes out, to make sure that we can continue
to have water and sanitation.

Senator TUBERVILLE. Ms. Undesser.

Ms. UNDESSER. Thank you. I absolutely echo the resiliency plan-
ning. That is No. 1. I would add on to it the emergency planning
as well, and making sure that those emergency plans leverage all
solutions that are available, and again, that we think differently
about it rather than just kind of staying in the lane, but how do
we leverage all of the solutions that are available to us?

Senator TUBERVILLE. Rob.

Mr. WHITE. I would say training and partnerships. We need to
continue to train. It is ongoing. There are new resources and regu-
lations that come around each year. Plus the work force is chang-
ing, so new folks get into those administrative positions, making
sure they are aware of what is available to them. Then partner-
ships with not only Federal and State agencies and resources but
do you know your neighbor systems. Do you have mutual aid agree-
ments with those? Do you know your access to resources through
our associate members, companies that are in the State that can
maybe go ahead and prepare a contract for service during an emer-
gency so you can lock in prices and ensure that you have a number
of items available to you during that time?

That is what I would say, training and partnerships.

Senator TUBERVILLE. Thank you all for being here. It has been
very good.

Senator WELCH. Yes, it has been an excellent hearing. Thank
you. You know, as our country is facing these wild weather events,
climate change, more severe and frequent storms, we have got to
make sure that the water in our communities is safe and available.
That is true particularly in rural communities of color and rural
economically disadvantaged communities. They often struggle with
robust water infrastructure and are very vulnerable to the effects
of these wild climate-induced storms. Climate resilience and equity
have to be very much at the forefront of our efforts.

I look forward to continuing to work with all of you. You know,
you are doing like real work, practical work, and our job is to try
to help get you the resources that you need in order to help our
communities back home. We have a hard job, but you have a hard-
er job. I just want to acknowledge that and express to you the grat-
itude that I think every member of this Committee has for the
work you are doing back home. We all really deeply care about
rural America. That is what kind of binds this Committee and
makes it one of the most nonpartisan, bipartisan committees in
Congress. Thank you.

The record will remain open for five business days for any mem-
bers that wish to submit any additional questions or statements,
and the meeting is adjourned.

[Whereupon, at 4:27 p.m., the hearing was adjourned.]
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Introduction & About RCAP

Thank you, Chairman Welch, Ranking Member Tuberville, and members of the subcommittee
forthis opportunity to discuss the importance of the U.S. Department of Agriculture's Rural
Development {USDA-RD) suite of programs and services infosteringrural economic
development and prosperity. USDA-RD isthe only federal agency dedicated solely to rural
America and plays a key role in improving access to capital while working alongside trusted
partners to ensure rural areas remain great places to live and thrive. I also want to thank the
committee for their work on writing the nextFarm Bill.

My name is JenniferDay, and | am the Director of Developmentwith RCAP Solutions, the
Northeast and US Caribbean RCAP. Prior to this position| was the Director of Community and
Environmental Resourcesresponsible forgrants and contract compliance for a team of 30
Technical Assistance Providerserving rural communitiesin New England, New Jersey, New York,
Puerto Rico, and the U.S. Virginislands. The Rural Community Assistance Partnership (RCAP) is
a national network of non-profit partners working to provide technical assistance {TA), training,
and resources to rural and Tribal communitiesin every state, U.S. territory and on Tribal lands
and in the Colonias. Through our network, more than 350 technical assistance providers build
capacity that leads to sustainable and resilientinfrastructure and strengthensrural economies.
Our approach is grounded inlong-term, trusted relationships with thousands of rural, Tribal,
and Colonias communities across the country.

For 50 years, the RCAP network has partnered with multiple federal agencies including USDA -
RD to bridge the gap betweenfederal programsand the communities they serve. RCAP assists
rural communities with funding applications and every phase of the project planningand
development process, as well as providing training and technical assistance . We help
communities understand how to properly manage and operate theirinfrastructure ina fiscally
sustainable manner and ensure that federal borrowers meet the terms of theirloans.

Last year, RCAP served more than 3.5 million rural and Tribal residentsin more than 1,650 of
the smallest, mostdistressed communities. The average population of the se communities was
1,520, with a Median Household Income {(MHI) of less than two-thirds the national MHI, We
served almost 300,000 individualsfrom Indigenous communities. In addition, we served more
than 1 million people of color,

USDA-RD water, wastewater, and solid waste grant and loan programs and their associated
technical assistance programs directly benefitcommunities with safe and affordable drinking
water and sanitation services. Additionally, these programs are important to the health and
safety of rural Americansand the economic vitality of their communities. RCAP supports robust
reauthorizations of the Water and Environmental Programs (WEP) in the next Farm Bill,
programs whose impact can be demonstrated in every U.S. state and territory — includingin
Vermont, where flooding last week and the major disaster declaration highlightsthe
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importance of the long-term managerial and financial work that is RCAP’s specialty, including
enabling small systemsto prepare for, and recover from, emergencies.

In Vermont, WEP fundingallowed RCAP Solutions to work directly with 25 communitiesin the
past few yearson a range of critical water and wastewater needs. The systems we work with
are small and typically low-income.InVermont, those 25 communities have an average
population of 578 and an MHI of $46,731. Water and wastewater systems in communities of
this size are typically managed by volunteerboard members withlittle or no experience inthe
technicalities of taking chlorine samples, infrastructure planning, or hiringan operator.

With WEP funding, we provide training, both online and in-person, to system managers and
operators alike. We help board members who were previously proud of not having raised rates
in a decade, see the lightand communicate the need to have sustainable rates that cover their
true operating expenses. These expenses include areserve account to cover future upgrades
and, in the process of explaining the necessary rate adjustment to customers, helpsgain public
support. We help communities hire engineers, train volunteerson theirrolesand
responsibilities as board members, and in places like Pownal and Craftsbury Vermont help the
publicto understand the nextsteps once Per-and Polyfluorinated Substances {PFAS) has been
detected in the water supply. We work with water and wastewater system managers to
document system failures, communicate the importance of system upgrades, and provide
publiceducation to ensure that all stakeholders can make informed decisionswhenit comes
time to vote on bond measures. The need to plan for systemupgrades and comply with
regulations does not discriminate based on system size, and technical assistance providerslike
RCAP helpto fill the capacity gap.

In Bristol, Vermont, we're helping the town address high-strength wastewaterthat has limited
the potential for adding connections to the system. In Alburgh, we're working as a liaison
betweenthe Village Trustees and the primacy agency to communicate the ramifications of new
permit conditions on the community, inthe process helping the village to access state planning
loans.

We're helpingto protect USDA-RD investmentsafter major projects completed for fire districts
in Coventry, East Berkshire, and Burke resulted ina near complete turnoverof board members,
a common occurrence with small systems where volunteers get "burned out”. In each of these
communities, RCAP Solutions is helping build managerial capacity by assisting the new boards
with budget projections, adjustmentsin water rates and policies, publicoutreach efforts, and
leveraging additional state and federal funding opportunities. TA providersare oftenthe glue
holding thingstogether during a transition of system management, serving as trusted advisors
and often, helpingto find and train replacementboard members.

The RCAP Technical Assistance Providers (TAPs) do this work across the country in partnership
withlocal USDA-RD offices. Project referrals can come from local USDA-RD officesin each state.
RCAP meetsfrequently with these offices and state regulatory agenciesto discuss priority
systems and topical issues for technical assistance and training. During in-personand online
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training events for boards on sustainable utility managementand application assistance, RCAP
and the USDA-RD staff talk about the services that we can offerat no charge to the community
as they are supported by the federal technical assistance grants. While there are professional
Rural Development staff members working to assistthese communities, their capacity can be
limited so partnerships with technical assistance providersin the field magnifies the impact of
USDA-RD’s field staff. This field structure is especially heipful to communities and utilitiesthat
lack the human and financial capacity to access and administeravailable funding. RCAP works in
partnership with USDA-RD to directly assist underserved rural communitiesincluding access to
the Tribal and Coloniasfunding set-asides.

Local USDA-RD offices often connect communitiesto RCAP because of our ability to
demonstrate an accurate medianhousehold income for a water or wastewaterservice area.
Criteriafor receiving grants through WEP and other federal funding programs are often based
on census data and affordability criteria, measuresthat fail to represent non-traditional
systems and manufactured housing communities. For the Shattuck Hill Mobile Home Park in
Newport, Vermont, failing septic systems required immediate action to protect public health
and the environment. RCAP Solutions performed an income survey to demonstrate that the
MHI for the community was just $20,544, allowing USDA to provide a grant for 75% of the
$484,000 cost to upgrade the wastewater system and address regulatory compliance issues.
Following completion of the income surveyand funding award, RCAP Solutions helpedthe
community comply with the award terms and conditions, including helping to complete the
required Emergency Response Planand Vulnerability Assessment. Similarstories can be told
about the Sunset Lake Cooperative in Hinesburg, the town of Randolph, and the East Thetford
Water Company. It can be told for thousands of systems across the country. RCAP’s funding
application assistance and other related tasks helped communities inthe Northeast and U.S.
Caribbean receive 57 fundingawards in FY22 alone, resultingin over $88M in grants and low-
interestioans.

The RCAP networkis the sum of six regional partners across the U.S. that collectively cover
every state and U.S. territory, including Tribal lands and Colonias:

¢ CommunitiesUnlimited (CU)— The Southern RCAP
o Serving Alabama, Arkansas, Louisiana, Mississippi, Oklahoma, Tennessee, and
Texas.
e Great Lakes Community Action Partnership (GLCAP) — The Great Lakes RCAP
o Servinglllinois, Indiana, Kentucky, Michigan, Ohio, West Virginia, and
Wisconsin.
e Midwest Assistance Program (MAP) — The Midwest RCAP
o Servinglowa, Kansas, Minnesota, Missouri, Montana, Nebraska, North
Dakota, South Dakota, and Wyoming.
& Rural Community Assistance Corporation (RCAC) — The Western RCAP
o Serving Alaska, Arizona, California, Colorado, Hawaii, Idaho, Nevada, New
Mexico, Oregon, Utah, and Washington.
o RCAP Solutions (RSOL) — The Northeastern and Caribbean RCAP
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o Servingall six New England States, New York, New Jersey, Pennsylvania,
Puerto Rico, and the U.S. Virginislands
e Southeast Rural Community Assistance Project (SERCAP) — The Southeastern RCAP
o ServingDelaware, Florida, Georgia, Maryland, North Carolina, South Carolina,
and Virginia.

In line with RCAP’s mission of even further expanding itsimpact inrural communitiesinthe
years to come, laid out in the sections below are some of RCAP’s key recommendationsfor the
2023 Farm Bill, Alsoincluded are some relevant case study examplesof RCAP’s work inthese

areas.

Rural Utilities Service Water and Environmental Programs {WEP)

RCAP Water and Environmental Programs Farm Biil Recommendations:

®

Reauthorize the Water & Waste Disposal Technical Assistance & Training Grant
Program to the maximumamount {Section 306(a}{14){A) of the Consolidated Farm and
Rural Development Act 7 U.S.C. 1921 et seq.), set-aside nolessthan 10% of fundingfor
expanded technical assistance and capacity building. RCAP also requests additional
language for emergency response technical assistance to meetthe growing need in
assisting rural communities to plan for and recoverand rebuild afternatural disasters.

Reauthorize the Water & Waste Disposal Loan & Grant Program (Section 306 of the
Consolidated Farm and Rural DevelopmentAct).

Reauthorize the SEARCH -Special Evaluation Assistance for Rural Communities and
Households Program, include additional matching flexibility under the program to
include in-kind or waiversin cases of extreme need.

Reauthorize the Water & Waste Disposal PredevelopmentPlanning Grant Program,
include additional matching flexibility under the program to include in-kind or waiversin
cases of extreme need.

Reauthorize the Solid Waste Management Grant Program (Section310B of the
Consolidated Farm and Rural DevelopmentAct) at $20 million a year over five years.

RCAP has been providing on-the-ground technical assistance and training to smalland rural
water and waste systemsfor 50 years in all 50 statesand the U.S. territories. Through our
partnership with USDA-RD, RCAP and our regionsin one year alone helped rural and Tribal
communities from across the country leverage approximately $400 million in infrastructure
funding from a variety of federal, state, local, and private funding sources. Through these
programs we also conducted 140 training workshops, serving more than 1,300 systemsand
reaching about 2,500 participants.
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Water & Waste Technical Assistance

RCAP has beena leaderin the regionalization space, especially when itcomes to sustainable
solutions for small, rural, and Tribal communities. In addition to intensive technical assistance,
and training work as a neutral third-party facilitator helping communities navigate what is often
a complicated undertaking, RCAP developed a process to help guide both TA providersand
communities through the insand outs of regional collaboration. RCAP also developed two
helpful research products: one outliningtenlessonslearned from communities across the
country who have participated in activities across the regionalization spectrum;and another,
outlininglocal, state, and federal policy recommendationsthat would help incentivize and ease
the pathway to sustainable and resilient regional solutions. Regionalizationis nota silverbullet,
but we believe itshould always be on the table for consideration, especially as the water
workforce dwindles, regulations become more stringent and disasters more intense and
frequent — no one must go it alone.

Across the United States, we see communitiesfacing threats to theirdrinking water from
several harmful contaminants, such as lead and PFAS. Rural communities have historically been
overlooked by federal investments when it comes to addressing water challenges, especially
the nearly 23 million households who rely exclusively on groundwaterdelivered through private
wellsfortheirdrinking water. In Massachusetts RCAP Solutions partnered with the Health
Foundation of Central MA on a 3-year study of 500 wellsacross the state and found that at time
of testing one third of the wells had contaminants that exceeded state standards for drinking
water. We then worked with legislative partnersto propose statewide legislation to protect the
publichealth of well owners. Asother states move to enact similarlegislation, the need for the
USDA-RD Rural Decentralized Water Systems Grant Program will increase, and continued access
to these funds for low-and moderate-income homeowners will protect the health of their
households, givingthemequitable access to safe drinking water.

Beyond those on small water systemsand private wells, we also know that many communities
are hauling water by hand as a practice in Tribal areas and the Colonias. Lack of access to water
and sanitation, a resultof both historical and geographical factors, is most prevalentin Alaska,
the Dakotas, and northern New England, but there are additional pockets of thisissue
throughout the U.S.

A report from DigDeep and the US Water Alliance shows that gradual improvements are being
made in this space, but that the rate of progress isdeclining. The population without complete
plumbingin the United States was reduced from 1.6 million people in 2000 to 1.4 millionin
2014. For comparison, those lacking complete plumbingdropped from 27 percent in 1950 to
5.9 percent in 1970. This data suggeststhat communities making up the remainingaccess gap
face particularly entrenched challenges. (Closing the Water Access Gap in the United States by
Dig Deep and US Water Alliance)
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One solutionto help drive positive publichealth benefits formillions of rural Americansis The
Healthy H20 Act, introduced by Senator Baldwinand Senator Collins. This bipartisan legislation
would improve gquality of life in the communities we serve by having USDA-RD provide direct
assistance to householdsand licensed childcare centerson private wellsinlow -income, rural
communities to test drinking water for contaminants and fund filtration technology for proper
remediation.

Water and Environment Program Loans including Predevelopment

| am a committee member on the Franklin County MA Comprehensive Economic Development
Strategy {CEDS) working group facilitated by the Franklin Regional Council of Governments. in
2022 we reviewed a study of Franklin County water and wastewater systems. The report
assessed $300 milliontotal infrastructure upgrade needsat 12 public wastewaterand 16 public
water districts. It would cost another $52 millionto provide 3 wastewaterand 3 drinking water
systems for the identified unsewered orprivate well only communities. This $350 million need
in one of the most rural counties in Massachusetts, with only 24 towns and one city, is more
than 25% of the $1,334 milliondollarsinwater/wastewaterfundingavailable for the entire
state. As more needsare identified and as construction costs climb, the fundinggap will
continue to widen, even with the significant influx of funds from the Bipartisan Infrastructure
Law overthe nextfew years.

In most cases, it takes multiple years of predevelopment planning and multiple fundersto
successfully implement each project. Big citieshave plannersand engineerson staff or have
access to predevelopment funding to hire consultants to help design projectsand estimate
costs. The small systems have volunteerboards, part time clerks, and operators that relyon
federally funded predevelopmentgrants and technical assistance, like the RCAP network
provides, to assist with multiple tasks — including but not limited to community engagement,
applicationassistance, and affordability qualifications. Continued support, increased funding
and state office oversight of the SEARCH and Water and Waste Predevelopment grantfunds
will support more successful applications to WEP. This should also continue to increase funding
in the next five yearsto leverage the predevelopment and infrastructure dollars spent by the
Environmental Protection Agency {EPA)} as part of the Bipartisan Infrastructure Law to make
sure that no small and/or rural systems are leftbehind.

In addition to planning, technical assistance after a large construction project is completed,
helpsto make sure the community adapts to theirnew reality. Examplesinclude increasing
water rates and the public outreach necessary to support it; adjustingthe capitalimprovement
plan and budget to include appropriate contributions to reserve fundsfor replacement of new
equipment; and helpingto develop financial monitoring proceduresto meet the conditions of
the USDA-RD construction loan.

Solid Waste
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RCAP has been providing solid waste management servicesto low-income small, rural, and
Tribal communitiesfor decades. Since 2014, with fundingfrom the USDA-RD, RCAP has assisted
more than 160 rural communities (26 of which were Tribal), servingmore than 1 million rural
residentsin 30 states and the Caribbean territories. Of those served, 28% were low-income and
45% were people of color. RCAP has more than 20 highly experienced staff who provide solid
waste managementtechnical assistance and support across the nation.

Puerto Rico has twenty-nine (29) landfills, and many of them are unable to address critical
regulatory compliance issues around the Resource Conservation and Recovery Act. The EPA is
focused on closing those open dumps which pose the greatestthreat to the environmentand to
people’s health. Without new, compliant environmental systems in place, there will be more
pressure on the remaining facilities - many of them already limited in capacity. RCAP Solutions’
work in Puerto Rico supports efforts to limit illegal dumping, find sustainable solutions, and
increase recycling rates in Puerto Rico, which are commonly cited in the 7-12% range and
significantly lowerthanthe nationwide rate of 32% reported by EPA.

Waste generation on the island exceedslandfill capacity, and is expectedto, for years to come.
Solid waste and debris from increasingly frequent hurricanes exacerbates the issue. Waste
diversion and recycling presents challenges for most municipalities, largely due to the cost of
exporting materials, the lack of infrastructure, and the lack of diversion management facilities.
This situation increases the illegal dumping of debris, appliances, and construction and
demolition materials. lllegal dumping, difficult to monitorand control in rural areas, creates both
public health and environmental problems. The education of communities, municipal staff, and
stakeholdersisa priority. Many communities are also transitioning from municipal management
of the landfill facilities to private companies who are overseeingthe compliance and operations.
Time will tell if this approach is working, but municipalities must continue to participate in
planningfor the future of waste solutions in Puerto Rico.

Lajitas is a small sector in Barrio Guayabal, Juana Diaz, Puerto Rico. The community has
suffered due to litteringand illegal dumping, creating environmental and public health hazards.
Basketball courts and surrounding areas were used for dumping and the areas alongside the
roads were severely impacted by littering and improper management of solid waste. The
community is near the Guayabal Water Reservoir, shorelines of which have fallenvictim to waste
from the Jacaguas river. The illegal dumpingand litter build up have been overwhelming.

The community called RCAP Solutions seeking help and we were able to facilitate meetings and
suggested the formation of a community organization. RCAP Solutions worked to empower
community members to implement coordinated actions with the municipality. The municipality
eventually adopted aticketsystem forthe collection of debrisand bulky waste. Insufficient waste
collection by a private hauler was also addressed, an issue RCAP Solutions helped to document
and present to the municipality.

In the Paso Hondo sector of Lajitas, waste collection had neverbeen offered by the municipality
due to narrow roads and steep terrain. RCAP Solutionsand Fundacién Wepal! invited the
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municipal administrator to a site visit, and an agreement was reached in which the municipality
would direct the private hauler to implementcurbside collection usinga small waste compactor
truck. To ensure the effectiveness of the new collection program, they promised to give each
household a 55-gallon drum to be used as a trash can. For one resident of the Paso Hondo
neighborhood, “I’ve been living in this community for more than 45 years and [this] is the first
time | have seen a garbage truck coming for ourwaste. | used to carry the garbageto the
collection area all my life and the area was full of flies and bad odors. | am really happy that this
is happening.”

Rural Housing Service Community Facilities Programs

RCAP Community Facilities Programs Farm Bill Recommendations:

e Reauthorize the Community Facilities Technical Assistance and Training Program
(Section 306(a)(26) of the Consolidated Farm and Rural Development Act), set-aside no
lessthan 10% of funding for national multi-state technical assistance and capacity
building, and to create additional flexibility underthe program by removingcaps on
funding.

o Reauthorize the Community Facilities Direct Loan & Grant Program (Sec. 306(a)(19) of
the Consolidated Farm and Rural Development Act).

e Authorize a Community Facilities Connect Program to provide five-yeardirect
community facilities technical assistance in each state and territory, to help underserved
rural areas access the Community Facilities Direct Loan and Grant Program, plusother
fundingsources.

One of RCAP’s most recent new initiatives wasthrougha Community Facilities (CF) Technical
Assistance Cooperative Agreement with USDA-RD. Community Facilities Technical Assistances
consists of enriching resources and leveraging funding to improve, expand, or build necessary
community facilities, such as healthcare facilities, city halls, fire stations, schools, etc. Overa
two-year pilot period, RCAP actively worked with 42 communitiesin 22 states, reaching eligible
rural areas withan average population of 4,461 people and a medianhouseholdincome
significantly below the national median. With $400,000 in funding through this cooperative
agreement, RCAP was able to leverage an additional $51 millioninfunding for communities
from USDA-RD and other sources for these projects.

Under the pilot program, RCAP Solutions was able to assist the town of Shoreham, Vermont
with evaluating and prioritizing projectsto utilize ARPA (American Rescue Plan Act) funding. We
acted as facilitatorthrough a publicinput process, integrating new project ideas with the
town’s existing Capital Improvement Plan, and identified and ranked criteria for selection (such
as the reach of impact to residents or availability of funds from other sources). This process
allowed the town to implementan independentand transparent process to allocate ARPA
fundsto projects that are practical, achievable, and self-sustainable—and at the same time
helpedthe Selectboard consider other funding sources for important community projects.
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Additionally, RCAP was able to provide disasterrecovery technical assistance under the
Community Facilities Technical Assistance and Training Program (CF-TAT), which was authorized
inthe 2014 Farm Bill. Overthe course of the project, RCAP provided technical assistance to 29
federally-declared disasterimpacted communities in five states and one territory. RCAP had the
ability to scale to more states and impacted communities but was limited due to funding
constraints under the program. The eligible rural communities served had an average
population of 2,389 people and a median household income around half of the national
median. RCAP unlocked and leveraged ~$1 million from USDA-RD and other funding sources for
six communities with direct disasterfunding application assistance through TA,

RCAP’s expertise, on-the-ground networks, and long-standing relationships make us a valuable
resource for rural and Tribal communities trying to access USDA-RD Community Facility
financing by providing technical assistance and support at every step of the process, from
planningto implementation and leveraged funding. RCAP works with communities to integrate
disasterresilience and mitigation strategiesinto theirprojects. RCAP also targets rural low-
income communities and persistent poverty communities, frequently addressing common
barriers to accessing and utilizing federal funds.

Currently, RCAP as a National network does not have any CF-TAT funding to meetthe on-the-
ground rural community needin this issue area. Program changes through the next Farm Bill
and increased dedicated funding would directly allow RCAP and other qualified organizations to
provide much needed technical assistance in multiple statesand to model CF technical
assistance programs after other successful programs at USDA-RD.

Rural Investment Initiative

RCAP Rural Investment Initiative Farm Bill Recommendations:

e Authorize a Community Facilities Technical Assistance and Training Program with
dedicated resources inthe Rural Development Title to support locally driven capacity
building and financing for small towns and rural communitiesacross all missions areas of
USDA-RD,

Lastly, RCAP supports the authorization of a Rural Investmentinitiative {RIl}, which, if enacted
would be a locally-driven, flexible capacity building and financing program to support all
mission areas of Rural Development: rural utilities, rural housing, and rural business. Many
USDA-RD programs that help unlock private investmentare difficult for rural towns and
organizationsto access. Local governments and non-profit organizations often lack the staff and
technical expertise to apply for grants. it isalso exceptionally challenging for often part-time
local government officials and their limited staff to track and advocate for their community’s
fair share of fundsfrom states or applyfor federal grants directly. The RHl would match rural
communities and their needsto a cohort of local, regional, and national technical assistance
providers, making iteasierfor communities to access right-sized technical assistance and
ensuring better access to all USDA-RD programs, financing, and services. The Rii would be

1C
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designed to provide financial capital directly to communitiesand strengthen human capital to
unlock new investment, including public private partnerships, that would improve the capacity,
economic health, and overall well-being of local communities.

RCAP is insupport of the Administration’s Rural Partners Network {RPN) concept but believes
Congress should further codify and shape RPN to make lasting policy changes inthe nextFarm
Bill. The Rl could accomplish this, as much can and should be done to help with low USDA
staffing levelsand agency technical upgrades. Strong USDA-RD authorizations with dedicated
resources through the nextFarm Bill will ensure the agency’s ability to delivertimely services,
staffing, and financingto rural America while makingit easierfor communitiesto applyand
access funding.

Closing

| would like to thank the committee for their work to reauthorize critical USDA-RD programs in
the nextFarm Bill. RCAP looks forward to working with each of you to ensure USDA-RD and
rural communities have the tools they need to promote improved quality of life for rural
America. On a national level, RCAP ison the steering committee of two advocacy coalitions
working together on policy solutions geared towards lasting change in rural —The Rural
Network and the Reimagining Rural Assistance Network. Both coalitions stand ready to work
withyou on a strong Rural DevelopmentTitle that works for all rural places and people.

RCAP works with communities and partners across the country to advocate for and generate
economic opportunities forrural areas. The services provided through these programs deliver
critical assistance in the small and disadvantaged communities where itis most needed.thank
the committee for inviting me to testify today, and | look forward to working withyou and your
colleagues to ensure rural people and places have the resources they need to be successful.

11
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2023 Farm Bill Priorities

The Rural Community Assistance Partnership (RCAP) supports the enactment of a robust and
comprehensive Rural Development Title in the reauthorization of the Farm Bill. RCAP calls on
Congress and the Admini ion to emphasize rural devels progr and that
will create opportunities for all rural Americans including underserved places. RCAP supports
several key priorities in the Farm Bill that will boost rural economies, create jobs, and improve
the quality of life in rural America:

Rural Utilities Service: Water and Environmental Programs

*+ Reauthorize the Water & Waste Disposal Technical Assistance & Training Grant
Program to the maximum amount (Section 306(a){14)(A) of the Consolidated Farm and
Rural Development Act 7 U.S.C. 1921 et seq), set-aside no less than 10% of funding for
expanded technical assistance and capacity building, and include additional language for
separate emergency response technical assistance activities under emergency disaster
supplementals from Congress.
*+ Reauthorize the Water & Waste Disposal Loan & Grant Program
(Section 306 of the Consolidated Farm and Rural Development Act).
Reauthorize the Solid Waste Management Grant Program (Section 3108 of the
Consolidated Farm and Rural Development Act) at $10 million a year over five years, create
additional flexibility under the program by removing caps on funding.
«+ Reauthorize the Rural Decentralized Water Systems Grant Program
(Section 306E of the Consolidated Farm and Rural Development Act), include additional
program eligibility and flexibility by raising the income eligjbility requirements from 60% of
statewide median household income up to 100% in cases of extreme need.
Reauthorize the Revolving Funds for Financing Water and Wastewater Projects Program
(Section 306 of the Consolidated Farm and Rural Development Act).
Reauthorize the SEARCH -Special i i e for Rural C ities and
Households Program, include additional matching flexibility under the program to include
in-kind or waivers in cases of extreme need.
Reauthorize the Water & Waste Disposal Predevelopment Planning Grant Program,
include additional matching flexibility under the program to include in-kind or waivers in
cases of extreme need.

Flexible i i icesand C ion Across USDA-Rural Development
Mission Areas

* Authorize a flexible program for expanded capacity building and flexibility across all
USDA-Rural Development mission areas, including adequate resources to implement
modern plans, community broadband access, create jobs, and leverage new infrastructure
development to increase the resiliency of rural communities.

Rural ing Service: C ity Facilities P

* Reauthorize the C ity Facilities Technical Assi: e and Training Program
(Section 306{a)(26) of the Consolidated Farm and Rural Development Act), set-aside no less
than 10% of funding for expanded technical assistance and capacity building and create
additional flexibility under the program by remaoving caps on funding.

+ Reauthorize the Community Facilities Direct Loan & Grant Program
(Sec. 306(a)(19) of the Consolidated Farm and Rural Development Act).

" LA  COMMUNITIES
NS % RCAC "&, dnlimited m Furs Communlty e

P
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Rural Community
Assistance Partnership

RCAP REQUESTS the continuation of funding

for its Community Facilities Technical Assistance Cooperative
Agreement with USDA given the success and community impact
of the pilot program, which ended on September 30, 2022

RCAP currently is seeing continuing demand for our services
and for flexible funding under a national community facilities
technical assistance co-op program supported by USDA. The
pilot funding allowed RCAP to work with towns of populations

USDA Community Facilities

Cooperative Agreement

42.22( 7

Projects

4,461

Average Population

States

less than 5,000 and provided communities with much
needed local capacity to plan for and leverage funding for the
construction or improvements of crucial community facilities
such as health clinics, community centers, fire stations, libraries, Average Median
and other public facilities. Heusehold Income

$400,000 $51 Million'

Funding from USDA & Other Sources

2-Year Cooperative Agreement

RCAP IS SEEKI NG $600,000 over a 2-year period to continue this program with a national scope
This program has shown itself to be incredibly useful to our technical assistance providers and the rural
communities they serve. It has been a resource that fills in the gaps other existing Technical Assistance and
Training programs cannot.

It funds the time, resources, and capacity necessary to leverage and implement new funding for crucial
community facilities in towns with America’s lowest populations and lowest incomes.

With an unprecedented amount of funding coming to communities through the Infrastructure Investment and
Jobs Act (11JA), this program will help ensure that rural and disadvantaged communities have the necessary
capacity to access and implement this funding in the areas that need it most.

In one project alone, RCAC (the western RCAP) staff leveraged a total of $1,980,000

in USDA loan funds, a $100,000 CF Economic Impact Grant, and a 513,000 State CF
Grant for a total of $2,093,000 in funds. This helped the Foundation for Little Colorado
rizona with

Revitalization (FFLCR), a non-profit organization located in Springerv
their community facility for their “Local Food System Regionalization® project.

13
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USDA Community Facilities

m Rural Community Disaster Relief Technical
Assistance Partnership Assistance and Training
RCAP REQUESTS the continuation of funding for

its Community Facilities Disaster Relief Technical Assistance and

Training program with USDA given the success and community 2 9

impact of the pilot program, which ended on September 30, 2022. M
Projects

RCAP currently is seeing continuing demand for our services (5states + 1

and for flexible funding under a national community facilities territory)

technical assistance program in disaster relief areas. The previous ®

funding allowed RCAP to work with towns of populations less than 2 38 9

5,000 and provided communities with much needed capacity to b )

Average Population

plan for and leverage funding for the repairs, replacement, and
construction of essential community facilities like city halls, fire
stations, police stations, and health centers that were affected by

natural disasters such as hurricanes, tropical storms, floods, and $ 3 5 80 6
forest fires. These disasters are not slowing down as we have seen )

with recent hurricanes Fiona and lan as well as the continuous

forest fires in the Western U.S so the need will continue to be there
and RCAP stands ready to assist.

$250,000 $526,760

2-Year Cooperative Agreement Funding from USDA & Other Funders

Average Median
Household Income

RCAP ls SEEKl N G $600,000 over a 2-year period to continue to provide community facilities-
related disaster reliefin communities that need it most due to a lack of capacity to access typical federal aid
dollars due to low population, low income and limited resources. Under this current program we were only able
to fund 3 of our regional partners due to the $250,000 funding cap so with the the requested funding increase we
would be able to fund up to 6 total regional partners covering the entire U.S. and the territories including Puerto
Rico which needs additional disaster recovery technical assistance right now. We could only serve communities
that had disasters within the years 2018-2019. This left communities experiencing new disasters outside of
eligibility for this program. If we changed the requirements to serve communities that experienced federally
declared disasters within the |ast 5 years from the project start date, we would also be able to respond to newer
disasters while continuing to serve communities that need help with long term recovery from previous disasters.

The disaster relief program was managed by the Maryland and Delaware State RD office
despite being a national program. The Community Facilities Technical Assistance and
Training Program was created in the 2014 Farm Bill (Section 6006) with the intention of
the program being a national program that is managed and coordinated by the National

USDA-RD Office. Congress also reaffirmed this intention in the 2018 Farm Bill found

64. It would be incredibly beneficial to see this program housed for the purpose
of coordination between national service providers and multiple states impacted by a
disaster.

14
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Rural Community
Assistance Partnership

RCAP Solid Waste
Management Programming

The Rural Community Assistance Partnership (RCAP)
is a network of seven nonprofit organizations working
together to provide training, technical assistance, and
capacity building to small, rural and Tribal
communities in the areas of water, wastewater, solid
waste and community and economic development.
RCAP has been providing solid waste management
services to low-income small, rural and Tribal
communities since 2004. Since 2014, with funding from
the US Department of Agriculture (USDA), RCAP has
assisted more than 160 rural communities and counties
(26 of which were Tribal), serving more than 1 million
rural residents in 30 states and the US Caribbean. Of
those served, 28% were low income and 45% were
people of color. RCAP has over 350 technical

assistance providers located throughout the 50 states
and the US Territories who live and work in the rural and
Tribal communities they serve, including more than 20
highly experienced staff who provide solid waste
management support.

RCAP’s wide variety of solid waste services are

targeted to meet the specific needs of rural communities
with an end goal of improved solid waste management
and planning, while reducing potential pollution of water
resources. Through this work, RCAP seeks to improve
public and environmental health as well as the quality
of life for rural communities. The goal of our Solid Waste
staff is to reduce the use of disposable items, teach reuse
of products within the communities they serve, and
promote recycling and composting best practices which
protect natural resources and valuable landfill space.

RCAP’s approach to hands on training and in-depth
technical assistance is to ate on local capacity
building so that the communities served have the tools
and resources to be successful and sustainable for years
to come.

Some of the categories of typical
services provided include but are not
limited to:

Community and school waste stream
reduction through education and
program development on re-use and
recycling;

Safety and operations, including the
handling and management of
Household Hazardous Waste;

Development of school and

community composting programs,
including vermicomposting, to
reduce food waste entering the waste
stream;

Training and technical assistance
surrounding emerging contaminants
including but not limited to PFAS and
pharmaceuticals;

Illegal dumping site identification,
mapping, prevention, and alleviation
strategies;

Solid waste best management
practices, budgeting and rate
analyses, and funds leveraging for
equipment needs and facility
upgrades; and

Introduce communities to the
concept of Integrated Solid Waste
Management Systems and help
develop the infrastructure to
implement these best practices.
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Barnet Fire District Avoids Water Violation

: ‘ Location: Barnet, VT
o - Population: 1,663 (205 connections)
' “** Household Income: $36,089
Region: RCAP Solutions, Inc.
~ Funder: USDA RD Technitrain, 19-20
o -~ Author & Date: Mark Johnson, 2018
- . Services:

o Increased Managerial Capacity
« Financial Sustainability

BACKGROUND
Despite recent source water and treatment plant improvements made by Barnet Fire

District #2 (BFDZ2), maintaining regulatory compliance is a real challenge - as it is for
many rural communities. The water system, which serves about 205 customers, had
been under a boil-water advisory since 2004 due to long-term source water deficiencies.
In 2014 members of the community expressed a desire to acquire the system from its

private owner, and RCAP Solutions facilitated several steps in this process. The goal of

1€
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the purchase was to give the community more control over the fate of its water system.
As a publicly owned water system, BFD2 would be able to access federal funding

sources for long overdue improvements.

THE CHALLENGE
Barnet Fire District #2 lacks adequate technical, managerial, and financial capacity to

address the many challenges facing small water systems. Despite recent source water
improvements, the system has struggled to maintain compliance with applicable Safe
Drinking Water Act regulations, address distribution system deficiencies, or to build up
reserves for future system improvements.

THE APPROACH & SOLUTION
In February of 2017, BFD2 completed a major source water improvement project. This

should have marked an important milestone for the community, as they were able to lift
the decades old boil water advisory following the improvements and installation of a
new disinfection process. It was not the end of their infrastructure concerns, however;
frequent distribution system failures were crippling the system’s operating budget. To
address issues in the distribution system, RCAP Solutions provided an action plan to
the board, which included the recommendation to apply for a planning grant to prioritize
water main replacement — including the replacement of a critical, aging water main
crossing a river in the village. In addition to securing a planning grant, however, the
board would need to gain the support and trust of the community for any new projects.
For a system the size of BFD2, taking on more debt — which requires community
support - will be a likely scenario considering their lack of reserves and mounting
infrastructure concerns. For the system’s board, it was more important than ever that
they build on the achievements of the source water improvement project. Unfortunately,
operational issues with the new chiorination system, coupled with the lack of local
capacity for diagnosing and resolving those issues, contributed to a violation in late
2017 for failing to maintain adequate microbial treatment. After becoming aware of the
treatment violation and continued problems with the chiorination system, RCAP
Solutions responded after-hours to the treatment plant and spent the next day
successfully re-establishing a chlorine residual in the system.

17
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THE IMPACT
This action helped the system to avoid a second violation, which is critical; every

violation or misstep for the board reduces the likelihood that they will be able to gain the
community trust necessary for future improvements. In the weeks that followed, RCAP
Solutions provided practical guidance to the system’s operator and treatment plant
engineer on how to improve the treatment system. RCAP Solutions has also helped
community members to identify common issues with their plant equipment and to
provide the system’s board members with the knowledge they need to maintain
compliance with state and federal regulations.

Overall, RCAP Solutions provided the board with a prioritized action plan, attended
numerous board meetings to provide guidance on system operation, stressed the
importance of community engagement, helped the system avoid additional treatment
violations, and educated community members on treatment requirements to maintain

compliance.
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Revival from the Brink of Receivership

Location: Fire District#1, East
Berkshire, VT

Population: 184 (63 connections)
Household Income: $56,964
Funder: USDA Technitrain 23
Author & Date: John Kiernan,
2023

Services:
Budgeting and Rate Assistance
Funding Applications
Project Development - New
Source
Engineering Procurement

BACKGROUND

Approximately 50,000 Vermonters are served by Fire Districts, which are special

independent units of government, with the same authority and responsibility as an
incorporated town or village, primarily serving small water systems. Many Fire Districts
are struggling throughout Vermont with significant technical, managerial, and financial
challenges. The East Berkshire Fire District No. 1 is no exception; USDA considers the
District a “troubled asset’, at risk of defaulting on their debts and falling into receivership

without technical assistance.

18
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THE CHALLENGE
A recent construction project involved a significant capital investment in distribution

system infrastructure without addressing the lack of water source capacity. As a result,
customer rates increased from $300 to over $1,000 per year, and the system’s spring
sources still periodically dry up requiring conservation and boil water notices, leaving the
customers frustrated. In addition, the Prudential Committee had full turnover of all Board
members since the completion of construction, with no continuity and leaving the new
Board overwhelmed with significant financial issues, primarily a significant increase in
unanticipated operating costs due to the supply shortages, coupled with an increasing
number of delinquent customers refusing to pay their water bills.

THE APPROACH & SOLUTION
RCAP assisted the District by developing a prioritized list of actions for the Board to focus

on, with a breakdown that included an opinion of the costs, anticipated
duration/schedules, and potential funding sources for each action. RCAP is now
supporting the District with implementation — by assisting with 1) selection of an
engineering consultant to resolve the technical issues, 2) preparation of applications for
approximately $700,000 in grant funds from various sources to help resolve issues
without incurring additional debt, and 3) development of a financial plan to reconcile their
overdue accounts payable to vendors and funding agencies. This help has given the
Board some traction to visualize a transition to a system that will build reserves for

emergencies and ongoing maintenance.

“RCAP has helped us get back on track, providing guidance
with many aspects of water system planning and

imanagement. We view RCAP as a trusted advisor.”
Andy Hoadley, Prudential Committee Chair

THE IMPACT
Since RCAP engaged with the community, the District has communicated with the

funding agencies and have made progress in making past due debt payments. With
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help from the Vermont Department of Environmental Conservation, efforts have begun
to identify potential well sites for a supplemental source. In conversations with
customers and the system’s operator, two major leaks were found and corrected to help
reduce or alleviate the need for bulk water hauling this summer. The system still has a
long road ahead, but RCAP has provided the tools and helped the Board and interested
parties see there is a path to sustainability for the system.
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Location: East Thetford, VT
Population: 250

Household Income: $50,000
Region: RCAP Solutions, Inc.

¥ 12 . Funder: USDA Technitrain 19-20
K Fo Author & Date: Mark Johnson, 2020
£. Services:
N 9 ¢ « Facilities Development,

¢ Financial Management

BACKGROUND
East Thetford Water Company provides drinking water to a village in the Connecticut

River Valley of rural Vermont. In 2019, the village experienced an emergency water
shortage after their primary well failed. RCAP worked with the volunteer water board to

ensure they obtained financing for a replacement well.

THE CHALLENGE
East Thetford Water Company found themselves without a reliable source of water

when their primary well suddenly stopped producing enough water to serve their 42

connections. Businesses and homes in the village were severely impacted.
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THE APPROACH & SOLUTION

The system operator temporarily gained control of the situation by activating an
emergency spring and repairing a leak in the system. With the help of the state’s
primacy agency, an engineer, and RCAP, system managers were able to navigate a
boil water order, identify potential long-term solutions, and document income in the
community to ensure that a more permanent solution could be found. Due to the small
size of the village, documenting income proved to be a significant hurdle; regulations
require aresponse rate of 90% to achieve a valid survey. As with any critical
infrastructure effort, community outreach can make the difference between a successful
project and a frustrating roadblock. RCAP’s efforts to educate the community about the
project ensured successful completion of the income survey to secure critical funding.

THE IMPACT

Less than a year after running dry, residents and business owners in the village are
relieved to have a new bedrock well to rely on. RCAP helped the system achieve a
timely solution to a problem that threatened public health. Without an income survey,
the Median Household Income (MHI) for ETWC would have used the 2017 American
Census for the entire town (~$70k). With the survey, we showed the service area of
ETWC to be $50k. This is significant because it moves ETWC into the disadvantaged
category for the State Revolving Fund (DWSRF) loan program (with the survey, now
ETWC comes in under the statewide MHI of about $57k). ETWC should now be eligible
for up to 50% forgiveness of the anticipated loan value, 30-year financing instead of 20-
year, and a reduction in fees.
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Location: Grafton, VT

Population: 650

Median Household Income: $51,667
Region: RCAP Solutions, Inc.

- Funder: USDA Technitrain 20-21

/ Author & Date: Mark Johnson, 2022
Services: WW Facilities
Development

‘Grafton §

BACKGROUND

Grafton is one of 170 villages without a public water or wastewater system in the state
of Vermont. As septic systems and drinking water wells continue to approach - or go
beyond - their life expectancies, the village is facing the reality that there is little space
to add new septic systems or to drill new wells. This limitation impacts economic growth

within the village, creates a public health issue and threatens the environment.
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THE CHALLENGE

RCAP became involved with Grafton through Vermont's Village Wastewater Solutions
Initiative, an interagency committee consisting of regulators, funders and nonprofits that
have come together to address challenges facing villages without sewers. A
Wastewater Study Commission consisting of volunteers had been formed in Grafton,
but their work was stymied by a lack of understanding of available resources and how to
map possible solutions.

THE APPROACH & SOLUTION
RCAP’s initial assistance included a review of past water and wastewater engineering

studies and the development of a plan for community education and engagement.
RCAP acquired water sampling kits through a partnership with the Dept. of Health, and
with the Commission, held a village-wide well testing event to determine whether failed
septic systems were impacting private drinking water sources. We surveyed the
community on important water and wastewater issues, achieving a 94% response rate
and beginning an important conversation about the future of the village. Results were
compiled into a report by RCAP and presented at several public meetings.

THE IMPACT
in 2021, a major milestone was achieved toward finding a wastewater solution when

RCAP helped the Commission access funds for an updated engineering study. After
working with the Commission to help them understand the qualifications-based
selection process, the Town has hired an engineer and is in the process of identifying
decentralized wastewater options that could help guide future growth and community
revitalization efforts.
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“Wepa! Foundation” Reduces Waste Stream

Location: Lajitas, Juana Diaz, PR
Population: 1,651

A Low-Income population: 1,209
Household Income: $13,531
Funding: PR, Solid Waste - USDA
Author: Edwin Vazquez-Asencio, 2022

Services:
Qu o Sustainable Materials Management

e Specialist
?. ‘ e SW Technical Assistance

BACKGROUND
Lajitas is a small sector in Barrio Guayabal, Juana Diaz, Puerto Rico. The community

has been suffering due to littering and illegal dumping. The basketball court
surroundings were used for dumping and the areas alongside the PR-550 were severely

impacted by littering and improper management of solid waste.

THE CHALLENGE
“Without your help, | don't know how Barrio
Guayabal would be able to address many of

its problems.”
Vanessa Perez-Pacheco, Fundacion Wepa!
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The community is near the Guayabal Water Reservoir and the edges of the lake have
fallen victim to the waste from the Jacaguas river. lllegal dumping and litter have been

overwhelming.

THE APPROACH & SOLUTION

The community called RCAP TAP looking for technical assistance. The leaders were
taught about the importance of a community organization and the opportunities to
empower their members in order to implement coordinated actions with the municipality
to ultimately address the situation. The TAP helped them create a community
organization that established a connection between the municipality and the community.
They started to create activities and formalized the new community entity as “Fundacién

Wepa!”

THE IMPACT
Today they are implementing solutions and the areas are in recovery. They performed

small cleanups, saved the basketball court, adopted a segment of the road, built a
Neighborhood Cluster Mailboxes in a recovered area. We are now looking forward to
participating in the municipal recycling program. Community participation has been
increasing and the communication among them is better every day. There are still
challenges to overcome, but RCAP will be providing a series of trainings about a
number of useful topics like reduce, reuse, repurpose, recycling, composting and pfas.
This community is empowered and RCAP is leading them to sustainable solutions.
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Jennifer (Jenna) Day, Director of Development, at RCAP Solutions is located in rural Westem
Massachusetts and has been with RCAP Solutionssince 2018. With over two decades of working
in community and economic development, she brings with her a diverse skill set that includes
building individual and community capacity and supporting the progress and sustainability of
rural communities. Her experience as Town Coordinator in Heath, Massachusetts, as Director of
the Housing Consumer Education Center at the Franklin County Regional Housing and
Redevelopment Authority, and her tenure on the local Heath Board of Health provides critical
technical, financial, and managerial expertise including extensive project management and
contract compliance experience. Ms. Day’s expertise also includes operating a non-transient,
non-community water system. Before her promotion to Director of Development, she was the
Director of Community and Environmental Resources responsible for grants and contract
compliance for a team of 30 Technical Assistance Provider serving rural communities in New
England, New Jersey, New York, Puerto Rico, and the U.S. Virgin Islands. She also served as a
Community Specialist for New England. She has a degree in Environmental Education from
Goddard College, Plainfield VT.
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Testimony of Joseph Duncan, PE
General Manager, Champlain Water District
and
President, Green Mountain Water Environment Association

United States Senate Committee on Agriculture, Nutrition, and Forestry
Subcommittee on Rural Development and Energy
“Rural Water: Modernizing our Community Water Systems”
328A Russell Senate Office Building

July 19, 2023
Introduction

Chair Welch, Ranking Member Tuberville, and members of the Committee, thank you for the opportunity
to testify today. On behalf of the Green Mountain Water Environment Association (GMWEA), our water
resource professionals, and the communities we serve, we are grateful for the opportunity to share our
perspective and we thank the Committee for their keen interest in the issues facing rural communities
across the country.

My name is Joe Duncan, and  am the General Manager at the Champlain Water District {CWD), a regional
municipal organization supplying drinking water to (12) municipal water systems in {9) communities in
northwestern Vermont. CWD is an award-winning regional water supplier having the distinction of
receiving the first in the Nation “Excellence in Water Treatment Award” from the Partnership for Safe
Water. Prior to joining CWD, | worked for 18 years as a consulting engineer on municipal water resource
projects throughout the great state of Vermont.

| am also currently the President of GMWEA, a nonprofit membership organization that supports
Vermont's drinking water, wastewater, and storm water sectors - serving water quality professionals,
preserving the environment, and protecting public health through technical trainings, public education,
and policy advisories. We are the people that design, construct, and maintain the infrastructure necessary
to keep the taps running, toilets flushing, and stormwater runoff pollutant free. Our members help keep
Vermont's surface and ground waters clean, safe, and beautiful to serve our water use needs, recreation,
and precious ecosystems.

I have served in the water resources sector in Vermont for over 25 years from working with very small
water systems as a consultant to providing wholesale water with CWD to 83,000 people in Chittenden
County to volunteering my time at GMWEA with fellow water professionals to promote and support the
industry. My background and experience have given me great insight into what it takes to operate and
maintain water and wastewater systems throughout the small and rural state of Vermont.

As of 2023, Vermont’s drinking water assets included approximately 1,343 active public water systems

serving 59% of the state’s 647,000 residents. Most water systems in Vermont are not expanding in size or
demand and their aging infrastructure needs to be replaced. A 2021 University of North Carolina study
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found the median water utility in Vermont collects operating revenue of $296,000, which barely funds its
$284,000 annual expenses — before counting capital projects. Under the American Rescue Plan Act (ARPA),
the Vermont Agency of Natural Resources allocated about $100 million to a variety of water quality
initiatives with most of this money designated for new projects rather than upgrading existing
infrastructure. The State of Vermont expects to receive $355 million in drinking water funding over five
years from the 2021 Bipartisan Infrastructure Law (BIL) — compared to a $374 million funding need
primarily consisting of projects focused on aging infrastructure. The majority of the BIL funds are allocated
to address emerging contaminants and lead service line replacements. While the ARPA and BiL funding
are significant they do not provide the funding required to address our aging drinking water infrastructure.
Unfortunately, Vermont’s wastewater systems are in the same position.

Vermont’s water and wastewater aging infrastructure requires significant investment, and all funding
programs are of extreme value to our systems. Being a rural state, Vermont benefits greatly from the
United States Department of Agriculture (USDA) Rural Development (RD) Water and Environmental
Programs {WEP}. This is one of the few programs our small systems can access that provides long-term,
low-interest loans with the possibility of a grant to keep user rates affordable. Our rural systems have a
fear that Congress will assume that ARPA and BiL will provide the funding necessary to address Vermont’s
aging infrastructure and not fund the USDA RD WEP in the next Farm Bill.

As the Committee considers the upcoming Farm Bill, there are a few key points we respectfully request
you consider as you work to reauthorize USDA RD programs:

e Funding for the USDA RD WEP in the Farm Bill at a significant level is necessary for rural systems
because ARPA and BIL do not scratch the surface of what is needed to address aging infrastructure.

e  Circuit Riders are critical in helping rural systems manage and operate their utilities and funding
that program is vital to them.

» Integrating Asset Management with Resilience & Adaptation is the path to a sustainable water
future and USDA RD needs to require it, and fund it, for any infrastructure constructed under the
WEP.

s Workforce Development is required to address the critical need for skilled workers in our rural
systems and we recommend including financial resources and policy for that in the next Farm Bill.

*» Modernization of RD WEP is necessary to better address current needs with additional affordable
financing and servicing options.

Funding for the USDA RD WEP

Ensuring sustainable and affordable water and wastewater service to customers is the primary shared
mission of our systems and RD. Many of our small and rural systems operate on a thin margin, meaning
only 1.5% to 2.0% revenue over expenses. Maintaining this margin has become difficuit over the past few
years as they have absorbed inflationary costs associated with supplies such as piping increasing by 230%
and chemicals like chiorine increasing at least 95%. Rural communities must have the ability to modernize
their water and wastewater infrastructure, much of which is approaching or past its useful life. The
continued operation of these systems is essential, especially since 91% of the country’s drinking water
systems serve communities with fewer than 10,000 persons. In Vermont, that percentage is even larger,
with 99.5% of our water systems serving populations under 10,000 and 92.7% serving under 1,000,
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The importance of low-cost loans and grant funding under the USDA RD WEP for small rural systems
cannot be overstated. Through the USDA RD WEP water systems across the country obtain financing for
important infrastructure projects of all sizes. 1t is critical that our rural systems know that USDA RD WEP
will continue to be a trusted lender for our critical water and wastewater improvements.

As previously mentioned, there is a fear that Congress will assume that ARPA and BIL will provide the
funding necessary to address Vermont’s aging infrastructure and not fund the USDA RD WEP in the next
Farm Bill. Given the majority of the BIL funds have been allocated to address emerging contaminants and
lead service line replacements, there is not the ability to significantly address our aging infrastructure
needs. QOver the next 10 years, Vermont municipalities, ratepayers and property owners will face costs
exceeding $1 billion to upgrade our aged wastewater, drinking water, and stormwater systems. And over
the next five years, the Vermont drinking water sector will require $374M to address our immediate aging
infrastructure challenges. About $182M {51.3%) of the $355M BIL funding to be received in Vermont over
the next five years has been allocated to emerging contaminants and lead service line replacements. This
leaves a major funding gap for addressing aging infrastructure in our State.

There is also concern that funding levels for the USDA RD WEP will continue at pre-COVID allocations. The
worry lies not only in the funding gap but also in the significant increases in construction costs. Inflation
over the past few years, combined with supply chain issues, a limited workforce, and contractor pool
{especially in rural areas), have significantly driven up construction costs. Funding of the USDA RD WEP at
pre-COVID allocations will limit the number of projects that can be built to address our aging infrastructure
needs and continue to move our water and wastewater systems in the wrong direction.

One of the major challenges for rural water systems in utilizing available construction funding is the lack
of a plan for what is needed. Most small water systems know they need to do something, but they just
do not know how to move it forward both financially and technically. The USDA WEP does offer planning
funds, but they are in the form of loans. Providing grant funding specifically for planning can play a key
role in advancing projects. We recommend that the Committee consider specifically allocating planning
grant funding under the USDA WEP.

Lastly, we support providing additional funding to increase staffing for the USDA RD WEP. For our region,
a staff of 12 USDA RD employees administer funding for both Vermont and New Hampshire. They work
to deliver a $750 million portfolio that includes improvements across a multitude of sectors (i.e.,
water/wastewater, hospitals, energy, and Town Halls}. The USDA RD engineer we work with on water
projects in Vermont is also managing projects across two States for a wide variety of projects. That person
does an excellent job but is spread very thin given the scale of work being administered.

Circuit Riders

One of the most successful approaches for overcoming past and current challenges in rural America has
been the “Circuit Rider” program, which was created by this Committee. This program provides a
nationwide pool of experienced hands-on water experts to provide peer-to-peer direct assistance to help
rural systems manage and operate their utility. Circuit Riders are rural America’s boots on the ground for
troubleshooting issues and solving problems at water systems.
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| have witnessed that firsthand in Vermont, with our Circuit Riders providing the training, certification,
financial management, environmental compliance, governance, and on-site technical assistance necessary
to ensure that water facilities operate at the highest level possible. This assistance actually saves money
and protects the community and the government’s investments by ensuring efficient and sustainable
practices are followed. This training and education empower operators, board members, elected officials,
and communities with the support and knowledge they need to understand every aspect of their water
system and facilities. Many of these communities lack the staff, capacity, funding, or expertise to address
technical water and wastewater issues. The mission of the program is to restore and improve the public
health, environment, and sustainability of these small communities or in other words to give them a level
playing field with our urban counterparts so rural Americans can live the lives they want. We respectfully
ask this Committee to reauthorize this program.

Integrating Asset Management with Resilience & Adaptation

Much of Vermont’s rural water infrastructure was originally constructed or upgraded in the 1970s with the
passage of the Safe Drinking Water Act. At that time, significant grant sources were used fo fund the
improvements. The grants helped to keep rates low while constructing the improvements necessary to
provide safe drinking water. Unfortunately, since that time most communities have implemented a “run
to failure” model by not maintaining and investing in the original water systems. This has not only resulted
in failed infrastructure, but unsustainably low user rates as well. Instead of increasing water rates to
account for necessary operation and maintenance (O&M) and capital costs, water systems have historically
flat lined them thinking it was in the best interest of the users.

We have reached a point where this “run to failure” approach is not sustainable. To make matters worse,
the country is experiencing extreme weather patterns that affect our water systems. The impacts range
from severe heat drying up source waters to heavy wind and rain events damaging water infrastructure,
as well as the energy sources that power those facilities. America’s water systems need to develop more
resilient infrastructure and adapt to extreme weather patterns. To change the historical practice away
from “run to failure” we recommend that any projects funded through USDA RD WEP include an asset
management program integrated with resilience and adaptation implementation measures.

Asset Management programs use asset inventories, life-cycle cost analyses, risk assessments, and financial
planning to set priorities and help meet level of service goals in a cost-effective manner. Asset
management is a way of thinking — of seeing the infrastructure world from an asset-centered perspective
as opposed to operations centered. It allows utilities to direct limited resources to where they are most
needed, and it is the basis for both short- and long-term investment planning and rate setting - as well as
for building public support for these decisions. To effectively manage water infrastructure, utilities must
answer the question: Is it the right work and the right investment at the right time and for the right reason?
The more utilities understand about their assets — the demand, the condition and remaining useful life,
the risk and consequence of failure, the feasible renewal options {repair, refurbish, replace}, and the cost
of these options — the higher the confidence there is in investment decisions.

Having a clear understanding of risks associated with extreme weather events is critical for identifying
potential long-term adaptation options for decision-making related to implementation and infrastructure
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financing. Combining an asset management program with an understanding of what is needed for long-
term resilience and adaptation is the start down a path of sustainable water infrastructure. Funding and
policy through the USDA RD WEP for integrating Asset Management with Resilience & Adaptation is
recommended.

Workforce Development

Today, attracting and retaining capable, licensed water and wastewater system operators is the biggest
challenge facing the rural water industry in Vermont and across the nation. First, water and wastewater
operator salaries have not kept pace with their responsibilities in complying with the ever-changing
governmental regulatory requirements. Second, modern water systems have state-of-the-art SCADA
control systems, complicated variable-frequency drive electrical motors, and computerized control valves.
This requires operators to have strong technical skills and the mental capability to pass the required
training to receive a waterworks license.

it is even more concerning for smaller water systems that have financial limitations that make competing
for employees even more challenging. Employment data indicates up to 50% of this workforce will leave
the water industry within the next 10 years. Rural water and wastewater utility owners and operators
need a pipeline of skilled workers to help ensure clean and safe water for the public and to maintain the
water infrastructure necessary to keep rural service areas economically viable.

The vast majority of the country's small community water systems have extremely limited staff, sometimes
only employing one part-time or one full-time paid operator. Unfortunately, the limited economies of
scale and technical expertise in rural water utilities are compounded by the scarcity of qualified operators.
This challenge increases the difficulty small and rural communities have complying with complicated
federal mandates and providing safe/affordable drinking water and sanitation.

We suggest financial resources and policy be included in the 2023 Farm Bill to provide mentorship and
training to address these workforce challenges specific to USDA RD borrowers and potential borrowers. A
long-term solution is critically needed to enhance water workforce participation and retention in small
and rural communities, protect the significant federal investment in rural America’s water and wastewater
systems, and improve these vital services and basic civic necessities on which our customers depend.

Modernization of RD WEP

USDA RD is the only federal agency created by Congress specifically to serve rural communities. The sole
focus of the WEP is to serve communities under 10,000 population. These rural systems operate on small
margins of revenue over expenses, coupled with a lack of economies of scale, increasing the challenges to
provide affordable rates for lower-income residents. It is recommended that the USDA WEP be
modernized fo better address current needs with additional affordable financial and servicing options.
New affordable financing options should include the ability for USDA RD to offer zero and one percent
loans to disadvantaged or economically distressed communities. This should be a limited authority
targeted to lower-income communities to ensure affordable water and wastewater services to those
residents. Regarding the servicing options, USDA RD should be provided with the ability to financially
stabilize a current borrower within communities where their customers have been suffering an economic
downturn at no fauit of their own.
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One of the challenges we face in Vermont is getting small rural water systems to utilize USDA RD WEP
funding due to the timing for confirmation of funding. A positive bond vote by the municipality is required
to get approved and locked in on a funding package through the USDA RD WEP. USDA RD provides an
estimate of the potential loan and grant funding, but it is not guaranteed. As a result, the bond vote
language presented to the voters typically includes the total project cost and states the final cost to the
users will be subject to reductions in grants and aid. With other funding sources like the DWSRF, the
municipalities speak confidently during the bond vote informational hearings about the specific funding
package they will receive because there is a priority list and bypass process. During bond votes with USDA
RD funding the municipalities need to say this is the funding package we hope fo get as there is no certainty
that the funding will be available since monies are allocated on a first come first served basis. | have been
involved in many projects across Vermont that have failed bond votes due to the public’s skepticism for
receiving the potential USDA RD WEP funding package. The ability to temporarily lock in funding with a
bypass process is recommended to provide more certainty to municipalities when pursuing USDA RD WEP
funding.

Conclusion

In closing, the USDA RD Development Loan and Grant funding for water and wastewater systems is critical
in addressing critical infrastructure needs in many communities in rural and small-town America, while
helping to maintain affordable user rates. Despite the recent ARPA and BIL funding, the demand for water
and wastewater infrastructure funding in our rural communities remains high. The direct technical
assistance from USDA RD and the Circuit Rider program provides the capacity and experience to protect
both the federal government’s investment and the communities’ mission to provide safe, sustainable, and
affordable water and wastewater service. USDA RD plays a critical role in creating a sustainable water
future for our rural water and wastewater systems and we support any efforts by the Committee to
strengthen that role.

As the Committee considers the upcoming Farm Bill, we look forward to working together in our shared
goal of providing safe drinking water and sanitary waste disposal, which is vital to public health and the

economic vitality of rural America.

Thank you for the opportunity to participate. | am happy to answer any questions you may have.
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Testimony of Catherine Coleman Flowers
To the Senate Committee on Agriculture, Nutrition, and Forestry
Subcommittee on Rural Development and Energy
July 19,2023

Thank you, Chairperson Welch, Ranking Member Tuberville, and all the members of the
Subcommittee for the opportunity to testify. My name is Catherine Coleman Flowers. I serve as
the founding director of the Center for Rural Enterprise and Environmental Justice in
Huntsville, Alabama. I also serve as a practitioner inresidence at Duke University, amember of
the board of advisers for the Center for Earth Ethics at Union Theological Seminary, as well as
the boards of the Natural Resource Defense Council, the Climate Reality Project, and the
American Geophysical Union. In2020 I was awarded a MacArthur Fellowship in Environmental
Health, and T authoredthe book entitled Waste: One Woman'’s Fight Against America’s Dirty
Secret.

Rural Households Across America Lack Effective Sanitation

In my book Iuncovered the extent to whichrural America has been denied accessto sustainable
and resilient wastewater infrastructure. Toomany people inthis country lack safe, reliably
functioning sanitation. Accordingto the Census Bureau’s American Housing Survey, 18 percent
ofall U.S. households — about 1in 5 homes — are not able to send their sewage to be treated by a
centralized wastewater system.! About 22 million households use a decentralized wastewater
systemsuchas a septic tank or cesspool, 180,000 households use rudimentary sewage disposal
approacheslike outhouses and chemical toilets, and 35,000 households have no form of
wastewater treatment at all. 2

For these families, wastewater treatment is unreliable at best and a health crisis at worst.
Decentralized forms of wastewater treatment are more likely to break down and fail. T his
problemis acute in many regions of the country.

For example, my home of Lowndes County in Alabama’s Black Belt is a rural area where homes
must rely onon-site sanitation, yet the region’simpermeable soil and rising water tables are not

+U.S. Environmental Protection A gency, Office of Water, Report to Congresson the Prevalence
Throughoutthe U.S.of Low-and Moderate-Income Households Without Accessto a Treatment Works
and the Use by States of Assistance Unde7 Section 603(c)(12)of the Federal Water Pollution Control Act
(July2021),4,h A files/documents/2022-01/low-mod-income-without-

treatment report- tocongless lgd
2]d. at6, Table2.
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suitable for conventional septic systems.3 Treatment systems that are engineered to functionin
low permeable soils are available, but they are expensive.+ They also involve mechanical
technologies with components that eventually wear down or malfunction, requiring costly
repairs. Asa result, many of our region’s residents are simply unable to afford any functioning
means of waste treatment. Itis all too common for homesto have either malfunctioning septic
systems that cause human waste to back upinto dwellings or “straight pipes” discharging
untreated waste into their yards. When the Administrator of the Environmental Protection
Agency (EPA), Michael Regan, visited this areain March 2022, he called the situation

»5

“unacceptable.”s

Wastewater treatment failures have also been a problemin other regions such as Hawaii, where
88,000 aging cesspools areleaking 53 million gallons of untreated waste into streams, oceans,
and drinking water every day, leading to contamination andillness. ¢ Centreville, Illinois and
Mount Vernon, NewY ork have beenfacing their ownwell -publicized struggles with sanitation
as well. Across Appalachia, wastewater-contaminated streams flowpast people’s homes.” In
Puerto Rico, communities struggle to rebuild wastewater and septic systems damaged by
hurricanes.8 Colonias and Tribal nations in the Southwest disproportionatelylack indoor
plumbing.® Sanitation systems are absent or failing in small, rural communities from

California’s Central Valley to Native Villages in Alaska.

3 Jiajie He etal., Assessing the Status of Onsite Wastewater Treatment Systems in the Alabama Black
Belt Soil Area, 28 Envt'l Engineering Sci. 693,697-99 (2011),
https://www.liebertpub.com/doi/10.1089/ees.2011.0047.

4 See Maxwell I zenberg et al., Nocturnal Convenience: The Problem of Securing Universal Sanitation
Accessin

Alabama’s Black Belt, 6 Envt’1Justice200, 202 (Dec. 2013),
https://www.liebertpub.com/doi/10.1089/env.2013.0036.

5 See Dennis Pillion, “’This IsUnacceptable: EPA Chief Visits Failing Sewage Sy stems in Alabama Black
Belt,” AL.com, Mar. 5,2022, https://www.al.com/news/2022/03/this-is-unacceptable-epa-chief-visits-
failing-sewage-systems-in-alabama-black-belt. html.

6 Hawaii Department of Health, Cesspools in Hawai’i,
https://health.hawaii.gov/wastewater/home/cesspoals/.

7 See University of North Carolina Environmental Finance Centerand A ppalachian Regional Commission,
Drinking Waterand Wastewater Infrastructure in A ppalachia (2005), https: //www.arc.gov/wp-
content/uploads/2020/06/Drinking WaterandWastewaterInfrastructure.pdf.

8 See FEMA, “FEMA Approves Morethan $100 Million for Improvementsto PRASA Sewer Systems,”
Mar. 10, 2022, https://www.fema.gov/press-release/20220310/fema-approves-more-100-million -

improvements-prasa-sewer-systems (announcing grant funds to repair wastewater system damage that
still had not been repaired fiveyears after Hurricane Maria).

° Dig Deep &U.S. WaterAlhance Closing the Water Access Gap in the Unu‘ed States (2019),

h ;

cess%zoGalg%zom%zothe%onnlted%zoStates DIGITAL.pdf.
2
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Climate change is making these problems worse across the country. Heavy precipitationevents
and extreme storms are growing more frequent, and our infrastructure is struggling to keep up.
Higher temperatures increased heavy precipitation events, and sealevel rise affect the
performance of decentralized wastewater systems by reducing the volume of unsaturated soil
and oxygen available fortreatment, which may result in system failure.t° Thisis prevalent in
Florida. Moreover, the impacts of climate on our water systems are notlimited to sanitation.
Right now, in Vermont, towns across the state have lost access to safe drinking water due to
intense flooding. Boil water and do not drink water notices have beenissued due to water
system failure, resident complaints about water quality, and pump control failure.!*

Failing water and wastewater systems put communities’ health at risk every day. Encountering
unsafe water and untreated waste increasesthe risk of gastrointestinal illnesses, tropical
diseases, antimicrobial resistance, anemia, miscarriage, and pretermbirths.*2 Untreated or
inadequately treated sewage can contaminate the groundwater used for drinking water wells,

creating an elevatedrisk of waterborne disease.3

These healthrisks cause serious economic harm. It is extremely difficult to attract businesses to
a community thatlacks adequate wastewater treatment.*4 More fundamentally, inadequate on-
site sanitation degrades people’s quality of life and takes a toll on mental health.5 The smell
fromsewage onthe ground can be a near-constant nuisance. Some residents dread the sound of
rainfall because it means wastewater could start to back up in their homes. Others will notlet
childrenplay in their yards because of the risk of exposure to humanwaste. T hese conditions

1 Jennifer A. Cooperatal., “Hell and High Water: Diminished Septic Sy stem Performancein Coastal
RegionsDue to Climate Change ”PLoSONE(2016),
https://journals.plos.org/plosone, amcle?ld=10.1 1/journal.pone.0162104.

2Eg., George McGraw Drammg The Eébnomlc Impact ofA merica’s Hidden Water Crisis (2022), 36,
https: Z /www.digdeep.org/draining; Global Communities, Closing the U.S. Sanitation Equity Gap:
Exploring Opportunitiesto Learn from the Global Sanitation Sector Experience (Sept. 2021), 3,

https://globalcommunities.org/wp-
content/uploads/2022/01/GC Tech Brief US Sanitation Equity Landscape Analysis Final Sept2o2

1.pdf;

ACRE, Flushed and Forgotten,at 6 ; Megan L. McKenna et al., Human Intestinal Parasite Burdenand
Poor Sanitation in Rural Alabama, Am. J. of Tropical Medicine & Hy giene (Sept. 2017),
https://pubmed.ncbi.nlm.nih.gov/29016326/.

1 U.S. Environmental Protection Agency, Septic Sy stem Impactson Water Sources,
https://www.epa.gov/septic/septic-system-impacts-water-sources.

14 See AlexisOkeowo, The Heavy Toll of the Black Belt's Wastewater Crisis, NewY orker (Nov.30,2020),
https://www.newyorker.com/magazine/2020/11/30 /the-heavy-toll-of-t he-black-belts-wastewater-crisis.
5 ACRE, Flushed and Forgotten,at 6.
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undermine human dignity and cause deep psychological harm. Itis a disgrace that entire
communities have endured this injustice for decades.

Yet we must also recognize that these burdens are not borne equally by all kinds of
communities. Low-income households are morelikely thanotherstolack accessto acentralized
treatment system.!¢ Nationwide, inadequate and failing sanitation systems disproportionately
impact rural areas.!” In2019, one out of every eight homes of Native Americans and Alaska

Nativeslacked access to adequate sanitation.*8

Data gaps make it difficult to understand the true extent of the problem and the people that it
affects. The EPA has stated that existing information sources do not provide the data necessary
to characterize the use of decentralized systems nationally, or to allowfor estimates at the state
and locallevels.'9 For example, the American Housing Survey’s methodology uses a small
sample size that is not representative of regional variations, and it excludes Puerto Rico, where
about 40 percent of homes are connected to substandard or failing septic sy stems. 2

Despite these gaps, the EPA has recognized that rural, minority, and economically
disadvantaged communities struggle to address these impacts of inadequate sanitation given

their limited financial capacity.2

We have the opportunity to right these wrongs. Our rural communities should not be left to their
own devices as they struggle to cope with thelack of investment in sustainable infrastructure

that goes back decadesandis being exacerbated by the climate crisis. We can make Americaa

6 EPA, Reportto Congressonthe Prevalence Throughoutthe U.S. of Low - and Moderate-Income
Households Without Access to a Treatment Works, at 4.

7 Alabama Center for Rural Enterprise (ACRE) et al., Flushed and Forgotten: Sanitation and
Wastewaterin Rural Communities in the United States (May 2019), 18,
https://www.humanrightscolumbia.org/sites/default/files/Flushed%20and%20 Forgotten%20 -
%20 FINAL%20%281%29.pdf; Dig Deep & U.S. Water Alliance, Closing the Water Access Gapin the

United States(2019),
https://uswateralliance.org/sites/uswateralliance.org/files/publications/Closing %20the%20 Water%20A

ccess%20Gap%20in%20the%20United%20States DIGITAL.pdf.

8 Tndian Health Service, Annual Reportto the Congress of the United States on Sanitation Deficiency
Levelsfor Indian Homes and Communities: Fiscal Year 2019,7,
https://www.ihs.gov/sites/newsroom/themes/responsive2017/display objects/documents/FY 2019 R
TC Sanitation Deficiencies Report.pdf.

19 EPA, Reportto Congressonthe Prevalence Throughoutthe U.S.of Low - and Moderate-Income
Households Without Accessto a Treatment Works, at 5, 8.

20 Jd. at 5,11-12.

21.S. Environmental Protection A gency, Financing Decentralized Wastewater Tre atment Systems:
Pathwaysto Successwith the Clean Water State Revolving Fund Program (January 2022), 4,

https://www.epa.gov/svstem/files/documents/2022-02/financing-dwts. pdf.
4
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model of ingenuity where we have cleanwater, safe sanitation, and resilient infrastructure for
everyone.

Current Assistance for On-Site Sanitation Should be Expanded and Improved

The Farm Bill, whichthis Committee is in the process of developing for 2023, includes several
USDA programs that can help provide people with affordable, reliable sanitation sy stems. One
ofthose programsis the Rural Decentralized Water Systems Program.22 This program helps
low- and moderate-income households inrural areas finance the costs of household water wells
and decentralized wastewater systems. Through the program, USDA distributes grantsto
nonprofit entities and Tribesto establish revolving funds that provide loans and sub-grants to
households. Recipients may use the funds to construct, refurbish, rehabilitate, or replace
individually owned water well sy stems and wastewater systems.

This program has the potential to make progresstoward rural sanitation equity, but it is
currently underfunded and not reaching the people who need assistance the most. Althoughitis
currently authorized at $20 million per year, it received only $5 millionin Fiscal Year
2023.23Significantly more fundingis needed giventhe scope of the rural sanitation equity and

justice problemacross the country.

Senators Booker and Capito have introducedSS. 1233, abill to reauthorize the program and make
it work better (the Rural Decentralized Water Systems Reauthorization Act.2¢ This billis a
welcome first step toward addressing critical rural sanitation needs across America, providing
increased funding, higher income eligibility for loans, and recognition of the legitimate need for
warranties on sanitationsystems. S. 1233 should be included in this year’s Farm Bill with several
key improvements. These are:

22 Consolidated Farm and Rural Development Act § 306E; 7 C.F. R Part 1776; U.S. Departmentof
Agriculture, Rural DecentrahzedWater Systems Grant Program, https://www.rd.usda.gov/programs-
services/water-environmental-programs mral decentral]zed -water-systems-grant-program.

%2 oAg riculture %2 oStatemeht%zoFY 23. Qdf
24 §.1233,Abillto amend the Consolidated Farm and Rural Development Actto modify provisions

relating to rural decentralized water systemsgrants, https://www.congress.gov/bill /118th-

congress/senate-bill/1233.
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1. Considering the significant unmet needs for working sanitationacross the country,
Congress should increase the program’s annual authorizationlevel to $25 millionin

Fiscal Year 2024, and $50 millionin each of the following years.

2. While the bill allows funds to be used to cover the cost of decentralized wastewater
systemwarranties of at least 5 years, Congress should go further. Whenadvanced
treatment systems fail, manufacturers, contractors, and government entities canblame
residents for failures, absolving those who supplied and installed the system of all
responsibility. Creating an adequate and fair system of accountability through a warranty
requirement is vital to ensure working sanitation for participating households. Congress
shouldrequire that all sanitation systems funded throughthis program carry a
manufacturers andinstallers’ warranty for aminimum of 10 years. It is critical that

systemsinstalledin peoples’ homes — oftenin remotelocations — be reliable.

3. While S. 1233 would increase the household income eligibility for loans from this
programto 100% of median household income (up from60% in current law), Congress
shouldalso consider increasing the income eligibility threshold to at least 80% for grants
as well. Families earning 80% of median householdincome are still struggling and may
be unable to take on the repayment responsibility of anewloan. >

4. Thebill raises the dollar limit on grants and loans made through the programfrom
$15,000 to $20,000 each. However, inmany locations thisis not enough to support the
infrastructure required for public health and safety. Incommon contexts across the
country, where tight soils, rising water tables, and other environmental challenges
precludethe use of conventional septic tanks, more costly on-site treatment sy stems are
neededto provide effective sanitation. These necessary engineered systems can cost up
to $50,000.26 Congress should raise the dollar limit for sanitation systems to $35,000
for sites where soil or water conditions rule out the installation of conventional septic

systems.

Further Efforts Needed to Achieve Sanitation Equity

25 See Rural Health Information Hub, Median Household I ncome, 2021 — Alabama,

https://www.ruralhealthinfo.org/charts/58?state=AL,showingthatthe 2021 median non-metropolitan

householdincomein Alabama was $46,000.80% ofthisincomelevel would be $ 36,800, an income
leavinglittle for repayment of an interest-bearingloan fora newsanitation system.

26 See Premier Tech, HowMuch Doesan Ecoflo Septic System Cost?,

https: i . fl i
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In additionto the expansionand improvement of this small USDA program, the lack of effective
sanitationis such a wide-spread and persistent problem for millions of Americans that a wider
response is necessary. We need newinformation, newstrategies, and new technology to fully
make this essential service areality for all households, including the most economically
challenged.

To secure betterinformationto support sanitation solutions, Congress should consider directing
the USDA to compile and regularly update the status of sanitation at unsewered households
nationwide. In most states, there is no central recordkeeping of the presence and effectiveness of
on-site sanitation systems. USDA compiles data on an enormous range of topics of importance
to Rural America. T he Indian Health Service compiles suchinformation concerning tribal
communities in an annual reportto Congress.27 A truly nationwide census and condition
assessment of residential on-site sanitation, with regular updates, would be a huge step forward
inthe searchfor solutions.

Secondly, where unsewered households canbe served by an extension of municipal sewers, we
need new strategies to overcome the barriersthat have blocked their access. The Rural Utilities
Service should prioritize wastewater projects that extend sewer service primarily to low-and
moderate-income households with failing or non-existent on-site systems. While such projects
may be expensive, effective on-site systems can also be expensive, and the cost and indignity of a
household without effective sanitation is the most expensive option of all. A set -aside within the
Water and Waste Disposal Loans and Grants program, like the Section306C program directing

assistance to Colonias, Tribal lands, and Alaska native communities, could serve this purpose.

Third, Congress should fund researchinto new or modified technologies that can provide more
reliable and affordable on-site waste treatment. Colleges and universities with a demonstrated
commitment to underserved rural areas, such as Historically Black Colleges and Universities,
couldbe enlisted as research partners and project managers. Both EPA and USDA have
extensive research programs ona wide range of topics and technologies, yet this most basic of
human needs remains absent fromthe federal research portfolio. Ironically, I believe that NASA
has done more research onthis topic thaneither of these two major departments. Congress
should remedy this oversight inthe upcoming Farm Bill.

27 Indian Health Service, Reportsto Congress, https://www.ihs.gov/newsroom/reportstocongress/.

7
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I thank youforthis opportunity to speak before youtoday. Itis an honor, and Iook forward to
continuing the conversationabout environmental justice and functioning wastewater systems

forall people.
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Introduction

Thank you, Chairman Welch, Ranking Member Tuberville, and members of the subcommittee,
for the opportunity to testify on the importance of the U.S. Department of Agriculture's Rural
Development (USDA-RD) programs and their impact in supporting economic development and
public health improvements in communities across rural America, in part through investments in
improved drinking water quality.

My name is Pauli Undesser, a water quality subject matter expert with decades of experience in
the fields of chemistry, biochemistry, and toxicological risk management, as it relates to water
treatment technologies, standards, codes, and regulations. 1 am testifying before the committee in
my role as CEO of both the Water Quality Association (WQA) and the Water Quality Research
Foundation (WQRF).

Founded in 1974, WQA is a not-for-profit association representing the residential, commercial,
and industrial water treatment industry. WQA has more than 2,500 member companies around
the globe, including over 1,800 companies in the U.S. Our membership is comprised of
equipment manufacturers, suppliers, dealers, and distributors of water quality improvement
products and services.

The association is dedicated to improving awareness and knowledge of water quality that
enhances the quality of life through sustainable technologies and services. OQur member
companies manufacture, distribute, and sell third-party certified, cost-effective point-of-use
(POU) and point-of-entry (POE) solutions that have been improving water quality for decades
and are increasingly being relied upon to help remove or significantly reduce emerging
contaminants such as PFAS, among others. POU devices, such as reverse osmosis, ultraviolet or
carbon-based technologies, treat water at the point of consumption and are commonly referred to
as water filters. These technologies provide a final barrier to the contaminants of concern before
the water is consumed or used. POE systems, including water softeners, are whole-house
treatment systems mainly designed to reduce contaminants in water intended for showering,
washing dishes and clothes, brushing teeth, and flushing toilets.

WQA also serves as a trainer and educator to water treatment professionals, an ANAB-
accredited certifier of water treatment products, a public resource, and the voice of the water
quality improvement industry.

Through our Gold Seal Product Certification Program, WQA helps manufacturers ensure their
products conform to national consensus safety and performance standards through independent
laboratory testing, literature reviews, and material assessments.

We also provide education and training to thousands of professionals in the water treatment
industry through our one-of-a-kind Professional Certification Program, which is designed to
uphold the high standards of performance needed to assure customers have confidence in the
people providing and servicing their treatment solutions.

WQA’s research arm, the Water Quality Research Foundation (WQRF), is a not-for-profit
foundation that advances the mission of water quality by sponsoring peer-reviewed academic
studies and professional research. A universally recognized, independent scientific body, WQRF

1
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has funded millions of dollars in studies in partnership with universities and other organizations
that have generated important and timely information on water quality for industry stakeholders,
policymakers, regulators, and the general public.

Rural Drinking Water Challenges

Across the United States, communities face threats to their drinking water from various
contaminants, including lead, arsenic, nitrates, volatile organic compounds (VOCs), PFOA,
PFOS, hexavalent chromium-6, and others. Cumulative exposure to certain chemical
contaminants in drinking water is known to elevate risks of adverse health effects, including
various cancers. Further, exposure to waterborne microbes can cause immediate acute, chronic,
and fatal effects. It is important for people to have potable water that is also palatable. At times,
odor, taste, and other aesthetic issues can be so significant that it may prevent the ability for it to
be consumed.

Under the oversight of federal and state regulatory entities, public water systems monitor for
these threats and treat water before it is distributed to points of consumption. However, more
needs to be done to help these systems in rural communities and the residents they serve.
According to the EPA’s Safe Drinking Water Information System (SDWIS) data, between 2008
and 2018, 2720 small community water systems experienced at least one maximum contaminant
level (MCL) violation, with a total of 31,127 MCL violations reported. Of those, 68% were very
small systems providing water to less than five people, many of which were chronic violations.?

Moreover, nearly 23 million households are not served by a public water system and instead rely
exclusively on groundwater delivered through private wells. This water is not subject to the same
regulatory oversight and testing for contamination as water supplied by public water systems,
and this can delay the identification of and response to these health threats. Households reliant on
private wells are predominantly situated in rural areas, and for many, connection to a community
water system is not geographically or economically feasible.

It is critical that this population is not left behind in the federal government’s efforts to ensure
safe, high-quality drinking water is available to all Americans, regardless of the community they
live in. Congress, through the leadership of the Agriculture Committee, and in particular this
subcommittee, should ensure that USDA is providing the resources and flexibility needed to
address this issue and protect water quality for the millions of rural Americans. This should
include third-party certified point-of-use (POU) and point-of-entry (POE) water treatment
systems — cost-effective final barrier technologies that are already being utilized by many
individuals, households, and businesses to improve their drinking water quality.

These solutions can also be beneficial for rural households that are already organized under a
community water system. Community water systems serving small, rural communities tend to
struggle with a unique set of drinking water challenges due to their smaller number of ratepayers

* https://pubmed.ncbi.nlm.nih.gov/33328368/
2 https://www.researchgate.net/publication/368994706 Triple-bottom-line approach for comparing point-of-
use point-of-entry to centralized water treatment
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relative to a system serving a larger town or city. This can lead to difficulties in building the
staffing or funding capacity needed to make often costly, but necessary infrastructure
investments to ensure the ongoing provision of safe drinking water. These challenges are only
anticipated to grow as scientific knowledge of harmful emerging contaminants such as PFOA
and PFOS progresses and regulatory compliance requirements for their remediation lead to
increased costs.

Implementing POU and POE technologies may be a beneficial, cost-effective short- and long-
term solution for households served by small systems struggling to build the capacity needed to
remain in regulatory compliance. Research has shown that most POU and POE options can be
installed much quicker than centralized system upgrades can be completed, providing risk
reduction to communities in an expedited fashion. This does not factor in the approval processes
for using POU and POE options in community systems, which can be hindered by state
regulations. These remediation options can also offer additional long-term human health
safeguards, often protecting against a broader range of contaminants, including emerging
contaminants, than centralized upgrades.’

It is important to emphasize that Congress, the EPA, and the CDC have all recognized the value
of POU and POE options. The 1996 amendments to the Safe Drinking Water Act (SDWA),
explicitly allowed small public water systems to install these treatment devices for the purpose of
achieving compliance with some of the MCLs established in the EPA’s National Primary
Drinking Water Regulations (NPDWRs). Furthermore, the EPA has found that the cost-saving
nature of POU and POE devices may enable systems to provide more protection to their
customers than they might otherwise be able to afford through centralized treatment.*

POU and POE solutions have also been shown to be beneficial options specifically for the
remediation of lead and PFAS. According to the EPA, third-party certified POU and POE
devices can provide effective and relatively inexpensive treatment barriers for PFAS removal in
homes if a household’s water system is designed well to meet factors, including source water
characteristics and the concentration and type of PFAS found within water.* The CDC also
acknowledges the use of these technologies to reduce exposure to lead and provides information
about these systems for private well treatment.®’

As the public becomes more aware of health contaminants in their water supply, resources for
testing and monitoring drinking water quality will be crucial. Especially for rural households, we
need to bring more awareness and access to cost-effective testing and treatment technologies at
the point of consumption.

USDA Rural Development’s suite of Water and Environmental Programs has been incredibly
successful in improving rural communities’ access to high-quality drinking water service, but
expanding this assistance will be essential in meeting growing challenges. Programs such as the

3 https://pubmed.ncbi.nlm.nih.gov/33328368/

4 https://www.epa.gov/dwreginfo/point-use-and-point-entry-treatment-devices

5 https://www.epa.gov/sciencematters/epa-researchers-investigate-effectiveness-point-usepoint-entry-systems-
remove-and

6 https://www.epa.gov/system/files/documents/2021-07/epa-3ts-guidance-document-english.pdf

7 https://www.cdc.gov/nceh/lead/prevention/sources/water.htm?CDC AA refVal=https%3A%2F%2Fwww
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Rural Decentralized Water Systems Grant Program, have helped fund projects in these
communities, but more needs to be done to educate residents on their water quality and the
availability of funding under current programs. And by creating new program offerings, USDA
and the committee can help ensure that there is sufficient flexibility for these communities to
leverage all filtration technology options that may suit their remediation needs.

Assistance and Support

For the reasons outlined above, WQA strongly encourages the committee, in its crafting of the
2023 Farm Bill, to prioritize the implementation of POU and POE technologies as one of many
tools to assist rural communities with the improvement of drinking water quality.

While the aforementioned USDA Rural Decentralized Water Systems Grant Program serves an
important purpose in creating revolving loan funds to provide low interest loans to rural
homeowners who need to construct or maintain their well or septic system, there are many
people in rural communities who do not fall into this narrow category.

To fill this important gap, WQA is particularly supportive of S. 806 - The Healthy Drinking
Water Affordability Act — also known as the Healthy H20 Act — and urges the committee to
include this important legislation into the Farm Bill this year. This bipartisan, bicameral
legislation recognizes the need to close the drinking water quality gap for rural Americans served
by struggling small community water systems and private wells by directing resources toward
testing and remediation solutions.

The bill would authorize funding to be appropriated for a USDA Rural Development program
that would provide grants to conduct water quality testing for households and licensed child-care
facilities, and, if deemed necessary based on the results of testing, fund the purchase, installation,
and maintenance of POU or POE water treatment systems that remove or reduce health-based
contaminants from drinking water. Treatment solutions funded through the program would be
required to be third-party certified in alignment with NSF/ANSI standards for the given
contaminant identified during testing.

This program would take a targeted approach, providing assistance only to low and moderate-
income recipients within rural communities. This targeted approach will allow for households to
be prioritized based on need of assistance and otherwise may not be able to afford the costs of
adequate testing and treatment.

This legislation already has the support of members of both the House and Senate Agriculture
Committees, and it is our hope that all members of this panel will join in supporting this
bipartisan, commonsense solution.

Beyond the Healthy H20 Act, WQA is supportive of the 2023 Farm Bill including a Rural
Development title that has the most robust practicable support for rural drinking water upgrades.
RD’s existing suite of Water and Environmental Programs, including grant and low-cost loan
funding as well as technical assistance authorities, have proven effective in generating improved
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water quality outcomes in thousands of rural communities. This support should be expanded to
meet a growing list of costs and challenges.

The availability of high-quality drinking water is a foundational building block needed to foster
the growth of healthy, resilient, and prosperous communities, and without it, other key factors,
such as economic development, are stymied. It is of the utmost importance for our rural
communities to be afforded the same access to safe, reliable, and affordable water as their urban
and suburban counterparts. Robust and flexible resources through USDA Rural Development,
including access to treatment technologies at the point of consumption, are a fundamental
component of this effort.

I thank the subcommittee for the opportunity to testify, and I look forward to fielding your
questions.

Supplementary resources related to my testimony are included as addenda. These are as follows:

- Addendum A: The executive summary of a January 2019 study conducted by the
University of Arizona titled — Cost Benefits of Point-of-Use Devices in Reduction of
Health Risks from Drinking Water

- Addendum B: A June 2022 study conducted by Corona Environmental Consulting titled
— Drinking Water Crises in the United States Phase 2: Predictive Modeling

- Addendum C: An April 2022 study conducted by the University of Massachusetts,
Amberst, titled — Sustainability Comparison Study: Accessing Centralized Treatment
Upgrades and POU/POE Treatment for Small System Compliance to the SDWA
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EXECUTIVE SUMMARY

Project scope

The goal of this project is to provide an assessment of the cost benefits of point-of-use (POU)
water treatment at the tap in terms of protection from contaminants in drinking water. While
POU water treatment benefits have been demonstrated, the cost benefit relationship has not been
characterized previously. This study is novel in that a holistic approach was used to document
individual and population benefits of single and multiple contaminant removal. Both chemical

and microbial contaminants were considered.

Contamination risks exist in all water supplies no matter how well they are treated. This is
because of treatment failures, post-treatment intrusion of microbes and chemicals, and regrowth
of pathogenic organisms in the distribution system. The inability of treatment plants to remove
all contaminants all of the time, require the use of a final POU treatment barrier to minimize

exposure risks.
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Risk of chemicals in water usually takes years or most of a lifetime to result in adverse effects.
Municipal drinking water is typically regulated so that the level of cancer risk from a
contaminant is less than one in a million per lifetime. Such rare events mean that the investment
of lifetime POU costs to prevent an already small amount of illness must be considered in the
routine cost benefit. However, occasionally accidental contamination of drinking water supplies
occur, resulting in higher risk probabilities, such as with the recent lead contamination event in
Flint, ML

Exposure to waterborne microbes may cause acute, chronic or fatal effects, resulting in large
associated costs. Unlike chemical risks, which usually take years or most of a lifetime of
exposure to have an adverse effect, risk of illness from microorganisms are immediate. Thus, the
benefit of a POU barrier is also immediate, ultimately resulting in greater benefits relative to
POU investment costs. Since even one pathogen ingested is capable of causing disease, there is
no level in water that is considered safe. Thus, the USEPA set the MCLG for pathogens in water
at zero. To control waterborne disease pathogens in drinking water, the USEPA has set treatment
standards to reduce the numbers of pathogens so the risk of infection is no greater than 1:10,000

per year.

Municipal water systems as well as unregulated private supplies are consistently linked to
drinking water outbreaks. Even when water supplies meet regulatory standards and guidelines,
additional POU treatment further reduces the risk of exposures and adverse outcomes since
federal maximum contaminant levels (MCL) are based on acceptable risk limits and not

elimination of risk.

Approach

Publically available data from various field water monitoring and treatment efficacy studies were
used to determine risks of exposure pre- and post-POU treatment. Data was accessed from peer-
reviewed literature and government or non-profit stakeholder websites, whenever possible.
From these sources, optimal treatment and associated costs relative to target contaminants

(arsenic, nitrates, lead, chromium, disinfection by-products, and microorganisms) and POU
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treatment technologies (reverse osmosis, activated carbon, UV treatment, adsorptive media,
pour-through granular activated carbon pitcher filter, distillation, and ion exchange softeners)
were examined. In addition, NSF/ANSI optimal contaminant efficacy requirements were

evaluated.

Adverse health outcomes were also assessed from various publically available, peer-reviewed
literature and government or non-profit stakeholder websites. Given that health outcomes vary
based on population and regional variations, average risk values were considered in addition to

95% upper and lower confidence intervals.

Costs of POU devices were calculated from a number of sources in the public literature and are
known to vary widely. Cost calculators are provided with this report so that the tools can be
modified to reflect specific treatment and cost benefit analyses. For some contaminants (i.e.,
arsenic) calculating the cost benefit of a POU intervention included the cost of the POU (initial
investment plus maintenance and unit replacement projections) compared to savings due to
averted costs of disease burden. Costs per unit risk reduction were considered with a lifetime (70
years) POU investment and a 5 year replacement rate. For microbes, annual POU costs were
averaged over a 5 year estimated product lifetime and compared with yearly associated health

COsts.

Costs and benefits were considered on both an individual and population level where appropriate
and as permitted by theoretical estimates considering adverse outcome probabilities and

evaluations of certain adverse outcomes (i.e., a 100% chance of occurrence).

Results

Arsenic. Individual and cumulative cost benefits were calculated for select chemical and
microbial contaminants. Based on the available health information, the population savings
related to POU usage and averted cancer due to arsenic totals $1.6B per year. The cost to
implement a national POU intervention is estimated at $169.8B the first year. Thus, under water

quality conditions that meet the USEPA arsenic MCL, it would not be cost-effective to supply a
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POU device in every U.S. household for arsenic removal alone. However, for the individual who
experiences the one in a million chance of cancer, preventing illness has the benefit of $36,388

for averting the costs of that cancer case.

Nitrate. Nitrate exposures leading to documented adverse health outcomes are extremely rare.
Even though POU devices remove up to 95% of nitrates from tap water supplies, exposures in
the most high risk group (i.e., infants less than 6 months old) rarely exceed acceptable risk
standards or measurable health effects. Given low risk, there is little benefit to POU applications

for nitrate risk reduction and costs outweigh any anticipated benefits.

Lead. There is no safe level of lead in drinking water and any exposure results in unacceptable
risks. However, lead is a common water contaminant at low levels. Reduction of lead exposures
is always beneficial to health but may not always be cost beneficial. In this study we examined
data that relates lead levels in water to human illnesses and cognitive development impacts
considering typical U.S. concentration scenarios and also levels reported in the Flint, MI
outbreak, where a change in source water and treatment protocols resulted in a dramatic spike in
lead exposures for the local community. Increased benefits of POU removal of lead relative to
costs are dependent on initial water lead concentrations. In general, the economic breakeven
points occur when the initial water lead concentrations are >37.4 pg/L. While more than 3% of
the population is estimated to drink water that exceeds the lead action level of 15 pg/L,
exceeding the breakeven cost concentration is considered rare. Recently, the breakeven point was
exceeded for the community of Flint, MI. Cost associated with this case study approaches a
lifetime economic loss of $269M or $2,695 per person. A community wide POU intervention for

lead removal would have cost just $52M.

Little information is available relative to costs and benefits of POU water treatment for the many
emerging contaminants identified in water. Chromium VI was evaluated for cost benefit
reduction in this study. While the literature was reviewed and background and discussion
presented, the lack of reported adverse health outcomes stemming from hexavalent chromium

due to drinking water consumption in humans makes it difficult to calculate POU risk reductions
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or cost benefit. Cr® exposures are considered higher via the inhalation route, suggesting the need

for future studies on POE/POU interventions targeting showerhead filtration.

Similar to arsenic, carcinogenic effects from disinfection by-products are rare in the U.S.
population and occur over long periods of time. Researchers estimate THM exposure cancer
risks to be 29 per million resulting in a total medical cost of $108.8M per year for the U.S.
population. In this study we considered reported and NSF/ANSI certified POU removal
efficacies for disinfection by-products in water. Cost per POU risk reduction was >$260M. With
such small risks and associated POU benefits for THM removal, costs outweigh the benefits on a
population level. On an individual level and assuming a certainty of cancer occurring, the
savings related to POU usage and averted cancer (bladder and colorectal) due to disinfection by-
products in water averages $197,284 per case compared to the individual’s lifetime costs for a
POU intervention at > $7,644.

Microorganisms resulted in the greatest cost benefit in this study, considering gastrointestinal
illnesses, chronic sequelae and mortality caused by drinking water contaminants. Risk
assessment and epidemiological studies indicate that more than 9M cases of acute
gastrointestinal illness, 618,047 sequelae cases, and 1,470 mortalities associated with drinking
water occur annually. POU treatment is expected to reduce these outcomes by at least 35% and a
single POU device may remove a variety of viruses, bacteria and protozoa from water, increasing
the cost benefit. Thus, the highest cost-effectiveness is seen when the totality of disease burden
(acute, chronic sequelae, and mortality) from all pathogens is considered, resulting in an overall
cost per averted disease case of $3,784 annually. The commonality of waterborne disease makes
it cost-effective to prevent such illness with the relatively low-cost purchase of a POU device

($380 per year per household).

Conclusions

Consideration of all contaminants listed in this study shows that POU device use in the U.S. is

cost beneficial given the wide range of contaminants potentially present in drinking water. Much
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of the economic benefit is driven by reduction of microbial pathogen exposures. However, POU

devices with the capability to remove multiple contaminants offer the greatest benefit.

Some of the data presented here may be an underestimation of risk and benefit since random
events or unmonitored private water supplies- where high level exposures might occur
unnoticed- are not always captured. Further, risk is non-linear throughout an individual’s life.
Therefore, the cost benefit from operating a POU device would be even greater for a household

with young, immunocompromised, or elderly residents.
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Overview
The Water Quality Research Foundation (WQRF) Drinking Water Crisis in the United States Phase 2
Predictive Modeling Study follows the Phase 1 effort to identify drinking water crisis which occurred in

the United States between 2009-2019. The resulting Phase 1 data set includes nearly 250,000 qualified
cases, defined by the following:

e The contamination event occurred between 2009-2019 in a public or private water supply

e The contaminant is known, or suspected, to cause adverse health effects (acute or chronic) in
humans

e The contaminant could be federally regulated or unregulated

e The population served by the contaminated water supply was at least 100 people

The Phase 2 Predictive Modeling Study aims to meet the following objectives:

1. Collect and assess all available and relevant data to identify historical and current drinking water
contamination events

2. Develop a qualitative model to describe likely future drinking water contamination events

3. Assess how POE and POU devices can be utilized to protect public health in the event of likely
future drinking water contamination events

Methodology and Results

1: Review WQRF’s Phase 1 Database

The Phase 1 Database (Wang & Chen 2020) includes two data sets, one for regulated contaminants and
one for unregulated contaminants. The Phase 1 Regulated Contaminant data set includes data for the
following:

e Health-based violations to the U.S. EPA’s National Primary Drinking Water Regulations (NPDWR)
for public water systems (PWSs) serving populations of 100 or greater that occurred between
2009 and 2019

o Maximum contaminant level (MCL) or maximum residual disinfectant level (MRDL)
violations
o Treatment technique (TT) violations
o Action level exceedances (ALE) for lead and copper
e Qualified cases from CDC’s Waterborne Disease and Outbreak Reporting System (WBDOSS)
e Qualified cases from news/media occurrences

The Phase 1 unregulated contaminant data set includes data from EPA’s Unregulated Contaminant
Monitoring Rule (UCMR), including UCMR2, UCMR3, and UCMR4, as well as qualified cases from a
news/media search.

Regulated Contaminants: Health-based NPDWR violations

The Phase 1 Regulated Contaminants data set includes NPDWR health-based violations for four violation
categories, including MCL violations, MRDL violations, TT violations, and ALE occurrences. Table 1
provides a summary of the health-based violations by violation category, ordered by number of
violations. The summary table and subsequent summary tables for health-based violation data include
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the number of violations, the duration of the violation in days, the number states with PWSs with
violations, the number of PWS with violations, the total population served by the PWSs with violations,

and the average of the median household incomes for populations served by the PWSs with violations
as reported by the Phase 1 Regulated Contaminants data set. Note that some drinking water
contaminants may not affect the entire population served by a PWS with a violation. For example, a
PWS may have one well where a contaminant was found above the MCL (i.e., nitrate, arsenic, total
coliform, etc.), and that well may only serve a portion of the PWS'’s distribution system. Another
example is for disinfection byproducts (DBPs), which can continue to form within the distribution system
when a disinfectant residual is present. As a result, only a portion of the distribution system may have
occurrences of DBPs exceeding the MCL. Yet another example is lead and copper as lead and copper
levels at a customer’s tap can depend on service line materials and even in-home plumbing, as well as
water quality. Lead and copper levels at a customer’s tap vary from one home to the next.

There were approximately 76,000 MCL violations for DBPs, inorganic contaminants, organic
contaminants, and radionuclides. MCL violations can be caused by a single sample result above the MCL
or based on an average of several sample results above the MCL depending on the contaminant and
violation type. These violations were widespread, occurring in all 50 states and the District of Columbia
and in approximately 17,000 PWSs. MCL violations account for the greatest number of health-based
violations compared to other violation categories. The ten contaminants that each account for more
than 10,000 violations are summarized in Table 2, ordered by number of violations. While not included
in the table, coliform bacteria violations under the Revised Total Coliform Rule (RTCR) accounted for 770
violations, which could be grouped together with the Coliform violations under the Total Coliform Rule
(TCR) that account for the greatest number of MCL violations. The contaminants listed in table below
are the highest priority for the predictive model based on MCL violations. Other contaminants not
shown in Table 2 will still be considered for the predictive model.

Three disinfectant types, including chloramines, chlorine dioxide, and chlorine, led to a total of 83 MRDL
violations. The MRDL violations are summarized in Table 3, ordered by number of violations. While
maintaining a disinfectant residual in drinking water provided to consumers is critical to protect against
pathogen growth, a MRDL violation identifies occurrences of disinfectant residuals exceeding the
highest level allowed in drinking water. The MRDL violations occurred in only 42 PWSs located across 16
states and the District of Columbia. Compared to the other violation categories, MRDL violations
account for the least number of health-based violations. These violations are specific to treatment
through the application of disinfectants and are not a priority concern for the predictive model of
drinking water crises.

There were almost 16,000 TT violations, which are a result of a failure in a required process intended to
reduce the level of a contaminant in drinking water. TT violations occurred in all but one state as well as
the District of Columbia and in over 6,000 PWSs. Table 4 summarizes the TT violations included in the
Phase 1 Regulated Contaminants data set, ordered by number of violations. Overall, TT violations are
widespread and have occurred in several thousands of PWSs. For the purposes of the predictive model,
the TT violations can be used to understand the extent of drinking water issues that may be caused by
operational, treatment, and/or managerial problems.

The Lead and Copper Rule (LCR) requires that 90% of lead and copper samples for a PWS in each
compliance period must be below the corresponding action level (AL). There were over 10,000 ALEs for
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lead and copper in all 50 states and in over 5,000 PWSs. Table 5 provides a summary of the ALEs in the
Phase 1 Regulated Contaminants data set, ordered by number of violations. Lead ALEs have occurred in
over 3,000 PWSs across all 50 states, and copper ALEs in over 2,000 PWSs in 49 states. Due to the

widespread ALEs, lead and copper are both identified as contaminants of concern for the predictive
model.
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Regulated Contaminants: Qualified Cases from WBDOSS and News/Media

The Phase 1 Regulated Contaminants data set includes 76 data records identified as “WBDOS/NEWS”.
These data records include locational information including state, county or place, and zip code, but do
not include a public water system ID (PWSID) to identify the PWS. They do include system specific
information, though, including the system type, source water type, and population served. These
records also include a contaminant name, but do not provide contextual information to understand the
incident or occurrence of the contaminant leading to the identification of these qualified cases. As a
result, it is not clear how to interpret these data records or how to incorporate them in the predictive
model. Table 6 provides a summary of the qualified cases from WBDOSS and news/media from the
Phase 1 Regulated Contaminants data set by contaminant with more than one case. In addition to the
contaminants shown in the table, there are 17 contaminants each corresponding with one data record.
Some of these could be grouped together, though, such as “DBP”, “DBPs”, “HAAS”, Trihalomethanes”,
which each corresponded with one qualified case.

Table 6 Summary of qualified cases from WBDOSS and news/media by contaminant with more than one

case
Contaminant No. of Cases No. of States w/ Cases No. of Places w/ Cases
Nitrate 14 4 14
Lead 13 9 13
Norovirus 10 5 10
Radium 7 2 7
Cyanotoxin(s) 5 3 4
DBPs* 4 3 4
Arsenic 3 2 3
Uranium 3 3 3
Campylobacter 2 2 2
Cryptosporidium 2 2 2

*DBPs includes DBP, HAAS, and Trihalomethanes, which each corresponded with one qualified case

Unregulated Contaminants

The Phase 1 Unregulated Contaminants data set includes data records from EPA’s Second Unregulated
Contaminant Monitoring Rule (UCMR2), UCMR3, and UCMR4, along with data records from a media
search. The EPA’s UCMR is mandated under the 1996 Safe Drinking Water Act (SDWA) amendments
that require EPA to issue a new list once every five years of no more than 30 unregulated contaminants
to be monitored by PWSs.

UCMR2 required monitoring for 25 contaminants between 2008 and 2010. The 25 contaminants were
broken up into two lists: 10 List 1 contaminants for Assessment Monitoring and 15 List 2 contaminants
for a Screening Survey. All PWS serving more than 10,000 people and 800 representative PWSs serving
10,000 or fewer people were required to monitor for the List 1 contaminants. All PWSs serving more
than 100,000 people, 320 representative PWSs serving 10,000 to 100,000 people, and 480
representative PWSs serving 10,000 or fewer people were required to monitor for the List 2
contaminants. A comparison was made between the Phase 1 data set for UCMR2 data and the UCMR2

Phase 2 Predictive Modeling Study — Final Report Page | 7



93

Co R N A| ENVIRONMENTAL
CONSULTING

data set publicly available for download from EPA’s website (https://www.epa.gov/monitoring-
unregulated-drinking-water-contaminants/occurrence-data-unregulated-contaminant#2) that verified
the Phase 1 UCMR2 data set includes all detected results based on a collection date of January 1, 2009
or after. Table 7 summarizes the contaminants detected in UCMR2, ordered by the number of
detections. Of the 10 List 1 contaminants, two were detected and included in the Phase 1 Unregulated
Contaminants data set. Of the 15 List 2 contaminants, nine were detected and included in the Phase 1
Unregulated Contaminants data set. Aside from N-nitroso-dimethylamine (NDMA), the UCMR2
contaminants have relatively few detections. NDMA will be considered as a greater priority for a
potential contaminant of concern for the predictive model as compared with other UCMR2
contaminants.

Table 7 Summary of UCMR2 detected contaminants included in Phase 1 Unregulated Contaminants
data set

Contaminant Contaminant Type No. of No. of States  No. of PWS
Detections w/ Detection w/ Detection

N-nitroso-dimethylamine List 2 (Nitrosamine) 1,283 40 236

(NDMA)

N-nitroso-diethylamine (NDEA) List 2 (Nitrosamine) 32 8 17

Metolachlor ethane sulfonic List 2 (Acetanilide 30 14

acid (ESA) Degradate)

N-nitroso-di-n-butylamine List 2 (Nitrosamine) 6 3 4

(NDBA)

N-nitroso-pyrrolidine (NPYR) List 2 (Nitrosamine) 5 3 4

Metolachlor List 2 (Parent 3 3 3
Acetanilide)

Alachlor ethane sulfonic acid List 2 (Acetanilide 2 2 2

(ESA) Degradate)

N-nitroso-methylethylamine List 2 (Nitrosamine) 2 2 2

(NMEA)

Terbufos sulfone List 1 (Insecticide) 1 1 1

Hexahydro-1,3,5-trinitro-1,3,5- List 1 (Explosive) 1 1 1

triazine (RDX)

Acetochlor ethane sulfonic acid List 2 (Acetanilide 1 1 1

(ESA) Degradate)
*DBPs includes DBP, HAAS, and Trihalomethanes, which each corresponded with one qualified case

UCMR3 required monitoring for 30 contaminants (28 chemicals and two viruses) between 2013 and
2015. All PWSs serving more than 10,000 people and 800 representative PWSs serving 10,000 or fewer
people monitored for 21 List 1 Assessment Monitoring contaminants. All PWSs serving more than
100,000 people, 320 representative PWSs serving 10,001 to 100,000 people, and 480 representative
PWSs serving 10,000 or fewer people monitored for seven List 2 Screening Survey contaminants.
Additionally, EPA selected 800 representative PWSs that serve 1,000 or fewer people, do not disinfect,
and have wells located in areas of karst or fractured bedrock to monitor for two List 3 viruses. Overall,
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the UCMRS3 data set includes 44 contaminants due to indicators (total coliforms, E.coli, Enterococci,
bacteria phages — somatic phage and male specific phage, and aerobic spores) for PWS monitoring for
List 3 contaminants, two methods for Enteroviruses (Enterovirus cell culture and Enterovirus RT-qPCR),
three methods for Noroviruses (Norovirus genogroup | with RT-qPCR primer set A, Norovirus genogroup
| with RT-qPCR primer set B, and Noroviruses genogroup I1).

A comparison was made between the Phase 1 data set for UCMR3 data and the UCMR3 data set publicly
available for download from EPA’s website (https://www.epa.gov/monitoring-unregulated-drinking-
water-contaminants/occurrence-data-unregulated-contaminant#3) to verify that the Phase 1 UCMR3
data set includes all detected results. The Phase 1 UCMR3 data set includes 89,423 detected results for
44 contaminants, while the UCMR3 data set downloaded from the EPA website includes 253,259
detected results for 40 contaminants. There were 4 contaminants that did not have any detected
results, including equilin, estrone, sec-butylbenzene, and tellurium, which are included in the Phase 1
UCMR3 data set. It’s also noteworthy that both the Phase 1 UCMR3 data set and the downloaded
UCMR3 data set include data records for sec-butylbenzene, n-propylbenzene, germanium, manganese,
and tellurium, which are not listed as part of UCMR3 based on EPA’s list of contaminants
(https://www.epa.gov/dwucmr/third-unregulated-contaminant-monitoring-rule). The Phase 1 UCMR3
data set includes 61,584 data records where the Analytical Results Sign is equal to “<” indicating a non-
detect result. Based on the documentation describing the Phase 1 UCMR data collection, only detected
results should be included as qualified cases. The other main discrepancy between the Phase 1 UCMR3
data set and the downloaded UCMR3 data set is that the Phase 1 UCMR3 data set contains data records
for systems in only 33 states and Puerto Rico, as opposed to the downloaded UCMR3 data set which
contains data records for detected contaminants in systems in all 50 state plus 16 territories, tribal
nations, or EPA regions. The states missing from the Phase 1 UCMR3 data set appear to be due to an
alphabetical cut off, as they start with letters from A-L. Based on the results of this comparison, the
summary provided in Table 8 are based on detected results from the downloaded UCMR3 data set for
systems in the 50 US states and the District of Columbia (DC). Table 8 orders the UCMR3 contaminants
by number of detections. The UCMR3 contaminants with the most widespread detections are the
metals, i.e., strontium, chromium-6, vanadium, and chromium, as well as chlorate. Additionally, there
were numerous detections of the VOCs, inclusive of 1,2,3-trichloropropane, which will be of interest for
the predictive model due to specific state regulations. There were also over 4,000 detections of 1,4-
dioxane. The PFAS detections were limited due to relatively high method reporting limits, but we know
now that PFAS occurrences are more widespread than UCMR3 data suggests due to better analytical
methods and more recent state and system specific sampling programs.

Table 8 Summary of UCMR3 detected contaminants

Contaminant Contaminant Type No. of No. of States*  No. of PWS
Detections w/ Detection w/ Detection
Strontium List 1 (Metal) 61,466 51 4,815
Chromium-6 List 1 (Metal) 46,435 51 4,303
Vanadium List 1 (Metal) 36,661 51 3,528
Chlorate List 1 (Oxyhalide 33,994 51 3,323
Anion)
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Contaminant Contaminant Type No. of No. of States*  No. of PWS
Detections w/ Detection w/ Detection
Chromium List 1 (Metal) 30,928 51 3,579
Molybdenum List 1 (Metal) 25,195 51 2,510
1,4-Dioxane List 1 (SOC) 4,180 45 1,066
1,1-Dichloroethane List 1 (VOC) 830 38 241
Cobalt List 1 (Metal) 828 35 245
Chlorodifluoromethane (HCFC- List 1 (VOC) 810 37 280
22)
Bromochloromethane (Halon List 1 (VOC) 646 39 303
1011)
Perfluorooctanoic acid (PFOA) List 1 (PFAS) 377 27 116
Aerobic spores List 3 Indicator 317 15 252
Chloromethane List 1 (VOC) 278 23 133
Perfluorooactanesulfonic acid List 1 (PFAS) 275 24 91
(PFOS)
1,2,3-Trichloropropane List 1 (VOC) 247 13 62
Perfluorohelptanoic acid List 1 (PFAS) 228 22 82
(PFHpA)
Perfluorohexanesulfonic acid List 1 (PFAS) 191 22 52
(PFHxS)
Bromomethane List 1 (VOC) 115 12 49
4-Andostene-3,17-dione List 2 (Hormone) 99 28 75
Testosterone List 2 (Hormone) 68 25 61
Total coliforms List 3 Indicator 57 10 53
Enterococci List 3 Indicator 41 8 41
Perfluorononanoic acid (PFNA) List 1 (PFAS) 19 7 14
Perfluorobutanesulfonic acid List 1 (PFAS) 17 4 7
(PFBS)
Bacteriophage - male specific List 3 Indicator 14 5 14
phage
Enteroviruses (RT-qPCR) List 3 (Virus) 6 3 6
Bacteriophage — somatic phage List 3 Indicator 5 3 5
17-alpha-ethynylestradiol List 2 (Hormone) 4 4 4
(ethinyl estradiol)
Noroviruses GIA List 3 (Virus) 4 3 4
Noroviruses Gl List 3 (Virus) 4 3 4
17-beta-estradiol List 2 (Hormone) 3 1 1
16-alpha-hydroxyestradiol List 2 (Hormone) 3 2 3
(estriol)
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Contaminant Contaminant Type No. of No. of States*  No. of PWS

Detections w/ Detection w/ Detection
E.coli List 3 Indicator 3 2 3
Noroviruses GIB List 3 (Virus) 2 1 2
Enteroviruses (cell culture) List 3 (Virus) 2 2 2
1,3-Butadiene List 1 (VOC) 1 1 1

PFAS = Per- and polyfluoroalkyl substances

SOC = synthetic organic compound

VOC = volatile organic compound

*States include the 50 states and the District of Columbia

UCMRA4 required monitoring for 30 contaminants (10 cyanotoxins and 20 additional chemicals) between
2018 and 2020. All surface water (SW) and groundwater under direct influence of surface water
(GWUDI) PWSs serving more than 10,000 people were required to sample for the 10 cyanotoxins and all
PWS serving more than 10,000, including SW, GWUDI, and groundwater (GW) PWSs, were required to
sample for the additional 20 chemicals. The 20 chemicals include 3 brominated haloacetic acids (DBPs),
9 pesticides, 3 alcohols, 3 semivolatile chemicals, and 2 metals. Additionally, 800 randomly selected SW
or GWUDI PWS serving 10,000 people or less were required to sample for the 10 cyanotoxins and a
different group of 800 randomly selected PWSs serving 10,000 people or less were required to sample
for the 20 additional chemicals.

A comparison was made between the Phase 1 data set for UCMR4 data and the UCMR4 data set publicly
available for download from EPA’s website (https://www.epa.gov/monitoring-unregulated-drinking-
water-contaminants/occurrence-data-unregulated-contaminant#4) to verify that the Phase 1 UCMR4
data set includes all detected results sampled before the end of 2019. Consistent with the Phase 1
UCMR3 data set, there are no data records for PWSs in states that begin with letters between A-L. For
completeness, the summary provided in Table 9 is based on the UCMRA4 data that was directly
downloaded from the EPA website, for samples collected by PWSs in the 50 US states and DC through
December 31, 2019 with detected results. The table shows that brominated HAAs, which are classes of
DBPs, occur in virtually all PWSs, and manganese occurrence is detectable in drinking water in every
state across the country. These contaminants with be prioritized in the predictive model, and all detect
contaminants will be considered in the model development.

Table 9 Summary of UCMR4 detected contaminants in samples collected through December 31, 2019

Contaminant Contaminant Type No. of No. of States*  No. of PWS
Detections w/ Detection w/ Detection

HAAS List 1 (Brominated HAA) 45,679 51 4,045
HAAGBr List 1 (Brominated HAA) 45,675 51 4,045
HAA9 List 1 (Brominated HAA) 45,658 51 4,045
Manganese List 1 (Metal) 19,491 51 3,671
Germanium List 1 (Metal) 2,062 41 524
1-Butanol List 1 (Alcohol) 235 34 160
Anatoxin-a List 1 (Cyantoxin) 117 17 41

Phase 2 Predictive Modeling Study — Final Report Page | 11



97

Co R N A| ENVIRONMENTAL
CONSULTING

o-Toluidine List 1 (Semivolatile 104 25 73
Chemical)
Quinoline List 1 (Semivolatile 75 23 48
Chemical)
2-Methoxyethanol List 1 (Alcohol) 57 19 46
2-Propen-1-ol List 1 (Alcohol) 27 13 18
alpha- List 1 (Pesticide) 22 14 22
Hexachlorocyclohexane
Total permethrin List 2 (Pesticide) 14 8 12
Cylindrospermopsin List 1 (Cyanotoxin) 11 11
Butylated hydroxyanisole List 1 (Semivolatile 7 5 6
Chemical)
Oxyfluorfen List 1 (Pesticide) 7 6 7
Dimethipin List 1 (Pesticide) 5 4 5
Ethoprop List 1 (Pesticide) 5 4 5
Total microcystin List 1 (Cyanotoxin) 4 4 4
Profenofos List 1 (Pesticide) 3 3 3
Tebuconazole List 1 (Pesticide) 3 2 3
Tribufos List 2 (Pesticide) 3 2 3
Chlorpyrifos List 1 (Pesticide) 1 1 1

HAA = Haloacetic Acid
*States include the 50 states and the District of Columbia

2: Assess Water Quality Sampling Data

The Task 2: Assess Water Quality Sampling Data used the comprehensive water quality database
developed as part of the WQRF Contaminant Occurrence Study. The Contaminant Occurrence Study
database contains data records that were collected from 46 state regulatory agencies in 2019-2020. The
data records are predominantly for samples collected between 2009 through mid-2019. Initially, the
database of quality checked (QC’d) data included 57 analytes based on contaminants with an MCL
greater than the maximum contaminant level goal (MCLG) and specific aesthetic analytes that can

impact taste, odor, and color of drinking water. Later phases of the Contaminant Occurrence Study
included QC of data records for additional drinking water analytes that were collected as part of the
original study’s data collection effort. The database now includes data for 169 drinking water quality
analytes that are available for use in this Predictive Modeling Study.

The Contaminant Occurrence Study database was used for this task because it is currently the most
comprehensive and current database of national drinking water quality data. Despite the advantages of
using this database, there are still some limitations that are important to note. While water quality data
were requested from all 50 states, data were received from 46 states. Besides data records that were
incorporated into the database from EPA’s UMCR4, the database does not have data available for
Indiana, Kansas, South Dakota, or Tennessee. Additionally, the number of drinking water analytes for
which data were available differed by state, so for a given analyte, there may be data available for less
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than 46 states. Microbial data were reported in different formats from various states, including some
presence/absence data and some count quantity data. Some states reported microbial data in the same
format as chemical data, while other states provided separate data tables for microbial data with
different data fields to describe the data results. Due to the different inconsistencies with the microbial
data, this analysis in this task excludes microbial data. Based on the high frequency of Total Coliform
Rule (TCR) violations identified in Task 1 of this project, we would expect that this task would identify
total coliform as a top contaminant based on the occurrence of total coliform positive data if the
methodology was inclusive of microbial data.

Our methodology for this task focuses on whether the occurrence level of these analytes is approaching
(i.e., 80% or greater) or exceeding a regulatory limit (i.e., federal or state MCL) or health-based goal (i.e.,
MCLG) and if the occurrence level is increasing over time. The first step to accomplish this objective was
to create a comprehensive table of all federal and state MCLs and health goals. The table we developed
as part of this task includes 714 up-to-date state MCLs, secondary MCLs, action levels, health advisory
levels, and health goals, and 108 federal MCLs, secondary MCLs, action levels, and health goals. These
levels are used as reference levels for identifying drinking water quality contaminants for the predictive
model.

We have then developed an R script to review contaminant data by:

1. Identifying all contaminants that have occurrences at levels equal to 80% of the federal MCL or
greater in the period from 2009 through 2019

2. For contaminants identified in (1) above, identifying contaminants with increasing trends based
on the Mann -Kendall non-parametric statistical test for monotonic trends

The script also creates visual representations of the data for contaminants identified in (1) and (2) in the
form of yearly boxplots. After this process was completed for federal MCLs, we utilized the same
methodology for state specific MCLs using contaminant data for only systems in the corresponding
states.

Federally regulated contaminants

Occurrence data for the period from 2009 through 2019 for federally regulated contaminants were
evaluated to determine contaminants with occurrences at 80% of the MCL or greater in the period from
2009 through 2019. Based on available occurrence data, all federally regulated contaminants except
dalapon, glyphosate, di(2-ethylhexyl) adipate, hexachlorocyclopentadiene, 2,4,5-TP (Silvex), and 1,2,4-
trichlorobenzene had at least one reported occurrence at or above 80% of their respective MCLs. The
remaining federally regulated contaminants, except for diquat, oxamyl (vydate), and xylenes (total), all
had at least one reported occurrence above their MCLs.

Contaminants were then ranked based on the number of public water systems (PWSs) with occurrence
above the MCL. The top ten contaminants based on the number of PWSs that had occurrences above
the MCL are summarized in Table 10. In addition to the number of PWSs with occurrence greater than
the MCL, the table also shows the sum of the population served by PWSs with occurrence greater than
the MCL. All PWS types, including community water systems (CWSs), non-transient non-community
water systems (NTNCWSs), and transient non-community water systems (TNCWSs), are included in this
summary so the total population served could count individual people more than once.
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Lead was found as the top contaminant in terms of the number of PWSs with occurrence greater than
the action level of 15 pg/L. Over 13,000 PWSs reported occurrence greater than 15 pg/L based on
available data. These systems serve a total population of 112 million. Total trihalomethanes (TTHM)
resulted in the second most PWSs with occurrence greater than the MCL of 80 ug/L with over 8,000
PWSs reporting occurrence greater than 80 pg/L. These systems serve a total population of 133 million,
which is more than the population served by systems with lead occurrence greater than the action level.
In the case of disinfection byproducts, i.e., TTHM and the sum of five haloacetic acids (HAAS), the
systems with occurrence greater than the MCL were predominantly systems using surface water as the

primary source water type. For all other contaminants in Table 10, the percent of surface water systems
and groundwater systems represented were relatively consistent. Since there are more groundwater
systems in the US as compared with surface water systems, the number of groundwater PWSs with
occurrence above the MCL was greater than the number of surface water PWSs with occurrence above
the MCL.

An exceedance of the MCL does not necessarily cause a system to be in violation because in most cases,
compliance is based on a running annual average or in the case of lead and copper, the 90t percentile
result in a compliance period. As part of this project, contaminants resulting in the most health-based
violations were summarized as part of Task 1. The results for the top ten federally regulated
contaminants based on number of PWSs with occurrence above the MCL shown in Table 10 were also
identified as top contaminants of concern in Task 1.

Table 10 Top ten federally regulated contaminants based on number of PWSs with occurrence greater than
the MCL or Action Level

Contaminant MCL or Number of PWSs Percent of PWSs Sum of population

Action Level w/ occurrence > w/ data and w/ served by PWSs w/

MCL occurrence > MCL  occurrence > MCL*
" Lead 15 pg/L (AL) 13,020 23% 112 M '
I TTHM 80 pg/L 8,169 17% 133 M I
I Copper 1.3mg/L(AL) 5,510 10% 283 M I
I HAAS 60 pg/L 5,343 12% 97.7M I
' Arsenic 10 pg/L 2,669 5.1% 16.3 M I
l Nitrate 10 mg/Las N 2,602 2.5% 8.03 M I
I Nitrate + Nitrite 10 mg/Las N 1,239 1.8% 3.74 M I
I Radium 5 pCi/L 1,008 4.6% 6.19 M I
I Fluoride 4 mg/L 437 0.8% 1.34 M '
I Uranium 30 pg/L 378 2.3% 221 M I
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For the top ten contaminants shown in Table 10, Table 11 provides a summary of the PWSs with data
above the MCL or Action Level by system size category based on the population served. Specifically, the
table shows the number of PWSs with occurrence above the MCL or Action Level and the percent of
PWSs with data available that had occurrence above the MCL or Action Level by system size category. In
general, there are a greater number of smaller PWSs than larger PWSs, so there are typically a greater
number of smaller systems with occurrence above the MCL or Action Level, while the percentages
provide a more normalized comparison across system sizes. For the DBPs (TTHM and HAA5), the
percentages are higher for the larger systems likely due to a greater percent of surface water systems as
compared with groundwater systems and larger distribution systems, where DBP formation continues
after the application of a disinfectant. The percentages of PWSs with data over the Action Level for lead
were also higher for larger systems as compared with smaller systems.
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Table 11 Summary of PWSs with occurrence greater than the MCL or Action Level by system size category for
top ten federally regulated contaminants

Number (and Percent) of PWSs by Size Category with Occurrence Above
MCL/Action Level

Contaminant

Very Small Small Medium Large Very Large
(<500) (500-3,300) (3,300-10,000) (10,000- (>100,000)
100,000)

Lead 6,050 3,483 1,558 1,443 180

(17%) (29%) (40%) (50%) (51%)

r 1

TTHM 2,338 2,660 1,388 1,368 216

(8.4%) (21%) (32%) (41%) (53%)
Copper 2,966 1,534 450 363 43

(8.5%) (13%) (12%) (13%) (12%)
HAAS 1,374 1,777 1,003 943 144

(5.5%) (15%) (23%) (26%) (34%)
Arsenic 1,863 412 133 126 23

(5.4%) (4.2%) (4.1%) (4.9%) (6.6%)
Nitrate 2,062 232 27 52 21

(2.5%) (2.1%) (0.9%) (2.2%) (6.2%)
Nitrate + Nitrite 915 124 11 13 7

(1.8%) (1.5%) (0.4%) (0.7%) (2.8%)
Radium 551 254 100 75 6

(4.1%) (5.1%) (5.3%) (5.6%) (3.4%)
Fluoride 285 82 42 22 2

(0.8%) (0.8%) (1.3%) (0.9%) (0.7%)
Uranium 268 61 23 15 5

(2.6%) (1.8%) (1.6%) (1.3%) (2.5%)

For the top ten contaminants shown in Table 10, Table 12 provides a summary of the PWSs with data
above the MCL or Action Level by primary source water type. Specifically, the table shows the number
of PWSs with occurrence above the MCL or Action Level and the percent of PWSs with data available
that had occurrence above the MCL or Action Level by primary source water type. In general, there are
a greater number of groundwater PWSs than surface water PWSs, so there are typically a greater
number of groundwater systems with occurrence above the MCL or Action Level, while the percentages
provide a more normalized comparison between groundwater and surface water PWSs. For the DBPs
(TTHM and HAAS), the percentages are notably higher for the surface water systems as surface water

Phase 2 Predictive Modeling Study — Final Report Page | 16



102

Co R N A ENVIRONMENTAL
CONSULTING

tends to have higher concentrations of organic matter, which are DBP precursors. The percentages of

PWSs with occurrences over the Action Level for lead were also higher for surface water systems as
compared with groundwater systems, while the percent of PWSs with occurrences over the MCL for
arsenic, radium, and uranium were higher for groundwater systems.

Table 12 Summary of PWSs with occurrence greater than the MCL or Action Level by primary source water
type for top ten federally regulated contaminants

Number (and Percent) of PWSs by Primary Source Water Type with

Contaminant Occurrence Above MCL/Action Level

Groundwater Surface Water
I Lead 9,727 (21%) 2,985 (35%) I
" TTHM 2,383 (6.3%) 5,585 (51%) '
I Copper 4,468 (9.9%) 888 (10%) I
" HAAS 1,129 (3.3%) 4,109 (37%) '
" Arsenic 2,403 (5.3%) 154 (2.8%) '
" Nitrate 2,271 (2.5%) 123 (1.9%) '
I Nitrate + Nitrite 1,015 (1.7%) 55 (1.1%) I
" Radium 913 (4.9%) 72 (2.3%) '
" Fluoride 394 (0.8%) 39 (0.8%) '
" Uranium 327 (2.4%) 45 (1.7%) '

The next step in this effort included an investigation of how the occurrence of these contaminants may
be changing over time. Identifying trends over time may help to understand which contaminants are
most likely to be of the greatest concern for the next 5-10 years. Trends over time were analyzed
visually using yearly boxplots for the period from 2009 — 2018 and using the Mann-Kendall non-
parametric statistical test for monotonic trends. Figure 1 shows a key for the boxplots. For all figures
with yearly boxplots, the y-axis is limited to three times the MCL to show the distribution of results for
the majority of the data. Data with results below the lower limit of the y-axis (i.e. pH) and above the
upper limit of the y-axis are not included in these figures. The Mann-Kendall test assumes that data
used for the test are consistently spaced over time. To address this requirement and to focus on the
occurrences that represent a greater health concern, annual 95" percentiles from 2009 through 2018
were used for each contaminant. The outcome of the test includes an alpha value and a test statistic.
Based on a 95% confidence level, an alpha value less than 0.05 was identified as a statistically significant
trend, while an alpha value equal to or greater than 0.05 was identified as not statistically significant. A
positive test statistic indicates an increasing trend, while a negative test statistic indicates a decreasing
trend. Results for the top ten contaminants from Table 10 are presented below grouped by the trend
test outcome.
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Figure 1 Boxplot legend
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Increasing trend
No contaminants were found to have an increasing annual 95 percentile values over the period from
2009 through 2018.

No significant trend
Three of the top ten contaminants (Table 10) were found to have no significant trend over time. Those
contaminants include nitrate, HAAS, and nitrate + nitrite.

Yearly boxplots for HAAS occurrence data are shown in Figure 2. Annual 95 percentile HAAS values are
close to the MCL of 60 ug/L. The only annual 95 percentile that exceeded the MCL in the period of
interest was in 2009. Although the Mann-Kendall test did not find a statistically significant monotonic
decreasing trend over the period of 2009 through 2018, the comparison of the annual 95% percentile
value in 2009, which is greater than the MCL, with 2018, which is below the MCL, suggests some
decrease over time. The numerous occurrence data that exceed the MCL in all years suggests that HAAS
will likely remain a contaminant of concern for the next 5-10 years.

Yearly boxplots for nitrate are shown in Figure 3. The figure shows national finished water nitrate levels
were consistent over time from 2009 through 2018. The annual 95" percentile values are close to 75%
of the MCL over the analysis period, with occurrences up to three times the MCL. Nitrate is an acute
contaminant, so any occurrence above 10 pg/L could pose a potential health risk. Based on occurrence
data exceeding the MCL, we believe that nitrate will remain a contaminant of concern for the next 5-10
years.

Yearly boxplots for nitrate + nitrite occurrence data are shown in Figure 4. While there’s not a
statistically significant trend in annual 95" percentile values for nitrate + nitrite, the annual 75
percentile value in 2018 is higher than in 2009, suggesting some increase in concentrations over time is
possible. As mentioned above, nitrate is regulated as an acute contaminant and any occurrence above
the MCL of 10 mg/L for nitrate or nitrate + nitrite could pose a health risk. Therefore, it is likely that
nitrate + nitrite will remain a contaminant of concern for the next 5-10 years.
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Figure 2 Yearly boxplots of HAA5 occurrence data (2009-2018)

Figure 3 Yearly boxplots of nitrate occurrence data (2009-2018)
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Figure 4 Yearly boxplots of nitrate + nitrite occurrence data (2009-2018)
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Decreasing trend

The remaining contaminants in Table 10, including lead, TTHM, copper, arsenic, radium, fluoride, and
uranium were found to have decreasing annual 95 percentile values over the period from 2009
through 2018.

Yearly boxplots of lead occurrence data are shown in Figure 5. Annual 95% percentile values are close to
half the action level of 15 pg/L, although there are numerous occurrences exceeding the action level.
Due to the frequency of occurrences exceeding the action level and the well-known health risks due to
lead contamination, lead is expected to be a contaminant of concern for the next 5-10 years.
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Yearly boxplots of TTHM occurrence data are shown in
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Figure 6. Annual 95" percentile values decreased over the period to approximately equal to the MCL of
80 pg/L. Despite the decrease in annual 95" percentile values, the frequency of occurrence above the
MCL suggests that TTHM will likely remain a contaminant of concern over the next 5-10 years.

Yearly boxplots of copper occurrence data are shown in Figure 7. Decreasing annual 95 percentile
values remain close to approximately half of the action level of 1.3 mg/L during the period of interest.
Similar to lead and TTHM, the frequency of occurrence data exceeding the action level suggest that

copper will likely remain a contaminant of concern over the next 5-10 years.

Yearly boxplots for arsenic occurrence data are shown in Figure 8. Annual 95" percentile values showed
a decrease over the period, from approximately 14 pg/L to 10 pg/L, equal to the MCL. The figure shows
the high frequency of occurrences above the MCL, which suggests that arsenic will likely remain a

contaminant of concern for the next 5-10 years.

Yearly boxplots of radium occurrence data are shown in Figure 9. Despite the decreasing trend, annual
95t percentile values exceeded the MCL of 5 pCi/L in all years of interest. Variability in the distribution
of yearly radium occurrence data shown by varying boxes in the boxplots may be a result of different
monitoring schedules. Some systems may monitor yearly, while others may monitor every 3 years, for
example. The frequency of occurrence data exceeding the MCL suggest that radium will likely remain a
contaminant of concern over the next 5-10 years.

Yearly boxplots of fluoride occurrence data are shown in Figure 10. Annual 95 percentile
concentrations are well below the MCL of 4 mg/L. Relative to other contaminants identified in Table 10
there are few occurrences exceeding the MCL, likely isolated to certain regions where naturally
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occurring fluoride may be problematic. Particularly in areas of high fluoride concentrations, it is likely
that fluoride will remain a contaminant of concern for the next 5-10 years.

Yearly boxplots of uranium occurrence data are shown in Figure 11. Despite the decreasing trend,
annual 95 percentile values exceeded that MCL of 30 pg/L in all years of interest. As mentioned above
for radium, different monitoring frequencies for systems are likely the reason for the variability in the
data distributions from year to year. The frequency of occurrence data exceeding the MCL suggest that
uranium will likely remain a contaminant of concern over the next 5-10 years.

Figure 5 Yearly boxplots of lead occurrence data (2009-2018)
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Figure 6 Yearly boxplots of TTHM occurrence data (2009-2018)
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Figure 7 Yearly boxplots of copper occurrence data (2009-2018)
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Figure 8 Yearly boxplots of arsenic occurrence data (2009-2018)
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Figure 9 Yearly boxplots of radium occurrence data (2009-2018)
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Figure 10 Yearly boxplots of fluoride occurrence data (2009-2018)
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Figure 11 Yearly boxplots of uranium occurrence data (2009-2018)

MCL = 30 pg/L

p

POOOOO O O GUEIIED CETNEED NN

oo 8nggil wwwww

o @Damx

)

G000 GO I —

{8060 OG000ID CIENDENERINNOE— -

- (geg'el=u) 8L0Z

- (215'51=u) 2102

- (261°21=u) 9L0Z

- (gg8'vL=u) 5L0Z

- (685'€L=u) ¥L0Z

- (ez9'8l=u) €102

- (26z'cL=u) ZLOZ

- (y92'€L=u) LL0Z

- (186'2L=u) 0L0Z

- (€66°'€L=U) 6002

90 —

75
60
45
30

(7/6r) wnuein

Page | 25

Phase 2 Predictive Modeling Study — Final Report



111

Co R N A| ENVIRONMENTAL
CONSULTING

State-specific regulated contaminants

Occurrence data for the period from 2009 through 2019 for state-specific regulated contaminants were
evaluated to determine contaminants with occurrences at 80% of the MCL or greater in the period from
2009 through 2019. Based on available occurrence data, Table 13 summarizes the top ten state-specific
regulated contaminants based on the number of PWSs with occurrence greater than the MCL or action
level. Some of these contaminants are also federally regulated but certain states have imposed a more
stringent regulation (i.e., arsenic and tetrachloroethylene in New Jersey), and some contaminants have
non-enforced federal secondary standards based on aesthetic impacts on drinking water while states
impose an enforced MCL (i.e., iron and manganese in North Carolina and New York).

A noteworthy group of contaminants that are regulated by several states that are missing from Table 13
is per- and poly-fluoroalkyl substances (PFAS). The reason for the exclusion of PFAS is largely due to
data availability outside of UCMR3, which is summarized as part of Task 1. Due to recent and upcoming
regulatory changes for PFAS, it is expected that PFAS analytes would likely be captured here if this
process is repeated in the future when more data are available.

Table 13 Top ten state-specific regulated contaminants based on number of PWSs with occurrence greater
than the MCL

Contaminant State MCL No. of PWSs  Percent of Sum of population
w/ PWSsw/ data served by PWSs
occurrence > and occurrence w/ occurrence >
MCL > MCL MCL*

Iron NC 300 pg/L 670 28% 1,166,394

Manganese NC 50 pg/L 584 25% 1,750,973

Iron NY 300 pg/L 453 23% 1,449,173

Chloride NY 250 mg/L 384 20% 143,060

Manganese NY 300 pg/L 258 13% 702,746

Arsenic NJ 5 ug/L 71 5.3% 251,293

Chloride CcT 250 mg/L 65 5.7% 22,125

Fluoride NY 2.2mg/L 38 2.8% 43,522

Zinc NY 5 mg/L 38 1.0% 86,381

<

Tetrachloroethylene N
(PCE)

1 pg/L 29 2.1% 436,190

For the top ten contaminants shown in Table 13, Table 14 provides a summary of the PWSs with
occurrence above the MCL by system size category based on the population served. Specifically, the
table shows the number of PWSs with data above the MCL by system size category and the percent of
PWSs with data available that had occurrence above the MCL by system size category. As mentioned
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above in respect to Table 11, there are a greater number of smaller PWSs than larger PWSs, so there are
typically a greater number of smaller systems with occurrence above the MCL, while the percentages
provide a more normalized comparison across system sizes.

Table 14 Summary of PWSs with occurrence greater than the MCL by system size category for top ten state-
specific regulated contaminants

Number (and Percent) of PWSs by Size Category with Occurrence Above

MCL
Contaminant (State) 1
Very Small Small Medium Large Very Large
(<500) (500-3,300) (3,300-10,000) (10,000-100,000) (>100,000)
T 1
Iron (NC) 492 120 18 23 3
(27%) (40%) (21%) (22%) (19%)
T 1
Manganese (NC) 453 84 9 19 2
(25%) (28%) (10%) (18%) (13%)
T 1
Iron (NY) 352 58 16 14 4
(23%) (22%) (22%) (21%) (33%)
T 1
Chloride (NY) 336 29 4 2 0
(23%) (12%) (5.6%) (2.8%)
T 1
Manganese (NY) 201 34 8 9 1
(14%) (13%) (11%) (9.4%) (6.7%)
T 1
Arsenic (NJ) 46 13 3 9 0
(5.3%) (5.2%) (3.7%) (7.4%)
T 1
Chloride (CT) 59 5 0 1 0
(6.0%) (4.4%) (3.1%)
T 1
Fluoride (NY) 18 7 2 3 0
(0.7%) (1.3%) (1.7%) (3.3%)
T 1
Zinc (NY) 31 4 0 2 0
(3.2%) (1.9%) (3.2%)
T 1
Tetrachloroethylene 12 0 5 12 0
(PCE) (NJ) (1.3%) (6.0%) (9.8%)

Also, for the top ten contaminants shown in Table 13, Table 15 provides a summary of the PWSs with
data above the MCL by primary source water type. Specifically, the table shows the number of PWSs
with data above the MCL by primary source water type and the percent of PWSs with data available that
have data above the MCL by primary source water type. As mentioned above in respect to Table 12,
there are a greater number of groundwater PWSs than surface water PWSs, so there are typically a
greater number of groundwater systems with data above the MCL, while the percentages provide a
more normalized comparison between groundwater and surface water systems. The percent of PWSs
with occurrences above the MCL for iron, manganese, and chloride were greater for groundwater
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systems, while the percent of PWSs with occurrences above the MCL for fluoride and
tetrachloroethylene (PCE) were greater for surface water systems.

Table 15 Summary of PWSs with occurrence greater than the MCL by primary source water type for top ten
state-specific regulated contaminants

Number (and Percent) of PWSs by Primary Source Water Type

Contaminant (State) with Occurrence Above MCL

Groundwater Surface Water
" Jron (NC) 617 (29%) 38 (19%) '
I Manganese (NC) 528 (25%) 37 (18%) I
" Jron (NY) 405 (24%) 38 (15%) '
' Chloride (NY) 347 (21%) 22 (9.4%) '
' Manganese (NY) 223 (14%) 29 (11%) I
I Arsenic (NJ) 65 (5.3%) 6 (5.4%) I
" Chloride (cT) 64 (5.9%) 1(2.0%) '
" Fluoride (NY) 22 (0.8%) 8 (1.8%) '
' Zinc (NY) 30 (2.7%) 7 (3.2%) '
I Tetrachloroethylene (PCE) (NJ) 21 (1.6%) 8 (7.0%) I

Increasing trend

The only contaminant in the top ten state-specific regulated contaminants shown in Table 13 that was
found to have an increasing trend over time using the Mann-Kendall statistical test was chloride in
Connecticut. Yearly boxplots of chloride occurrence data in Connecticut are shown in Figure 12. The
USEPA has a non-enforceable secondary standard of 250 mg/L for chloride. Chloride is regulated in the
state of Connecticut with an MCL of 250 mg/L, equivalent to the federal secondary standard. From 2009
through 2018, there was a steady increase in annual 95" percentile chloride concentrations from below
the MCL of 250 mg/L to more than double the MCL.
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Figure 12 Yearly boxplots of chloride occurrence data in Connecticut (2009-2018)
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No statistically significant trend

Several contaminants with state-specific regulations included in Table 13 did not have a statistically
significant trend over time based on annual 95% percentile values. These contaminants include iron in
North Carolina (Figure 13), manganese in New York (Figure 14), arsenic in New Jersey (Figure 15),
chloride in New York (Figure 16), and tetrachloroethylene (PCE) in New Jersey (Figure 17). Iron and
manganese have federal secondary standards of 0.3 mg/L and 50 pg/L, respectively. In the case of iron
in North Carolina and chloride in New York, the states regulate these contaminants at the level of their
secondary standard. In the cases of manganese, New York has a health-based regulation of 300 pg/L,
well above the non-health-based secondary standard of 50 pg/L. Both arsenic and PCE are federally
regulated with MCLs of 10 pg/L and 5 pg/L, respectively. New Jersey regulated these contaminants with
lower MCLs of 5 pg/L and 1 pg/L.

Although there was no statistically significant trend, annual 95" percentile values for iron in North
Carolina, manganese in New York, and chloride in New York were consistently above their MCLs. This
suggests these contaminants may remain contaminants of concern within these states. The annual 95
percentile values for arsenic and PCE were generally below their MCLs, but occurrence above the MCLs
suggests they may still be a concern for public health in New Jersey.
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Figure 13 Yearly boxplots of iron concentration data in North Carolina (2009-2018)
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Figure 14 Yearly boxplots of manganese occurrence data in New York (2009-2018)
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Figure 15 Yearly boxplots of arsenic occurrence data in New Jersey (2009-2018)
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Figure 16 Yearly boxplots of chloride occurrence data in New York (2009-2018)
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Figure 17 Yearly boxplots of tetrachloroethylene (PCE) occurrence data in New Jersey (2009-2018)
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Decreasing trend

The remaining contaminants shown in Table 13 were found to have a decreasing trend from 2009 to
2018 based on their annual 95" percentile values. These contaminants include iron (Figure 18), fluoride
(Figure 19), and zinc (Figure 20) in New York. As mentioned above, there is a federal secondary standard
for iron of 0.3 mg/L. New York regulated iron at the same level as the secondary standard. Fluoride is
federally regulated with an MCL of 4 mg/L. New York regulates fluoride with a lower MCL of 2.2 mg/L.
Similar to iron, New York regulates zinc at a level equivalent to its federal secondary standard of 5 mg/L.
Annual 95" percentile iron concentrations were well above the MCL of 0.3 mg/L, despite a decrease
over time. This suggests iron may remain a contaminant of concern in New York in the next 5-10 years.
Annual 95" percentile values for fluoride and zinc were well below their respective MCLs and there
were limited occurrences over the MCL suggesting these contaminants may be of less concern.
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Figure 18 Yearly boxplots of iron concentration data in New York (2009-2018)
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Figure 19 Yearly boxplots of fluoride occurrence data in New York (2009-2018)

2.2mg/L

MCL =

@ @EDOADAOMD im_

= 80@1_”_
" Seilm_

- (zog'z=u) 8L0Z

- (28€2=u) 102

- (L¥Sz=u) 9102

- (00S°z=u) 5102

- (ev¥z=u) y10Z

- (919'z=u) €10z

- (228'2=u) ZLOZ

- (6€9'2=U) LL0OZ

- (zv9'z=u) 0102

- (251°2=u) 6002

T 5 T . T X T d T
< « N =5
< © o~ -

(71/6w) AN-oplion|4

Page | 33

Phase 2 Predictive Modeling Study — Final Report



119

Co R N A| ENVIRONMENTAL
CONSULTING

Figure 20 Yearly boxplots of zinc occurrence data in New York (2009-2018)
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3: Evaluate Data Gaps

The objective of Task 3 is to explore other resources outside of violation data and UCMR data sets that
were used in Task 1 and occurrence data that were used in Task 2 to identify contaminants likely to be a
concern for the next 5-10 years. Concern for contaminants can be generated from regulatory changes,
which identify the health risks of contaminants as well as the potential for an increase in violations, at
least temporarily, while systems respond to changes in standards. Concern can also be generated
through academic research, publications, and news articles, which can inform the public about drinking
water contaminants and potential health risks. This task explores the upcoming regulatory horizon
through a review of EPA’s draft Fifth Contaminant Candidate List (CCL5), revisions to the lead & copper
rule (LCR), future federal PFAS regulations, and potential Microbial and Disinfectant & Disinfection
Byproduct (M/DBP) Rule revisions, among other state-specific potential regulatory changes and
emerging contaminants of regulatory interest. Additionally, recent publications and news articles were
reviewed to identify top contaminants for research interest and causing public consumer concerns.

EPA’s Draft Fifth Contaminant Candidate List (CCL5)
The USEPA’s Contaminant Candidate Lists (CCLs) are lists of contaminants that are:

e Not currently subject to any proposed or promulgated national primary drinking water
regulations (NPDWRs)

e Known or anticipated to occur in public water systems

e May require future regulations under the Safe Drinking Water Act
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The current Draft CCL was released on July 19, 2021 (USEPA 2021a). The draft list includes 66 chemicals,
three chemical groups (PFAS, cyanotoxins, and DBPs), and 12 microbes. The contaminants were
selected from known chemicals used in commerce, pesticides, biological toxins, disinfection byproducts,
and waterborne pathogens. The full draft CCL5 chemical list is shown in Table 16. The full DBP list and
microbial list are shown in Table 17 and Table 18, respectively.

Table 16 EPA's Draft CCL5 Chemical List

1,2,3-Trichloropropane Desisopropyl atrazine Oxyfluorfen
1,4-Dioxane Desvenlafaxine Per- and polyfluoroalkyl
substances (PFAS)

17-alpha ethynyl estradiol Diazinon Permethrin
2,4-Dinitrophenol Dicrotophos Phorate
2-Aminotoluene Dieldrin Phosmet
2-Hydroxyatrazine Dimethoate Phostebupirim
4-Nonylphenol (all isomers) Disinfection Byproducts (DBPs) | Profenofos

(see Table 17)
6-Chloro-1,3,5-triazine-2,4- Diuron Propachlor
diamine
Acephate Ethalfluralin Propanil
Acrolein Ethoprop Propargite
alpha-Hexachlorocyclohexane Fipronil Propazine
(alpha-HCH)
Anthraquinone Fluconazole Propoxur
Bensulide Flufenacet Quinoline
Bisphenol A Fluometuron Tebuconazole
Boron Iprodione Terbufos
Bromoxynil Lithium Thiamethoxam
Carbaryl Malathion Tri-allate
Carbendazim (MBC) Manganese Tribufos
Chlordecone (Kepone) Methomyl Tributyl phosphate

Chlorpyrifos

Methyl tert-butyl ether (MTBE)

Trimethylbenzene (1,2,4-)

Cobalt Methylmercury Tris(2-chloroethyl) phosphate
(TCEP)

Cyanotoxins Molybdenum Tungsten

Deethylatrazine Norflurazon Vanadium
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Table 17 EPA's CCL5 DBP List

Group Chemical

Haloacetic Acids Bromochloroacetic acid (BCAA), Bromodichloroacetic acid (BDCAA),
Dibromochloroacetic acid (DBCAA), Tribromoacetic acid (TBAA)

Haloacetonitriles Dichloroacetonitrile (DCAN), Dibromoacetonitrile (DBAN)

Halonitromethanes Bromodichloronitromethane (BDCNM), Chloropicrin
(trichloronitromethane, TCNM), Dibromochloronitromethane
(DBCNM)

lodinated Trihalomethanes Bromochloroiodomethane (BCIM), Bromodiiodomethane (BDIM),

Chlorodiiodomethane (CDIM), Dibromoiodomethane (DBIM),
Dichloroiodomethane (DCIM), lodoform (triiodomethane, TIM)

Nitrosamines Nitrosodibutylamine (NDBA), N-Nitrosodiethylamine (NDEA)

N-Nitrosodimethylamine (NDMA), N-Nitrosodi-n-propylamine
(NDPA), N-Nitrosodiphenylamine (NDPhA), Nitrosopyrrolidine

(NPYR)
Other Chlorate, Formaldehyde
Table 18 EPA's CCL5 Microbial List
Microbial Class Microbial Class

Campylobacter jejuni, Escherichia coli (0157), Helicobacter pylori,
Bacteria Legionella pneumophila, Mycobacterium abscessus, Mycobacterium
avium, Pseudomonas aeruginosa, Shigella sonnei

Protozoa Naegleria fowleri

Virus Adenovirus, Caliciviruses, Enteroviruses

The most notable contaminants in the draft CCL5 based on potential future federal or state regulatory
actions or current state regulations, as well as public and research interest, include 1,2,3-
trichloropropane, 1,4-dioxane, cyanotoxins, DBPs especially unregulated haloacetic acids, Legionella
pneumophila, manganese, and PFAS. Currently, 1,2,3-trichloropropane is regulated in California, Hawaii,
and New Jersey, 1,4-dioxane is regulated in California and New York, and manganese is regulated in
California New York, and North Carolina. Cyanotoxins, manganese, and unregulated haloacetic acids
were recently included in EPA’s UCMR4. EPA is currently obligated to propose revisions to microbial,
disinfectant and disinfection byproduct (M/DBP) rules, which is described further in the section on
M/DBP rule revisions below. Potential M/DBP rule revisions may include unregulated haloacetic acids
and Legionella pneumophila.

Lead & Copper Rule Revisions

The EPA’s Lead and Copper Rule Revisions (USEPA 2021b) (LCRR), published on January 15, 2021,
became effective as of December 16, 2021 with a scheduled compliance date of October 16, 2024. The
LCRR keeps the action level of 15 ug/L for lead, and it establishes a 10 pg/L “trigger level”. At this trigger
level, systems that currently treat for corrosion are required to re-optimize their existing treatment and
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systems that do not currently treat for corrosion will be required to conduct a corrosion control study.
Systems above the trigger level may also be required to increase their lead service line (LSL)
replacement rate. The revised rule also requires community water systems to conduct testing for lead
in drinking water and public education in schools and childcare facilities. The most relevant update to
the Lead and Copper Rule for the POU/POE industry is that the revised rule now allows community
water systems serving populations equal to or less than 10,000 and all non-transient non-community
water systems to achieve compliance through the provision and maintenance of POU devices that are
certified to reduce lead concentrations (USEPA 2019, WQA 2022).

EPA also published their Review of the National Primary Drinking Water Regulation: Lead and Copper
Rule Revisions (USEPA 2021c) on December 17, 2021. In their review, EPA describes their intention to
propose a new rule to revise the LCRR to meet goals of replacing 100% of lead service lines (LSLs),
equitably improve public health protection for those who cannot afford to replace the customer-owned
portions of their LSLs, improve the methods to identify and trigger action in communities that are most
at risk of elevated drinking water lead levels, and explore ways to reduce the complexity of the
regulations.

The regulatory developments around the lead and copper rule (LCR) and its revisions demonstrate the
level of importance and urgency around the topic of lead in drinking water. The removal of 100% of LSLs
could dramatically reduce lead concentrations in drinking water, but even in the best possible scenario it
will take many years to complete. Lead, as well as copper, will therefore remain major contaminants of
concern for the next 5-10 years.

Federal and State PFAS Regulations

The US EPA is currently working towards setting drinking water regulations for PFAS, with developments
planned for the next several years. Table 19 summarizes past, current, and planned future federal
actions on PFAS, starting with UCMR3 monitoring during 2013 through 2015. Plans for 2022 and 2023
include the release of health advisories for GenX and PFBS, proposed and final regulations for PFOA and
PFOS, and the start of UCMRS, which will require PWSs to monitor for 29 PFAS analytes.

Beyond federal regulations, states including California, Connecticut, lllinois, Massachusetts, Michigan,
Minnesota, New Hampshire, New Jersey, New York, North Carolina, Vermont, and Washington have set
their own regulations or health advisories levels. State regulations include different PFAS analytes and
different MCLs.

Based on the current and future regulatory framework for PFAS, as well as the upcoming UCMR5
monitoring, it is anticipated that PFAS will remain a major contaminant group of concern for the next 5-
10 years. UMCRS is expected to provide the most comprehensive PFAS occurrence data to date, which
will provide a better understanding of the extent of contamination as well as treatment needed to meet
future regulatory levels and health-based goals.
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Table 19 Timeline of past, current, and planned future federal actions on PFAS

Date Action

2013 -2015 EPA required PWSs to monitor for 6 PFAS analytes as part of UCMR3

May 25, 2016 EPA released lifetime health advisory levels for two PFAS analytes, PFOA
and PFOS

June 20, 2018 US Department of Health and Human Services’ Agency for Toxic

Substance & Disease Registry (ATSDR) released their Toxicological Profile
for Perfluoroalkyls draft for public comment

March 3, 2021 EPA published the Fourth Regulatory Determinations (USEPA 2021d),
with a final determination to regulate PFOA & PFOS in drinking water

May, 2021 The ATSDR released their final Toxicological Profile for Perfluoroalkyls

October 18, 2021 EPA announced a PFAS Strategic Roadmap

Fall 2021 and ongoing EPA to publish final toxicity assessment for GenX and five additional PFAS
— PFBA, PFHxA, PFHxS, PFNA, and PFDA

2022 and ongoing EPA plans to restrict PFAS discharges from industrial sources through a
multi-faceted Effluent Limitations Guidelines program

June 15 2022 EPA released interim health advisories for PFOA (0.004 ppt) and PFOS
(0.02 ppt) and final health advisories for GenX (10 ppt) and PFBS (2,000
ppt)

Fall 2022 EPA expects to issue a proposed regulation for PFOA & PFOS

2023 -2025 EPA will require PWSs to monitor for 29 PFAS analytes as part of UCMRS

Fall 2023 EPA expects to issue a final rule for PFOA & PFOS

Potential Microbial and Disinfectant & Disinfection Byproduct (MDBP) Rule Revisions

In 2020, EPA reached a settlement agreement with the Waterkeepers Alliance, Inc. that commits EPA to
propose revisions to the current primary standards for chlorite, Cryptosporidium, Giardia lamblia,
haloacetic acids, heterotrophic bacteria, Legionella, TTHM, and viruses, by Nov. 31, 2024 unless action is
delayed by EPA seeking data through an information collection rule or input from a federal advisory
committee. EPA hosted an initial two-day workshop in October 2020 followed by a series of MDBP
Stakeholder Meetings throughout 2021 to solicit input on improving public health protection from
M/DBPs in drinking water. DBPs, including unregulated haloacetic acids, and Legionella, in particular
Legionella pneumophila, as well as minimum disinfectant residual requirements, distribution system and
storage tank management, and building water system quality were all topics of interest throughout
these meetings.

In November 2021, EPA requested that the National Drinking Water Advisory Council (NDWAC), a
Federal Advisory Committee (FAC) established under the Safe Drinking Water Act (SDWA), provide the
agency with advice and recommendations on key issues related to potential revisions to MDBP rules.
The inclusion of the NDWAC is expected to delay any proposed revisions until 2025. As a result, MDBPs,
especially Legionella, TTHM, and haloacetic acids are anticipated to be contaminants of concern for the
next 5-10 years.
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Other Evidence for Identifying Contaminants of Concern

General research was conducted by reviewing recent publications, conference presentations, news
articles, and shared information among the drinking water community to identify contaminants of the
greatest concern. The sources of information and summary of results are presented in Table 20. Top
contaminants of concern identified include PFAS, lead, arsenic, DBPs, nitrate, Legionella,
pesticides/insecticides, harmful algal blooms, fluoride, microplastics, perchlorate, 1,2,3-

trichloropropane, 1,4-dioxane, chromium-6, and vanadium.

Table 20 Summary of general research to identify drinking water contaminants of concern

Sources of Summary of Results
Information
Web search PFAS regulations (federal and various state-specific)

utilizing key words:
“drinking water”,
“drinking water
contaminants”

Lead contamination (various locations)

Responses to the Environmental Working Group’s (EWG) tap water database
(multiple contaminants, including PFAS, arsenic, lead, DBPs, nitrate, etc.)

Nitrate and impact of climate change

Boil water orders and infrastructure issues

Taste & odor related issues, i.e., chemical smell, brown water, etc.
Nanomaterials

Other contaminants, including radium and fluoride

Review of recent
peer-reviewed
publications and
conference
presentations

PFAS (treatment, regulations, risk communication, sources, analysis)

Lead (solubility, pipe scales, lead service line detection, reduction, sampling)
Pesticides/insecticides (occurrence, exposure, health risks, removal)
Plastics/microplastics (occurrence, removal)

Harmful algal blooms

DBPs (nitrosamines, regulated, nitrogenous DBPs, formation and control)

Other topics: Affordability, Legionella pneumophila, nitrate, arsenic, fluoride,
and vanadium

Other potential
state-specific
regulatory changes

California’s Department of Drinking Water (DDW) released a new revised draft
regulation for chromium-6 on March 21, 2022 (California Water Boards 2022)

Drinking water
community shared
information

The American Water Works Association (AWWA) held a virtual roundtable
Legal and Regulatory Issues in the Water Space: An Update As 2021 Comes to a
Close on December 10, 2021 that discussed developments with emerging
contaminants including PFAS, perchlorate, 1,2,3-trichloropropane, NDMA and
other nitrosamines, and 1,4-dioxane

The Association of State Drinking Water Administrators (ASDWA) highlights
three contaminants in their special topics pages of their website: lead, PFAS,
and Legionella

A list of emerging contaminants that consumers are aware from WQRF’s
Emerging Contaminants Consumer Study by Dr. Marcia Silva at UWM identified
the following top ten contaminants: pesticides/herbicides, pharmaceuticals,
microplastics, personal care products, PFAS, antimicrobial resistant bacteria,
algal blooms, mycobacteria, 1,4-dioxane, and flame retardants
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4: Review Chemical Production and Release Databases

The objective of Task 4 was to review EPA’s Toxic Substances Control Act (TSCA) Chemical Data
Reporting (CDR) and Toxics Release Inventory (TRI) datasets for chemical production, use and release
quantities and trends.

The TSCA CDR database includes basic production and exposure-related information for substances
produced domestically and imported into the United States. The EPA requests this information every
four years from manufacturers, most recently in 2016 (the 2020 data are not yet released). Small
manufacturers and certain chemicals are exempt from reporting, and the identity or other information
may be withheld from the publicly available dataset if it is claimed as Confidential Business Information
and approved by EPA.

The TSCA CDR dataset was used in this analysis to answer the following questions to inform the
predictive model:

1) Which chemicals are most commonly produced or imported to the US?

2) Which chemicals are newly produced or imported to the US?

3) Which chemicals have increasing or decreasing trends in production volumes?

4) Which of the most commonly produced chemicals are regulated in drinking water?

The TRI dataset includes information reported by certain specified industries (e.g., manufacturing,
chemical manufacturing, hazardous waste treatment) relating to the quantity of toxic chemicals
released to the environment or for disposal, reuse or further waste processing. Many of these releases
are regularly occurring planned releases related to the management of waste products, but unintended
spills or releases are also recorded if the reporting threshold is tripped. The program is intended to
provide the public with information about releases of toxic chemicals in their communities and support
emergency planning. TRI data are submitted by industries annually and include information about the
identity and quantity of material released as well as the release pathway (e.g., air, land, water). Most
petroleum mixtures (i.e., gas and diesel) are not directly reportable to the TRI program, although certain
common components of petroleum mixtures are on the TRI chemical list (e.g., toluene, benzene). From
other data sources, such as the EPA’s National Response Center, petroleum mixtures are reported to be
among the most commonly released substances. These substances may be under-represented releases
in the TRI dataset.

The TRI dataset was used in this analysis to answer the following questions to inform the predictive
model:

1) Which toxic chemicals are most commonly released to the environment?

2) Which toxic chemicals are released in the greatest volumes?

3) Which toxic chemicals have increasing or decreasing trends in release volumes?
4) Which of the most commonly released toxic chemicals are regulated?

Methods
TRI and TSCA CDR datasets were downloaded to cover multiple years in the last decade. TRl is released
yearly, with the most recent data from 2020. A total of nine years, from 2012 to 2020, were
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downloaded and processed. The latest dataset for TSCA CDR is 2016 with updates from 2020, but each
iteration of the TSCA dataset includes production volume values from past years. The 2016 TSCA CDR
dataset includes production volumes from 2016, 2014, 2013 and 2012.

TSCA CDR Data Processing

The TSCA CDR dataset contains four separate files related to different aspects of chemical production.
Production information is separated into Consumer and Commercial Use, Industrial Processing and Use,
and Manufacturing Information, and the EPA also provides a dataset of nationally aggregated
production volumes. The first three files were combined and reduced to a single record per chemical at
a facility. The physical forms of each reported chemical were provided, and facilities that only reported
chemicals in a solid or gaseous form were excluded from the analysis.

The National Aggregate file provides a range or single value for the national production volume for each
chemical. This value is presumed to include production volumes redacted in the public facility dataset
as CBI. Chemical ranges in this dataset were not standardized (e.g., some facilities reported a range of
1-10,000 while others reported 1-5,000 or 5,000-10,000). A set of standardized ranges was produced
that covered the range of reported volumes. The file was then processed to sort all entries into the
applicable range. The low end of each reported range value was used as a single value to sort each
chemical into the new standardized ranges to evaluate national production from the National Aggregate
file.

Annual production statistics were also evaluated in more detail for each chemical by compiling facility
level data. Reported production volumes from individual facilities were aggregated into national and
statewide totals to facilitate ranking production volumes within the standardized bins. Facilities
reporting a range for production volumes were removed from calculation, as well as entries redacted for
confidentiality. Results for the most commonly produced chemicals, chemical categories (see below)
and chemicals in the available drinking water quality database (Task 2) are presented below along with
statistics for the greatest production volumes.

TRI Data Processing

The TRI dataset consists of one file with many fields covering the breakdown of release pathways. Each
yearly file was filtered to applicable columns and output into a single file covering 9 years. The data
were then aggregated to national and state release totals by chemical and chemical category (see
below). Results for the most commonly released chemicals and chemical categories were calculated
along with statistics for the greatest release volumes.

To understand the distribution of both manufactured and released chemicals, chemical names for both
the TRI and TSCA CDR datasets were placed into categories using a database developed by Corona for an
EPA assessment of acute contamination threats to public water supplies in the United States. These
categories were broadly developed to reflect general chemical characteristics most relevant to drinking
water systems, such as human health toxicity and treatability. The TRI dataset is limited to toxic
chemicals, which are generally those causing cancer or other chronic human health effects, significant
adverse acute human health effects or significant adverse environmental effects. The TRl list currently
contains 770 chemicals and 33 chemical categories, many of which were encountered during
development of the EPA chemical category matching dataset. This overlap lead to the majority of
chemicals in the merged TRI dataset being successfully matched to a chemical category by chemical

Phase 2 Predictive Modeling Study — Final Report Page | 41



127

Co R NAI ENVIRONMENTAL
CONSULTING

abstract service number (CAS) or chemical name. After a review of the unmatched chemicals, only one
chemical name out of 595 was left unmatched. In contrast, the TSCA CDR dataset contains any
substance produced or imported into the United States above the reporting threshold regardless of
toxicity. Only 48% of the total chemicals in the TSCA CDR dataset were successfully matched using the
previously developed EPA database. However, it is expected that most of the contaminants of greatest
interest to the drinking water community would be among the list of contaminants that were matched
to a category.

The TRI dataset includes data for releases to multiple air, water and ground pathways. Releases to air
may be expected to have a different magnitude of impact on drinking water quality than releases to
water or ground due to the additional fate and transport mechanisms involved in air transport and
deposition. To investigate whether any of the top contaminants released by volume and occurrence
were dominated by releases to air, the top 10 list was reviewed for the set of facilities with no releases
to air. Releases to air were defined as the sum of the ‘Fugitive Air’ and ‘Stack Air’ data fields from the TRI
dataset. (Products sent to incinerators are considered ‘off-site treatment’ and are not included the
release totals in the TRI dataset.)

Results

TSCA CDR Results

The TSCA CDR dataset included 8,316 unique chemicals, covering over 35,000 entries at specific
facilities. Overall chemical production was relatively similar across the four years included in the dataset
(Figure 21). Seventy-eight percent of chemicals were produced at quantities under 1 billion pounds.

Figure 21 Annual number of TSCA CDR chemicals for each binned national aggregate production volume
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When aggregated by chemical category, the greatest production volumes in 2016 were for petroleum
products (excluding diesel and gasoline), organic chemicals and inorganic chemicals (Figure 22).
However, the total production volume of chemicals that were not matched to any category was second
only to petroleum products in total production volume. A quick skim of the list of uncategorized
contaminants revealed a wide variety of chemicals and mixtures. Additional research would be required
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to confidently place these substances into one of the established chemical categories. Several of the
chemical categories with the largest production volumes are likely to contain substances with state or
federal drinking water regulations, such as Cyanide Compounds, Pesticides or Herbicides, Organic
Chemicals, etc.

Figure 22 TSCA CDR total production volume and frequency of production for 2016 aggregated by chemical
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Chemical production volumes by category remained relatively stable over the 4-year study period,
except for paint, which had variable production volume from year to year and petroleum products,
which showed an increasing trend in production volume over time (Figure 23).

Figure 23 The TSCA CDR production volume aggregated by chemical category over 4 years
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Annual production data for the top ten chemicals produced in the greatest volumes in the United States
are displayed in Figure 24. Production volumes for each of the top 10 chemicals remained relatively
constant over the study period, with the exception of a slight increase in butane and ethane. Leach
solutions, a byproduct of mining/metallurgy operations, and sulfite liquors, a byproduct of paper pulp
manufacturing, exceeded production in the other categories by approximately an order of magnitude.
None of the top 10 chemicals by production volume have federal MCLs, although leach solutions, sulfite
liquors and fly ash (a chemically diverse byproduct of coal combustion) are mixtures that may contain
federally regulated substances. Butane and ethane are generally gaseous at under atmospheric
pressure and temperature and thus are not anticipated to pose a significant threat to drinking water
quality.

Figure 24 Annual production volumes for the top ten chemicals produced in the greatest volumes in 2016
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The 60 chemicals produced or imported in 2016 that were not previously reported in 2012, 2013 or
2014 are listed below. Further review of the fate, transport, potential health impacts and treatability of
these substances may identify a set of contaminants that could become priorities farther in the future,
as the drinking water quality and public health impacts of many of these substances are likely not well
understood.

¢ 1-Butanol, 3-methyl-

¢ 1-Hexadecanol, 1-(dihydrogen phosphate), potassium salt (1:1)

¢ 1-Propene, 1-chloro-3,3,3-trifluoro-, (1E)-, manufacturing of, residues

¢ 1,2-Benzenedicarboxylic acid, 1,2-dihexyl ester

¢ 1,2-Benzenedicarboxylic acid, di-C11-14-branched alkyl esters, C13-rich

¢ 2-Butenedioic acid (2Z)-, 1-dodecyl ester

¢ 2-Naphthalenesulfonic acid, 6-hydroxy-5-[2-(2-methoxy-5-methyl-4-s ulfophenyl)diazenyl]-,
sodium salt (1:2)

¢ 2-Propen-l-amine

¢ 2-Propen-1-amine, N-2-propen-1-yl-

¢ 2-Propen-1-amine, N-ethyl-2-methyl-

¢ 3,8-Dioxa-4,7-disiladecane, 4,4,7,7-tetraethoxy-
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¢ 4-Undecanol, 7-ethyl-2-methyl-

¢ 7-Octen-2-ol, 2-methyl-6-methylene-, 2-acetate
¢ 9-Octadecenoic acid (9Z)-, 2,3-dihydroxypropyl ester
¢ Acetic acid, ammonium zinc salt (1:?:?)

¢ Aliphatic glycol (PROVISIONAL)

¢ Alkanes, C10-13-branched and linear

*  Alkanes, C12-15-branched and linear

¢ Alkanes, C14-16-branched and linear

¢ Alkanes, C15-19-branched and linear

* Alkanes, C18-24-branched and linear

*  Alkanes, C8-11-branched and linear

*  Alkanes, C9-12-branched and linear

¢ Alkanes, C9-13-branched and linear

¢ Benzene, octyl-

¢ Benzenepropanal, .alpha.,.alpha.-dimethyl-

* Benzenesulfonic acid, C16-24-alkyl derivs.

¢ Benzothiazole, 2-[(chloromethyl)thio]-

¢ Betaines, C10-16-alkyl(2-hydroxy-3-s ulfopropyl)dimethyl

¢ Carbon fluoride

¢ Chromium, 4-hydroxy-3-[2-(2-hydroxy-1-n aphthalenyl)diazenyl]benzenesulfonamide N-[7-
hydroxy-8-[2-(2-hydroxy-5-n itrophenyl)diazenyl]-1-n aphthalenyl]acetamide lithium sodium
complexes

¢ D-Fructose

« Distillates (petroleum), naphtha-raffinate pyrolyzate-derived, gasoline-blending

¢ Fatty acids, C18-unsatd., dimers, reaction products with diethylenetriamine

¢ Fatty acids, tall-oil, compds. with oleylamine

*  Fatty acids, tall-oil, reaction products with 2-[(2-aminoethyl)amino]ethanol

¢ Fatty acids, unsaturated, reaction products with unsaturated heterocycle (PROVISIONAL)

*  Fatty acids, vegetable-oil, reaction products with diethylenetriamine, acetates

¢ Glycine, N,N'-1,2-ethanediylbis[N-(carboxymethyl)-, potassium salt (1:4)

¢ Hexanoic acid, 3,5,5-trimethyl-, 1,1'-[2-ethyl-2-[[(3,5,5-trimethyl-1-0 xohexyl)oxy]methyl]-1,3-
propanediyl] ester

¢ Isononanoic acid, 2-ethylhexyl ester

¢ Isononanoic acid, C16-18-alkyl esters

¢ Isononanoic acid, triester with 2,2'-[oxybis(methylene)]bis[2-( hydroxymethyl)-1,3-propanediol]
tris(2-ethylhexanoate)

¢ Magnesium, chloromethyl-

¢ Maleate mixed esters with straight and branched alkyl alcohols (PROVISIONAL)

¢ Morpholine, 4-ethyl-

¢ Morpholinium, 4-dodecyl-4-ethyl-, ethyl sulfate (1:1)

¢ Morpholinium, 4-ethyl-4-hexadecyl-, ethyl sulfate (1:1)

¢ Phosphinic acid, calcium salt (2:1)

¢ Phosphorous acid, tris(methylphenyl) ester

¢ Polyaromatic organophosphorus compound (PROVISIONAL)
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¢ Propanoic acid, 2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy)-

¢ Propanoic acid, 2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy)-, ammonium salt (1:1)
¢ Pyridine, alkyl derivs., acetates

¢ Quaternary ammonium compounds, (oxydi-2,1-ethanediyl)bis[coco alkyldimethyl, dichlorides
¢ Reaction product of alkylthioalcohol and substituted phosphorus compound (PROVISIONAL)

¢ Sulfonic acids, C15-20-alkane hydroxy and C15-20-alkene, sodium salts

¢ Sulfurized hydrocarbon

¢ Tetradecane, naphthalenediylbis-

¢ Tetradecane, naphthalenetriyltris-

The EPA allows companies to redact certain Confidential Business Information (CBI) from the publicly
available TSCA CDR dataset. The identity of the chemical may not be withheld but other production and
facility information may be claimed as CBI and withheld (Table 21). Information about the parent
company is withheld at a rate nearly twice that of the site company. More than one third of production
volumes for 2016 are redacted as CBI. Over the four-year record, the percentage of redacted production
volumes decreased by 8%.
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Table 21 Number and Percent of Confidential Business Information (CBI) entries in the TSCA CDR dataset for
2016

Data Field Number of CBI Percent of CBI Records
Records
CASRN 0 0
Chemical Name 0 0
2016 Domestic Production 12991 37
2014 Domestic Production 14961 42
2013 Domestic Production 12899 42
2012 Domestic Production 15587 44
Parent Name 4131 12
Parent Address 4131 12
Parent State’ 4131 12
Site Name 2223 6.3
Site Address 2223 6.3
Site State 2223 6.3
TRI Results

The total mass of releases over the 9-year study period from 2012-2020 generally follows the same
distribution as the number of releases (Figure 25). Inorganic and organic chemicals have both the
greatest total number of releases and release amounts. Acids and fertilizers are the next two categories
released most frequently and in the greatest masses. Petroleum products included in the TRI dataset
are naphthalene, polychlorinated biphenyls, and polychlorinated alkanes; diesel and gasoline products
are excluded from reporting. Several of the chemical categories are likely to contain regulated
substances, such as Cyanide Compounds, Pesticides or Herbicides, Organic Chemicals, etc. In the next
phase of work, we will investigate whether these releases are primarily to air, which may have a more
diffuse impact on drinking water sources, or other pathways that might affect drinking water sources
more directly (e.g., land or water).
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Figure 25 Number and cumulative quantity of releases by chemical category in the TRI dataset (2012-2020)
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The trend in releases of toxic substances over the study period is variable by category (Figure 26).
Organic, inorganic, fertilizer, non-diesel or gasoline petroleum products and antifreeze chemical releases
have not significantly changed since 2012. However, acids, coal combustion by-products, and trade
name chemical releases appear to be decreasing in total released mass since 2012. Other categories,
such as chlorine, cyanide compounds, and pesticides/herbicides do not have obvious trends.

Firefighting foam was introduced as a reportable chemical category in 2020 with the introduction of
certain per- and polyfluoroalkyl substances (PFAS) to the list of reportable substances under the TRI
program. Some of the firefighting foams contain PFAS that are likely to be regulated at the federal level
soon and are already regulated in some states. Paint was last reported as released in 2017 when a
single paint product with a unique chemical fingerprint was reported.

A small but noticeable decrease in releases was observed for reporting year 2020 across all of the
chemical categories. Fertilizer and organic chemicals demonstrate this trend most obviously. Our
hypothesis is that this consistent decrease in 2020 is likely due to supply chain challenges during the
Coronavirus-19 pandemic. It would be interesting to compare this trend against 2020 TSCA CDR
chemical production and import data when it becomes available.
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Figure 26 Annual release totals for all chemical categories 2012-2020
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In the category with the greatest released mass, inorganic chemicals, six have federal MCLs chemicals
(arsenic, barium, chromium, copper, nickel, and nitrate compounds) (Figure 27). Except for arsenic
compounds, each of the top ten inorganic chemicals displayed the same decrease in releases in 2020
that was seen in the category as a whole.

Despite the 2020 decrease and overall variable releases, seven of the most commonly released
substances had increasing releases overall from 2012 to 2020. Barium, lead, copper, manganese, nickel,
and chromium had modest increases in 2017/2018 and are still above former levels despite the 2020
drop. Arsenic compound releases increased significantly in 2018, and this is the only category for which
releases increased in 2020. Vanadium and zinc releases were the only two among the top 10 inorganic
chemicals to decrease. Nitrate releases were stable over the study period, except for the 2020 drop.
Certain chemicals on the list of top 10 released inorganics have federal drinking water standards:
arsenic, barium, chromium, copper, nickel, and nitrate all have federal MCLs, and manganese has an
SMCL.

The inorganic chemicals with the top 10 greatest released masses were also the top 10 releases overall,
with the exception of methanol and sulfuric acid which replaced nickel and vanadium compounds.
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Figure 27 Total releases for the top chemicals in the inorganic category
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The category with the second highest total releases was organic chemicals. Figure 28 displays release
totals for the top ten chemicals in the organic chemical category. Three of these organic chemicals have
federal MCLs (styrene, toluene, and xylene). Unlike the inorganic chemicals, releases of organic
chemicals remained relatively stable for six of the ten chemicals (certain glycol ethers, formaldehyde,
methanol, formic acid, n-Hexane, and styrene), with the exception of the 2020 drop. Toluene, xylene,
and ethylene are generally decreasing, while acetonitrile has increased. A decrease in 2020 is again
evident across all chemicals. Two of the three inorganic chemicals with federal MCLs have noticeably
decreasing releases across the time period (toluene and xylene), while styrene has remained stable.
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Figure 28 Release totals for the top ten chemicals in the organic chemicals category
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Releases to Air

Releases to air in 2020, as defined previously, constituted 14% of the total volume of reported releases.
Among facilities with no releases to air, asbestos, sodium nitrite and nitric acid moved up into the list of
top 10 chemicals released by volume, pushing lead, arsenic and methanol farther down the list but still
within the top 30 releases by volume. Only sulfuric acid was pushed significantly farther down the list,
since this chemical was further defined as ‘acid aerosols including mists, vapors, gas, fog, and other
airborne forms of any particle size’ in the TRI dataset. The rest of the list of top 10 released chemicals by
volume was unchanged by the inclusion of releases to air.

Regional Release Maps

The release of chemicals varies by state due to different levels of production and usage [Fig. 30].

Overall, releases are greatest in the southeastern and southwestern states. Many southern states have
large total reported releases in multiple categories due to high levels of production and industry. Texas
in particular has significant releases in nearly all chemical categories. By contrast, the northeast has very
few and/or small releases across all categories. Releases are typically widespread across the country
and are very rarely concentrated in a few states. The two exceptions are firefighting foam and paint,
which are only reported in two states. This possibly reflects a niche industry where production of
products with reportable substances is concentrated among few companies or factories or confusion
over reporting requirements for categories where requirements have changed, as for PFAS in firefighting
foams. Interestingly, Alaska had the highest total releases despite only having releases in two
categories, inorganic chemicals and cyanide compounds. This result may be due to extensive mining
activities, as evidenced by similar patterns for Texas and Nevada, two other states with significant
mining activities.
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Table 22 presents a summary of the chemicals with the largest production volumes and largest total
release masses from the analysis. Sulfuric acid was the only chemical common to both lists, although
Leach Solutions, with the second largest production volume, may include some of the top 10 chemicals
by release mass (e.g., copper, lead or zinc compounds).

Table 22 Chemicals with the top 10 production volumes and release masses

Release Data (2020) Production Data (2016)

Lead Compounds Leach solutions

Zinc Compounds

Sulfite/Cooking liquors

Manganese Compounds

Fuels, diesel No. 2

Barium Compounds

Ethanol

Arsenic Compounds

Calcium oxide silicate

Nitrate Compounds

Fly ash

Copper Compounds

Sulfuric acid

Chromium Compounds

Calcium hydroxide

Methanol

Butane

Sulfuric Acid

Ethane

5 Evaluate POU/POE Treatment Options

In Task 5, the outcomes of Tasks 1-4 were reviewed to develop a list of the contaminants of highest
concern identified by each analysis. The development of the list of contaminants of the highest concern
considered the analyses conducted in each task and the corresponding outcomes, as well as the authors’
best professional judgment on those contaminants that were appropriate for consideration. The
chemicals identified from Task 4 were reported as the top produced and/or released chemicals by the
EPA. These chemicals were included on the list of contaminants of highest concern, even in cases of
little to no data available for drinking water occurrence, as they could represent potential future
challenges.

Once the list of the contaminants of the highest concern was compiled, the contaminants were
evaluated based on the reasons they were selected, their priority as a drinking water contaminant of
concern, and the POU and/or POE treatment options currently available for each contaminant. The
evaluations were made through conducting research of available publications as well as the authors’
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best professional judgment gained from knowledge and experience working in the drinking water
community.

Table 23 provides an abbreviated version of the Task 5 deliverable spreadsheet, submitted with this final
report. The abbreviated table includes the full list of contaminants, the priority ranking as a drinking
water contaminant, the reason for inclusion on the list, the POU/POE treatment category, and the POE
and POU treatment options currently available. Contaminants for which POU/POE treatment is not
applicable or dependent on the chemical composition of the contaminant that is not specified are listed
and described separately in Table 24. The full Task 5 deliverable spreadsheet also includes references
and additional information for the contaminants on the list. There are two types of rankings provided in
the table: priority for drinking water and POU/POE treatment category. These are qualitative and
subjective rankings assigned by the authors based on the best information available and expert
knowledge. Below is an explanation for the rankings shown in the table:

e Priority for drinking water:

1. High — contaminants have understood health risks, relatively high occurrence in drinking
water at levels of concern based on their health risks in all or most states across the US, and
are high priority for the drinking water community (i.e., utilities, treatment providers,
researchers, consumers, etc.)

2. Medium — contaminants that have understood health risks, aesthetic effects, or are
emerging contaminants of interest for the drinking water community, occurrence in drinking
water at levels of concern may be nationwide or limited to certain regions with
contaminated source water

3. Low — contaminants that have aesthetic effects and are not high priority for the drinking
water community at large

e POU/POE treatment category:

1. Established — Established POU/POE treatment evidenced by NSF/ANSI certified products
based on removal claims for contaminant of interest (NSF 2022); available technologies are
relatively efficient at removing the contaminant of interest

2. Available — POU/POE treatment available, needs further research, testing, and/or validation;
there may be NSF/ANSI certified products available but there is no verified removal claim for
the contaminant of interest, only one technology type is certified while other technologies
exist but are not certified for removing the contaminant, or available treatment
technologies are not relatively effective or efficient at removing the contaminant of interest

3. Not Available — POU/POE treatment not well established, not available, or not applicable; no
NSF/ANSI certified products with verified removal claims for the contaminant of interest

The results shown in Table 23 provide a summary of the POU/POE treatment options currently available
for top priority contaminants, as well as the gaps that may exist in treatment options. The results
provided in the table do not consider aspects such as the initial cost, operational and/or maintenance
costs (i.e., filter replacements, energy costs), operational challenges, site-specific considerations, or any
unintended consequences associated with the POU/POE treatment options. It is recommended that
these aspects be explored deeper to truly assess the opportunities available for improving POU/POE
treatment options for top priority contaminants.

Phase 2 Predictive Modeling Study — Final Report Page | 57



143

85 | 98ed

Hioday [eutd — Apnas BullBPOIN 3ARDIPRId T 3seyd

uondJospe + uoljey|iy dulq

suoneodlqnd pue ssjpie

MBU JUS3J J0J Y2Je3S qOM Ul PaLJIIUSP|
9|ny Jaddo) 13 peaT 01 SUOISIARS 1USI3Y
(,spunodwod pes|, ) erep

ases|al [e2IWBYD 0ZOT 404 151 0T doL 4
DN [eISp3) 43N0

92U3.JN220 /M SSMd UO paseq 1sl| 0T dol
SUoRe|oIn YMAS paseq

SISOWSO 9SIDNDY uopdJospe + uones|ly aul4 paysi|qeis3 yjjeay Jo Jaquinu uo paseq 3si| 0T do] , T peal
(,Spunodwod Jaddo, ) erep
(uo1s0.402 9se9|aJ [BIIWSYD 0ZOT 404 15!| OT dOL 4
awoy-ul s nos Jaddod 1D [BI9P34 JaNO
1) 4911 Buizijeanau Hd 92U344NI20 /M SSMd UO paseq sl 0T doy .
uIsaJ a8ueydIXa uone) usaJ a8ueyoxa uone) SUOIIe|OIA YAJS Paseq
(0Yy) sisowso as1anay SISOWSO 9SI9NDY paysi|qe1s3 yjjeay Jo Jaquinu uo paseq 3si| 0T do] , T 1addo)
eulwN|e pajeAnde
pue uisaJ uolue padop-uoJ)|
apIxoJpAy/Axo wnjuer]
320|q uogqJe) (uonesauasal saiinbau)
(0Y) sIsowso asianay puesusau3 asauedue|y (,Spunodwod J1ussie, ) erep
apIxoJpAy/Axo wnjueyr] (uonessuadas 9ses|aJ [B2IWBYD 0ZOT 40) 151| OT do 4
a8ueyoxe uoluy saJinbal) pag paxiy DN [BI9PR) JaA0
Buneod apIxo uoJl INOYIM e Ul uisaJ @8ueyoxe uoluy 92UBJIN220 /M SSAd UO paseq 1si| 0T doj ,
JO UM BUIWN[E PRIBAINDY eUIWN|E PRIBAIDY SUOIIe|OIN YAJS Paseq
S9pPIX0JPAY/apIXO UOJ| SOPIX0JPAY/BPIXO UOJ| paysi|qe1s3 y1jeay Jo Jaquinu uo paseq 3si| 0T do , T Jluasy
918\
Aio8ared Supjung
suondQ juswieasl suondo awieasl  uswiedll 10}
(n0d) @sn 0 1uiod (30d) Anuz jojulod  30d4/N0d uoisnpuj Jojuoseay  Auond jueulwe3u0)

sjueujweluod Ayond 3saysiy Joy suoido Juawieast NOd Pue 30d €2 2|9el



144

65 | o8ed Hoday [euld — Apnis BujapoIA 2AROIPRI T 9BYd
(S4931) TETJ ‘UOIIBUOZO ‘SISOWISO ISIDASI “°1) JUBWIILI}
1e2180]01G0Jo1W 40} P3ISI| S3IS0]0UYIS} JBY3I0 dY3 § 90 OU 248 By "S0UBWIOSd UOIFIBUISIP g SSB|D PUB Y/ SSB|D JO4 SWIBD YUM SWIsAs

JuswWieau] Ja1em [ed130jolqosdiw (AN) 19]01ARAN Jo) Suoido JUSWIeaI) 304 PUB NOd PRSI [SNY/4SN SJe 849Y) 18] $21e21pUl (ZZ0T 4SN) dUS 4SN 3YL ;

SI3|Y pa3ed TeTd
uoneuozQ
(0Y) sIsowso asianay

uoneuozQ
(0Y) sIsowso asianay

SUONEIOIA YMAS Paseq

(An) 19101AEIN (An) 19101ARIN 19|q.|leAY y3|eay Jo Jaquinu uo paseq 1si| 0T do L T wojljo) jerol
SJeaA OT-G 1Xau Ul
s9|NY d9a/N 01 s98uUeyd 24NN [BIIUSIO 4
suonealgnd pue sajonue
sJ4911) }20|q MSU US98 JOJ 2JB3S gOM Ul PRIJIUSP
uogJed pue ‘(Qyd) uogJes 1D |eJapay Jano
paieande passpmod ‘(D) (ovo) 82UBJINID0 /M SSMd UO paseq 1sl| 0T dol ,
uoqJed paleAnde Jejnuelo uogJed paleAlde Jejnueln SUONE|OIA YAJS Paseq
(0Y) sisowso asiansy (0Y) sisowso asiansy paysijiqels3 y11eay Jo Jaquinu uo paseq sl 0T doj T (WHLL) sdga
suonealgnd pue ssjonJe
MSU 1US23. JOJ 2Je3S gOM Ul PRIJIUSP
suisaJ agueyoxa suisal agueyoxa (,spunodwod a1esiu, ) erep
uolue ,8A123|9S,, 91RIUN uolue ,8A1I3|9S,, 91.IUN 95e3|2J [BIIWBYD 0ZOT 404 151] 0T dOL 4
(98ueyaxa uor sAnnadwod (98ueyaxa uol sAnnadwod T |eISpPR) J9NO
$918J|ns 013123[gns) sa1ej|ns 01323[gns) 92U81INJ0 /M SS\G UO paseq 1sl| 0T do]
uisaJ 98ueyoxs uoluy uisaJ 98ueyoxs uoluy SUONE|OIA YANQS paseq
(0Y) sIsowso as19ndY (0Y) sisowso as19A9Y  paysi|qels] Yijeay Jo Jaquinu uo paseq1sl| 0T do] , T ajeniN
1218
Aio8a1e) Sunjunug
suondo uawieasl suondQ usawieal]  judwieasl 104
(nOd) @sn jo utod (30d) Auzjoulod  304/n0d uoisnpouj Joj uoseay  Auonud jueulweluo)



145

09 | a8eq Hoday [euld — Apn3S BUIOPOIAl 2ARIPRI T 3SBYd
(4931 TETJ ‘UOIIBUOZO ‘SISOWISO JSIBASI “°1) JUBWIIEIY
182180]01G0JDIW 404 PAISI| SBIS0|OUYID)} Y10 Y3 8 13 OU BB 3| "IIUBWIOLD UOIIIBJUISIP g SSE|D PUB Y SSB|D JO4 SWIBD YUM SWISAS

Juswieas] Ja1em [ediSojolqosdiw (AN) 19J0IARAN Joj suondo JusWIEaI] 304 PUB NOd PRSI [SNY/4SN SJe 13Y) 1ey) sa1ed1pul (z20Z 4SN) 1S 4SN dYL ,

uisaJ 98ueyoxa uoluy
sd914 32019

uogJed pue ‘(Qyd) uogued
pajeanoe passpmod ‘(Qy9)
uogJed paleAnde Jejnuelo

uisaJs 98ueyoxa uoluy
(ovo)

vd3 Aq pauue|d suonendas Suiwoadn,
suopedljgnd pue sa|dle smau

U284 J0J Y2Jeas gam ui Suipuyy do] ,
SYINDN

(0Y) s1sowso as1anay uogJed pajeAnde Jejnuely  paysiigeisy  Suiwoddn pue £YINDN S, ¥d3 Ul PIpN|oU|, T (SO4d + V0O4d) Svid
s1eah 0T-G 1XaU Ul
$9INY dga/IA 01 sa8ueyd B4NINJ [B1IUSIOd 4
YYINDN S,Vd3 Ul papnul (6YVH “489VVH)
paie|ngalun pue (SyvH) paie|n3ay
suonedlgnd pue ss|ie
sJ91)1 32019 MBU U3 10} Y2Jeas qam Ul PaljIIuap|
uoqJed pue ‘(Qyd) uoged IO |eI9pP3) J9A0
paleanoe passpmod ‘(JyD) (ovD) 92U3JIN220 /M SSANd UO paseq 15| 0T doJ
uoqJed paleAlde Jejnueso uoqJed pajeAnde Jejnueso suolejoln YAMAS paseq
(0Yy) sisowso asianay (0Yy) sisowso asianay a|qejieny UY3jeay Jo Jaquinu uo paseq 1sl| 0T do 4 T (6VVH/SVVH) sdad
811 5722 S,Vd3 Ul papnjaul,
SI91|1) paIRI TEZd suonedlqnd pue ssjiJe
|ea18001q uoJdIW Z°0 uoneuozo SM3U U923 JOJ |249S gaM Ul PaljIusp)
uoneuozQ (0Y) sisowso asianay 3|y d9a/n
(AN) 19101ABIIN (AN) 19j01ARIIN 2 dlqe|leny 01 sadueyd Ao1e|ndas auninj |BIIUS10d 4 T pjjauoibay
193
Aio8are) Sunjuua
suondo uawieasl suondQ uawieasl  juswieail 104
(nOd) @sn jo utod (30d) Auzjouiod  304/n0d uoisnpouj 1oy uoseay  Ajuond ueuiweluo)



146

19 | 88ed

Hoday [euld — Apn3s BUISPOIA SAIIP3Id T 35eYd

(0Y) sisowso asiansy
1911} puesSUIAID

uoneJy|l / UonepIxo
I3}l pUBSUIRID

DN 81€35 Jano

usaJ a8ueydxa uo| uIsas 98UBYOXS UO|  PaYsIqeIs]  S2USIINI0 /M SSM UO paseq 1sl| 0T dof, z uoy|
(0Y) sisowso asiansy
(@8ueyaxa suonedlgnd pue sspd1e
3uey Jo uopesauadal SM3U 1U323J JOJ U2Je3S gaM Ul P3IJIIUBP| 4
saJinbaJ) a8ueyoxa uoluy TOIN [eJ9p3) Jano
(0Y) sIsowso asianay (@8ueyaxa 82UBJINID0 /M SSMd UO paseq 1sl| 0T doJ ,
a8ueyoxa uoluy 3ue) Jo uoljesauasal SUOI3e|OIN YAAS Paseq
euUlwN|e PAJBAIDY salinbaJ) eujwinje pajeAldy  paysljgelsy yijeay Jo Jaquinu uo paseq 3sl| 0T do] z apuon|4
(0Y) sIsowso asianay (0Y) sIsowso asianay (,sSpunodwod wnueq, ) exep
uisal @8ueyoxa uone) ulsaJ 98ueydxa uolle)  paysliqeisy 9se3[aJ [e2IWAYD 0ZOT 404 35I| OT dOoJ 4 z wnieg
(SYVH) sd9Q 491J€ JUeUIWEIU0D FYINDN
SISOWSO 95J9NdY P10919p 1S0W ‘PYININ S,¥dT Ul papn|oul,
apIxolp asaueSuew olp 351] §122 S,¥d3 U0 papnjoul,
/J91|1) puesusaID  asaueSuew /J91jl puesusaI TDIA 93835 Jano
ulsaJ a8ueydxa uo| 98ueYdXa UO|  PaYSI|RIST  ©IUDJIINII0 /M SSANd UO paseq 1si| 0T doy, T asauedueln
(aaea01Y0
S9UIWESOJIIU JO [EAOWDI S9UIWESOJIU JO ‘saulwesosu
JOJ 9AI}DD)JD 10U dJB  |EAOWS JOJ DAIIIDYD JOU dJe s1eah QT-G IXau Ul ‘SINIHL pajeutpol
suodo Juswieau) aN0qY suondo Juswieal) dN0qY s3|NyY d9a/N 01 S98uUeyd 2JN1INJ [RIIUSI0 4 ‘saueyjawoijiuojey
(ov9) (ov9) S22 5,¥d3 Ul papnpul s4ga paiendaiun, ‘sa|l)u033de0|RY
uoQgJed PaJeAIdE JBjnUEID u0qJed PIJeAIe JejnUEID suopiedljqnd pue sapipe a1
(0Y) sisowso as1anay (0Yy) sisowso as1anay a|qe|ieny MBU U234 JOJ Y2Jeas gaMm Ul PaLIIUSP] T  ‘paendaiun) sdgq
uisaJ 98ueyoxs uoluy Vd3 Aq pauueld suonengas Sulwooadn,
S433J14 320|q suonedlgnd pue 32134 SMau
uoqJed pue ‘(Qyd) uoged U294 J0J Yy24eas gam ul Suipuly doj ,
paleande passpmod ‘(Qy9) uIsaJ a8ueyoxs uoluy SYINDN
uO0QJed PRIBAIIE JB|NUBID (ovo) Suiwoadn pue €YNDN S,¥d3T Ul PapNRUl,
(0y) sisowso as1anay slqe|ieny §100 S,Vd3 Ul papn|oul, T (Sv4d 48Y10) Svid
J191eM
Aio8a1e) Sunjunug
suondo uawieasl suondQ usawieal]  judwieasl 104
(nOd) @sn jo utod (30d) Auzjoulod  304/n0d uoisnpouj Joj uoseay  Auonud jueulweluo)



147

79 | °8ed

Hoday [euld — Apn3s BUISPOIA 3AIP3Id T 35eYd

SUIX010UBAD JSY10 JOJ SWIIE|D [BAOWS. P3IJI1ISD OU SJE 3J3Y] ‘SWIE|D [EAOW) UNSAI0IIIW PaIINISD [SNY/4SN YUm suoindo Jusuwiiesst 30d/N0d 24 24941 9)Iym ¢

s49114 32019

uogJed pue ‘(Qyd) uogJed
paleanoe passpmod ‘(QyD)
uoqJed paleAnnde Jejnuess

(ovo)
uogJed pajeAiIde Jejnuess

suoneslqnd pue sajoie
MBU JU323J JOJ Y2Jeas GaM Ul PaljIIuap|
VHNDIN S,¥d3 Ul PIpNRUl,

(0Y) sisowso as1anay (0Y) sisowso asianay c9|qejieny 5120 S,¥d3 Ul papn|oul, z suixojoueA)
S490114 32019
uogued pue ‘(Jvd) uogaed (do)
pajennnoe paispmod ‘(Qv9) (ovo) EYINON $,Vd3 Ul papnjoul, auedoudoiojydiy
uoQJEd PIIBAIIIE JB|NUEID UO0QJEed PIIBAIIIE JB|NUEID a|ge|ieny 5120 S,¥d3 Ul papnjul, z -€7'T
SISOWSO 9SI9N9Y (0Y) sIsowso as1anay
(s|qesuadal (s|qesuadal
-uou pue 3jqeausadal) -uou pue ajqeausadal)
uisaJ 98ueydxa uoluy uisaJ 98ueydxa uoluy a|qe|ieny UJ92U09 JO JueUIWERIUO0D SuISIBWT, z ?jeJo|ydlad
2202 Y2JB Ul pases|aJ suoljejngal wniwoJyd
WINIWOJYD JUS[BABXSY YBIP S, VD4 |e101 ‘9-winjwouay)
uisaJ 98ueyaxs uo| uisaJ 98ueydxa uo| (,,spunodwod wniwoJyd, ) eiep /spunodwo)
(0Y) sisowso asianay (0Y) sisowso asiandy  paysli|qeisy 2sea]aJ [B2IWAYD 0Z0T 404 35!| 0T doJ , z wniwoiyd
(0Y) sisowso as1anay TN [BJSpPR) JBN0
(wioy (0Y) sisowso asiansy 92U344N220 /M SSMd UO paseq 15| 0T doJ ,
9plIOoJY2) suisas adueyoxs (wJoj apuojy2) suisal SUOI.|OIA YANQS Paseq eyd|y
uolue aseq Suos}s  a8ueyoxs uolue aseq Suosls  paysliqeisy y1jeay Jo Jaquinu uo paseq 3si| 0T doj z $5049 /wniueln
suonedlgnd pue sa|a1e
M3U JU334 10} YdJeas gam Ul PaLIIuap|,
TDIA [eJapa) Jan0
92US14N220 /M SSA UO paseq 1s| 0T dol
SISOWSO 95J9NdY (0Y) sisowso asianay SUOIIB|OIA QS Paseq
Bujuayyos aSueyoxe uone) Sujusyyos aSueyoxa uone)  paysiqeisy y1jeay Jo Jaquinu uo paseq 1si| 0T do] z wnipey
191eM
Aio8a1e) Supjuua
suondQ jusawieasl suondQ juswieall  juswiledll 104
(NOd) @sn 30 1u10d (30d) Anug jo iod 30d4/Nn0d uoIsnpUu| 10} uoseady Auoud jueuiweljuo)



148

€9 | a8ed

Hoday [euld — Apn3s BUISPOIA SAIIP3Id T 35eYd

(0Y) sIsowso asIansy

(0Y) sIsowso as1ansy

(,spunodwod ouiz, ) erep

uisaJ a8ueydxa uo| uisas a8ueydoxa Uo|  paysljgels] 95e3[3J |B2IWBYI 0ZOT 404 35I| OT dOL 4 € Juiz
1931 Suizijesinau Hd {suondo yuawiean
uones3|y elpaw aARdiospy 30d/N0d 104
uisaJ 98ueydxa uoluy elep paJapisuod ayeyins)
(0Y) sisowso as1anay 1931 Surzijesnau Hd s|qejleny  uononpoud [ed1wayd 9Tz 404 3s!| 0T doj 4 € pIaY dunyIns
1D urswi Jano
ulsaJ a8ueydxa uo| ulsaJ a8ueydxa uo| SUO[3eJ3UBIU0D SUISERIOUI “TDIN B1B1S JOAD
(0Y) sisowso as1anay (0Yy) sisowso as1anay S|gejleAy  32US4INI0 /M SSAM UO paseq sl 0T do . € apuojyd
(0Y) sisowso asiansy
(sssupJey/wnioed (sssupJey/wniojed
10} JUSWIEAI]) JBUSOS J0J JUBWIEAI]) JBUSOS elep ajeal|is
J91eM 38URYIXS UOPE) Joiem a8ueyoxa uone)  paysiiqeisy  uonanpoud [ediwayd 9Tog 404 1s!| 0T doL € apIxo wnpje)
(0Y) sIsowso asianay
(ssaupJey/wniojea (ssaupJey/wniojed
J0J JUBWIEAI]) JBUSOS J0J JUBWIEAI]) JBUSOS elep
J91eM 98UBYIXS UOKE) Jolem a8ueydxa uone)  paysiiqeisy  uonanpoud [ediwayd 9Tog 404 1s!| 0T doL € apixolpAy wnpje)
(ov9) (0Y) SIsowso as1ansYy uJ32U0d
u0qJEed POIBAIIIE JBINUBID (ovo) s|qe|ieny JO JueujwWEIU0D SUISIBWS Se PaLIUSP],
(0Y) sisowso as1anay uogJed pajeAnde Jejnuesn 10N 510D S,¥d3 Uo papn|pul, z auexolp-y‘T
UJ32U0D JO JUBUIWEIU0D SuISIaW,
(0Y) sisowso as1anay suopealqnd pue saIle
19114 20]q uogJe) (0Y) sisowso as1anay d|qe|lBAY  SMBU JUJ3J JOJ UOJEdS GOM Ul PIIJIIUBP] 4 z sonsejdonin
J191eM
Aio8a1e) Sunjunug
suondo uawieasl suondQ usawieal]  judwieasl 104
(nOd) @sn jo utod (30d) Auzjoulod  304/n0d uoisnpouj Joj uoseay  Auonud jueulweluo)



149

¥9 | 98ed

Hoday [euld — Apnas BulBPOIA 3ARDIPRId T 3seyd

uosodwod [ealwayd uo spuadap Juswieal | ejep uonanposd uopisodwod
9|qe|ieny 10N |e21WaY2 9TQZ 404 351 0T do] 4 |ea1wiayd uo Juspuadag suonn|os yaea
uosodwod [eaiwayd uo spuadap Juswieal | elep uonanposd uopisodwod
a|qe|ieny Jo0N |e21WaYd 9TQZ 40} 351 0T do] 4 |ea1wiayd uo Juspuadag Z# [9s31p ‘sjanyg
uosodwod [eaiwayd uo spuadap Juswieal ] ejep uonanpoid uopisodwod
a|qe|ieny J0N |e21WaYd 9TQZ 404 351 0T do] 4 |ea1wiayd uo juspuadag ysy Al4
J91eM 3UBjULIP JOJ UJ32UOD € 3 10U AB|p ejep uononpousd sionby|
d|qe|leny J0N |e21WBY2 9TOT 40§ 151 OT doL 4 € 8upjoo) /ayns
juswieas} NOd/30d 03 d|qeuswe elep uonanpoid
J0u Ajay1] “21uedio s|gepes3apoiq pue 3|11ejoA a|qe|ieny 10N |e21WaY2 9TQZ 404 351 0T do] 4 € |loueyis|y
JuswWIeas) NOd/I0d 01 d|qeuswe eiep uonanposd
J0u Ajay1| “d1uesio a|qepessapolg pue dj1ejoA a|qe|ieny Jo0N |e21WaYd 9T QT 40 351 0T do] 4 € |oueyy3
pinbi| e j0u ‘sed e se sinN220 aueyla ejep uononpoJsd
‘aunssaud pue aunjesadwsa) duaydsowsie Japun 3|qe|ieny Jo0N |ea1wayd 9TQZ 404 351 0T do] . € aueylyg
pinbij e 10U ‘sed e se sin220 sueing ejep uopnpoJsd
‘aunssaud pue aunjesadwa) duaydsowsie Japun a|qe|ieny Jo0N |ea1aYd 9TQZ 404 351 0T do] . € aueng
ajqednddy 2g 10N Aio8a1e)
Ae 10 pauiwizlag ag Jouue) suondo jJuawieas] 1918\
udwieall 30d/N0d AUm 10j suoseay 30d/N0d uoisnpuj 104 uoseay Sunjuuq 103 Auond jueuiwejuo)

2Jquaijddn aq 10U AbW JO PAUIWIISIBP 3G JOUUDI SUOIIAO JUBWIDAIY FOJ/NOd YIIYM JOf SJUDUIWIDIUOD PaLfiIuap] T 3|qoL



150

CORSNAIZTITNG

6 Develop Future Expectations for the POU/POE Industry

The objective of Task 6 is to synthesize the information collected through Tasks 1-5 to develop future
expectations for the POU/POE industry for the next 5- to 10-year horizon. The top priority contaminants
that were identified in Tasks 1-5 are grouped by federally regulated contaminants, state regulated
contaminants, and unregulated/emerging contaminants. The future expectations for these
contaminants and for the POU/POE industry with respect to each contaminant are described below.

Task 5 results for POU/POE treatment options are included in the summaries below for each
contaminant or group of contaminants. The Task 5 effort did not consider aspects such as the initial cost,
operational and/or maintenance costs (i.e., filter replacements, energy costs), operational challenges,
site-specific considerations, or any unintended consequences associated with the POU/POE treatment
options. There is a wide array of potential unintended consequences for POU/POE treatment that should
be considered by the POU/POE treatment industry and by consumers before treatment options are
implemented. These unintended consequences may be related to water quality and co-occurring
contaminants (i.e., some NSF/ANSI certifications specify a reference concentration and valency of
arsenic in the water), the impact of the treatment on water quality (i.e., removing the disinfectant
residual and risk for microbiological growth), or site-specific conditions. Any future research and
development related to POU/POE treatment options for the contaminants identified in this study or any
other drinking water concerns should always consider and attempt to mitigate all potential unintended
consequences.

Federally Regulated Contaminants

There are several federally regulated contaminants on the list of top priority contaminants, including
lead, copper, fluoride, regulated DBPs (TTHMs and HAAS), arsenic, nitrate, total coliform (inclusive of
E.coli), radium, uranium, and barium. While not currently federally regulated, PFAS was included in this
group because EPA has announced plans to propose a PFAS drinking water regulation in the fall of 2022.
The future expectations for the POU/POE industry regarding these contaminants are described below.

Lead and Copper

Lead and copper are high priority contaminants of concern and present a major opportunity for the
POU/POE industry over the next 5-10 years in terms of health risk reduction. Lead has been a hot topic
among the EPA, the broader drinking water community, and the public, due to the health risks
associated with lead and the prevalence of lead in distribution system service lines and in home
plumbing fixtures. December 16, 2021 was the effective date for EPA’s Revised Lead and Copper Rule,
and the initial compliance date is set to October 16, 2024. Also on December 16, 2021, EPA also
announced their developments of a new regulation, Lead and Copper Rule Improvements.

Over the next 5-10 years, we anticipate many drinking water systems will be working on meeting
compliance with the lead and copper rule (LCR) through replacing lead service lines and implementing
optimal corrosion control treatment. The outcomes of Task 5 (see Table 23) indicate that there are
established POU and POE options for lead, including reverse osmosis (RO) and fine filtration and
adsorption, and for copper, including RO, cation exchange, and pH neutralizing filters. In some cases,
drinking water utilities may implement the use of POU treatment as a compliance strategy. Denver
Water in Denver, Colorado is an example of a drinking water utility that is currently implement POU
treatment as one aspect of its Lead Reduction Program (https://www.denverwater.org/your-
water/water-quality/lead/filter-program). The City of Newark in Newark, New Jersey and the Newark
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Department of Water & Sewer Utilities have also implemented the use of POU filters for reducing
consumers’ lead exposure (https://www.newarkleadserviceline.com/filters). Beyond drinking water
utilities, consumers that may have concerns about lead levels in their own drinking water may also look
toward POU or POE treatment to reduce their exposure. Lead exposure at any level is understood to
present a health risk, and therefore, even consumers served by a drinking water system that is in
compliance with the LCR may look for additional treatment for lead.

We anticipate lead and copper to remain primary contaminants of concern in the next 5-10 years and
for the POU/POE industry to be an important aspect of meaningful health risk reduction through the
removal of lead and copper in drinking water.

Total Coliform and E.coli

One fundamental goal of drinking water treatment is to prevent pathogen growth and the risks
associated with a pathogen outbreak in drinking water through appropriate disinfection practices. Total
Coliform Rule (TCR) violations related to total coliform positive data were found to be the greatest
number of violations of MCL violations of the period of data analyzed in Task 1. Boil water alerts that
may be issued with these violations can be very disruptive and alarming to consumers. While the data
available for analysis were all from public water systems, it is expected that private well owners
experience similar or even greater exposure to drinking water contamination. The POU/POE industry
provides consumers with the opportunity for an additional and final barrier against microbial
contamination. The outcomes of Task 5 indicate established POU and POE options, including ultraviolet
(UV) light, RO, ozonation, and P231 rated filters. Based on currently available data, total coliform and
E.coli are expected to remain major contaminants of concern for the next 5-10 years. It is possible that
EPA could propose revisions to the microbial, disinfectant, and disinfection byproduct (M/DBP) by 2024
that may strengthen disinfection requirements and subsequently reduce the occurrence of total
coliform and E.coli, but the time period for such revisions to be implemented and affect meaningful
change would be beyond the five year horizon.

DBPs

Regulated DBPs, including TTHM and HAAS, have been leading contaminants in terms of the number of
health based MCL violations in drinking water. Unlike most other contaminants, DBPs are formed in the
treatment process when disinfectants are added to the water. To properly protect consumers against
risks associated with pathogens, a disinfectant residual should be maintained through the distribution
system. This also leads to continued formation of DBPs as long as DBP precursor materials (i.e., total
organic carbon (TOC), bromide, etc.) are present. DBPs issues tend to be a bigger challenge for drinking
water utilities using surface water sources, which are often the larger utilities, as surface water tends to
have higher levels of organic matter, but some groundwater systems have also had DBP challenges.
Many drinking water utilities with surface water treatment plants have optimized their enhanced
coagulation, sedimentation, and filtration processes, and some utilities have implemented advanced
strategies, i.e., GAC filters, aeration in clearwells or storage tanks, switching from free chlorine to
chloramines for their distribution system disinfectant residual. Despite these efforts, DBP reduction
strategies will always be part of a balancing act between meeting the necessary disinfection to protect
against acute risks associated with pathogens while reducing DBP levels to protect against health risks
associated with long term exposure to DBPs. Due to this balancing act, it is not expected that a drinking
water utility that applies disinfection would ever completely remove DBPs from the drinking water
provide to its consumers. It is also important to note that EPA is currently working to revise the
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microbial, disinfectant, and disinfection byproduct (M/DBP) Rules. Any potential change to the
disinfectant residual requirements could temporarily cause further DBP challenges for drinking water
systems that are currently struggling to meet compliance.

Due to the nature of DBPs, the POU/POE industry will always have an opportunity to further protect the
public against potential health risks from DBP exposure. The outcomes of Task 5 indicate POU and POE
options for removing DBPs, including RO, granular activated carbon (GAC), powdered activated carbon
(PAC), and carbon block filters. Depending on the application of the POU/POE treatment, e.g., for
compliance, further testing and validation may be necessary. For example, the treatment technologies
available are generally far more effective at removing TTHM as opposed to HAAs. The analysis
conducted as part of this study suggests that DBPs will continue to be major contaminants of concern
for the next 5-10 years, and POU/POE treatment options provide the public with a means to reduce
their DBP exposure.

PFAS

Over the last 5 years, PFAS have been a major topic in drinking water communities, conferences,
publications, and news articles. In 2013-2015, six PFAS analytes were included in the UCMR3 sampling
effort, but due to relatively high reporting limits, there were few detections nationally as compared with
other contaminants included in UCMR3. Since that time, analytical methods have improved, and
reporting and detection limits have lowered. Many drinking water systems that did not detect PFAS in
UCMR3 have since detected PFAS, and various states have set their own regulations for several PFAS
analytes. Currently the EPA plans to propose the first federal PFAS drinking water regulation in fall of
2022, following by a final regulation in fall of 2023, starting with two PFAS analytes, PFOA and PFAS.
Additionally, UCMRS5 sampling will including 29 PFAS analytes, and it is expected that many more
drinking water systems across the country will discover detectable PFAS. PFAS currently represents an
important opportunity for the POU/POE industry to support consumers and potentially drinking water
utilities, depending on the state and state approvals for compliance by POU/POE treatment, in
effectively removing PFAS to protect public health. The Task 5 outcomes indicate that POU/POE
treatment options include RO, GAC, PAC, carbon block filters, and anion exchange resin, although
further testing and validation will be important based on the application of the POU/POE treatment and
based on the specific PFAS contaminants. For example, there are NSF/ANSI certified POU/POE
treatment options for the PFOS and PFOA removal claims, but not for other types of PFAS which may
not be removed as effectively due their chemical composition.

Arsenic

The current arsenic MCL was set by the Arsenic Rule in 2001, which public drinking water systems were
required to meet by 2006. Today, sixteen years later, the Arsenic Rule is still responsible for significant
number of health based MCL violations, particularly for smaller drinking water systems. Arsenic was
also found to be one of the top contaminants based on occurrence over the MCL. The outcomes of Task
5 indicate several established POU/POE treatment options, including iron oxide/hydroxides, activated
alumina, anion exchange resin, manganese greensand, titanium oxy/hydroxide, and iron-doped anion
resin and activated alumina. There is a meaningful opportunity for the POU/POE industry to help
protect consumers against exposure to arsenic in the next 5-10 years, and in some states, there may be
opportunities to work with drinking water utilities and state regulators to employ or enable POU/POE
options for compliance purposes.
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Nitrate

Similar to arsenic, nitrate has been regulated for many years. It is not an emerging contaminant or a
new concern, but it is one of the top priority contaminants in terms of the number of health based MCL
violations and occurrence over the MCL. Nitrate has an acute MCL due to the dangers of
methemoglobinemia, also known as blue baby syndrome, from a single exposure over 10 mg/L for
vulnerable populations, particularly infants. Nitrate is expected to remain a top concern over the next 5-
10 years based on the analysis conducted in this study. While nitrate levels in drinking water served to
consumers has remained relatively consistent, the analysis showed that levels in raw water samples
have shown an increasing trend over time. This suggests that nitrate may become a bigger problem in
the future for drinking water systems. The Task 5 outcomes indicate there are established POU/POE
treatment options, including RO, anion exchange resin, and nitrate selective anion exchange resins. As
with arsenic, there is an opportunity for the POU/POE industry to help protect consumers against
exposure to nitrate above the MCL. Additionally, in some states, there could be an opportunity to work
with drinking water utilities and state regulators to employ or enable POU/POE options for compliance
purposes.

Radionuclides (Radium, Uranium)

Two radionuclides, radium and uranium, were found to be at the top of the list of contaminants based
on number of violations and drinking water occurrences over the respective MCLs. These fall into a
similar category as arsenic and uranium such that the Radionuclide Rule has been in place for years, no
upcoming changes to the rule are anticipated, but the contaminants remain a concern for many public
drinking water utilities. The Task 5 outcomes indicate that for radium, established cation exchange
softening and RO POU and POE treatment options are available, and for uranium, established strong
base anion exchange resins and RO POU and POE treatment options are available. Based on the analysis
conducted, these contaminants are expected to still be a concern in the next 5-10 years, and they
present an opportunity for the POU/POE industry through helping consumers protect themselves and
potentially, for some states, could provide an opportunity to work with drinking water utilities and state
regulators for compliance purposes.

Fluoride

Fluoride is often used in drinking water treatment for dental purposes, but also regulated due to health
issues at higher concentrations. Fluoride was found to be one of the top ten contaminants based on the
number of health based MCL violations and based on the occurrence above the MCL. In Task 2 analyses
showing trends over time, fluoride was found to be decreasing over time. In the next 5-10 years,
thought, it is expected that fluoride will continue to be a concern in areas with high naturally occurring
levels. Based on state MCLs and available data, this study found the greatest number of PWSs with
fluoride occurrence over the state MCL in New York, although further analysis would be warranted to
determine areas of concern. The Task 5 outcomes indicate that established POU/POE treatment options
for fluoride include activated alumina, anion exchange, and RO. The POU/POE industry has the
opportunity to provide these treatment options to consumers, especially in areas with high naturally
occurring fluoride.

Barium

Barium has not been a contaminant of concern based on violations and occurrence over the MCL, but
barium compounds were found to be in the top 10 of chemicals released based on EPA’s TRI dataset.
While it is not clear whether these releases will result in any increased barium levels in source waters for
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drinking water systems, it is important to be aware that this is a possibility. While there’s no clear
indication that barium represents a significant opportunity for the POU/POE industry to protect public
health, it important to identify this contaminant as a potential future contaminant of concern.
Established POU/POE treatment options for barium include cation exchange resin and RO.

State Regulated Contaminants

There are also a group of contaminants on the list of top priority contaminants that are regulated by one
or more states, chromium-6, manganese, iron, chloride, perchlorate, 1,4-dioxide, and 1,2,3-
trichloropropane. Chromium-6 is particularly noteworthy at the time of this report because the
California Department of Drinking Water released a new draft MCL for chromium-6. The reinstatement
of a chromium-6 MCL could have implications for hundreds of drinking water systems in California. The
new regulation could result in more consumers looking for additional home treatment options, such as
POU or POE devices, or it is possible that systems could investigate POU/POE treatment options for
compliance.

Contaminants such as manganese, 1,4-dioxane, and 1,2,3-trichloropropane are currently on EPA’s CCL5,
and while they are not currently federally regulated, there is the potential that they could be in the
future. Perchlorate is another contaminant that has been considered for federal regulation by the EPA.
In a decision published in 2020, the EPA chose not to regulate perchlorate, stating that it did not meet
the requirements as a drinking water contaminant under the SDWA. EPA did release a plan to address
perchlorate contamination on March 31, 2022 (USEPA 2022). In the case of manganese, 1,4-dioxane,
1,2,3-trichloropropane, and perchlorate, there are understood health risks from exposure, and the
reduction or removal of their occurrence could be beneficial to consumer health. Therefore, the
POU/POE industry has an opportunity to provide consumers with a treatment option for these
contaminants. Task 5 evaluated current POU/POE treatment for manganese, including ion exchange,
greensand filters, and RO, and for perchlorate, including anion exchange resin and RO, as established
treatment options, while POU/POE treatment options for 1,2,3-trichloropropane, including GAC, need
further validation and testing, and for 1,4-dioxane, including GAC and RO, are not well established.

Iron, chloride, zinc, and sulfate are three contaminants that are regulated in some states and have a
secondary standard set by the EPA based on aesthetic impacts. Concerns with iron, chloride, zinc, and
sulfate are expected to be focused on aesthetic issues, as opposed to health risks. While sulfate was not
directly identified in Tasks 1-4, Task 4 found sulfuric acid to be one of the most produced chemicals in
the most recent TSCA dataset. In terms of potential impacts on drinking water quality, sulfate was
evaluated as a potential drinking water contaminant of concern. The established POU/POE treatment
options for iron include ion exchange resin, greensand filter, oxidation/filtration, and RO, for chloride
and zinc, include RO and ion exchange resin, and for sulfate, include pH neutralizing filters, RO, anion
exchange resin, and adsorptive media filtration. Based on occurrence above state MCLs, iron, chloride,
zinc, and sulfate are a challenge for some drinking water systems and provide an opportunity for the
POU/POE industry, particularly in those states and systems where they are a concern.

Unregulated/ Emerging Contaminants
There are several unregulated or emerging contaminants that are expected to be primary contaminants
of concern for at least the next 5-10 years.
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Cyanotoxins

Harmful algal blooms (HABs) and cyanotoxins are a health risk in natural water bodies, including source
waters for drinking water, and cyanotoxins are a concern for public drinking water. Currently, the EPA
has health advisories for two cyanotoxins, cylindrospermopsin and microcystins, set in 2015. More
recently, nine cyanotoxins and one cyanotoxin group (total microcystins) were included in the UCMR4
sampling that occurred in 2018-2020, although there were a relatively low number of detections.
Cyanotoxins were included in the CCL5 draft and have been a major topic in recent drinking water
focused conferences and publications. Conventional drinking water treatment processes can generally
remove cyanobacteria and low levels of cyanotoxins, there is an opportunity for the POU/POE industry
particularly for communities where source waters have been experiencing seasonal blooms and high
levels of cyanotoxins. In these communities, consumers may have interest in further protection against
these toxins. POU/POE treatment options include RO, GAC, PAC, and carbon block filters, although
depending on the application of the treatment, further testing and validation may be needed. While
there are POU/POE treatment options with NSF/ANSI certification for microcystin removal claims, there
are no certified options for the removal of other cyanotoxins.

Unregulated DBPs

Several unregulated DBPs were identified in Tasks 1-4 and are expected to remain primary contaminants
of interest over the next 5-10 years. The EPA’s draft CCL 5 includes brominated HAAs, which were also
included in the UCMR4 sampling, haloacetonitriles (HANs), iodinated trihalomethanes, nitrosamines
(including NDMA), chlorate, and formaldehyde. Currently, EPA is tasked with proposing revisions to the
M/DBP rules, and recent stakeholder meetings have suggested that the brominated HAAs, in the form of
HAA9, are the most likely group of unregulated DBPs that may be regulated in the near future. Several
unregulated DBPs were also included in UCMR2, and it is noteworthy that NDMA had the highest
number of detections of the UCMR2 contaminants. Unregulated DBPs also remain a major topic for
drinking water related research and publications. For consumers that may want to ensure further
removal of DBPs, the POU/POE industry provides important treatment options, such as RO and GAC
although these treatment options may not be well established depending on the intended application.
For example, while there are POU/POE treatment options with NSF/ANSI certification based on
haloacetonitriles removal claims, the available treatment options are ineffective at removing
nitrosamines, i.e., NDMA. Further testing and validation, as well as gaining further understand of the
public’s concern with unregulated DBPs presents an important opportunity for the POU/POE industry.

Legionella

Legionella, especially Legionella pneumophila, was found to be the unregulated microbial contaminant
of the greatest concern based on the efforts in Tasks 1-4. Currently, Legionella has been a major topic in
stakeholder meetings related to EPA’s efforts to propose revisions to the M/DBP rules. Controlling
Legionella presents challenges for drinking water utilities because these efforts also rely on the
management of building water systems and premise plumbing, which are not under the control of
drinking water utilities. Due to the nature of Legionella and the reliance on building water system
management, the POU/POE industry has an opportunity to provide options for building water managers
and consumers to treat drinking water for Legionella at locations where it can be problematic. POU/POE
treatment options for Legionella include UV light, RO, ozonation, and P231 rated filters.
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Microplastics

Microplastics have been become a contaminant of concern over the last several years, and they have
been at the center of drinking water related news articles, publications, and conference talks. Due to
consumer concerns, the POU/POE industry has an opportunity to provide treatment options for
microplastics. The Task 5 outcomes found that POU/POE treatment options for microplastics include RO
and carbon block filters, and there are certified POU/POE treatment options for microplastics removal.
Microplastics remain an emerging contaminant with far more research required to fully understand the
impact on drinking water quality and human health, and similarly, further research is recommended to
provide the best POU/POE treatment options.

Calcium/hardness

The Task 4 analysis found that calcium hydroxide and calcium oxide silicate were two of the most
produced chemicals based on the EPA’s most recent TSCA dataset. In drinking water, calcium increases
the hardness of water. While hardness is not regulated or found to be a health concern, hard water can
be a concern for various reasons. Hardness can interfere with the action of soaps and detergents, leave
solid deposits that can clog pipes, lead to galvanic corrosion of metal pipes, etc. Any increase in
hardness as a result of increased production of calcium hydroxide and calcium oxide silicate could
present more need for POU/POE treatment options. The Task 5 outcomes identified established
POU/POE options such as cation exchange water softeners and RO for treatment of calcium in drinking
water.
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Summary

The Predictive Modeling Study presented a methodology to evaluate all relevant data available to
identify the top priority drinking water contaminants that will remain a concern for the next 5-10 years.
The methodology evaluated violation data available from EPA’s SDWIS, the occurrence of unregulated
contaminants from EPA’s UCMRs, the occurrence of regulated contaminants above their MCLs and
trends in occurrence over time, upcoming or recent regulatory changes, contaminants that may be
considered for future regulations based on inclusion on the CCL, recent drinking water related news
articles, publications, and conferences, and EPA’s TSCA and TRI data sets of the most produced and
released chemicals. The methodology then evaluated the identified top contaminants of concern based
on their priority as a drinking water contaminant, which took into account the authors’ expert judgment
based on understood health risks, occurrence, and priority from the drinking water community. Next
the methodology included a review of available POU and POE treatment options and an evaluation of
how well established the treatment options are currently for the removal of the contaminant.

The methodology resulted in a list of 28 top priority drinking water contaminants for the next 5-10
years. The future expectations for each of the contaminants are discussed in Task 6 of the methodology,
which synthesizes the information gathered through Tasks 1-5. The methodology developed in the
Predictive Modeling Study can be repeated at any time to evaluate future years of interest.
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Executive Summary

This study examined point-of-use (POU) and point-of-entry (POE) devices in comparison to
improvements to existing centralized systems for Safe Drinking Water Act compliance using a triple
bottom line analysis. The study was conducted using data from four very small community water
systems (serving less than 500 people) from four different USEPA regions in the United States to
ground the analysis in the community specific considerations necessary to complete a triple bottom
line analysis. An exposure assessment was conducted to evaluate human health impacts of each
alternative (POU/POE versus centralized treatment), a life cycle analysis to examine environmental
impacts and a life cycle costing analysis to examine economic impacts over a thirty-year study period.
The analysis was specifically targeted to examine the considerations necessary to implement POU/POE
devices as a compliance solution for either arsenic or nitrate contamination for community water
systems. The purpose of the study was to holistically examine the tradeoffs a very small water system
may face when choosing an additional treatment solution to remove a specific drinking water
contaminant of concern.

The triple bottom line analysis conducted in this study was informed by state-specific and community-
specific assumptions in order to ensure the analysis was as complete and realistic as possible. As such,
the assumptions we documented for each state are presented in the full report to frame the analysis
results in detail. In each community water system, we consulted with state administrators, community
water system operators and other important water system stakeholders to understand the existing
water treatment system and to identify a realistic improvement that the community was interested in
exploring. We then identified two POU/POE devices for each community water system that are
certified to the relevant NSF/ANSI standards for the removal of either arsenic or nitrate specifically. We
consulted state specific guidance on POU/POE devices to determine (1) whether to select a POU or
POE solutions and (2) how the state approves and implements POU/POE devices to determine the
necessary steps to implement a POU/POE device as a compliance strategy.

Human Health Exposure

Exposure assessment was used to examine the health impacts associated with the implementation of a
technology. Exposure assessment results revealed the importance of the relationship between the
removal efficiency of a treatment solution and the number of years until a solution could feasibly be
expected to be implemented in a community water system. While the installation time of POU/POE
devices is expected to be quicker than a centralized improvement in many cases, the planning time
(including state approvals, device selection, etc.) is expected to contribute a significant amount to how
rapidly POU/POE devices can be implemented as a compliance solution.

Even though POU/POE device removal efficiencies tend to be higher than centralized technologies, the
requirement for 100% participation prior to implementation extends the implementation timeline such
that the benefits of removal efficiencies tend to be minimized. Our results show that in systems with
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high concentrations of contaminants such as arsenic and nitrate, it is critical to implement a technology
in a timely manner to reduce lifetime exposure in the most vulnerable populations.

Environmental Sustainability

The life cycle analysis (LCA) performed in this study utilized the SimaPro software {version 8.2.1}, the
ecoinvent inventory database, the TRACI 2.0 method for impact assessment and a functional unit of
the water consumer in one household. LCA results indicate that POU/POE devices contribute less per
kilogram of material to environmental impacts than improvements to centralized systems in general as
a result of a smaller amount of material used in 30 years. Where POU units were compared to
adsorptive media and ion exchange centralized technologies, we observed that the cost to process,
transport and dispose of these medias contributed the most to the overall impact of these solutions.
Similarly, the POE adsorptive media devices examined in Region 5 specifically had larger impacts than
the relatively small centralized improvement of optimizing pre-oxidation because of the high impact of
the adsorptive media. In Region 1, 7 and 9, POU devices proved to have the lowest overall impacts,
with POU RO Device D having the lowest total environmental impact overall.

Economic Cost

The life cycle cost (LCC) analysis utilized the replacement frequencies from manufacturers, the EPA
Cost Models and state specific assumptions to create a detailed inventory of the costs associated with
each technological alternative. We extracted unit costs and useful life from the EPA cost models for
the centralized cost alternatives and informed these same cost components through conversations
with manufacturers and state stakeholders for the POU/POE devices.

Our results indicate that POU devices were a viable alternative from an economic perspective in Region
1, which is the smallest size community with 24 connections and a state-enabling environment that
removes many of the barriers to POU/POE implementation. The replacement frequency of POU/POE
components in each household coupled with the regulatory sampling requirements for POU/POE
compliance generate large O&M costs for these devices which exceeded the cost of the centralized’s
upgrade O&M in Regions 5,7, and 9 over the 30 year study period.

Considerations for POU/POE as a compliance strategy

Through our analysis, we identified several critical factors that influence whether a POU/POE device
may be used as a compliance solution in very small community water systems. We separated these
factors into three categories: systemic barriers to timely and effective POU/POE implementation,
technical barriers to long-term sustainability and viability of POU/POE devices and mode! specific
assumptions that need to be considered when applying the triple bottom line analysis to other
community water systems, Systemic barriers included whether a state allowed POU or POE devices for
compliance purposes, the requirement of 100% community participation prior to piloting and
implementation, difficulties identifying certified POU/POE options suitable to a specific community and
SDWA sampling compliance requirements. Technical barriers included the high replacement frequency

2
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of POU/POE components over the 30-year study period, the number of households where POU/POE
units needed to be installed and maintained, and the piloting requirements specific to state guidance
on POU/POE devices. Finally, assumptions that need to be changed based on the specific community
water system include disposal options for specific technology types and contaminants of concern, long-
term sampling frequencies for compliance, the number of O&M activities (labor and frequency of
maintenance) and the source water characteristics of the community water supply.

Based on the three different factors above, we present recommendations both to state compliance
agencies and POU/POE device manufacturers to aid in the implementation and viability of POU/POE
devices in very small water systems. Through conversations with state administrators and POU/POE
manufacturers, we learned there are barriers to implementing and installing POU/POE devices in a
reasonable timeframe that can be removed with greater communication between these two groups of
stakeholders. We present recommendations to aid community water systems to readily find
information about POU/POE devices, to aid state administrators in obtaining information about device
performance and to aid manufacturers in communicating performance of POU/POE devices.
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1 - Introduction

Small community water systems (CWS) are faced with many challenges in delivering water that meets
regulatory standards (Allaire et al., 2018; Oxenford and Barrett, 2016). The USEPA defines small water
systems as those that serve at least 25 people (or at least 15 service connections) but fewer than
10,000 people (USEPA,2017a). While previous research has found that small systems are no more likely
to violate health related requirements as compared to large systems, these results are likely
confounded by lack of adequate monitoring and reporting among smaller systems (Allaire et al., 2018;
Rubin, 2013). Safe Drinking Water Act (SDWA) health-based violations are issued to small water
systems that have maximum contaminant levels (MCLs) exceedances, do not meet required treatment
techniques, or exceed the maximum residual disinfectant levels. In the recent study by Allaire et al
(2018), 9% of all CWS in the United States experienced a health-based violation in 2015, including total
coliform, surface water treatment rule (SWTR) or groundwater rule (GWR), nitrate, arsenic, lead and
copper, disinfection byproducts, and radionuclides. These exceedances may result from unprotected or
contaminated source waters, inadequate or poorly maintained treatment systems, and/or conditions
within distribution systems. Small systems are often constrained by limited financial, technical, and
personnel resources, which may lead to their inability to address any of these issues (Oxenford and
Barrett, 2016).

For small and, particularly, very small systems (serving fewer than 500 people), there may be a point at
which installing point-of use or point-of-entry (POU/POE) devices at individual households or buildings
are a feasible option that provides equal benefits at less economic, human, and/or environment costs
compared to investments in the centralized water system that would be needed for the CWS to be
compliant with the Safe Drinking Water Act (SDWA). This triple bottom line approach involves the
analysis of three key impacts: human health impacts (People), environmental impacts (Planet) and
economic impacts (Profit). While estimations of each of these three costs for individual POU/POE
systems or centralized water systems have been conducted individually, to our knowledge, no study
has addressed and compared their tradeoffs in economic, human, and environmental costs.
Furthermore, previous cost estimates have been system-specific and focused on determining the
feasibility of alternatives for a given water system rather than developing a framework for decision-
making. Community water systems often need to weigh the human, environmental, and economic
costs prior to choosing an alternative form of treatment; a holistic model that provides a water system
with this information is currently missing when examining the tradeoffs between centralized treatment
upgrades and POU/POE devices.

The objective of this study was to use a triple bottom line approach to examine improvements to water
treatment systems. We specifically examine and compare installing POU/POE systems in individual
households to adjusting the centralized water treatment system to meet SDWA standards for an
existing small CWS. We gathered case study data from four CWS, each in different regions of the US, to
assess human health exposure due to time to implement (human exposure to a contaminant in
drinking water), the environmental sustainability using a life cycle assessment (environmental cost),
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and the life cycle costs {economic costs) to install and maintain each type of treatment improvement.
In addition to the rich case study approach we take in this analysis, we use these four CWS systems to
develop generalizable frameworks for collecting data and comparing options for meeting regulatory
compliance, including examining which parameters need to be system specific. We present the resuits
from each individual case study as well as recommendations, generalizable methods, and adaptations
for application to future water system analysis.

This study examines improvements to water treatment systems in existing CWS that are not currently
in compliance with {or are close to noncompliance with) SDWA regulations for a single chemical
contaminant. The boundaries of our analysis are drawn around the specific improvement needed to
bring an existing CWS system into compliance for one specific contaminant. Qur analysis is notably
different than other studies which compare whether to install POU/POEs in self-supply households as
opposed to creation of a new CWS where one does not exist. Additionally, we focus on only the
treatment upgrade needed to bring a system into compliance for a single contaminant; while
treatment is designed to treat a suite of contaminants, we assume the existing treatment at the CWS
stays intact to treat the other contaminants {including to meet Total Coliform Rule compliance, for
which POUs/POEs cannot be used for SDWA compliance). To that end, we present process flow
diagrams of each centralized improvement and POU/POE device to delineate the system boundaries
defined for each CWS. We have used this detailed process to explicitly identify the components of each
improvement (centralized or POU/POE) to demonstrate how these are additions to an existing system
as opposed to standalone technological solutions. The intention is to provide information to inform
CWS deciding between improvements to water treatment systems based on information about cost,
sustainability and protection of human health; small systems often have to balance these three factors
when making changes to an existing piece of infrastructure.

The seven primary requirements to use a POU/POE device as a compliance strategy are presented in
the following text box (USEPA, 2006b). These requirements are used throughout the report to guide
modeling assumptions and conversations with state administrators and CWS stakeholders.

USEPA POU/POE Guidance for SDWA Compliance

1. Itis the responsibility of the water system to operate and maintain the POU or POE
treatment system

2. The water system must submit and receive approval for a monitoring plan that provides

equivalent health protection as centralized treatment prior to installing any POU/POE

devices

The water system must apply effective technology as approved by the state

4. The device must consider the potential for an increase in heterotrophic bacteria and
microbiological safety must be preserved

5. The state must require adequate certification of performance, field-testing or a rigorous
design review of the POU/POE devices

6. The water system must ensure all buildings connected to the system has sufficient 5
POU/POE coverage

7. If using POE, the device must not increase the likelihood of the release of corrosive
materials such as lead and copper.

w
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We examine POU/POE devices as a compliance strategy to meet the requirements of the SDWA; this is
a different context than a homeowner installing a POU/POE device by choice. To use a POU/POE device
as part of a CWS compliance strategy, the CWS must meet several requirements: 100% community
participation (a device installed at every connection), piloting of devices prior to device selection and
installation and state level approval to use these devices. These requirements are discussed in detail in
this report. Past studies have examined POU/POE devices outside of the regulatory context of a CWS,
which can underestimate the amount of time necessary to implement POU/POE devices in community
water systems and the cost associated with conducting compliance monitoring and maintenance
activities (Table 1). We focus our analyses on the steps and activities necessary to use POU/POE
devices for compliance to the SDWA and highlight how this lens impacts our results.

Table 1: Summary of cost comparison studies

Year of study completion

Sustainability
Comparison Study:
Assessing Centralized
Treatment Upgrades
and POU/POE
Treatment for Small
System Compliance to
the SDWA (Kumpel et.
al.)

2022

Economically
Sustainable POU/POE

Decentralized Public
Water System (NSF
International)

Comparing
centralized
and point-of-
use
treatments of
per- and

polyfluoroalkyl

substances
(Bixler et. al.)
2021

Cost of POU vs
Centralized
Treatment (Speth
et.al.)

Holistically examine the
tradeoffs between
human health,

remove a specific
drinking water

Evaluate and
compare the
triple bottom

specifically for
the removal of

Show how the EPA

environmental and Evaluate methods for line of Cost Models can be
economic impacts day-to-day management centralized specifically for
- (triple bottom line) that and operation of a treatment POU/POE device
Objective of study .
very small systems may  centrally-managed POU upgrades using the examples
face when choosing a strategy for small system versus POU of nitrate, PFAS
treatment upgrade to compliance devices and perchlorate

contamination

[ PFAS
Developed a framework
for comparing the triple Demonstrated  Showed the results
bottom line of central Demonstrated feasibility tradeoffs of the nitrate and
treatment upgrades of POU as a compliance  associated with perchlorate
Outcome of study needed for SOWA solution for arsenic using treatment options
compliance to the triple treatment in small centralized for different

bottom line of using systems versus POU for  categories of small
POU/POE devices as a PFAS removal systems
li solution




Intended end use of
study

Number of case studies

Physical POU/POE device
install or literature
review?

Contaminant(s)

Number of connections
in CWS

Population served by
cws

POU/POE technology

NSF/ANSI certification?

POU/POE same
technology type as
central treatment?

Provide
recommendations to
state compliance
agencies and POU/POE
device manufacturers to
aid in the
implementation and
viability of POU/POE
devices as compliance
solutions for very small
water systems

Literature review/data
collection

Variable (Arsenic or
nitrate)

Variable (24-221)

Variable (50-450)

POU Carbon, POU RO,
POE GFH Media

NSF/ANSI 53, 58, and/or
61 respectively

No, POU/POE upgrade is
specific to each case
study
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Encourage decision
makers to apply the
methods identified in
the study when utilizing
POU for compliance

Physical install
Arsenic

122

400

POU activated alumina
followed by GAC

NSF/ANSI 611

Yes, looks at new
activated alumina

Provide
decision makers
with data and
information to
aid in future
decisions about
centralized and
POU systems
for the
treatment of
PFAS chemicals

Literature
review/data
collection

PFAS

6800

25500

3 POU
scenarios -
GAC&IX
prefilters
followed by RO,
combined
GAC&IX filter,
and GAC filter
& RO & IX filter
NSF P473 for
reduction of
PFOA and PFOS

No

Demonstrate how
to use the EPA Cost
Models and
provide
information that
compares central
to POU/POE cost
for nitrate, PFAS
and perchlorate
treatment

4 treatment
technologies
overall, which
evaluated POU RO,
no case studies,
only a desktop
study

Literature review

Nitrate,
perchlorate, PFAS
Variable, depends
upon model being

run
Variable, depends
upon model being
run

RO

NSF/ANSI 58

No



Costs include all aspects
for central system, or
upgrade only?

Were POU/POE devices
discounted for bulk
purchase in the cost
analysis?

Costs take into
consideration
regulations/practices
necessary for Safe
Drinking Water Act
(SDWA) Compliance?

Unit for cost analysis

Only includes costs for
upgrade, which excludes
any existing centralized
infrastructure and
components

Yes, comprehensive
approach including
federal and state-
specific regulations

Total cost per
household over 30 years
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Includes all aspects of
the central system,
including construction of
a new building

Yes - reported as
"substantially less than
retail" [no % given for
the discount]

Yes, however the EPA
was still drafting federal
requirements for POU
maintenance and
sampling at the time of
this study

Monthly cost per
household (or
connection)?

Only includes
costs for
upgrade, which
involves
development of
three new
central GAC
treatment
facilities

Yes - 5%
discount
applied

No, does not
consider costs
associated with
SDWA sampling
requirements

Annual net
present value
per average
volume of
water used per
household per
year*

Includes all aspects
of the central
system

Unclear?

Not directly. The
EPA Cost models
make some
assumptions about
cost of compliance,
however, the
results of this study
are not state
specific

Annualized cost for
a volume of water
treated

Arsenic reduction was not included in NSF/ANSI 53 at the time of this study, but the POU devices were tested against
the draft NSF/ANSI 53 protocol prior to installation

2The EPA models use a default discount rate of 7%, which users can adjust directly on the output sheet. However it is

unclear if this discount rate is being applied for bulk POU/POE device purchases.

3Assumes a cost recovery of 7% over seven years

“Only considered volume of water used directly for cooking and drinking in the POU scenario, while the centralized
scenario considers all water used in the household
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2 —Selection of Case Studies and Technology Alternatives

2.1 Methods

We began this study by identifying four community water systems (CWSs) as the case studies, and then
identified an improvement to the centralized water system and to POU/POE system options
appropriate to treat the contaminant of concern for each CWS. We selected four very small water
systems (serving a population of fewer than 500 people) for this study in four different USEPA regions
to enable examination of the real-world conditions very small systems face in different regional
contexts when examining POU/POE devices as a strategy to meet the SDWA regulations. We compared
treatment alternatives in the selected communities, including one centralized treatment improvement
and two different POU/POE devices in each CWS.

2.1.1 Community Water System Selection

We selected four CWSs from EPA Regions 1, 5, 7, and 9 (Figure 2.1). Initially, Regions 1, 5, 6 and 9 were
selected to represent different regions across the United States. Region 7 was substituted for Region 6
after a review of data and reasons explained below; initial results from the CWS identification process
include Region 6 and not Region 7 since Region 7 was not initially included in the CWS selection
process.

We retrieved violation reports from the Safe Drinking Water Information System (SDWIS) database for
each of the selected EPA regions (USEPA, 2017) from 2013-2019. Using these reports, we reviewed the
data for maximum contaminant level (MCL) violations and found the top six contaminants most often
in violation of an MCL were arsenic, combined radium (226 and 228), fluoride, gross alpha (excluding
uranium and radon), nitrate, and total trihalomethanes. From this list of contaminants, we selected
arsenic and nitrate as contaminants to focus on in this study. Next, we selected a state within each
region with the greatest number of violations for either contaminant, or a state with a high number of
violations and of systems in violation of the MCL for the contaminant to narrow our search.

For each state, we then identified a list of eligible CWSs meeting the following criteria:
1. A groundwater supply
2. Violations of either arsenic or nitrate in the past five years
3. Violations of either arsenic or nitrate in more than one year
4. A population served less than or equal to 500 people

Groundwater supplies were included to ensure comparability between water systems and because
there are additional treatment requirements for surface water systems that are state specific.
Populations less than or equal to 500 people were selected as very small systems per the USEPA’s
definitions of small systems (USEPA, 2017a). Arsenic and nitrate were selected as focus contaminants
due to the large number of systems that have experienced at least one violation of either parameter
between 2010-2019. To find systems with potential long-standing problems with either arsenic or
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nitrate, we selected communities with more than one violation in the past five years. This allowed us
to locate communities with chronic concerns with either arsenic or nitrate that were potentially still
experiencing these concerns at the time of our study.

Collect Safe Drinking Water
Information System (SDWIS)
database violations reports

i

Select contaminants of
concern

i
Select states with CWSs with
at least one violation of
these contaminantsin the

past five years

Contact a state agency to
review a list of eligible
communities

Contact individual CWS
stakeholders to determine if
the CWS was willing to
participatein the study

Confirm CWS participation

Figure 2.11: Methodology for finding and selecting CWSs for participation in this study

Using these criteria, we identified 12 eligible systems in Region 1 for arsenic contamination, 15 eligible
systems in Region 5 for arsenic contamination, 63 eligible systems in Region 6 for nitrate
contamination, and, in Region 9, 132 eligible systems for arsenic and 55 for nitrate contamination
(Table 2.1). Initially, we decided to pursue arsenic contamination in Region 1 and 5, and nitrate
contamination in Region 6 and 9.

After generating a list of eligible CWSs, we then contacted state-level administrators in the
corresponding states to introduce the purpose of the project. If a state declined to participate, we
returned to the SDWIS data and iterated through the steps outlined in Figure 2.1 to locate another
state in the target Region meeting our criteria and generated a new list of eligible CWSs. States
declined to participate for several reasons: POU/POE devices cannot be used for regulatory compliance
purposes in the state, the systems identified through SDWIS were not ideal communities to work with
due to ongoing water quality concerns or projects, or because the state was not interested in
“promoting” POU/POE devices as a solution for very small water systems. If a state-level administrator
was willing to assist in reviewing and contacting the eligible CWSs, we selected three communities to
contact in each state. The state-level administrator provided an initial introductory email to the CWS.
In the event that a CWS within a given state declined to participate, we collaborated with state-level
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administrators to continue working through the list of eligible communities until a CWS interested in
participating was found. If no CWS was found with the help of the state-level administrator, we
identified another state within the region and iterated through the methodology in Figure 2.1. Using
the methodology presented in Figure 2.1, we were able to successfully select communities in Region 1,
5 and 9. A CWS with arsenic contamination meeting the eligibility criteria and willing to provide data
for the study was found in each of Region 1 and Region 5. In Region 9, CWSs with nitrate
contamination were identified, however, the majority of these CWSs did not have centralized
treatment and distribution in place. As a result, we worked with state administrators in Region 9 to
locate a CWS with arsenic contamination and existing centralized treatment and distribution.

Table 2.1: Number of eligible CWSs by region and contaminant

Region Contaminant Number of Eligible CWSs
1 Arsenic 12
5 Arsenic 15
6 Nitrate 63
9 Arsenic 77
Nitrate 55

Region 6 was initially selected as the fourth EPA region, with a focus on nitrate contamination.
However, after working with three different states within the region, we were unable to identify an
interested CWS. Subsequently, we connected with researchers at the University of Lincoln Nebraska to
determine whether a community in Nebraska (Region 7) would be interested in participating in this
study. We confirmed participation in a Nebraska CWS in place of a CWS from Region 6. Region 7 is not
included in Table 2.1, as we did not use the SDWIS data set to identify eligible CWS in the initial months
of this project. The CWS in Region 7 meets the initial criteria used in the analysis of the SDWIS data: a
groundwater source, a population less than 500 people and chronic concerns with nitrate
contamination in the system. While the CWS selected in Region 7 has not yet had an MCL violation of
nitrate, nitrate levels in multiple groundwater wells have been increasing for the past 5 years and the
CWS was already considering treatment alternatives at the time of this study.

2.1.2 Selection of Alternatives for Comparison

2.1.2.1 Centralized Treatment Improvements

We next worked with each CWS to select a centralized treatment improvement for each system to
model. We first contacted the relevant CWS stakeholders to discuss the current centralized system
structure, and obtained prior system assessment reports, sanitary surveys, water quality data, and
other relevant reports such as engineering consultant reports. Using this information, we consulted the
CWS operators and state administrators to determine an appropriate improvement to the existing
centralized treatment system. Centralized system improvements focused specifically on feasible
options for removing the contaminant of concern chosen for each CWS; we did not consider additional
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components in the triple bottom line approach related to overall treatment system performance or
improvements. We chose treatment improvements that could be easily added to the current
centralized infrastructure where possible and focused on technologies designed to specifically remove
either arsenic or nitrate.

2.1.2.2 POU and POE Devices

According to the EPA Guidance on POU/POE devices for small water systems (USEPA, 2006b), if a
certified POU or POE device is available for a given contaminant, the certified devices must be
considered first. If a certified device is unavailable, other devices tested for performance may be
considered for use for compliance purposes. Certified devices can be found from the following
certifying organizations: NSF International (NSF), the Water Quality Association (WQA), the
Underwriters Laboratory, the Canadian Standards Association (CSA International) (USEPA, 2006) and
through listings provided by the International Association of Plumbing and Mechanical Officials
(IAPMO). We determined two standards were applicable to our study: NSF/ANSI 53 (Health Effects) for
arsenic contamination and NSF/ANSI 58 (Reverse Osmosis systems) for both arsenic and nitrate
contamination. While NSF/ANSI testing protocols allow for both trivalent and pentavalent arsenic
reduction claims, we found no devices certified to the trivalent arsenic reduction claim at the time of
the initial device search in January 2021. We compiled lists of POU and POE devices certified to
NSF/ANSI 53 and NSF/ANSI 58 from NSF International, WQA, and IAPMO listings for review. A list of the
number of records found from NSF listings is presented in Appendix B.

To select two POU or POE devices for each CWS, we used state level regulations to determine which
type of device is allowable at a state level for compliance purposes in small CWSs (Figure 2). We
considered at least 2 different devices per CWS to ensure our methodology can be translated in the
future to other devices and removal claims. In Region 1, we selected a community in New Hampshire,
in Region 5 a CWS in lllinois, in Region 7 a CWS in Nebraska and in Region 9 a CWS in California. In the
states selected for both Regions 1, 7, and 9, POU devices are allowed as a solution for compliance with
the SDWA, with Region 9 specifying POUs are only allowed if no alternative centralized treatment or
consecutive connection is a viable solution. In lllinois, only POE devices are allowed as a solution to
comply with the SDWA; POU devices may only be used as an emergency measure and must be
removed from use once the emergency has passed. Through a conversation with lllinois state
administrator, POU devices have been previously implemented for inorganic contaminant remediation,
but no systems currently employ POE devices.

Next, we identified the relevant NSF/ANSI standards applicable to the selected contaminants in each
CWS as described in Table 2.2 to narrow down the number of devices to consider. Through discussions
with stakeholders in each CWS, we chose one POU device certified to NSF/ANSI 53 (an adsorptive
media technology) and one POU device to NSF/ANSI 58 (reverse osmosis) each for arsenic
contamination in Region 1 and Region 9. In Region 7, we selected two different POU devices certified
to NSF/ANSI 58 for nitrate reduction and in Region 5, we selected two POE devices certified to
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NSF/ANSI 53. Figure 2.2 presents the selection criteria used to find two devices applicable to each
CWs.

Identify state-level POUs allowed for a(ﬂg:xle:OfE:r
guidelines/regulations compliance in li .
for POU/POE devices Region 1,7,9 compliance in
Region 5
Identify relevant NSF/ANSI53 NSF/ANSI 58 (RO)

POU/POE NSF/ANSI Health Effect: o
standards for (fi=2 i) Arsenic <=50 ppb

contaminants Arsenic <=50 ppb Nitrate/Nitrite

Region 1and 9 —

2 POU devices, Region 7 -2 POU
one adsorptive devices, RO
media, one RO

Region 5 — two
POE devices,
adsorptive media

Select 2 POU/POE
devices for each CWS

Figure 2.2: Criteria used to select 2 POU/POE devices for each CWS.

The complete list of eligible POU and POE devices identified for consideration in this study are shown
in Appendix B with anonymized company names and model numbers. Table B1 presents the eligible
POU devices certified to NSF/ANSI 53, Table B2 presents the eligible POU devices certified to NSF/ANSI
58 and Table B3 presents the POE devices available through multiple listings. Due to the high cost
associated with POE RO units and the absence of an NSF/ANSI 58 testing protocol for POE RO devices,
we limited our focus to POE devices certified to NSF/ANSI 53. After reviewing the NSF/ANSI POE
listings, we expanded our search to CSA B483.1 listings and devices with certified NSF/ANSI 61 media
to find additional POE devices.

2.1.3 Data collection for selected treatment alternatives
After selecting each alternative, we then gathered relevant information from the CWS stakeholders
and POU/POE manufacturers to begin the triple bottom line analysis. For centralized treatment we
requested the following types of information: (1) historical water quality data, (2) cost information
(e.g., utility bills and inventory sheets), (3) the removal rate of either arsenic or nitrate for each
centralized treatment option and (4) other relevant information necessary to create an inventory of
system components. For POU/POE devices, we requested information from device manufacturers and
distributors, including: (1) device manuals, (2) component listings, (3) performance data including
certified contaminant removal rates and efficiencies, and (4) the useful life of device components. If
data could not be obtained from either CWS stakeholders or device manufacturers, we consulted
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literature to locate relevant values for removal rates and the cost of components. This included the
EPA Arsenic Demo Reports generated by the National Risk Management Laboratory for information on
useful life, removal rates by specific technology types, and cost information. We also examined the
documentation of the EPA work-breakdown structure (WBS) cost models for specific technologies to
fill data gaps. When literature values were used to fill data gaps, we included both best-case and
worst-case values to include in our data analysis.

Using the data obtained from CWS stakeholders, literature, and POU/POE manufacturers, we next
constructed process flow diagrams for each improvement to document the components of each
system alternative. This study focuses on improvements to a water system above and beyond the
current treatment and distribution processes; as a result, we documented the current system
components and the new necessary improvement components to show where the improvement
integrates with the existing infrastructure where appropriate. Flow diagrams from EPA design manuals
for arsenic and nitrate removal (USEPA, 1978, USEPA, 2003a, USEPA, 2003b, USEPA 2006a) were used
to generate a basic flow diagram for each improvement. Then we indicated CWS specific alterations to
capture the components to include in the triple bottom line analysis. Flow diagrams for POU/POE
devices were built from figures presented in the EPA POU/POE Guidance document (USEPA, 2006b)
and then altered where necessary to reflect the specific devices selected for this study.

2.2 Selection process results

2.2.1 Selected Communities

After iterating through the CWS selection methodology (Figure 2.1), we identified a CWS in both
Region 1 and Region 5 meeting our criteria with arsenic as the contaminant of concern. In Region 9, we
initially investigated communities with nitrate concerns, however, there were few CWSs in California
with nitrate contamination that have either a centralized treatment facility or centralized distribution
systems. As a result, we identified a CWS in Region 9 with arsenic contamination (in addition to
uranium contamination) that met our criteria. Initially, we contacted state administrators in three
different states in Region 6 to identify a CWS with nitrate contamination willing to participate in this
study. However, as descried earlier, we could not identify a candidate CWS and instead identified an
eligible system in Region 7 (Nebraska). Through conversations with our contact in Nebraska, we
identified a CWS with known nitrate issues interested in examining POU/POE devices as a solution. The
participating CWSs are presented in Table 2.2.
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Table 2.2: Selected community water systems {CWSs} for study.

New Arsenic Ground Adsorptive i 1
! Hampshire|  (As) 50 1 24 | ater | Media Fittration 10.8 g/l 83 pg/L
Ground Pressure Sand
5 Hiinois Arsenic | 450 | 221 Filtration and 21.6ug/L? 9.2 pg/L?
water N
Aeration
N Ground Distribution . 3
7 | Nebraska | Nitrate 128 1 75 water from wellheads 8.6 mg/L 9.4 mg/L
Well #1:
. As =55 pg/L*
Ar::glc Ground Adsorptive U =22 PCi/L* As=19.6
9 | California ranium | 2 | 2 | water | Media Fiftration Well #2: pg/tt
) As=44pg/t* | U=24.9PpPCiyL*
U=242
PCi/L*

'Represents data from 2013-2020
2Represents data from 2002-2020
3Data point represents the concentration at the CWS wellhead distribution sampling location as there
is no treatment currently present.
4 Represents data from 2016-2020

In Region 1, we selected a CWS in New Hampshire serving approximately 50 people through 24 service
connections. The current treatment system uses adsorptive media filtration to treat 50% of the water
volume from two combined wells. The remaining 50% of well water is untreated and blended with the
treated water prior to distribution. System data revealed an average arsenic concentration in the
combined groundwater wells of 10.8 ug/L with a treated water average of 8.34 pg/L based on data
between 2013 and 2020. The system has experienced several past violations for arsenic contamination,
with values exceeding the MCL for arsenic (10 pug/L) more frequently prior to 2013, but with consistent
arsenic concentrations between 8-11 g/l between 2013 and 2020. In New Hampshire, the MCL for
arsenic is 5 pg/L and thus the state administrators identified this CWS as a system that would benefit
from increased freatment to remove arsenic below the state MCL.
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In Region 5, we selected a CWS in lllinois serving approximately 450 people with 221 service
connections. The system serves both households connections and a large industrial connection within
the area. The current treatment system utilizes an aeration tower to treat water from a groundwater
well, followed by chlorine injection and subsequent pressure sand filtration. The aeration process
removes particulate iron from the well prior to filtration. Filter media consists of a sand media
marketed as a greensand filtration media designed to remove both iron and arsenic from water. The
total arsenic concentration in the active well averaged 21.6 g/l with an average treated water
concentration of 9.2 pg/L. Iron concentrations in the wells exceed 3000 pg/L, with an average iron to
arsenic ratio of approximately 55:1.

In Region 7, we selected a CWS in Nebraska serving approximately 150 people with 71 services
connections. The CWS consists of three groundwater wells, only one which is active and distributes
from the welthead with no current treatment or water storage prior to distribution. The wellhead is
contained in a small shed prior to pumping wellhead water directly from the wellhead into the
distribution system. Nitrate levels in the groundwater wells in this system have been increasing over
time and the CWS has been considering applying for permits to drill an additional well in the town.
However, there are concerns with rising nitrate levels in nearby wells and cross-contamination of new
wells as a result of the aquifer structure. Nitrate levels in the active well averaged 8.6 mg/LasN
between 2013 and 2020, with a nitrate level of 9.34 mg/L recorded at the wellhead distribution
sampling location.

In Region 9, we selected a CWS in California serving approximately 29 connections and an average of
41 people. The CWS has both permanent and transient residents; therefore, the population presented
in Table 3 represents the average number of people present in the system year-round. This water
system has both arsenic and uranium contamination in two different groundwater wells and has
primarily focused on removing arsenic from the wellheads. Well #1 has an average arsenic
concentration of 55 ug/L and an average uranium concentration of 22 PCi/L. Prior to 2020, Well #1 was
the primary active well and was treated via two adsorptive media filters. After 2020, the CWS switched
to using Well #2 after the adsorptive media filters failed before the manufacturer’s indicated useful life
of the media. Well #2 has an average arsenic concentration of 4.4 ug/L and an average uranium
concentration of 24.2 PCi/L. The smaller arsenic concentration in Well #2 has helped to reduce arsenic
MCL violations but uranium remains a concern. Arsenic and uranium levels measured in the
distribution system measure 19.6 pg/L and 24.9 pg/L respectively. Arsenic levels in 2016 were recorded
at 37, 41 and 48 pg/L in the distribution system in 2016. The water system is not currently using the
adsorptive media system due to its early failure and the switch to Well #2 and has been considering
water treatment solutions to remove both arsenic and uranium. Due to water quantity concerns, CWS
stakeholders indicated they were interested in blending the two wells to ensure daily water demands
are met over time.
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We addressed both arsenic and uranium contamination in Region 9 as separate sources of
contamination when examining results for comparisons between CWSs in different regions. When
providing a comparison between other regions (notably Region 1), we examined arsenic alone for an
accurate comparison. When completing our analyses in Region 9, we focus on arsenic alone for
comparison to other CWSs, and the combined contamination from both arsenic and uranium when
making a recommendation specifically for Region 9. For example, when comparing centralized
treatment to POU/POE devices within Region 9, we examined removal of both arsenic and uranium,
but when we compare the final results between Region 1 and Region 9, we examined only arsenic
removal.

2.2.2 Selected technology alternatives

2.2.2.1 Centralized treatment improvements

In Region 1, arsenic is currently removed from two groundwater wells using an adsorptive media
(granular ferric hydroxide media) filtration system. Only half of the flow produced from the two wells is
currently treated at the central facility, with the remaining half of the flow bypassing treatment and
then blended with treated water before distribution to customers. Through conversations with CWS
stakeholders, we determined the current system has functioned well over the past ten years and the
CWS is satisfied with the adsorptive media performance. Furthermore, there is sufficient space
available in the current treatment facility to house an additional filtration unit and thereby treat the
full flow from the two wells. The cost of the media, the size of the current filter and the amount of
water to be treated by this improvement are well known and documented, making the addition of a
second filter in series a viable improvement for the Region 1 CWS.

In Region 5, arsenic is currently co-precipitated with iron via aeration and pressure sand filtration. The
current system consists of the following components: two wells providing water with an iron to arsenic
ratio of 55:1, an aeration column, pre-chlorination, followed by filtration with pressure sand filters with
a silica sand filtration media nominally able to remove iron. The media in this system was replaced
recently, in 2018, which helped to lower the mean treated arsenic concentration below the MCL of 10
ug/L, but there are still concerns arsenic will not be effectively removed long-term. There is no current
data available detailing the fraction of arsenic in the trivalent (As (lll)) form compared to the
pentavalent (As (V)) form. After conversations with stakeholders in this system, we decided to focus on
improving pre-oxidation of As (lIl) to As (V) for this study, postulating the sand filters were only
removing As (V) effectively. Therefore, in the lllinois system, the centralized improvement will consist
of altering the order of pre-oxidation steps by placing pre-chlorination ahead of aeration to oxidize As
(1) to As (V).

In Region 7, water is blended from two wells high in nitrate and then distributed to the community. No
current treatment processes exist in this system. After consulting with the CWS, we determined the
CWS has been exploring drilling new wells to alleviate nitrate contamination. However, groundwater
studies in this community have shown increasing nitrate levels in both the community and neighboring
17
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wells, raising the concern that any new well could suffer from surface and subsurface contamination. A
consulting company working closely with this community recommended the following alternative
choices: ion exchange, nanofiltration or reverse osmosis, or a consecutive connection o a neighboring
system. Using the EPA cost models for ion exchange, membrane filtration, and consecutive connection
{interconnection), we screened these different options to determine which may be more reasonable in
the CWS based on initial capital cost. We determined interconnection was at least four times more
costly than centralized ion exchange, and reverse osmosis and nanofiltration were expensive
alternatives due to maintenance, operation and brine disposal concerns. We therefore selected
centralized anion exchange using a nitrate selective resin as the centralized improvement alternative in
Region 7. With the addition of centralized treatment, the system in Region 7 will also require chlorine
disinfection to comply with treatment requirements in Nebraska. As a result, the cost and components
of a chlorine disinfection system are included as part of the centralized treatment solution in
subsequent analyses. We also include post-treatment water storage in our centralized improvement
analysis since there is currently no water storage in the community.

In Region 9, the current treatment facility is designed to remove arsenic from groundwater wells using
an adsorptive media (granular ferric hydroxide media) filtration system. The current treatment facility
was designed to remove arsenic from Well #1, but the community switched to Well #2 as the primary
source in the past five years. As a result, the CWS is currently dealing with uranium levels in
exceedance of the 30 PCi/L MCL and has lingering arsenic contamination. The current treatment facility
is not in operation, but the infrastructure is relatively new, and the community stakeholders are
interested in optimizing the current system to remove arsenic. Through conversations with
stakeholders from this community, the following options were considered:

1) Blending Well #1 and Well #2 and removing arsenic centrally via the current adsorptive
media;

2) Removing arsenic from Well #1 centrally with the current infrastructure and removing
Uranium with a POU device;

3}Removing uranium centrally with a POE RO device.

We selected a centralized alternative based on the liquid waste disposal and spent media disposal
options best suited to the community. We consulted the regional Water Board to determine the
permitting requirements for the disposal of brine from either RO or ion exchange systems and assessed
the current waste disposal methods available in the community. The community currently relies on
nine septic tanks that would be unlikely to be able to handie the brine from a centralized RO system
without extensive additional piping. As a result, we decided to examine ion exchange with an option to
dispose spent media to a landfill or an evaporative pond on site.

18



183

2.2.2.2 POU/POE devices

The decision making process to select POU/POE devices is presented in Figure 2.3 to show the criteria
used to refine and improve our list of eligible POE adsorptive media devices for Region 5 and POU RO
devices for Region 1, 7 and 9. Initially, we only identified one POE device currently certified to
NSF/ANSI 53. We expanded our search to include device listings from IAPMO, resulting in the
identification of additional devices certified to CSA B483.1, a Canadian standard for devices installed in
plumbed systems (IAPMO, 2021) which had a device with NSF 53 listed. We also performed a search of
the NSF/ANSI 61 listings to identify adsorptive media with an NSF/ANSI 61 certification (NSF, 2021c).
Using this information, we then searched through both manufacturer websites and water filtration
distributor websites offering “whole house” water filtration systems. We compiled a list of POE devices
with media certified to NSF/ANSI 61 and included only devices where we could verify the presence of a
performance indicator device (PID) and a filter housing also certified to NSF/ANSI 61 in our final list of
POE devices to consider for Region 5. This yielded a total of 7 devices to examine for Region 5
(Appendix B, Table B3). Figure 2.3, Panel 1, shows the process of expanding the search parameters for
POE devices to find the second POE device to use in this study.

g

Devices found with online
search of distributor websites
N=7

P Expand search
e 2N parameters to

Select 2"

/ POE devices )\ find additional / _
ifi Devices with device // POE device
certified to devices sEjANSio1 with media
NSF/ANSI 53 —_— el > | Certifiedto
= rtOE ’ N=5 \ NSF/ANSI 61
\\ DeviceK . —POE Device /
e = A\ N 4
N = 1 device N =12 devices N = 1 device

Methodology to select 2 POE adsorptive
media units from device listings
(Region 5)
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Figure 2.3: We expanded our search for POE devices from the one device we located using device
listing search tools to include a total of 12 devices found through online searches and then narrowed
the list of 12 devices to find the second POE device for Region 5 (Panel 1). We narrowed the list of
POU RO devices for Regions 1, 7, and 9 from 167 total devices to 2 RO devices by selecting devices
certified for both arsenic and nitrate removal, and devices available from local distributors and had
performance indicator device (PID) information readily available (Panel 2).

After searching for NSF/ANSI 58 listings, we identified 167 devices from the combined listings from
NSF, WQA and IAPMO. First, we selected only devices certified for both pentavalent arsenic removal
and nitrate-nitrite removal claims for NSF/ANSI 58 to ensure that we can compare device performance
across communities (i.e., Region 1 versus Region 9) and across contaminants (arsenic vs. nitrate). We
used the guidance from the EPA (USEPA, 2006b) to identify components necessary for POU/POE to be
used for regulatory compliance, including the presence of performance indicator devices (PIDs). While
most devices certified to NSF/ANSI 58 listed on either the NSF, WQA or IAPMO websites will have PIDs
as a result of certification requirements, we decided to approach the search from the lens of a CWS
operator or manager. We therefore searched for device manuals and product listings that were readily
available to customers and have easily accessible information on the presence of PIDs. We further
refined our search by identifying devices available through local distributors and whether replacement
components or media were readily available in the EPA Region or state where the CWS is located. This
criterion was based on feedback from state administrators who stressed the importance of finding
devices locally to ensure that maintenance and repair activities can be completed in a timely manner
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to ensure compliance. Six devices were identified using these criteria for consideration {Appendix B,
Table B2} (Figure 2.3, Panel 2). From these devices, we selected the same RO unit {Company D, Device
D1) for Region 1, 7 and 9, listed as Device D, to enable a comparison of context in costing and exposure
analyses. We selected a second RO device (Company G, Device G1) for Region 7 for nitrate removal to
complete our selection of POU/POE devices.

In Regions 1 and 9, POU devices are allowed at a state level for compliance with the SDWA. POU
devices have been previously piloted and installed in CWS in the Region 1 state; through conversations
with state level administrators, we learned how the state approves selected POU devices in addition to
other state level requirements for use of POUs. In Region 1, we selected a carbon fiber adsorptive
media POU certified to NSF/ANSI 53 and an RO POU certified to NSF/ANSI 58. The same guidelines hold
for California in Region 9, where POUs are allowed for compliance, and we also selected the same
NSF/ANSI 53 and NSF/ANSI 58 devices for the Region 9 system to allow for comparisons between the
context in each CWS as opposed to comparisons of devices. Devices were selected based on local
availability, cost (one low cost and one high-cost option) and evidence from manufacturers that a PID
was present (Table 2.3).

In Region 5, only POE devices are allowed for long term compliance to the SDWA. Using the IAPMO
device listings presented in Table B2 in Appendix B, we determined only Company K produced devices
certified to NSF/ANS! 53 that could be used in this study. We therefore identified a list of 7 POE devices
by searching for NSF/ANSI 61 certified adsorptive medias, and through online searches of
manufacturer websites. From this list of 7 devices, we identified a device from Company N with a
media certified to NSF/ANSI 61, as well as readily available filter housings certified to NSF/ANS! 61 as
the second POE option in Region 5 (Table 2.3).

In Region 7, we selected two POU RO devices certified to NSF/ANSI 58 for nitrate/nitrite removal. From
a list of 6 eligible devices (presence of a PID, availability of the device, NSF/ANSI 58 certification for
both arsenic and nitrate removal), we identified two RO POU devices. The first device from Company D
was chosen to be consistent with that selected in Regions 1 and 9 to enable comparison. The second
device is from Company G and was selected for both its availability in Region 7 and because it is
approximately twice the capital cost as Device D1, providing for a comparison of low and high-cost
devices {Table 2.3). Capital costs for each device are listed in Appendix B and E.
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Table 2.3: Selected water treatment system improvements for each community

Current Centralized POU/POE Device #1 POU/POE Device #2
Centralized Upgrade
c Treatment T 5 o) 5
K] = .o =1 .0
« £2 S 3 & £2 e 3 &
a a
8t F i 8t F 5
(6] O
1 | Treatmentof 50% | Treatment of 100% Company B POU NSF/ Company D, POU NSF/
of the flow rate of the flow rate by Device B2 adsorptive | ANSI53 Device D1 reverse ANSI
from the GW via adding an additional media 0smosis 58
adsorptive media filtration module
filtration
5 | Aerationand Enhance pre- Company K POE NSF/ Company N, POE NSF
Pressure Sand oxidation by moving Device K1 adsorptive | ANSI53 Device N2 adsorpti | 61
Filtration for co- pre-chlorination media and CSA ve
precipitation of step ahead of B483.1 media
arsenic with iron aeration
7 | Wellhead and Centralized anion Company G POU NSF/ Company D, POU NSF/
Distribution exchange with a Device G1 reverse ANSI 58 Device D1 reverse ANSI
System nitrate selective 0osmosis 0osmosis 58
resin
9 | Adsorption Media Centralized anion Company B POU NSF/ Company D, POU NSF/
for Arsenic exchange with a Device B2 adsorptive | ANSIS53 Device D1 reverse ANSI
removal + strong base anion media osmosis 58
hypochlorite resin
disinfection

2.2.2.3 Initial data collection results and water treatment system improvement diagrams

After selecting centralized treatment improvements and POU/POE devices, we constructed process
flow diagrams for each alternative to highlight the components included in the triple bottom line
analysis. Figure 2.4 shows the centralized treatment improvement for Region 1, highlighting additional
components needed to install and operate a second GFH adsorptive media filter. Components in grey
represent components of the system already in place that will not be included in our analysis as they
do not constitute an “improvement” to the system.
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Figure 2.4: Components of the centralized treatment improvement for Region 1. Note that
components in grey already exist that and will not be included in the analysis but are shown for
illustrative purposes only.

Similarly, Figure 2.5 shows a generalized diagram of a POU RO unit based on documentation from the
EPA POU/POE Guidance document (USEPA, 2006b). Components include pre-filters (both granular
activated carbon (GAC) and sediment removal), the RO membrane, flow meters and additional piping.
The components listed in these diagrams provide a starting point for both the LCA and LCC analyses
explained in detail in Sections 4 and 5 respectively. Appendix A provides additional process flow
diagrams of each CWS centralized improvement and additional POU/POE devices to document the
components considered in the triple bottom line analysis.
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Figure 2.5: Components of a POU RO device selected for Region 1.

Specific design considerations for each improvement such as contaminant removal rates, sizing of
centralized treatment vessels and operational parameters such as empty bed contact time (EBCT) were
recorded for each improvement. Removal rate information is presented in the exposure assessment
component of this report in Section 3.

The process flow diagrams presented in Figure 2.4 and Figure 2.5 were used to calculate the amount of
material needed for each alternative for the life cycle analysis component of the triple bottom line
analysis. The process flow diagrams were also used to evaluate the material and number of
components for the life cycle costing analysis (Chapter 4) and life cycle assessment (Chapter 5).
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3 — Exposure Assessment

3.1 Methods

To quantify exposure, we calculated both the estimated chronic daily intake (CDI) and the average daily
dose (ADD) associated with each water treatment system improvement. CDI was used to

quantify potential lifetime health impacts using both a deterministic approach and a probabilistic
approach. Deterministic exposure provides only a single point estimate of exposure, while probabilistic
exposure was used to generate a range of values to capture best- and worst-case exposure scenarios.
ADD was used to examine exposure duration to quantify the time available to implement an
alternative over an averaging time of 30 years. CDI and ADD values were calculated for both pre- and
post-intervention concentrations: pre-intervention refers to the exposure in the CWS in its current
state, while post-intervention refers to the exposure associated with water in the CWS after either
installing a centralized improvement or a POU/POE device. We examined exposure from three routes:
oral during consumption of drinking water, inhalation of aerosolized water during showering, and
dermal contact with water during showering or bathing. Ultimately, we estimated oral and dermal
exposure only due to data gaps in the literature surrounding inhalation exposure reference values and
a lack of equations available to accurately quantify the concentration of contaminants in aerosolized
water droplets.

In Regions 1 and 5 we examined exposure to arsenic contamination via the oral and dermal exposure
routes. In Region 7, we examined exposure to nitrate through the oral exposure route only. In Region
9, we addressed both arsenic and uranium in our exposure assessment. Arsenic contamination via oral
and dermal routes is included in our analysis while only the oral exposure route for uranium is
considered. Detailed calculations and methods for each analysis are explained in detail in the following
paragraphs.

3.1.1 Estimating contaminant exposure

Contaminant exposure was calculated for the oral and dermal exposure routes using EPA guidance for
exposure assessments (USEPA, 1992). We have provided a discussion of the calculations for CDI, hazard
quotient, total carcinogenic risk, and maximum likelihood estimates for each exposure route
separately. Difference in deterministic and probabilistic calculations are presented once for oral
exposure; the same procedures apply to the dermal exposure route. Input values to each set of
equations are provided for each exposure route for clarity. Reference values such as no observable
adverse effect level (NOAEL), lowest observable adverse effect level (LOAEL), reference dose, and oral
slope factors are provided specific to exposure routes when applicable and by specific contaminant. A
discussion of the challenges associated with calculating exposure via inhalation is also provided for
completeness.
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Oral exposure.

Deterministic Calculations. For each CWS, the pre-intervention exposure was calculated using CDI
{units of mg/kg-day) and the historical concentrations of a given contaminant in a CWS (Equation 3.1)
{USEPA, 1992}. CDi is the product of the concentration {C), intake rate {/R}, exposure frequency (EF),
exposure duration (ED)}, divided by the product of the average lifetime (LT), and bodyweight (BW). The
average contaminant concentration in both groundwater wells and treated water was used to
calculate CDI values. Only treated water concentration calculations are shown in the subsequent
results.

C*IR*ED+EF
BW=LT

Dl = (3.1)

Total carcinogenic risk (TCR) is the product of the CDI and the oral slope factor (units of kg-day/mg),
which is then subsequently used to produce an estimate hazard quotient (HQ} {Equation 3.2). The oral
slope factor (SF) is a contaminant-specific value determined through epidemiological studies and used
as a conversion factor to express exposure risk in unitless terms (USEPA IRIS, 1991). Hazard quotient
(HQ) is found by multiplying the TCR value by the oral slope factor. HQ values are then added for each
contaminant of concern to provide an overall estimate of exposure risk (Equation 3.3). For the
purposes of this study, the HQ in each community is the sum of the HQ for individual contaminants.
The HQ is equal to the exposure only from the contaminant of concern: arsenic in Region 1 and Region
5, and nitrate in Region 7. In Region 9, the HQ for arsenic only was calculated for comparison purposes
with Region 1. We also planned to calculate the HQ for both arsenic and uranium in Region 9 by adding
the HQ values to arsenic to uranium. In all scenarios, if the HQ is greater than one, then adverse effects
from a contaminant that are potentially carcinogenic in nature exist in the system,

Carcinogenic risk was not calculated for nitrate {the contaminant in Region 7}, as there are no data
supporting carcinogenic effects of nitrate and no documented oral slope factor to calculate a HQ
(USEPA IRIS, 2021b). in Region 9, the HQ for arsenic equals the total carcinogenic risk; a complete
evaluation of carcinogenic potential for uranium has not been conducted by the US EPA IRIS program
{US EPAIRIS, 1989) and there is currently no oral slope factor available for uranium in literature.
Currently there have been no studies have been entered into the IRIS database that confirm uranium is
a carcinogen. We calculate the total exposure using CD1 for both arsenic and uranium, however,
calculations for total carcinogenic risk in Region 9 only represent the carcinogenic risk from arsenic.

HQ =TCR % Oral Slope Factor (3.2)
Carcinogenic Risk = 37 HQ (3.3)

Where a HQ could be calculated, carcinogenic risk was then used to find the maximum likelihood
estimate (MLE) for arsenic (Equation 3.4):
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MLE = TCR « DWUR * BWadjusted (3.4)

The MLE value provides an estimate of the number of people in a population of 10,000 people who are
impacted by carcinogenic risk from a given contaminant, For example, an MLE value of 4.0 x 10+,
translates to 4 people impacted by arsenic contamination per 10,000 people. In Equation 3.4, the
drinking water unit risk (DWUR) is a value specific to a given contaminant. A DWUR of 5 x 10 ° per ug/L
is available for arsenic through the USEPA IRIS database {USEPA IRIS, 1991); no DWUR value for nitrate
or uranium has yet been calculated due to a comparatively small body of epidemiological literature
evidence for these contaminants {USEPA IRIS, 2021b, USEPA IRIS, 1989). Reference values from the
World Health Organization for acceptable MLE values for cancers caused by arsenic contamination are
in Appendix C, Table C1.

Probabilistic exposure. CDI was calculated as a range of values based on probabilistic modeling
{Table 3) using the same equations described above. A deterministic analysis was used to provide a
baseline average and median CDI and is a point estimate only. The probabilistic analysis provides a
range of exposure values to estimate the best- and worst-case exposures for specific percentiles in a
given population.

Probabilistic estimates were calculated by randomly generating a normal or lognormal distribution of
1000 data points, centered at a mean equal to the deterministic values in Table 3.1. For example, for
intake rate, a normal distribution with 1000 data points was centered on 2 L/day intake which
generated intake values ranging from 0 to 4 L/day to simulate both lower and higher than average
water intake by individual members of the community water system population. Using the
distributions for each variable, we then calculated a distribution of CDI values and extracted
representative percentiles per the USEPA’s exposure assessment method guidance (USEPA, 1992).

The 50%, 90%, 95t 98t 99t and 99.9" percentiles were selected as representative metrics for our
analysis. The 50t percentile represents the Central Tendency of the distribution, the 90t -9gth
percentile represents the Reasonable Worst-Case Exposure, the 98™ percentile represents the
Maximum Exposure, the 90t -99t" percentile represents the reasonable maximum exposure (RME), the
99.9' percentile represents the Bounding Estimate; any value greater than the 90™ percentile
represents a high-end estimate of exposure {Figure 3.1) {USEPA, 1992). Once each percentile was
calculated, these exposure values were compared to literature values for the NOAEL and LOAEL of each
contaminant to determine an approximate percentile of the population exposed to a contaminant.
Probabilistic exposure estimates expand upon the point estimates from the deterministic exposure
assessment, providing worst case exposure assessments for a conservative estimate of exposure.
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Reasonable
Maximum Exposure

Maximum  Bounding

Central Exposure Estimate
Tendency
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Reasonable
Worst-Case
Exposure

50% 90% 98% 99% 99.9%

High-end Estimates
Figure 3.1: Estimated probabilistic chronic daily intake scenarios.

Input and Reference Values. We made the following assumptions for oral exposure to calculate CDI: IR
of 2 L/day for an adult, EF is 365 days/year, ED of 70 years, LT of 70 years, male BW of 70 kg, female
BW of 55 kg, child bodyweight of 15 kg and infant bodyweight of 5 kg (USEPA, 1992) (Table 3.1). The
pre-implementation concentration of arsenic (C) was obtained from data from the CWS and the
average concentration in treated water was used in CDI calculations.
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Table 3.1: Assumptions for CDI calculation (USEPA, 1992).

Parameter Deterministic Value Probabilistic Values

Concentration (C) Based on water quality data from | Lognormal distribution of

each community water system  fconcentrations from the water quality
data from each community water

system
Intake Rate (IR} 2 |/day Normal distribution of 1000 randomly
Exposure Frequency {EF)  [B65 days/year Benerated values with a mean at the
Exposure Duration (ED) Time to implement: deterministic values

ICDI calculation: 70 years
IADD calculation: variable

lAverage Lifetime (AT) 70 years

Bodyweight (BW) Male = 70 kg
Female = 55 kg
Child = 15 kg
nfant=5 kg

To determine post-intervention concentrations, we multiplied the pre-implementation concentration
by the removal rate associated with a specific alternative. For example, if a POU manufacturer’s
manual or guide specified the POU device is certified to reliably remove 80% of arsenic up to 40,000
bed volumes {and under specific source water pH conditions), we found the post-implementation
concentration by multiplying 0.2 {1-0.80) by the pre-implementation concentration. Table 3.2 presents
the identified removal rates associated with both centralized treatment improvements and POU/POE
devices. Removal rates for centralized treatment technologies were identified by examining the EPA
Arsenic Demo Reports and EPA Design Manuals for removal of arsenic or nitrate (USEPA, n.d., USEPA,
1978, USEPA, 2003a, USEPA, 2003b, USEPA, 2006a). Removal rates for POU/POE devices were found by
consulting their performance data or contacting device manufacturers or distributors to verify removal
rates.
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Table 3.2: Contaminant removal rates for selected alternatives (USEPA, n.d., USEPA, 1978, USEPA,
2003a, USEPA, 2003b, USEPA, 2006a)

RegionjContaminant] Alternative Technology Removal Rate Source of Information
Centralized GFH Adsorptive 95% Literature: USEPA (n.d.}.
upgrade Media Filtration Arsenic Mitigation

Strategies.
1 larsenic POU — Company Adsorptive 96% at pH=8.5 Device performance
B, Device B2 Media {Carbon 99% at pH=6.5 specifications
fiber)
POU Device D Reverse 97% as pentavalent Device performance
Osmosis Arsenic specifications
Centralized Pre-oxidation/ 80% Literature: USEPA {n.d.).
Filtration Arsenic Mitigation Strategies
POE Device N Adsorptive 95% atpH=75 Conversation with device
5  jArsenic Media (GFH) distributor!
POE Device K Adsorptive 97% removal of Conversation with device
Media (GFH) total arsenic distributor?
Centralized Anion Exchange | 90% removal of Literature: DeSilva, 2003
nitrate
POU Device D Reverse 70% as N, 86% Device performance
7 |Nitrate Osmosis removal of nitrate- specifications
nitrite
POU Device G Reverse 80% Conversation with device
Osmosis distributor!
Centralized Anion Exchange | 95% removal of Literature: USEPA (n.d.).
total arsenic Arsenic Mitigation
Strategies.
. POU Device B Adsorptive 96% at pH=8.5 Device performance
9 Jrsenic Media (Carbon 99% at pH=86.5 specifications
fiber)
POU Device D Reverse 97% as pentavalent Device performance
Osmosis Arsenic specifications

YInformation made available upon request, but not publicly available

?The company is currently redoing their website information on this product as it has been updated and no written
information is currently available
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Previous studies of POU/POE devices have shown the nominal removal rate associated with devices
may not accurately represent the actual performance of a POU/POE device in operation over time
{AWWARF, 2005). To incorporate suboptimal operational removal rates, we identified the following
studies (Table 3.3) through a literature review of studies or projects that examined POU/PQOE devices
for the removal of arsenic or nitrate from drinking water {AWWARF, 2005). Additional removal rates
from literature can be found in Appendix C, Table C2, C3 and C4 from several different studies
{AWWARF, 2005, Yang et.al,, 2020). We used the removal rates in Appendix C to generate a “best
case” contaminant removal scenario {high removal rate) and a “worst case” contaminant removal
scenario {low removal rate). We then calculated post-treatment implementation values using both the
best-and worst-case removal rates to provide a range of expected exposure for each exposure route.

Best-case, worst-case and actual removal rates for both centralized treatment upgrades and POU/POE
devices are in Table 3.3. Notably, the best-case and worst-case scenarios are derived only from
literature values and represent removal rates from field testing of POU/POE devices. Our selected
POU/POE devices have removal rates from manufacturers that may be greater or less than the values
provided in literature based on manufacturer and third-party testing and certification claims. For
example, in Region 1, Device B has an arsenic removal rate claim of 99%, which is higher than the best-
case removal rate found from literature (96%). Since we did not test POU/POE devices in field, we used
the manufacturer’s removal rate to calculate the “actual” removal rate of a contaminant under ideal
conditions. The best-case and worst-case scenarios from literature are used to provide a model for
understanding the impact of potential variations in performance in field settings. As a result, we
include best-case scenarios {those where the device performed at or close to manufacturer removal
claims) and worst-case scenarios {those where the device underperformed compared to the
manufacturer’s claims) to ensure our analysis does not under- or overestimate exposure.
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Table 3.3: Selected centralized and POU/POE alternative removal rates and best-case and worst-case
scenarios based on removal rates from literature used to model exposure in each CWS.

Mean Contaminant Scenano. . Mean Contaminant
o {Centralized Contaminant S
. Concentration in Congentration in N
Region Upgrade (C) or Removal Saurce of Information
treated water pre- . treated water post-
N N POU/POE Device Rate . .
impiementation o) implementation
C, selected 95% 0.42 pg/L Literature: USEPA {n.d.). Arsenic
Mitigation Strategies
C, best-case 95% 0.42 ug/L Literature: USEPA {n.d.}). Arsenic
Mitigation Strategies
¢, worst-case 74% 2.2 pg/t Arsenic Demo Reports
POU Device B, 99% 0.08 pg/t Manufacturer specifications
selected
POU Device D, 97% 0.27 ug/L Manufacturer specifications
1 8.3 pg/L of arsenic selected
POU, best-case 96% 0.33 pg/L. AWWARF Report 2005
{Carbon fiber
adsorptive media
and RO)
POU, worst-case 68% 6.6 pg/fl Powers et.al,, 2019
{Carbon fiber
adsorptive media}
POU, worst-case, 48% 45 pg/L AWWARF Report 2005
{Reverse 0smaosis)
C, selected 80% 1.8 pg/t Literature: USEPA {n.d.). Arsenic
Mitigation Strategies
C, best-case 80% 1.8 ug/t Literature: USEPA {n.d.}. Arsenic
Mitigation Strategies
C, worst-case 79% 1.9 pg/t. Arsenic Demo Reports
5 9.1 pg/L of arsenic POE Device N, 95% 0.46 pg/L Manufacturer specifications
selected
POE Device K, 98% 0.18 ug/L Manufacturer specifications
selected
POE, best-case 96% 0.37 pg/L AWWARF Report 2005
POE, worst-case 42% 5.3 pg/t AWWARF Report 2005
C, selected 90% 0.94 mg/L Literature: DeSilva, 2003
7 :;3ng/L of nitrate C, best-case 90% 0.94 mg/t Literature: DeSilva, 2003
C, worst-case 85% 3.3 mg/t Arsenic Demo Reports
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{reverse osmosis)

POU Device D, 80% 1.9 mg/L Manufacturer specifications

selected

POU Device G, 70% 2.8 mg/t Manufacturer specifications

selected

POU, best-case 97% 0.28 mg/L Arsenic Demo Reports

POU, worst-case 57% 4.0 mg/L Arsenic Demo Reports

C, selected 95% 0.98 pg/L Literature: USEPA {n.d.}. Arsenic

Mitigation Strategies
C, best-case 95% 0.98 pg/l. Literature: USEPA {n.d.). Arsenic
Mitigation Strategies

C, worst-case 40% 11.8 pg/L Arsenic Demo Reports

POU Device B, 99% 0.2 ug/t Manufacturer specifications

selected

POU Device D, 97% 0.59 pg/L Manufacturer specifications
) 19.6 pg/L of arsenic selected

POU, best-case 96% 0.78 ug/L AWWARF Report 2005

{Carbon fiber

adsorptive media

and RO)

POU, worst-case 68% 15.7 ug/L Powers et.al., 2019

{carbon fiber

adsorptive media)

PQOU, worst-case 46% 10.6 pg/L AWWARF Report 2005

After completing calculations, we compared the CDI, carcinogenic risk, and MLE for both pre- and post-
implementation values for each water system to the corresponding contaminant NOAEL and LOAEL
values to determine if exposure to the contaminant is expected to result in observable adverse effects
in the customer population. The CDI values for nitrate and uranium were compared only {o the
respective NOAEL and LOAEL values from literature as TCR and HQ cannot be calculated for these
contaminants. Reference values from US EPA literature are in Table 3.4 (USEPA RIS, 1989, USEPA IRIS,
1991, USEPA IRIS, 2021b). We adjusted the NOAEL and LOAEL values for arsenic for an intake of 2L/day
and both a male bodyweight of 75 kg and a female bodyweight of 55 kg to align with the input values

selected above.
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Table 3.4: Reference literature values for each contaminant considered in the oral exposure route
(USEPA IRIS, 1989, USEPA IRIS, 1991, USEPA IRIS, 2021b).

Contaminant | Reference NOAEL Adjusted NOAELT LOAEL Oral
Dose (RfD}) Units Male Female | Child infant Slope
{75kg) | {55kg) | {15kg) {5 ke} Factor
Arsenic* 0.3 pg/kg/ 0.8 ug/kg/ | ug/lkg/ | 0.27 0.36 133 4.0 14.0 1.5 per
day day day ug/kg/ day | mg/kg/
{0.009 (017 day
mg/L)* me/L)*
Nitrate 1.6 L/kg/ 1.6 mg/kg/ | 0.27 0.36 133 4.0 1.8-3.2 NA
day mg/ke/ day mg/keg/ day
day
Uranium 3.0x10° NA NA NA NA NA NA 2.8mg/kg/ | NA
mg/kg/ day day from
food
+ Adjusted NOAEL values were calculated for an intake rate of 2L/day and the corresponding
bodyweight

*NOAEL and LOAEL values are based on an intake rate of 4.5 L/day and a bodyweight of 75 kg
Abased on 0.64 L/day for a 4 kg infant

Dermal exposure.
Calculations. Chronic daily intake for dermal exposure can be calculated using the following equation:
Cp] = DAsSaED-ER (3.6)
T BWWLT :
DA=Kp+Cxt (3.7)

In Equations 3.6 and 3.7, DA ({mg/cm?-event) represents the dermal absorption dose, which is the
product of the permeability coefficient K, {cm/hr.), the concentration of the chemical contacting the
skin € (mg/cm?®) and the time per contact event t (hours/event). The variable SA {cm?) represents the
skin area available for contact with the chemical (US EPA, 2020b).

Input values. Using the EPA Exposure Factors Handbook {US EPA, Chapter 7, 2011}, we selected a
surface area for the entire body (assuming dermal contact occurs during showering or bathing) of 210
cm? for an adult male, 180 cm? for an adult female, 160 cm? for a teenager and 50 cm?for an infant. A
contact time per dose of 15 minutes was selected to calculate the dermal dose absorbed. Literature
values for the permeability coefficient of arsenic were identified and a permeability coefficient of 2.7 x
107 was used for arsenite (As (li)) and a coefficient of 9.2 x 10 was used for arsenate (As {V)). No data
detailing the ratio of As {111} to As (V) was available from Region 1, 5 or 9; therefore, we calculated
exposure using both coefficients and reported the worst-case scenario estimates.
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3.1.2 Estimating time to implement by modeling exposure duration

Calculations and inputs. Average daily dose (ADD) was used to model different exposure scenarios
over an averaging time (AT) of 30 years (USEPA, 1992). ADD uses the same variables as the CDI
calculation, but with an averaging time instead of a lifetime in the denominator. Using the same
assumptions for CDI in Table 3.1, we modeled several exposure durations (ED) and concentrations (C)
post-implementation. The following equations show the ADD calculation (Equation 3.8) and the
relationships between pre- and post-implementation values (Equation 3.9 and 3.10)

ADD = SHR-ED-EF (3.8)

BW AT
ADDtotal = ADDpre + ADD post (3.9)
EDpre = 30 [years] — EDpost (3.10)

Using an averaging time of 30 years, we modeled ADD for pre-intervention and post-intervention
doses, modeling ED values between 0-30 years for pre-implementation exposure. The ADDotal Value
was calculated as the sum of the ADDpre value using an EDpre value equal to 30 [years] — EDpost and the
ADDpost value equal to EDpost (Equation 3.10). Pre- and post-implementation concentrations were
calculated as described above for CDI calculations. The pre- and post-intervention doses were then
summed to determine the average daily dose over the averaging time of 30 years and compared to
literature values to determine when the ADD exceeded the NOAEL or LOAEL for a given contaminant. If
ADDtotal exceeded the adjusted NOAEL value for the specific contaminant, we located the first EDpre
value where ADDtotal > NOAELadjusted. This EDpre value represents the maximum amount of time a CWS
would have to implement the post-implementation solution (with a specific removal rate) before
adverse effects are observable in a population. For example, if an intervention takes five years to
implement, the pre-intervention dose is calculated using the pre-implementation concentration of the
given contaminant over a five-year exposure duration, while the post-implementation dose was
calculated using the post-implementation concentration (pre-implementation concentration multiplied
by the removal rate) and a 25-year exposure duration. The aim of this analysis is to identify the first
EDpre value associated with each contaminant removal rate that exceeds the adjusted NOAEL to
provide a maximum number of years a CWS will have to implement the specific alternative (Figure 3.2).
Notably, this analysis is specific to a given removal rate and the initial contaminant concentration; the
number of years to implement in practice depends on other water quality characteristics and
contaminants in the system. For the purposes of this study, we focus specifically on each contaminant
of concern in isolation when finding the EDpre values for implementation timelines.
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ADDtotal
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Figure 3.2: Method describing use of ADD over 30 years to determine the time to implement an
alternative based on removal rate and exposure duration.

Comparing ADD values to timelines to implement
To put ADDyotal Values into context in each CWS, we consulted with CWS stakeholders and state
administrators to construct timelines to realistically implement either a centralized treatment
improvement or a POU/POE device. Activities included time to:

1. Obtain permits or state approval

2. Select and evaluate technologies

3. Secure funding for a system upgrade

4. Install a device or treatment improvement
5. Pilot studies prior to installation

Timelines were constructed for both a best-case (fastest time to implement) and worst-case scenarios
(longer time to implement) to capture variations present in specific CWSs. We then compared the
implementation timeline to the EDyre values to determine whether an alternative can feasibly be
implemented to reduce exposure. From these comparisons, it is then possible to make a judgement
between the exposure associated with a POU/POE device and a centralized treatment improvement. It
is important to note this analysis focuses primarily on the time necessary to implement a technology
and the removal of a contaminant achieved by a technology. Operation and maintenance, including
device replacement, is necessary to continue to assume the nominal removal rate remains the same
over time; our analysis assumes consistent performance over time.
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In addition, to use POU/POE units for compliance purposes, there must be a unit at each connection in
a water system, meeting the “100% participation” requirement from the USEPA (USEPA, 2006b). CWS
stakeholders interviewed for this project and information documented in literature have highlighted
difficulties with obtaining 100% participation when considering POU/POE solutions which often can
significantly delay POU/POE implementation in a CWS. In Region 9, California requirements have
leniency wherein pilot testing may begin before 100% participation has been achieved, however, the
requirement for 100% participation still has a significant impact on overall implementation timelines.
As a result, when comparing the results of the ADD analysis described above to actual implementation,
we compare two scenarios for POU/POE devices: (1) ideal implementation time as described by CWS
stakeholders (best-case) and (2) worst-case implementation that includes an additional 3-5 years to
achieve 100% participation before implementation can occur.

Estimating lifetime exposure

Finally, we adjusted our calculations of ADD and CDI to reflect lifetime exposure. While the study
period is 30 years, calculating the average daily dose for an infant over a 30-year period does not
represent the reality that an infant is considered a 0—2-year-old by USEPA exposure documentation
(USEPA, 1992). Calculating 30 years of exposure for only an adult bodyweight does not account for the
higher doses of a contaminant ingested by smaller bodyweight infants and children at the same
contaminant concentration in water as adults consume. As a result, we examined exposure from 0-30
years using the following age ranges: 0-2 years old represents an infant, 2-10 years represents a child,
and 10-30 years represents an adult (either female or male). We calculated both the ADD as described
previously and the cumulative ADD to estimate 30 years of exposure from birth to 30 years old. We
calculated lifetime exposure for a scenario where no improvement was implemented, where one of
the two POU/POE devices was implemented, and where a centralized treatment improvement was
implemented, and compared these values to the estimated implementation timelines. Dose was
calculated per year to determine a cumulative dose from 0-30 years, representing the worst-case
scenario of exposure in the CWSs.

3.2 Results
Results from individual calculations (including CDI, TCR and MLE) are presented in detail for only one
case study CWS in the report as an example. Results from the three additional CWSs are presented in
Appendix C.

3.2.1.1 Estimating intake of contaminants

3.2.1.1 Deterministic exposure

Oral exposure.
Table 3.6 shows the pre- and post-implementation exposure calculations for Region 1 using the
identified removal rates (Table 3.2) to determine the final concentration of a contaminant in a water
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system {similar tables for Regions 5, 7, and 9 are in Appendix C}. Pre-implementation exposure to a
mean arsenic concentration of 8.1 pg/L results in a carcinogenic risk greater than the NOAEL for all
bodyweights evaluated if no treatment technology is implemented within the AT of 30 years. Pre-
implementation, the HQ exceeds one for all bodyweights, indicating there is carcinogenic risk
associated with exposure to arsenic.

Post-implementation, we found that for all treatment scenarios {best-case performance, actual device
performance, etc.) evaluated in Region 1, the total carcinogenic risk values were less than the NOAEL
(TCR< NOAEL) and HQ values were less than one (HQ < 1}, except for the worst-case POU removal
efficiency {20%). For this scenario, 20% removal would not adequately remove arsenic in the drinking
water system to a level where there is no carcinogenic risk to the population (TCR > NOAEL or HQ >1)
over a 30-year exposure duration. Both the centralized treatment system improvement {95% removal)
and the POU device alternatives (99% and 97% removal respectively) sufficiently reduce the total
carcinogenic risk values below NOAEL values for arsenic, indicating that there is no evidence of
carcinogenic risk. Table 3.5 presents these results, showing the mean arsenic concentration post-
implementation {Cpost), the CDI, TCR, HQ, and MLE values, including the MLE value translated into the
number of people impacted per 10,000 people. CDI and TCR >NOAEL are highlighted in yellow and HQ
>1 is highlighted in red.
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Table 3.5: Oral chronic daily intake exposure from arsenic in Region 1. Total carcinogenic risk values
exceeding the adjusted NOAEL are highlighted in yellow and hazard quotient values greater than one
are highlighted in red.
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In Region 5, due to a higher pre-implementation arsenic concentration of 9.1 g/l and a lower
centralized treatment removal efficiency of 80% of arsenic (compared to Region 1), the calculated HQ
values were >1 for specific bodyweights, indicating a risk of carcinogenic effects from arsenic in
children and infants, The removal efficiency from POE Device N (95% of arsenic) and POE Device K {97%
removal of total arsenic) produced TCR values less than the NOAEL and HQ < 1, indicating no
carcinogenic risk from arsenic to the customers in the Region 5 CWS after a 30- year exposure
duration. Deterministic results in Region 5 indicate higher removal efficiencies are preferrable, with the
POE devices adequately reducing exposure so that HQ < 1, minimizing carcinogenic risk.

In Region 7, we did not calculate TCR, HQ and MLE since nitrate is non-carcinogenic according to the
USEPA IRIS database (USEPA, 2021b). Instead, we compared the CDI values to the NOAEL and LOAEL
values for nitrate via oral exposure to determine any expected observable effects. Pre-implementation,
no CD1 values exceeded the NOAEL or LOAEL for nitrate, with the same result post-implementation as
well. Deterministic results indicate that there was no difference in exposure from centralized or POU
treatment since the pre-implementation concentration of nitrate was already below the NOAEL
threshold.

In Region 9, due to a high mean pre-implementation arsenic concentration of 19.6 ug/L, our results
indicated carcinogenic risk associated with all currently identified removal efficiencies, with the
exception of 99% removal of arsenic by POU Device B. All but one upgrade option resulted in a HQ >1;
however, POU Device B resulted in HQ<1 with a total carcinogenic risk < NOAEL. Carcinogenic risk
associated with arsenic was calculated to be a concern particularly for infants, due to the smaller
bodyweight of 5 kg. Deterministic resulits indicate that a high removal efficiency is necessary in Region
9 to sufficiently reduce exposure; the only option able to meet this requirement was POU Device B
with a removal efficiency of 99%.

In Region 9, we also evaluated the risk associated with uranium exposure and the combined exposure
to uranium and arsenic. There are no current NOAEL and LOAEL values for uranium associated in
water, therefore, we compared CDI and TCR values to the reference dose for uranium. Deterministic
results for uranium alone indicate the CDI value exceeds the reference dose for uranium pre-
implementation. Pre-implementation, the TCR values exceed the reference dose for all bodyweights,
with a HQ > 1 for infant bodyweights. Post-implementation, 50% removal of uranium would be
sufficient so that a male person in a community will not have a CDI value greater than the reference
dose, but the TCR and CDI values for a woman, child, and teen remain greater that the reference dose.
When the removal rate is increased to 90-99% based on literature removal values for uranium, the CDI
and TCR values would then be less than the reference dose and no HQ>1, indicating sufficient
reduction in uranium exposure. These results indicate that POU/POE devices with higher removal
efficiencies may be preferential in Region 9, particularly when reducing both arsenic and uranium
concentrations to levels where adverse impacts are not seen in the population.
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under best case circumstances may reduce total carcinogenic risk to the small CWSs considered in this
study (Table 3.6). In the Regions 5 and 9 cases, the higher initial arsenic concentration corresponds
with higher TCR and HQ values with resulting potential carcinogenic risk for these communities. In
Region 7, because neither pre- nor post-implementation concentrations of nitrate resulted in CDI
greater than the NOAEL for nitrate, there was no advantage of centralized or POU/POE treatment
alternative based on lifetime oral exposure alone.

Table 3.6: Overall initial results indicating where carcinogenic risk is expected in at least one
bodyweight category for arsenic contamination or where no observable adverse effects are present
for nitrate contamination.

Scenario Region 1 Region 5 Region 7 Region 9
No
. . Carcinogenic Carcinogenic Observable Carcinogenic
Pre-Implementation Centralized Risk Risk Adverse Risk
Effects
N No
Centralized ° . . Carcinogenic Observable Carcinogenic
Carcinogenic . X
Upgrade Risk Risk Adverse Risk
IS Effects
POU./POE No No e No
. Device(Larger . . . . Observable . .
Post-Implementation Carcinogenic Carcinogenic Carcinogenic
Removal Risk Risk Adverse Risk
Rate) Effects
POU/POE
Device No s
Carcinogenic . . Observable Carcinogenic
(Smaller X Carcinogenic X
Risk X Adverse Risk
Removal Risk
Effects
Rate)

Inhalation and Dermal Exposure.
After reviewing literature and completing initial calculations for both inhalation and dermal exposure,
we determined the oral exposure route was the most significant source of exposure based on our
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selected contaminants. We considered the inhalation and dermal exposure routes due to the
possibility of inhalation of contaminated water at shower heads, a scenario that could occur if a POU
device were installed, since a POU device only treats water at the tap where installed. Therefore,
exposure risks would exist at pre-implementation contaminant concentrations (arsenic, nitrate or
uranium) in Regions 1, 7 and 9. In contrast, a POE device, which treats all water prior to entering
premise plumbing, Would reduce inhalation and dermal exposure; in Region 5, POE devices were
selected, and therefore dermal and inhalation exposure would rely on the post-implementation
concentrations of a contaminant. Therefore, we considered exposure to pre-implementation
concentrations via inhalation and dermal routes for ail selected POU devices and exposure to post-
implementation concentration via inhalation and dermal exposure for selected POE devices (Region 5)
and centralized treatment improvements.

Inhalation and dermal exposure pathways for uranium are not in the EPA IRIS database, showing that
exposure to these have not yet been evaluated through epidemiological studies and thus there is no
reference data available to determine a NOAEL, LOAEL, reference dose, or potential carcinogenic risk
of uranium via these exposure routes (USEPA IRIS, 1989). Exposure to nitrate via the inhalation and
dermal route is not considered significant compared to nitrate exposure via food consumption and
through the oral exposure to drinking water (USEA (RIS, 2021b). Arsenic can cause potential
carcinogenic and non-carcinogenic effects in humans via the dermal and inhalation routes (USEPA IRIS,
1991). Based on this information, we conducted an exploratory analysis of exposure via dermal and
inhalation routes to assess the magnitude of exposure in comparison to the oral exposure route.
Inhalation exposure. While studies have shown inhalation of arsenic to be detrimental to human
health, exposure to arsenic through inhalation is primarily through air as a media (dust particles),
rather than water {USEPA, 1991). Few, if any studies have examined exposure to inorganic
contaminants such as arsenic via inhalation of aerosolized water droplets. Studies examining exposure
to contaminants in aerosolized water droplets in household showers have largely focused on microbial
contamination {e.g., Legionella} or from volatile organic contaminants (Azuma et.al,, 2013, Zhou et.al,,
2011). To estimate arsenic exposure via aerosolized water droplets, we first attempted to determine
the concentration of arsenic in water droplets using the equations in Davis et.al. 2016. However, these
calculations rely on knowledge of the fraction volume of water droplets inhaled, the water volume
aerosolization rate per shower fixture, the flow rate of water at a shower fixture, the breathing rate of
a person, and the arsenic specific fraction aerosolized. While several of these values can be estimated
via literature, no studies have been conducted to determine how much arsenic in water is aerosolized
in a shower, leading to a large degree of uncertainty in the concentration of arsenic inhaled by an
average person during a bathing event.

Furthermore, even if the arsenic concentration in aerosolized water particles could be estimated,
USEPA IRIS studies have only investigated the risk of exposure to arsenic via the inhalation in air {not in
aerosolized water droplets). Therefore, any reference values provided by the IRIS database are not
applicable to our scenario (USEPA, 1989). in addition, once arsenic in aerosolized droplets is inhaled,
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only a fraction of the arsenic concentration is absorbed by lung tissue and has the potential to cause
carcinogenic or non-carcinogenic effects (USEPA, 2020a). While the inhalation pathway is important for
microbial and volatile organic contaminants, we did not find sufficient guidance to perform a
reasonable calculation of inhalation exposure for the inorganic contaminants such as arsenic, nitrate
and uranium, nor evidence to suggest that these are important routes of exposure to these
contaminants relative to ingestion of drinking water.

Dermal exposure. We did, however, find evidence from literature that dermal exposure to arsenic is an
important exposure route to include in our analysis (Boffetta et.al., 2020). For dermal exposure, we
determined it would be necessary to calculate exposure to arsenite (As(lll)) and arsenate (As(V))
separately as each compound has a different permeability coefficient. Since we lack arsenic speciation
from Region 1, 5, or 9, we assumed a worst-case scenario for each species, using the total arsenic pre-
implementation concentration to calculate the dermal concentration absorbed in pg/cm?. Initial
calculations indicate the exposure to arsenic via the dermal route is 2 orders of magnitude smaller than
through the oral exposure route for Region 1 and does not pose a carcinogenic risk.

An example of dermal exposure to arsenite (As (Ill)) and arsenate (As (V)) are in Appendix C. Dermal
exposure values (CDI, TCR and HQ) were calculated separately for arsenite and arsenate because each
compound has a different permeability coefficient. We calculated exposure parameters assuming that
100% of arsenic in Region 1 was either arsenite or arsenate to generate worst-case exposure scenarios.
Dermal exposure results are not discussed in detail in the results of this report, but calculated values
are provided in Appendix C for completeness.

3.2.1.2 Probabilistic exposure

Oral exposure.

Table 3.7 provides the results of probabilistic modeling of chronic daily intake for Region 1. For all
considered removal efficiencies, the central tendency estimate (median) does not exceed the NOAEL.
However, reasonable worst case exposure values (90"-98" percentiles) indicate the CDI values exceed
the NOAEL values both in the pre-implementation scenario and when using the worst-case exposure
POU scenario (68% removal of arsenic). For removal efficiencies of 95% (centralized treatment), 96%
(best-case POU treatment from literature) and 99% (POU Device B), the 90t percentile values for CDI
do not exceed the NOAEL, indicating any of these removal efficiencies are sufficient to reduce arsenic
exposure below the NOAEL. The probabilistic modeling results verify the conclusions made from the
deterministic analysis presented previously for Region 1, indicating higher removal rates are
preferrable for reducing contaminant exposure.
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Table 3.7: Probabilistic chronic daily intake results for Region 1 exposure showing percentiles of
interest related to exposure

Pre-implementation
Reasonable .
Worst- Case Maximum
. Central 95th Maximum  [Exposure Bounding
Bodyweight* Exposure . .
ITendency] Percentile [Exposure (Upper Estimate
(Lower Bound)
Bound)
Male 0.120 0.233 0.277 0.291 0.294 0.301
Female 0.150 0.289 0.347 0.351 0.360 0.377
Post-implementation
Removal
Rate
Male 0.011 0.015 0.016 0.017 0.017 0.019
95% Female 0.015 0.020 0.021 0.023 0.024 0.027
Removal [Child 0.056 0.074 0.079 0.084 0.087 0.096
Infant 0.169 0.229 0.248 0.269 0.287 0.319
Male 0.009 0.012 0.013 0.014 0.014 0.015
96% Female 0.012 0.016 0.017 0.018 0.019 0.021
Removal  [Child 0.045 0.059 0.063 0.067 0.070 0.077
Infant 0.135 0.183 0.198 0.215 0.230 0.256
Male 0.002 0.003 0.003 0.003 0.003 0.004
99% Female 0.003 0.004 0.004 0.005 0.005 0.005
Removal  [Child 0.011 0.015 0.016 0.017 0.017 0.019
Infant 0.034 0.046 0.050 0.054 0.057 0.064

*Male bodyweight = 75 kg, Female bodyweight = 55 kg, Child bodyweight — 15 kg, and infant
bodyweight = 5kg

Probabilistic results for Regions 5, 7 and 9 are presented in Appendix C. Results from the probabilistic
modeling verify the results obtained via deterministic calculations.

3.2.2 Estimating time to implement by modeling exposure duration

Table 3.8 provides a summary of both the total carcinogenic risk and HQ values for a number of years
(0-30 years) to implement an alternative in Region 1. The table compares the TCR and HQ values for a
male bodyweight and an infant bodyweight to highlight the importance of both bodyweight and
removal efficiency. The number of years to implement represents the ED pre-implementation value
used to calculate ADD during modeling.
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In Region 1, TCR values for a worst-case 68% arsenic removal efficiency and a male bodyweight does
exceed the NOAEL for arsenic. This indicates that if a POU device with a low removal efficiency was
implemented today, the male population in Region 1 would not be at risk for carcinogenic effects. With
actual device removal efficiencies between 95-99%, TCR values do not exceed the NOAEL until 24 years
of pre-implementation exposure. This indicates a male population in Region 1 would not expect to see
carcinogenic effects from the combined pre-implementation concentrations of arsenic (8.3 ug/L) and
post-implementation concentrations of arsenic {0.08-0.42 ug/L) until year 24. Recall TCR is evaluated
using the total average daily dose values over 30 years multiplied by the reference dose for arsenic.
This means the male population in Region 1 will cross the threshold from non-carcinogenic risk to
carcinogenic risk {TCR > NOAEL) when the maximum pre-implementation concentration is 8.3 ug/L for
24 years, and a post-implementation concentration is 0.08-0.42 ug/l for 6 years. From an
implementation standpoint, if the removal is 95-99%, the system has 24 years in which to implement
the technologies with a 95-99% removal efficiency before carcinogenic risk is present in the male
population. If an alternative is implemented after 24 years, the average daily dose experienced by the
male population yields a TCR value > NOAEL because the population has been exposed to the pre-
implementation concentration for too long compared to exposure to post-implementation
concentrations. If we examine the TCR values for an infant, a child, and a female bodyweight, we see
similar results.

However, if we examine HQ instead of TCR, we discover that for an infant bodyweight, the number of
years available to implement a treatment technology decreased. in Table 3.8, scenarios where the
HQ>1 are highlighted in red, representing scenarios with carcinogenic risk present to a given
population. For removal rates of 95% {centralized treatment) and 97% (POU Device D}, only one year
can pass pre-implementation before reaching HQ>1 for an infant bodyweight. POU Device B with a
removal efficiency of 99% has HQ >1 after two years of pre-implementation exposure. Either the
centralized treatment upgrade or POU Device D would need to be implemented within one year to
prevent total exposure over a 30-year period from causing carcinogenic effects. POU Device D, having a
higher removal rate, needs to be implemented within 2 years to minimize carcinogenic risk for infants.
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Table 3.8: Region 1 ADD values for POU AM technologies (Device B) and centralized improvements
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The results from Table 3.8 reveal the importance of incorporating the removal efficiencies. As the
removal efficiency increases, a population can be exposed to a pre-implementation concentration for
longer without either the TCR>NOAEL or the HQ >1. Technologies offering higher removal efficiencies
will have longer possible implementation timelines before carcinogenic risk from arsenic is a concern in
the water system.

The pre-implementation contaminant concentration is also critical. Results from Region 5 (pre-
implementation mean arsenic concentration of 9.1 pg/L) and Region 9 (pre-implementation mean
arsenic concentration of 19.6 ug/L) would need to implement technologies sooner to minimize
potential health effects even if the technologies offered the same removal rates as Region 1. In Region
5, centralized treatment with an arsenic removal rate of 80% would need to be implemented within 20
years for male and female populations (Table 3.8), but because the pre-implementation concentration
is higher than Region 1 and the removal efficiency is smaller, even if the centralized treatment system
were implemented today (0 years) there would still be a carcinogenic risk associated with arsenic
exposure. However, if POE Device N (arsenic removal rate of 95%) were implemented, there would be
1 year for infants and 4 years for children before we expect carcinogenic effects.
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Table 3.9 provides a summary of the number of years to implement an alternative in each Region.

Table 3.9: Summary of the of the time to implement alternatives for different removal rates. The

time to implement was estimated using both the total carcinogenic risk and the hazard quotient for
systems with arsenic contamination (EPA Regions 1, 5 and 9}. In Region 7, we present the total ADD
values in the TCR column for completeness.

Male Femate Child infant
Time to Implement Time to implement Time to Implement Time to Implement
{years) {years} {years) {years}
EPA Based
Region Removal Rate on Based on Based on Based Based on Based Based on Based
Total Hazard Total on Total on Total on
Carcino Quotient Carcinogen Hazard Carcinogenic Hazard Carcinogenic | Hazard
genic a1 ic Risk > Quotient | Risk> Quotient | Risk> Quotient
Risk > NOAEL >1 NOAEL >1 NOAEL >1
NOAEL
Centralized
Treatment 24 26 24 20 24 5 24 1
Upgrade (95%)
N POU, Device B,
Adsorptive 24 26 24 20 24 ] 25 2
Media (99%)
POU, Device D,
RO (97%) 24 26 24 20 24 5 24 1
Centralized
Treatment 20 22 20 15 20 0 20 0
Upgrade {80%)
POE, Device X,
5 Adsorptive 22 24 22 18 22 5 1 2
Media {98%)
POE, Device N,
Adsorptive 22 23 22 18 22 4 22 1
Media (95%)
Centralized
Treatment 20 23 20 16 20 2 20 0
Upgrade (90%)
7
POU, Device D,
RO (70%} 18 b 18 12 17 0 17 o
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POU, Device G,
RO (80%) 19 22 19 14 19 0 19 0

Centralized
Treatment 10 i1 10 8 10 1 10 ¢
Upgrade (95%)

POU, Device B,

Adsorptive 11 12 10 9 10 3 11 1
Media (99%)

POU, Device D,

RO (97%) 10 11 10 8 10 2 10 0

*Values represent the total ADD over 30 years for nitrate as nitrate is currently classified as non-
carcinogenic

We gathered data from CWS stakeholders to determine time to implement the new treatment
{centralized or POU/POE) to compare with the exposure assessment results. Stakeholders included
state drinking water department administrators, community water system operators and managers,
and engineering consultants who had worked with CWS on system improvements. Figure 3.3 below
presents data from Region 1 comparing the necessary time expected to implement either a centralized
improvement or a POU/POE. Improvements to the centralized system were estimated to take 3-5 years
to implement {including obtaining permits, applying for funding, selecting the improvement, piloting
the improvement and installing the improvement). In comparison, POU/POE devices would be
expected to have a shorter implementation time of 2-4 years, provided there is 100% participation in
the POU/POE program {a concern noted earlier). However, the time to approve adoption of a POU/POE
compliance strategy by securing 100% participation can extend the time it takes to approve and install
a POU/PQE option. Overall, we estimated the worst-case scenarios of as 5.25 years to install a
centralized treatment option and 4.25 years to install POUs/POEs,
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X Approval from
Centralized Improvement the state (within
Total time = 5.25 years [ Lmonth
Removal Rate = 95% o

Evaluation of
potential solutions
(1 year)

Evaluation of potential solution! Obtain funding
(1 year) (1-2 years)

POU Installation g

Total time = 4.25 years " | Approval from

Removal Rate = 99 ™ the state (within
1 month

Figure 3.3: Timeline of worst-case installation estimates for alternatives including the time at which
the ADD values exceed the NOAEL values for a given removal efficiency in Region 1 based on
feedback from Region 1 stakeholders.

We then superimposed our results from evaluating TCR and HQ onto the timelines (Figure 3.3). In
Region 1, we determined that after one year, the HQ >1 for infants with a centralized treatment
removal rate of 95%, and the HQ >1 after two years for POU Device B with a removal rate of 99%. We
found HQ >1 for children at 5 years for the centralized treatment removal rate of 95% and the HQ >1 at
6 years for POU Device B with a removal rate of 99%. This analysis suggests that installation of POU
Device B can take several years and still be protective of human health when compared to centralized
treatment. While a carcinogenic risk in the infant population would be observed before POU Device B
is completely implemented, the HQ <1 for children within the 4-5 years it would take for POUs to be
implemented while for centralized treatment, the timeline to implement is longer and the HQ >1 for
children within this timeline. Provided POU Device B truly does achieved 99% removal of arsenic, this
device would allow the CWS in Region 1 more time to complete the necessary treatment upgrade
installation timeline while minimizing carcinogenic risk to younger and more vulnerable populations.

The centralized upgrade and POU/POE implementation timelines for Regions 5, 7 and 9 are in
Appendix C, Figures C1-3. |n Region 9, sampling activities are included in the implementation timeline
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because California allows a pilot to be completed prior to 100% participation. Table 3.10 providesa
summary of the results of modeling time to implement each alternative in all four regions. Entries in
the table are marked “before” if the combination of removal rate and bodyweight resulted in HQ>1
prior to completing the full implementation timeline of the alternative. Entries in the table are marked
“after” if the combination of removal efficiency and bodyweight result in HQ>1 after an alternative has
been fully implemented.

Table 3.10: Summary of time to implement for each alternative. Entries in the table are marked
“before” if the combination of removal rate and bodyweight result in HQ>1 prior to full
implementation of the alternative and “after” if the combination of removal efficiency and
bodyweight result in a HQ>1 after an alternative has been fully implemented.

Centralized Treatment Upgrade POU/POE Devices

Region Bodyweight Worst- Device (Higher Device (Smaller
case removal) Removal

Actual Best-case Best-case Worst-case

Infant

Child

Female

Male

Infant

Child

Female

Male

Infant

Child

Female

Male

Infant

Child

Female

Male
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The following figure presents each centralized or POU/POE alternative selected for each CWS and
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compares the worst-case implementation timeline (shown in orange in each panel) to the number of

years (from Table 3.10) before the HQ>1. The numeric values presented on the graph represent the
number of years when the HQ first exceeds 1, indicating the new treatment system is no longer

reducing human exposure below an acceptable threshold for the given contaminant. The HQ values are
shown as vertical lines based on the ADD calculations. The values are then compared to the number of

years (worst-case scenario) to implement each treatment type in each CWS (explained earlier). If the

number of years to implement any treatment upgrade is greater than the first year where the HQ value
exceeds one, then the alternative falls in a region shaded blue to represent the fact that this scenario
does not adequately reduce exposure to a given contaminant within the worst-case timeline. We have

included both the ideal implementation timeline (solid blue) and a worst-case scenario (dotted blue

line) to represent an additional 5 years of time to give time to achieve 100% community participation

(dotted blue line). If the blue bar passes any of the vertical lines moving from left to right, then we
expect to see adverse effects in the community population because an alternative has not been

implemented early enough to reduce arsenic or nitrate exposure.
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Figure 3.4: Summary of the number of years before the HQ>1 compared to the worst-case
implementation timeline as identified by CWS stakeholders.
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3.2.3 Lifetime exposure

In this section, we present lifetime exposure assessment calculations and use these to make
conclusions about the suitability of each alternative based on human health impact. For each region, a
table is presented detailing the average daily dose (ADD) over 30 years from birth to age 30. The ADD is
compared to the NOAEL over 30 years (calculated by adding the NOAEL values over 30 years for each
phase of life (infant, child, adult). In addition, a figure comparing lifetime exposure to the
implementation timeline for each CWS is presented to show how each intervention changes the
exposure experience from birth to 30 years. In these figures, the red dotted line represents the NOAEL
value at 30 years, the black trend represents lifetime exposure if no intervention is implemented, and
the remaining curves represent the best case (shortest estimated time to implement) and worst case
(longest estimated time to implement) in each CWS. In each figure, the estimated implementation
timeline for each CWS is shown, as well as the number of years before exposure is expected to exceed
the NOAEL value if no intervention is implemented (shown in black).

3.2.3.1 Region 1 Lifetime exposure results

In Region 1, all of the selected treatment systems’ removal efficiencies and implementation timelines
resulted in an ADD <NOAEL, sufficiently reducing exposure to arsenic to no observable adverse effect
levels. If no intervention is implemented in Region 1, the total ADD over 30 years will exceed the
NOAEL by 4.68 ug/kg/day (Table 3.11). If centralized treatment is implemented within 3 years, the total
ADD over 30 years will be 4.18 ug/kg/day below the NOAEL. The largest decrease in exposure is seen
when the POU carbon fiber adsorptive media device is implemented within 2 years (a decrease of 5.19
ug/kg/day), which is intuitive given the POU AM device has a removal efficiency of 99%.

Table 3.11: Region 1 lifetime exposure results over 30 years compared to an exposure to the NOAEL
level of arsenic.

Improvement Time to Implement ADD over 30 years Compared to NOAEL
i (Years) (ug/kg/day) (ug/kg/day)

No Intervention - 12.78 +4.68

3 3.92 -4.18
Central

6 5.74 -2.36

2 291 -5.19
POU AM Device B

5 4.81 -3.29

2 3.12 -4.98
POU RO Device D

5 4.97 -3.13
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Table 3.11 presents results specific to the treatment options selected for each system. Figure 3.5
shows the best-and worst-case removal efficiencies and best-case/worst-case implementation
timelines for each in Region 1 (the red dotted line represents the NOAEL value of 8.1 ug/kg/day over
30 years, the black trend line represents total exposure {ug/kg/day) assuming no intervention is
implemented). In Region 1, assuming no intervention is implemented, the total dose a person will be
exposed to exceeds the NOAEL value at 17.5 years based on an average pre-intervention total arsenic
concentration of 8.1 ug/L.

According to CWS stakeholders in Region 1, a POU device can feasibly be implemented in 2-5 years
while a centralized treatment improvement can be feasibly implemented in 3-6 years. While POU
devices can be installed in households in a short amount of time in general, implementation can take
as long as 5 years due to the requirement of 100% community buy-in prior to initiating piloting and
permitting activities, which take additional time. In Region 1, Figure 3.5 shows that any alternative
implemented in the timelines described by stakeholders will be implemented quickly enough to reduce
3-year exposure. Similarly, all best-case scenario removal efficiencies also remove enough arsenic from
the system to reduce arsenic exposure below the cumulative 30-year NOAEL.
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3.2.3.2 Region 5 Lifetime exposure results

In Region 5, all of the selected treatment alternatives reduce 30-year exposure below the NOAEL. Table
3.12 indicates that without intervention, the ADD over 30 years is 14.36 ug/kg/day, which exceeds the
30-year cumulative NOAEL by 6.5 ug/kg/day. The largest decrease in exposure is achieved by POE
Device K within a 3-year implementation best-case scenario, followed by POE Device N within 3 years.
Centralized treatment, if implemented by 7 years, results in a cumulative exposure that is only 0.07
ug/kg/day below the cumulative 30-year NOAEL, indicating this option is still able to reduce exposure,
but that beyond 30 years, there may be observable adverse effects in the community population.

Table 3.12: Region 5 lifetime exposure results over 30 years compared to an exposure to the NOAEL
level of arsenic.

Improvement Time to Implement ADD over 30 years Compared to NOAEL
(Years) (ug/ke/day) (ug/ke/day)
No Intervention - 14.36 +6.5
4 6.55 -1.55
Central
7 8.04 -0.07
3 4.40 -3.70
POE AM Device N
6 6.45 -1.65
3 4.08 -4.02
POE AM Device K
6 6.30 -1.80

According to stakeholders in Region 5, POE could feasibly be implemented in 3-6 years while a
centralized improvement is likely to take 4-7 years. The difference between these stems from
differences in approval (piloting and permitting) and installation time. Because there are 221 homes in
the Region 5 community, it is likely that installation of POE devices would require significant
organizational effort, likely increasing implementation time. Notably, the centralized improvement we
selected to address the contaminant concern is relatively simple to install. Assuming that the POE takes
longer to implement because of the number of households, and centralized takes less time to install,
both POE devices still provide a larger arsenic removal over 30-years, indicating the importance of
removal efficiencies.

In Figure 3.6, we observed that if no intervention is implemented in Region 5, exposure will exceed the

cumulative 30-year NOAEL value at 13.5 years. Any of the alternatives selected for Region 5 are likely
to be implemented at this time according to the estimated timelines.
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3.2.3.3 Region 7 Lifetime exposure results

In Region 7, if no intervention is implemented, the total exposure dose over 30 years is 14.75
ug/kg/day, which exceeds the cumulative 30-year NOAEL by 6.65 ug/kg/day. In Region 7, the
centralized treatment upgrade would have a better removal efficiency of nitrate than the POU RO
device. As a result, using POU RO Device G (70% removal efficiency) generates a total exposure dose
over 30 years of 8.25 ug/kg/day, which exceeds the cumulative 30-year NOAEL by 0.15 ug/kg/day if the
device is implemented with a worst-case scenario of 5 years. All other alternatives can successfully
decrease total exposure below the cumulative 30-year NOAEL.

Table 3.13: Region 7 lifetime exposure results over 30 years compared to an exposure to the NOAEL
level of arsenic.

Time to ADD over 30 years Compared to NOAEL
Improvement Implement (ug/kg/day) (ug/kg/day)
(Years)
No Intervention - 14.75 +6.65
4 5.72 -2.38
Central
6 7.05 -1.05
3 6.14 -1.96
POU RO Device D
5 7.32 -0.78
3 7.21 -0.89
POU RO Device G
5 8.25 +0.15

If a treatment upgrade is not implemented in Region 7, nitrate exposure will exceed the NOAEL in 13
years (according to Figure 3.7). In this region, centralized treatment was estimated to take 4-6 years
and POU/POEs 3-5 years. The selected centralized treatment improvement requires a new facility
rather than just an improvement to an existing facility and therefore, implementation is likely on the
high end of the estimate. For POUs, it is difficult to estimate implementation time as there are few
POU installations used for compliance in Nebraska and the community does need to have all have 75
households agree prior to implementation.

In Region 7, the worst-case scenarios for both centralized and POU removal efficiencies would both
exceed the cumulative NOAEL after year 25.

58



69
‘uonejudwdjdwi 404 SaUIBWII S/ 213193ds uo paseq £ uoiSay 104 S} NSaJ dunsodxad awnay i€ 94nsi4

9 —— S ——

v — €

pajuswaldwi si
ABojouyoa) usym Jes A

[ (74 o 0 [ 24 113 0

H T3VON < UORUINISUION H T3VON < UOHUNI3IU| ON
H awi] uonejuawa|dw] 3se) 1SI0M I

_H_ awi) uoneyuawadwi ased 1sag H awn uoneyuawalduw) ase) 1s3g

awi| uoejuawaduw) ase) 1SIOM

223

yuIg woly pesodxy sieaA ypIg wouy pasodx3 siesA
o€ oz oL (o] o€ oz oL 0
J . | J
, v ' Sts
| Vo
i v @
! : rs Lol
e S = 8
$ S — =
@ =3 st o
o L 18
@ o (@]
® 0L = s S
3 o 3
= o (=
= =~ 5
2 %o 2
1 -4
& st @
=3 3
s E
g 3° g
@ e >
rs = #* ol
= S
2| € S
o o Q
2 = =
roL W LS
&
13
o
s Lob
8
st sL




224

3.2.3.4 Region 9 Lifetime exposure results

In Region 9, there was no combination of removal efficiency and implementation timeline among the
selected alternatives that sufficiently reduces 30-year exposure below the cumulative 30-year NOAEL.
The initial concentration of total arsenic in this water system exceeded 20 ug/L, and if no intervention
is implemented, would result in a 30-year exposure dose of 34.08 ug/kg/day, exceeding the cumulative
30-year NOAEL by 25.98 ug/kg/day (Table 3.14) (and would exceed the cumulative 30-year NOAEL of
8.1 ug/kg/day within 3 years). Our results indicate that, given their higher removal efficiencies and
faster timelines, only a POU unit could be implemented fast enough to decrease exposure to below
acceptable limits. If the POU carbon fiber adsorptive media device with a 99% removal efficiency was
implemented as fast as possible (3 years or potentially less), the total dose over 30 years decreases to
9.45 ug/kg/day which exceeds the 30-year cumulative NOAEL by 1.35 ug/kg/day.

Table 3.14: Region 9 lifetime exposure results over 30 years compared to an exposure to the NOAEL
level of arsenic.

Time to ADD over 30 years Compared to NOAEL
Improvement Implement (ug/kg/day) (ug/kg/day)
(Years)
No Intervention - 34.08 +25.98
4 12.06 +3.96
Central
6 15.03 +6.93
3 9.45 +1.35
POU AM Device B
5 12.83 +4.73
3 9.95 +1.85
POU RO Device D
5 13.26 +5.16

Figure 3.8 reveals that no selected alternatives, nor the best-case/worst-case scenarios, could
sufficiently decrease arsenic exposure in Region 9 within the estimated implementation timelines given
the high concentration of arsenic. In Region 9, an alternative solution that had been explored by the
CWS previously was using a new well with lower arsenic concentration. If a switch to a well with lower
arsenic concentrations were made and POU devices were installed within the estimated timelines,
human exposure to arsenic could be sufficiently decreased below the cumulative 30-year NOAEL
threshold in Region 9.
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3.2.3.5 Summary of lifetime exposure results

In the Regions 1 and 5 cases, all potential alternatives sufficiently removed arsenic within the timelines
outlined by the CWS stakeholders. In Region 7, due to a smaller removal efficiency of nitrate, POU RO
Device G would not reduce nitrate exposure below the cumulative 30-year NOAEL, while centralized
treatment would achieve sufficient reduced nitrate exposure. In Region 9, no combination of selected
upgrades, removal efficiencies, and timelines available decreases arsenic contamination below the
cumulative NOAEL, but a faster implementation timeline for the POU AM device or an additional
improvement of changing the source water well could provide the additional steps necessary to
sufficiently reduce arsenic exposure.

Table 3.15: Summary of lifetime exposure modeling. The NOAEL value used for comparison is 8.1
ug/kg/day over 30 years (calculated by multiplying the 0.27 ug/kg/day adjusted NOAEL by 30 years).
The total ADD over 30 years is compared to the NOAEL; a positive value indicates the calculated ADD
>NOAEL, negative values indicate calculated ADD < NOAEL.

Time to ADD over 30 Compared to
Region Improvement Implement years NOAEL
(Years) (ug/ke/day) (ug/kg/day)
No Intervention - 12.78 +4.68
3 3.92 -4.18
Central Upgrade
6 5.74 -2.36
Region 1 2 291 -5.19
POU AM Device B
5 481 -3.29
2 3.12 -4.98
POU RO Device D
5 4.97 -3.13
No Intervention - 14.36 +6.5
4 6.55 -1.55
Central Upgrade
Region 5 7 8.04 -0.07
3 4.40 -3.70
POE AM Device N
6 6.45 -1.65
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3 4.08 4.02
POE AM Device K
6 6.30 -1.80
No Intervention - 14.75 +6.65
4 5.72 -2.38
Central Upgrade
6 7.05 -1.05
Region 7 3 6.14 -1.96
POU RO Device D
5 7.32 -0.78
3 7.21 -0.89
POU Device G
5 8.25 +0.15
No Intervention - 34.08 +25.98
4 12.06 +3.96
Central Upgrade
6 15.03 +6.93
Region 9 3 9.45 +1.35
POU AM Device B
5 12.83 +4.73
3 9.95 +1.85
POU RO Device D
5 13.26 +5.16

Based on the exposure assessment results, we ranked each treatment upgrade in each region (Table
3.16) (ranked as 3, 2, 1, with 3 as the option that most effectively decreased contaminant exposure,
and subsequently 2 and 1). The highest-ranked options based on exposure assessment are:

Region 1) POU AM device B implemented in a 2-5-year time frame

Region 5) POE Device N implemented in a 3—6-year timeframe;

Region 7) Centralized IX implemented in a 4—6-year timeframe;

Region 9) POU AM device implemented as soon as feasibly possible.
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Table 3.16: Rankings for each option in all regions based on the lifetime exposure assessment

results.
Metric
Decrease in contaminant
Region Technology exposure (ug/kg/day)

Centralized Upgrade

1 POU AM Device B

POU RO Device D

Centralized Upgrade

5 POE AM Device N

POE AM Device K

Centralized Upgrade

7 POU RO Device D

POU RO Device G

Centralized Upgrade

9 POU AM Device B

POU RO Device D

3 = Best Option, 2 = 2" Best
Option, 1 = 3™ Best Option
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4 — Life Cycle Analysis (LCA)

4.1 Methods

To understand the environmental sustainability of the alternatives selected, we used a life cycle
analysis (LCA). LCAs can be process-based and economic input-output (EIO) models. Process-based
LCAs connect the inputs to a product or system (including the materials and energy) to outputs of
those specific inputs (emissions, wastes). However, this approach can be limited by insufficient data
and intensive time and cost requirements (Bilec et al., 2006). The EIO-LCA approach uses US industrial
sector input-output tables to map interdependencies between sectors, which includes supply chains
into each sector. While the advantages of this method include examining the entire US economy and
its role in environmental impacts and the data are publicly available, the ability to draw conclusions is
limited by its aggregation of results. We therefore elected to use the process based LCA methodology,
as it provides greater resolution in results when comparing the complex details of centralized
treatment improvements to POU/POE devices.

LCAs consist of four phases: (1) definition of the goal and scope, (2) life cycle inventory, (3) life cycle
impact assessment and (4) data interpretation (ISO, 2006) (Figure 4.1). The definition of goal and scope
involves setting the system boundaries and defining a functional unit. The functional unit serves to
standardize material flows, enabling generation of accurate comparisons of alternative products. The
life cycle inventory component involves generating a database of the system or process components,
including the material, size, and other relevant information for calculating the total amounts of a
component used. LCAs connect the life cycle inventory to a database of process flow information and
estimate the environmental impact (measured by greenhouse gas emission, ecotoxicity, etc.) of each
defined process (ISO, 2006). Based on the inventory inputs and method used, the LCA practitioner then
analyzes and interprets the data, often using sensitivity analyses.
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4.1.1 Functional Unit

We originally proposed to use a functional unit of 1 m3 (1000 L) of water produced; however, after a
more extensive literature review, we selected a functional unit of one household. We decided not to
use a volume of water because the volume of water consumed per household per day is variable
across each household and community, and the flow rate for each community also differs. Normalizing
by the flow rate may obscure the importance of the number of households in a community.
Furthermore, POU/POE devices commonly rely on volume as an indicator of when service or device
replacement is needed; because water use is variable per household, devices will fail at different rates.
For central treatment, the water volume produced is not expected to change significantly as a result of
the selected improvements in each community. We therefore normalized the amount of material in a
device or centralized upgrade per household over the total 30-year study period to compare the
impact assessment. We used the useful life of each component to extrapolate the number of
replacements of each component over a 30-year time frame and calculated the total mass of material
(in kg) for each treatment option. This allowed us to compare options at a household level and find the
breakpoint number of homes per community at which one option becomes more or less
environmentally sustainable than the other. By calculating the amount of material per household, we
can also account for an increase or decrease in the number of customers served by the CWS if the
population of the community changes over time.

4.1.2 Software and Databases

The SimaPro software contains several databases from which the life cycle inventory can be
completed. For this study, we used the ecoinvent 3 database, which provides information about the
process flows for specific materials and processes needed to generate the materials present in each of
the selected treatment options. Using this database, we generated process flows for each centralized
improvement and each POU/POE device based on an inventory (described below). We then selected
the TRACI 2.1 analysis method to translate the process flows into environmental impacts. TRACI 2.1
iscommonly used in North America to conduct data analysis in LCAs with supporting documentation
from the USEPA (USEPA, 2020c).

4.1.3 System boundaries and data collection

The system boundaries for this analysis encompassed only the upgrades made to the centralized
system, or the entire POU/POE device installed. Using SimaPro, we traced raw inputs, material
processing, transportation, and disposal of each of treatment options for each CWS. We considered
the following impacts: conventional air pollutants (e.g., Sox, NOx, PM, VOCs, CO), greenhouse gases,
energy use (GJ/functional unit), toxic chemical releases, water withdrawals, ecotoxicity, acidification,
eutrophication, global warming potential and others.

The system boundaries, existing system, and additional components needed for the centralized water
treatment system in Region 1 is shown in Figure 4.2 (the pre-implementation components shown in
gray and additional components needed to complete the improvement shown in color). While pre-
existing system components will likely need to be replaced within the 30-year period, we focused our
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analysis only on the upgrades to the system necessary for meeting the isolated treatment objective
also addressed by the contaminant of concern, for adequate comparison to the POU/POE systems.

In Region 1, we consulted stakeholders to determine which components were already in place in this
CWS since the selected improvement involves adding an additional filtration unit. In Region 1,
backwashing equipment for the absorptive media system are already in place; as a result, no piping or
storage tanks for backwash water were included in the LCA inventory. The current treatment facility is
fed by a submersible pump in the well and has sufficient capacity to continue to pump to an additional
adsorptive media filter (the centralized upgrade). We therefore excluded a pump from the inventory.
We included several sensors, including headloss sensors, turbidity meters, and high/low alarms for the
second adsorptive media filter. As a result, Region 1 centralized materials primarily consist of the new
filter housing (fiberglass), the filter media (granular ferric hydroxide), and additional piping and valve
components to feed the second filtration unit (PVC).

?ee
o

Influent

v
A
Adsorptive Adsorptive
Media A 4 v Media
Vessel A B Vessel
—®
—_—
NContwlvalve Q Centrifugal pump
P vanual valve v
AN
P cmsrmie s 0@, e

@ Flow meter
Thermometer
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Figure 4.2: Components included within the system boundaries for Region 1’s LCA are shown in color
while pre-existing components are shown in grey.

In Region 5, we worked with stakeholders to determine which pre-oxidation components were already
in place to identify whether components could be repurposed or should be newly installed
(illustrations and details of system boundaries in Appendix A). After several conversations, we decided
to model a worst-case scenario and install a new chemical feedline, calibration cylinder, and chemical
feed pump to the system. The chlorine disinfection unit is located within the pump house and
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configured to provide chlorine gas for both pre-oxidation after aeration and a disinfectant residual
after sand filtration. The aeration tower is located outside the treatment facility, and it remained
unclear whether the current system could be adapted to locate a chlorine supply ahead of aeration. As
a result, we modeled the full inventory of components necessary to install pre-chlorination, using the
EPA Desigh Manual for Iron Removal which contains pre-treatment options (USEPA, 2006a).

Region 7 does not have a treatment system, although there is space for installing new treatment
components (illustrations and details of system boundaries in Appendix A). As a result, we inventoried
all components necessary to install a new anion exchange system, including 2 vessels, backwashing
equipment, all sensors, piping, valves, and redundant components. Per Nebraska regulations, we also
included the materials and cost associated with installing basic chlorine disinfection, as chlorine
disinfection would then be required once any type of treatment system is implemented. After
conversations with stakeholders, it remained unclear if there was water storage prior to distribution;
we therefore included a storage tank in the inventory to reflect the worst-case scenario.

In Region 9, we included all components necessary to install a new anion exchange system and the
additional components necessary for handling waste disposal (illustrations and details of system
boundaries in Appendix A). We did not include the cost and material to build a treatment facility as
there is an already existing treatment plant. To handle waste disposal, we included an evaporation
pond based on recommendations from state-level stakeholders consisting of two filtration vessels, the
piping and pumping required for regenerating the ion exchange resin onsite, and an evaporative pond
sized for 30 household connections (USEPA, 2006a).

For POU/POE devices, the system boundary includes the device itself (including pre-filters, post-filters
and sensors included in the device), the separate faucet installed at each connection, and any process
piping to connect the POU/POE device to the separate faucet (Appendix D). For some of the selected
devices, these components would be included in the overall device cost and package and were could
easily be identified through device manuals and manufacturers. For POE devices in particular, the
piping necessary may not be included in the cost of the device depending upon the distributor,
necessitating additional piping.

4.1.3 Inventory generation
To perform an LCA, an inventory of the material and size of each component in the selected upgrades
was needed.

For centralized treatment system upgrades, the process flow schematics for each water system were
used to create a component list for each CWS, which we then used along with used the EPA Work-
based Structure (WBS) cost models to construct an inventory for each improvement (USEPA, 2021a)
(Table 4.1). The EPA WBS models were created to allow water systems to explore the cost of installing
specific treatment solutions based on the system size (based on the average daily flow). For Region 1,
we used the US EPA Adsorptive Media Cost Model with a granular ferric hydroxide (GFH) media and
the EPA standard design for small systems (average daily flow rate = 0.03 MGD) (USEPA, 2021c). In
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Regions 7 and 9, we used the Anion Exchange cost model, with a nitrate selective resin for Region 7
and a strong base polyacrylic resin for Region 9 (USEPA, 2017b). in Region 5, we were unable to access
a cost model specifically for pre-oxidation; we instead consulted other chemical addition models under
development by the EPA to generate a list of components to create an inventory for Region 5.

Table 4.1: A cost model and set of model assumptions were selected for each CWS to generate an
inventory of components for each centralized treatment upgrade (USEPA, 2017b, USEPA, 2021c).

EPA Region Centralized EPA WBS Cost Input assumptions
improvement Model
Treatment of Adsorptive Average daily flow rate = 0.03 MGD
100% of the flow | Media {granular | Media is thrown away after 45,000 Bed Volumes {BVs)
1 rate by adding ferric hydroxide | 1 additional vessel, EBCT = 3.6 minutes
an additional media)
filtration module
Enhance pre- Not applicable Average daily flow rate = 0.03 MGD
oxidation by Generated a list
moving pre- of potential
5 chlorination step | components
ahead of using chemical
aeration addition models
Centralized Anion Exchange | Average daily flow rate = 0.03 MGD
anion exchange | — Nitrate Throwaway media after 22,000 BVs
with a nitrate selective resin 2 vessels in series
7 selective resin Residuals disposed of at a wastewater facility
Bed depth of 2.4 ft
EBCT = 3 minutes {1.5 min per vessel)
Centralized Anion Exchange | Average daily flow rate = 0.03 MGD
anion exchange | — Strong Base Throwaway media after 40,000 BVs
9 with a strong Polyacrylic resin | 2 vessels in series
base anion resin Disposal of residuals to an evaporative pond
£BCT = 12 minutes

For POU/POE devices, we contacted manufacturers to locate device manuals and generated
component lists based on these materials. Manuals were located for four {all 3 POU devices and 1 POE
device) of the five devices from manufacturer’s websites, with the fifth POE device manual obtained
via email with the manufacturer. From the manuals, we generated a list of components for each device
separately and then cross-referenced the lists to determine missing components for any one device.
For example, some device manuals include schematics of the process piping necessary to install a POU
device with a separate faucet under the sink while other manuals only include the POU device itself. In
this scenario, we included process piping for POU device in the inventory when device manuals
indicate process piping would be necessary. We also consulted with manufacturers to determine what
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process piping needs to be included to install POU devices if no information was provided in the
manuals.

For each technology option, we calculated the amount of material needed per household over 30 years
in kilograms. First, we calculated the amount of material for each component: for example, if a both a
process valve and a length of piping are made of polyvinylchloride, we calculated the amount of each
component separately. This allowed us to examine whether specific components contributed more to
the impact assessment in initial analysis to determine how granular of detail was necessary. From this
initial analysis, we concluded we could combine components to obtain a total amount of material for
each material type (e.g., PVC, GAC, polypropylene) when calculating the raw material and processing
components of the LCA.

Prior to conducting the impact assessment, we calculated individual components of the life cycle
separately {i.e,, raw material extraction and processing were calculated in one step and waste disposal
was calculated in a separate step) for the following reasons: (1) the SimaPro software requires a
specific “waste type” when inputting waste disposal scenarios and not all materials used in the
technology options are represented in the preloaded waste types, and (2) materials such as granular
ferric hydroxide media {used in the Region 1 centralized improvement and POE devices in Region 5) are
difficult to represent with preset processes. As a result, it became difficult to link raw material inputs
and processes to waste disposal scenarios using the preloaded structures in SimaPro. To ensure we did
not over- or under-estimate the impact of materials such as adsorptive medias, we ran a basic analysis
to determine the impact of 1 kg of material and then exported the SimaPro results for further analysis,
allowing us to adjust these components to the desired functional unit without unintentionally
introducing errors,

To calculate transportation impacts, we searched for processing facilities and municipal landfills
located close to each CWS using Google Maps. We searched for plastics processing locations, iron and
steel processing facilities, local manufacturers of ion exchange resin and adsorptive media, and
locations where raw materials are extracted. We then took the average of the distance from each raw
material extraction location to the processing facility to the community to obtain a distance in
kilometers necessary to transport raw materials to a processing facility and then to the community.
Using the amount of material, we translated this distance into units of tonne-kilometers to calculate
transportation impacts in SimaPro. We also located at least two municipal landfills close to each CWS
and averaged the distance from the CWS to the landfill to calculate the transportation distance in
tonne-kilometers (Table 4.2).

Table 4.2: Distances used to calculate transportation impacts in each CWS.

Community water system Transport of processed materiais Transport of materials from CWS$
to CWS (km) to landfill (km)
New Hampshire {Region 1) 56.3 16.1
tHinois {Region 5) 24.1 24.1
Nebraska (Region 7) 24.1 24.1
California (Region 9) 96.6 193.1
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Finally, SimaPro had a built-in material for anionic exchange resins and granular activated carbon
medias, but not for specific adsorptive medias such as granular ferric hydroxide (GFH). We explored
using the base material of GFH medias (commonly pumice or sand) and creating a new process in
SimaPro to represent the coating of GFH media. However, of the built-in coating processes in SimaPro
are specific to metal working and not appropriate for coating adsorptive medias. Little literature exists
detailing how adsorptive media was accounted for in water treatment LCAs; we therefore modeled the
GFH media as similar to GAC. While it is possible to define a new process in SimaPro, it requires known
environmental impacts of the process. However, we were unable to locate information on the
processing and disposal of GFH media through either literature or manufacturer website search.
Therefore, we modeled GFH as GAC for simplicity, however, since there was a lack of information on
specific GFH media, the impacts associated with the GFH media may constitute an underestimation or
overestimation of the total impact. Notably, the extraction of coal and other base materials to
generate activated carbon have high ecotoxicity impacts as analyzed using the TRACI 2.1.

4.1.4 Impact Assessment

Using the TRACI 2.1 database in SimaPro, we calculated the impact of each treatment option. In
SimaPro, we created assemblies for each using the identified components. For example, for the POU
AM device in Region 1 and 9, we created an assembly that included piping materials, filter cartridges,
stainless steel faucets, and other additional components. We then set up a calculation for each
assembly using the “Analyze” function in SimaPro. We selected “inventory by sub-component” to
better pinpoint which materials contribute the most to the environmental impacts. We then created
“Life Cycles” in SimaPro using the material assemblies described above and included the waste disposal
scenario and transportation. The results from each analysis were exported to Excel for further analysis
and interpretation.

4.1.5 Data Interpretation

To compare data across technologies, we normalized the impact assessment results to the largest
impact category for each material. We compiled the data from each alternative for a given CWS and
identified the largest impact category for each material. We then divided each entry by the largest
impact to obtain normalized results. For each scenario, this generates a number from 0 to 1, with the
largest impact as 1.

4.2 Results

4.2.1 Inventory generation

We generated inventories for the following centralized improvements: adsorptive media filtration in
Region 1 and anion exchange for both Regions 7 and 9. We worked with community stakeholders in
Region 5 to delineate the system boundaries of the centralized pre-oxidation upgrade. In Region 5, we
modeled changing the order of the current pre-oxidation system by moving pre-chlorination ahead of
the current aeration unit. Because the CWS in Region 5 has many of the components necessary to
implement this upgrade already in place, we conducted phone calls with stakeholders to determine
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which to include in the inventory. Examples of inventories are provided below with additional details in
Appendix D.

4.2.1.1 Centralized improvement inventories

Table 4.3 provides an example of an inventory generated for centralized anion exchange with a nitrate
selective resin in Region 7. Using the assumptions provided in Table 4.1, we consulted the Output tab
of the EPA WBS Anion Exchange Cost Model (USEPA, 2017b) and selected the relevant components
from the detailed output that matched the components we identified as necessary for Region 7
(Appendix A, Figure A3). We identified the component, the corresponding entry in the cost model
output (not shown), the material where available, the size of the component, the unit cost of a
component, the total cost of the component (as calculated by the EPA cost model algorithms), and the
useful life. Since this study examines a 30-year timeframe, we calculated the number of replacements
necessary in this timeframe based on each component’s useful life. This number of replacements was
used to adjust the total amount of material calculated by the equations in the EPA cost models to
accurately account for replacements over 30 years. The example inventory in Table 4.3 does not
include the addition of a chlorine disinfection system or water storage for the CWS (these details are
included in the Appendix); each of these, including the IX system, the backwashing components, and
the chlorine disinfection components, are inventoried separately with a process in line with the above
(not shown in Table 4.3). Table 4.3 presents the amount of material per centralized anion exchange
system component, representing the amount of material per home. The amount of material in Region
7 is found by multiplying the amount of material per device by the 75 connections in the community to
show how the number of homes impacts the amount of material entered into the impact assessment
of the LCA.

Table 4.3: Example inventory for centralized anion exchange with a nitrate selective resin in Region 7

Component # of Unit Material Useful Life] Amount of | Amount Region 7 | Amount of material
P Components nits aterla [years] | material [kg] | (75 homes) [kg] | over 30 years [kg]
IX System
Inlet/outlet - f2ftn2 pVC 17 36.89 2,767.06 73.79
piping
Check valves 2 valve PVC 17 0.23 17.29 0.46
2 valve pPvC 17 0.23 17.29 0.46
Manual valves
2 valve pPvC 17 0.23 17.29 0.46
Centrifugal pump| 1 pump Castiron 17 203.88 15,291.07 407.76
Control valve 7 valve PVC 17 0.24 18.04 0.48
Vessel 2 vessel Fiberglass 20 0.90 67.16 1.79
Resin (polyacrylic] Nitrate
polyacry 16 fefn3/yr|  selective 1 435.84 32,688.00 13,511.04
beads) .
Resin
Process piping - ft PVC 17 38.48 2,885.99 76.96
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Backwashing

Tank 1 vessel Fiberglass 20 0.46 34.15 0.91
Piping 50 ft PVC 17 28.24 2,118.02 56.48
op':r‘;tt‘;;/j';\'/es 8 valves PVC 20 0.14 10.59 0.28
check valves 2 valves PVC 20 0.14 10.59 0.28
rinse pumps 2 pumps Castiron 17 815.53 61,164.39 1,631.05
Chlorine disinfection
Storage tank 1 vessel fiberglass 20 0.46 34.15 0.91
me:::f’g‘;au'mp 2 pump PVC 15 0.29 64.66 0.59
check valves 4 valves PVC 20 0.29 64.66 0.29
pressure relief 4 valves PVC 20 029 64.66 029
valves
suction tubing 4 ft pPVC 5 1.17 258.65 7.02
discharge tubing 4 ft pPVC 5 1.17 258.65 7.02
chemical mixer 1 unit PVC 22 10.22 2,258.08 10.22
process piping 110 ft pPvC 17 0.29 64.66 0.29
Dosing pump 1 pump Castiron 17 203.88 45,057.77 203.88

4.2.1.2 POU/POE Device Inventories
We created inventories for the five POU/POE devices based on information obtained from a variety of

sources (Table 4.4).

Table 4.4: For each region, we obtained a device manual by searching manufacturer websites or by
contacting manufacturers and called manufacturers to obtain additional data where necessary to
identify device removal rates for specific contaminants and identify all device components.

manufacturer website

EPA Region Device Manual Conversation with
Manufacturer
1 POU Device B, Adsorptive | Obtained from July 2021
Media (Carbon fiber) manufacturer website
POU Device D, RO Obtained from August 2021
manufacturer website
5 POE Device K, Adsorptive | Obtained from January 2022
Media (GFH) conversation with
manufacturer
POE Device N, Adsorptive | Obtained from July 2021
Media (GFH) manufacturer website
7 POU Device D, RO Obtained from August 2021
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POU Device G, RO Obtained via email with September 2021
manufacturer and
distributor
9 POU Device B, Adsorptive | Obtained from July 2021
Media {Carbon fiber) manufacturer website
POU Device D, RO Obtained from August 2021
manufacturer website

To complete the LCA in SimaPro, we calculated the amount of material per device and per community
over a 30-year period. Table 4.5 shows two RO devices selected in this study and the amount of
material both per device and per community (scaled to per community by multiplying by the number
of homes in the community). Both RO devices contain the same materials in differing amounts by size
and configuration. We found the amount of material over 30 years by calculating the number of
replacements of each component and then using the number of replacements to calculate the total
amount of material over 30 years. The amount of material for the communities in Regions 1,7, and 9
are shown to demonstrate how the number of households impacts the amount of raw material

entered into the LCA impact assessment. Details for each POU/POE device are in Appendix D in Tables
D1-5.

Table 4.5: Inventory of material for two POU RO devices

Materiat (kg}
rgl Polypropyl Polysut Stainless Steel PVC GAC
POV POU POy POU PoU POU POU POU eV} PoU
RO RO RO RO RO RO RO RO RO RO PGURO | POURC
Devic | Devic Devic Devic Devic | Devic Devic Devic Devic Devic | Device Device
ep eG eD eG eD eG eb eG eD eG D G
Amoust awa;\a,:::an ehper | 501 | o001 | o001 | 0001 | o004 | 000a | 086 | 001 | o004 | ooo | os7 057
Amount
of
Materia
for 0.33 0.33 0.02 0.02 010 0.10 20.63 0.18 0.96 0.00 13.77 13.77
Region
1024
homes)
Amount
of
initial Materia
N ifor 1.02 1.02 0.06 0.06 0.31 0.31 64.47 057 3.01 0.00 43,03 43,03
Instalfation s
Region
7(75
homes)
Amount
of
Materia
ifor 0.40 0.40 0.02 0.02 012 0.12 24.93 0.22 1.1% 0.00 16.64 16.64
Region
a(29
homes)
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Amount
of
Materia
Ifor 0.33 0.33 0.55 0.55 0.60 0.60 20.63 0.18 1.70 0.00 413.13 413.13
Region
1(24
homes)
Amount
of
Materia
Over 30 years Ifor 1.02 1.02 1.71 1.71 1.86 1.86 64.47 0.57 5.31 0.01
Region
7(75
homes)
Amount
of
Materia
Ifor 0.40 0.40 0.66 0.66 0.72 0.72 24.93 0.22 2.05 0.00 499.20 499.20
Region
9(29
homes)

1291.0 1291.0

The amount of material in each POU RO device is similar for filter components such as the fiberglass
housing, the size and amount of polysulfone in an RO membrane, the amount of polypropylene in
sediment filter cartridges, the amount of PVC piping needed to connect the devices, and the amount of
GAC in pre- and post-filters. However, RO Device D has more stainless-steel components due the
additional faucet components and filter housing materials. Over 30 years, components such as
fiberglass filter housings and stainless-steel faucet components and housings did not need replacement
based on their useful life. However, components such as RO membranes (polysulfone), sediment
prefilters (polypropylene), and GAC filters need to be replaced every 3-5 years for RO membranes and
every year for pre- and post-filters; the -year material amount for these components therefore
noticeably increases from the initial installation.

Similarly, for the POU adsorptive media device used in Region 1 and Region 9, carbon fiber filters
constitute a large amount of the materials due to frequent replacement within 30 years The stainless-
steel housing used in the POU AM device also contributes a large amount of material to the overall
inventory. For the POE devices selected for Region 5, filter media (gravel under-bedding and granular
ferric hydroxide media) generate a larger amount of material to the overall device inventory compared
to the POU devices. Because POE filtration devices are larger than POU filters, they also require more
material for filter housings (fiberglass) and piping (PVC) in Region 5 than the POUs for Regions 1 and 9.

4.2.2 Impact Assessment

Impact assessment results are presented in detail in this section for each region, each as two panels:
Panel A presents the normalized results to show the relative portion of each component of the life
cycle (raw materials, transport, processing and end of life) and Panel B which presents a comparison of
each treatment option, normalized to the highest value for impact in each impact category among all
three alternatives.
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4.2.2.1 Region 1 Impact Assessment Results

In Region 1, processing and waste disposal facilities are located relatively close to the CWS, resulting in
a small transportation component to all three alternatives (Figure 4.3A). For the centralized
improvement, the end-of-life had a larger fraction of the total impact for the ecotoxicity,
eutrophication, and non-carcinogenics, driven in part by the disposal of the adsorptive media material
to a landfill. While the POU AM device also has adsorptive media, the stainless-steel housing and
plumbing generated a higher material contribution to the total impact for the POU AM device. For the
POU RO device, the processing of polysulfone to create a membrane for use in the unit contributes to
the processing phase (Figure 4.3A).
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Region 1 LCA Results
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Figure 4.3: LCA Impact assessment results for Region 1. A) Relative contribution of each stage of the
life cycle of a product to the overall impact; B) Comparison of the treatment options normalizing the
data to the highest impact across all three alternatives.

In Figure 4.3B, we observed that the largest relative impact is associated with the ecotoxicity impact
category for centralized treatment, due in part to the disposal of the adsorptive media over time. In
comparison, the total relative impacts associated with ecotoxicity for both POU devices are less than
half the magnitude of centralized treatment. Both the centralized treatment improvement and the
POU AM Device B have 5 categories of impact where the alternative is highest. However, the relative
impacts of the POU AM Device B are smaller than for the centralized improvement in the categories
where POU AM Device B is not the highest impact alternative. In Region 1, the POU RO Device D has
the lowest total overall impact across all impact categories. As a result, we rated the POU RO Device D
with the highest score and the centralized alternative with the lowest score.

4.2.2.2 Region 5 Impact Assessment Results

In Region 5, the modeled centralized treatment improvement consisted primarily of PVC and cast-iron
pump components; the fraction of the life cycle corresponding to processing is primarily driven by the
processing and molding of PVC pipes and the casting of iron components (Figure 4.4A). The relative
contribution from transportation is highest for POE Device N, in part due to additional components
such as PVC piping, rubber spacers, etc. that need to be included in the device installation that are not
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present in POE Device K. The end of life of spent adsorptive media for both POE devices contribute the
most to the total impact from these devices, particularly to the ecotoxicity category. Centralized
treatment has the highest impact for the carcinogenics category only, driven by the cast iron
components.

POE Device K has the largest total impact overall, predominantly due to the end-of-life disposal of the
adsorptive media (Figure 4.4B). POE Device K has a higher frequency of replacement that POE Device N
due to a shorter useful life of the media, accounting for the difference in impact between the two
devices. The centralized improvement has the lowest impact of the three alternatives; this is a result of
relatively little material being needed over a 30-year period. The centralized improvement consists
largely of installing additional PVC piping and a new chlorine dosing pump, both of which have an
estimated useful life of 17 years (derived from the EPA Cost Models). As a result, only one replacement
is necessary in the 30-year period for the components in the centralized improvement. In contrast,
media within the POE devices has a useful like of 7-10 years (depending on the specific device),
resulting in 3-4 full replacements within the 30-year period.
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Region 5 LCA Results
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Figure 4.4: LCA Impact assessment results for Region 5. Panel (A) shows the relative contribution of
each stage of the life cycle of a product to the overall impact. Panel (B) compares the alternative
technologies, normalizing the data to the highest impact across all three alternatives.

4.2.2.3 Region 7 Impact Assessment Results

In Region 7, Figure 4.5A shows which phases of the life cycle the largest fraction to the total impact.
For centralized treatment, transportation has a large impact on all categories with the exception of
ozone depletion, driven largely by the distance needed to obtain the ion exchange resin from a
manufacturer and the number of times the resin is transported to a waste disposal facility over the 30-
year period. For both POU RO units, the materials phase of the life cycle is a larger fraction of the total
impact, in part due to the multiple components (each RO device contains two prefilters (GAC and
polyethylene pre-sediment filters), one post filter (GAC), and a polysulfone membrane). Obtaining
these raw materials contributes to all impact categories, particularly to acidification, carcinogenics,
global warming, respiratory effects, and smog. We hypothesize that part of the reason these raw
materials contribute to these categories specifically is due to the extraction and activation of the GAC
pre- and post- filters, as the carbon component can come from the extraction of coal. We also
observed that the disposal of GAC increases the end-of-life fraction of the total impact for both POU
RO devices, particularly in the ecotoxicity and non-carcinogenics impact categories.
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Figure 4.5: LCA Impact assessment results for Region 7. Panel (A) shows the relative contribution of
each stage of the life cycle of a product to the overall impact. Panel (B) compares the alternative
technologies, normalizing the data to the highest impact across all three alternatives.

Figure 4.5B shows that the centralized improvement was the largest relative impact in each impact
category. The largest total impact was observed for the centralized treatment improvement in all
impact categories, largely due to obtaining, processing, transporting and disposing of the ion exchange
resin over time. Similarly, to the adsorptive media results obtained in Region 1 and 5, we observed that
the higher frequency of replacement of the media over time contributes to the transportation and end
of life phases of the life cycle. In contrast, the ecotoxicity impact category for the POU RO units is
primarily due to the material and end of life components of the life cycle, due primarily to the frequent
disposal of GAC pre- and post-filters. POU RO Device G has the lowest impact overall in Region 7,
preferred over POU RO Device D because it contains smaller components and therefore less material.

4.2.2.4 Region 9 Impact Assessment Results

In Region 9, the materials phase of the life cycle constituted the largest fraction of the total impact for
POU AM Device B (Figure 4.6A). For POU RO Device D, the total impact is a balance between all four
life cycle phases, driven by the presence of several different materials. In POU AM Device B, the
primary component driving the material impact is stainless steel, present in both the device housing
and valve components. For centralized treatment, the transportation phase of the LCA makes up a
large component of the total impact largely due to the remoteness of the CWS, which is on average 60
miles from manufacturing and processing facilities and 120 miles from the nearest municipal solid
waste disposal location, approximately 2-4 times the distance to a processing facility in the other three
regions and 8-12 times the distance to a solid waste disposal facility in the other three regions. As a
result, disposal, including transportation to disposal facilities drives the total impact along with the 7—
10-year useful life of ion exchange resin.
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Figure 4.6: LCA Impact assessment results for Region 9. Panel (A) shows the relative contribution of
each stage of the life cycle of a product to the overall impact. Panel (B) compares the alternative
technologies, normalizing the data to the highest impact across all three alternatives.

Figure 4.6B revealed the centralized treatment improvement has the largest total relative impact,
across all impact categories. Compared to the total impact from the centralized treatment facility, the
impact from both POU devices is very small, less than 25% of the total impact from centralized
treatment in each impact category. The POU RO device has the lowest total impact of the three
alternatives. The POU AM device, as was found in Region 1, has a higher overall impact than the RO
device due to the disposal and raw materials associated with the adsorptive media.

4.2.2.5 Summary of LCA impact assessment results

Figure 4.7 provides a summary of each treatment option in each of the four regions, including
comparing life cycle phases across phases regions and treatment options (panel A) and the total
relative impact normalized within each region (Panel B).
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Figure 4.7: Comparison of LCA impact assessments across all four case studies. Panel (A) shows the
relative contribution of each stage of the life cycle of a product to the overall impact. Panel (B)
compares the alternative technologies, normalizing the data to the highest impact across all three
alternatives.

The impact assessment revealed the following conclusions in each Region: the POU RO unit (Device D)
selected in both Regions 1 and 9 had the lowest total relative impact compared to the POU AM device
and the individual centralized improvements, the centralized alternative had the lowest total relative
impact in Region 5, and POU RO Device G had the lowest total relative impact in Region 7. Conversely,
centralized treatment alternatives had the highest total relative impact in Regions 1, 7 and 9. In Region
5, POE Device K had the highest total relative impact, driven by the frequency of replacement of the
adsorptive media. Table 4.6 summarizes these results, scoring the alternative with the lowest impact
with three points and the alternative with the highest impact with one point.

Table 4.6: Summary and ranking of the LCA impact assessment results in each CWS.

Metric

Region Technology LCA (Smallest Impact)

3 = Best Option, 2 = 2" Best
Option, 1 = 3" Best Option

Centralized Upgrade

1 POU AM Device B

POU RO Device D

Centralized Upgrade

5 POE AM Device N

POE AM Device K

Centralized Upgrade

7 POU RO Device D

POU RO Device G

Centralized Upgrade

9 POU AM Device B

POU RO Device D

w [N w | N N | W w [N
[s]
(o))
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5 — Life Cycle Costing (LCC)

5.1 Methods

The cost of each treatment improvement was quantified using the EPA WBS Cost Model equations and
unit costs for individual technologies over 30 years (USEPA, 2021a). EPA cost model assumptions were
modified to accurately reflect the components present in each selected treatment option, with both
one-time costs (capital costs such as installation) and ongoing costs (such as filter cartridge
replacement) accounted for. Results are presented both as total costs and costs per household, similar
to the functional unit used in the LCA. A comparison of the cost methodology presented in this study
in comparison to past studies in presented in Appendix E for reference.

5.1.1 EPA Cost Models

We used components of the EPA work-based structure cost models for centralized treatment
technologies and for POU/POE devices for cost modeling for small systems (USE EPA, 2021a) (Figure
5.1). Using components from each model, we estimated the life cycle cost (LCC) over 30 years using
data from: (1) the default assumptions in each model to size the system design (flow rate), (2) values
determined through conversations with CWS stakeholders where existing infrastructure was already in
place (Region 1 and Region 5), (3) replacement frequencies and component costs of POU/POE devices,
and (4) values from literature and previous case studies where the CWS stakeholders could not provide
a specific value or where the improvement involved the installation of a new centralized treatment
technology (Region 7 and 9).To accurately estimate costs for each CWS, we made the assumptions and
decisions described below when using the models.

In the POU/POE cost model, we determined the capital cost of a unit by consulting manufacturers for
hardware costs, replacement frequencies, and replacement component costs for each device. We used
the number of connections in a CWS as the input for the number of households and estimated both
the average daily flow and max daily flow where possible from data provided from the community. In
the centralized cost models for the upgrade, each CWS had a treatment facility building already built in
the community with adequate footprint to house a treatment improvement; therefore, we excluded
the cost of construction of a facility from the centralized cost models.
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Models retrieved:
1. Adsorptive media filtration LCC Methodology
2. POU/POE ~=r "| 1.) Retrieve EPA Cost Models
3. Anlon'Exchangg | » CWS data from sanitary
4. Chemical Addition 2.) Adapt EPA Cost Model surveys and component
Assumptionsbasedon CWS  [© T =~ 7] IR
input * EPAArsenic Demo Reports
1 * EPA Design Manuals
* Account for Region 9 waste 3.) Add additional cost
disposal requirements - componentsas needed
+ Account for POU/POE
sampling frequency and cost
4.) Calculate total cost over 30
years

Figure 5.1: Methodology (shown in orange) and data inputs (shown in green) to calculate life cycle
cost over a 30-year period.

Using estimates from stakeholder engagement and literature, we generated results for centralized
treatment upgrades for each CWS. Cost information was extracted from the Output sheet of each EPA
Cost model after running the model with a set of data. We extracted the following information from
each model: (1) the component material, (2) the size of the component, (3) the number of
components, (4) the unit cost of each component and (5) the useful life of the component. The process
flow schematics (Appendix A) were used to extract the relevant information from the EPA cost model
output to populate a cost inventory (similar to the procedure in Section 5 for LCA). From this inventory,
we calculated the total capital cost (including both direct, indirect, and add-on costs), and annual
operation and maintenance costs (O&M) for each set of design assumptions.

We used the useful life information provided in the EPA Cost Models to determine the number of
replacements necessary over 30 years by dividing the useful life by thirty years and rounding down to
the nearest whole number. For POU/POE devices, we relied upon communication with manufacturers
to determine the useful life of POU/POE device components since replacement of specific components
such as filter cartridges is more frequent (1-3 years) compared to centralized treatment components
lifetimes (10-20 years). Based on the number of replacements, we then adjusted the total cost of each
component prior to calculating total capital and O&M costs. For yearly costs such as labor and chemical
costs, we multiplied the yearly cost by 30 years to obtain the total cost over 30 years to avoid double
counting the first year of labor.

Table 5.1 shows which values were extracted from the EPA cost models and which values we
calculated to find the total cost over 30 years. These calculations do not consider interest over time
and provide example calculations only, not actual values used to estimate cost in subsequent figures
(full details are provided in the Appendix).
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Table 5.1: Values extracted from EPA cost models were used to calculate the number of
replacements over a 30-year period. Values extracted from the EPA cost model are shown on the left
in yellow and calculated values are shown in green on the right of the table.

Values extracted from EPA Cost Model Calculated values
Number of
Usefu full Cost
Cost Number . F Number of
Compone of Units Unit Compone | Life rgplacemenls multiples to include over 30
. Cost [$] | ntCost[$] | [years in 30 years - years
nt [unitless] [unitless]
1 [replacement [$]
s]
Example R =1 [initial
Compone a B C=a*B X r=30/x installation] + R*C
nt ROUNDDOWN()
Process 2 units $45.00 =2 units * 17 30/17 years =1+ =2*90
Valve $45=9$90 | years | [useful life] = ROUNDDOWN(1.7 | =$180
1.76 6) =2
Operator 60 $30/hou | $1800/yea | 1year | 30/1 year= =30 years (this =30*
Labor hours/yea | r r 30 years was manually $1800
r adjusted to avoid =
double counting the | $54,00
first year) 0

5.1.2 Data inputs

5.1.2.1 Community data

We consulted stakeholders from each CWS to adjust the assumptions made in the EPA cost models to
more accurately reflect state policies, community characteristics, and additional factors influencing
costs. We presented the current list of model assumptions from the EPA cost models to each CWS's
stakeholders and discussed how each assumption could be modified if necessary. Then, the
assumptions from each CWS were used to iterate through the EPA cost model under different
scenarios: POU RO device, POU adsorptive media device, model by number of households, model by
flow rate, etc.

5.1.2.2 Literature data

To fill any gaps in the EPA cost models, we consulted previously conducted LCC studies from literature,
previous EPA studies such as the Arsenic Treatment Demonstration project, and the EPA design
manuals for specific treatment technologies. Data and assumption sources have been noted where
applicable.
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5.1.3 Modeling best and worst-case cost

Through conversations with POU/POE manufacturers and CWS stakeholders, we determined that
including a range of cost estimates in our analysis was important. For example, we learned that, often,
POU/POE devices were observed to need frequent component replacement and that replacing
components in private households can be challenging, especially in light of social distancing during the
COVID-19 pandemic. In addition, we learned from manufacturers the quality of water entering the
POU/POE device has a large impact on device performance. For example, while a POU device may
remove 95% of pentavalent arsenic at a pH of 7.5, this can be influenced by sulfate, iron, and total
solids content of the influent water. As a result, we determined a set of best- and worst-case
assumptions to model both low and high-cost estimates respectively.

First, where possible, we used CWS-specific information for best- and worst-case scenario values. Best-
case scenarios used manufacturer and design standards for both POU/POE and centralized treatment
upgrades and represent the ideal scenario (water quality in source water, operational practices,
technology performance) for technology installation and operation. Worst-case scenarios integrated
evidence from previous POU/POE and centralized treatment installation case studies and feedback
from CWS stakeholders. For example, we learned from a conversation with a stakeholder in Region 7
that travel time in rural areas of Nebraska can significantly increase the labor costs of maintenance
activities for POU/POE and centralized systems, and the time to sample POU/POE units for compliance
purposes. CWS stakeholders in Region 9 also highlighted the importance of waste disposal per
California state regulations; therefore, specific cost considerations related to residuals management
were adjusted based on these requirements recommendations from Region 9 stakeholders.

For input data generated from literature, the best-case scenario was constructed by selecting the
smallest values from literature or from each community water system assumptions as the assumptions
for each of the cost component from the EPA Cost Model. The best-case represents the scenario where
labor requirements are minimized, lab analysis is reduced after the first year as a result of adequate
contaminant removal, operation and maintenance times are limited to only necessary activities and
replacement frequencies are decreased by increasing the useful life of the components. The worst-
case scenario was constructed by selecting the largest values from literature or from each community
water system assumptions. The worst-case scenario represents an increase in the labor costs, an
increase in the number of hours per year spent on operations and maintenance activities, no reduced
compliance sampling after the first year and replacement frequencies are increased by decreasing the
useful life of components. Because many of these best-case and worst-case values were primarily
generated from literature, the assumptions may be smaller or larger than the CWS-specific
assumptions which leads to a hon-intuitive decrease in cost in the worst-case assumptions.
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5.2 Results

5.2.1 Cost Assumptions

5.2.1.1 Centralized treatment improvements

We estimated the cost of centralized improvements using the EPA Cost Models for adsorptive media
(for Region 1), chemical addition (Region 5), and anion exchange (for Region 7, Region 9) as a baseline
to inventory components necessary to life cycle costing. In Region 1, we used the EPA Adsorptive
media cost model default assumptions to generate a baseline inventory for an adsorptive media
system including 2 filtration vessels and a backwash system (USEPA, 2021c).

In Region 5, we reviewed an inventory report provided by the CWS to create an inventory of current
system components. In addition, we reviewed other EPA cost models specific to chemical addition
(such as phosphate addition), since a pre-chlorination cost model is not yet publicly available and used
these to generate a list of potential components to include in the centralized upgrade. In addition,
since no EPA cost model was available, we relied on literature from the EPA Arsenic Demo Reports,
manufacturer websites, and past project invoices where possible to collect cost information.

In Regions 7 and 9, we relied primarily on the EPA Anion Exchange cost model since there is little
existing centralized infrastructure in place in either CWSs. In Region 7 we chose a nitrate selective resin
and based the design parameters on the EPA Design Manual for Nitrate Removal by ion Exchange
(USEPA, 1978) and the WBS documentation for the anion exchange cost model (USEPA, 2017b). We
selected a residuals management strategy of piping liquid waste streams to a centralized wastewater
facility and a fully automated system in Region 7. We calculated the number of bed volumes using the
sulfate concentration in the groundwater in Region 7 and the following relationship from the EPA WBS
Cost model:

BV = —606 * Inx + 3150
Where BV represents the number of bed volumes before regeneration, and x represents the sulfate
concentration in the groundwater source (USEPA, 2017b). This yielded a BV value of 1052 BVs for
Region 7 and a value of 1366 BVs for Region 9. In Region 9, we selected a strong base polyacrylic resin,
a fully automated system and residuals discharge to an evaporative pond based on feedback from CWS
stakeholders.

3.4.2 POU/POE Devices

As with the centralized treatment improvement, we adjusted the EPA Cost Model assumptions for
POU/POE devices to be specific to each case study’s context. The EPA POU/POE cost model consists of
both standardized models (with assumptions about flow rates based on household size), and user
defined models wherein assumptions can be adjusted to suite a specific community.

In Region 1, state-level stakeholders suggested the following adjustments to the EPA POU Cost model
assumptions: decreased printing and distribution of public education materials to reflect virtual means
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of communication, increased labor costs corresponding to state specific wage requirements, increased
monitoring frequency for initial monitoring, increased cost per arsenic sample analysis, and
consolidated maintenance and operational activities. These changes resulted in higher costs for lab
analysis, materials and initial monitoring costs than the standard EPA model, but lower labor costs. in
Region 5, CWS stakeholders indicated the EPA standard model assumptions were likely the best
assumptions for the community. Few POE or POU installations have been completed in illinois and thus
there is relatively little evidence from past experiences with POE and POU devices. In Region 7, CWS
stakeholders did indicate the time to complete both sampling and maintenance needed to be
increased to reflect the amount of travel time necessary to reach rural communities with POU/POE
installations; they also noted that the cost of POU devices in the past has been highly variable and
specific to each community. in Region 9, we consulted previous POU studies and state level
administrators and learned California has a very intensive initial public education program to
encourage 100% participation in POU/POE installations. in addition, depending on the system, the
California sampling requirements for compliance are higher than other states, in part because
California allows systems to begin piloting prior to 100% installation. Previous case studies from
California have sampled in each house 2-4 times a year compared to once a year specifically due to the
nature of the contaminant in the system {for example, acute exposure to elevated levels of nitrate).
The assumptions in Table 5.2 reflect these higher public education costs, including more public
meetings, flyers, and outreach materials and labor from clerical staff to prepare materials. These
assumptions are summarized in Table 5.1 from each CWS in comparison to the standard EPA Cost
Model assumptions. Where appropriate, we also included values from a 2020 California white paper
based on previously installed POU/POE devices (California Water Boards, 2020).

Table 5.2: Assumptions used to model cost using the EPA POU/POE Cost Model. The assumptions
presented in this table do not include individual POU/POE device components as these components
are device specific.

Default |CA2020 INH It INE CA
N alue injPaper IAssumptio [Assumptio jAssumptio jAssumptio
[Category Sub-Category  [Parameter Units EPA [Assumptio Jns (Region |ns {Region jns (Region jns {Region
odel ins 1) 5) 7) 9)
Initiatl Initial \Wage rate for
Equipment Equipment installation
Costs Costs [specialist S/hour 533,12 [$33.12* [$24.49 533.12*  {$33.12* 5100
(plumber/electrici
an)
age rate for
system technical " % %
- nd maintenance S/hour $25.07 {$25.07 $21.01 $25.07 525,07 557
labor
[Wage rate for
scheduling and " " «
sdministrative IS /hour $17.89 [$17.89 $10.95 517.89 517.89 537
labor
!’OU/PQE . Hours/household 2 3 2% 2% 4 5
installation time
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POU/POE
installation
scheduling time

Hours/household

0.5

0.5

jo.5*

initial
Educational
[Costs

[Technical Labor
to Support
Educational
Program

Develop technical
leducation
materials

[Total hours

10

10*

10*

10*

Prepare for and
attend public
meetings

iTotal hours

o

il

[

o *

7.2

Post-meeting
stakeholder
lcommunication

iTotal hours

D

o

i

%

2.75

Clerical Labor to
[Support
Educational
Program

Prepare
educational
materials for
distribution

iTotal hours

5+

5+

5%

g+

Prepare for and
lattend public
meetings

Total hours

hx

2%

b«

74l

b

Prepare post-
meeting materials]
[for distribution

iTotal hours

o

o+

*

b

iCommunication
for Materials for
Educational
Program

Print flyers
lannouncing
public meetings

Flyers

10

10*

10*

10*

ICost per flyer for
printing

S/ fiver

$2.00

$2.00%

$2.00%

52*

s2*

Buy ads to
announce public
meetings

Ads

n*

o+

lo*

o

S10

ICost per meeting
d

1S/ad

40

S40*

540

S40%

S40*

Print handouts for]
meetings

Pages/household

2/house]

3/house*

3/house*

3/house*

3%

Print inserts for
billing mailers

Pages/household

1/house]

1/house*

1/house*

1/house®

Cost to print
handouts and
mailers

5/page

$0.08

$0.08%

50.08*

$0.08*

51,50

initial
Monitoring
ICosts

nitial
Aonitoring
ICosts {First year
fonly}

ITime to take
sample during
ffirst year

Hours/sample

0.25%

10.25%

j0.25*

0.25%

[Time to schedule
sample event at
househotd

Hours/sample

lox

1%

 *

Number of
samples per
househotd during
[the first year

d

ISamples/househol .,

1%

1%

1%

%

Fraction of
households
sampled during

% households

lthe first year

100*

100*

100*

100*

100*
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25.75
sarsenic 525.75
Laboratory (arsenic) / [$30 1$25.75 $16-19 per[$30 per
X $/sample / . N 5
lanalysis fee 624,25 524.25 (arsenic) [(arsenic)* |nitrate lsample
¥ . «
nitrate) (nitrate)
Sample shipping 59 for 59 for 15 $9 for 15  [$9for15 [$9 for 15
$/bulk shipment |15
cost (bulk) . _|samples* lsamples* [samples* [samples*
ample:
- T
Costto.obtaln . $/A'of|nstalled 5 5+ o 5+ 5+ -
operating permit_|equipment cost
Cf)st to conduct S/%_of installed 5 5% lo 5« 5 -
pilot study lequipment cost
e T S S S
Indirect Capital Indirect Capital quip
Costs Costs Costcr . /% of installed
neineering /% of installed 1), o o 15+ 15+ 5+
lactivities (device |equipment cost
selection)
Contingency cost |, o .
talled
[(unknown $/% of installed 1 10+ 10+ 10+ 10 10+
lequipment cost
factors)

*Assumption from the state stakeholder is the same as the EPA Cost Model

We then calculated the total cost per household over 30 years for each POU/POE device using the
corresponding assumptions (Table 5.2, Figure 5.2). In Figure 5.2, we present the results from running
the EPA cost model for a generic NSF/ANSI 53 certified device removing arsenic under different
assumptions, including A) the total cost over 30 years as a portion of the total cost to highlight which
elements contribute most to the total cost under different cost assumptions; 2) the total cost over 30
years for each set of assumptions. The results highlight the importance of understanding the true time
commitment and cost to operate and maintain POU/POE devices in each CWS. For example, using the
California cost assumptions, labor costs are higher as a result of a higher operator wage and increased
time to complete O&M activities in California due to the geographically remote location of the

community.
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Region 1 Region 5 Region 7 Region 9
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[ Equipment Cost
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Figure 5.2: A) Total cost over 30 years normalized per household for each set of assumptions used in
the POU/POE Cost Models; B) Total cost over 30 years in USD. The results represent a generic POU
AM device certified to NSF/ANSI 53 found in the EPA Cost models to show how the difference in
assumptions impact cost based on the population served.

Labor and lab analysis are particularly important elements contributing to overall cost when installing
POU/POE devices in a CWS (Figure 5.2). California and worst-case assumptions had higher wages for
staff, more required samples to be tested, more expensive lab analysis costs, and more staff hours
than the other set of assumptions, accounting in part for the large lab analysis cost. In New Hampshire
or with best-case assumptions, materials such as POU filter replacement components make up a large
portion of the total cost, reflecting a higher replacement frequency of components but lower costs of
labor and lab analysis components, while engineering, contingency, initial public education, legal,
permitting, piloting and initial monitoring costs are minimal for all the sets of assumptions. The largest
portions of costs across all systems are labor, materials, equipment cost and lab analysis. Because
these elements constitute O&M costs, we see that 0&M costs make up the largest portion of the costs
associated with POU/POE devices over 30 years, as anticipated.

5.2.2 Cost Results

The following cost results represent the total cost over 30-years per household in each CWS. A table
and figure for each CWS shows the total direct, indirect, and O&M costs over 30 —years per household.
Total direct costs consist of equipment costs, initial monitoring costs and initial public education costs.
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Total indirect costs consist of permitting, piloting, contingency, engineering and legal and
administrative costs. Total O&M costs consist of lab analysis costs, materials costs (replacement
components) and labor costs.

5.2.2.1 Region 1 Cost Results

In Region 1, the centralized treatment improvement had the highest per household total direct and
total indirect cost over 30 years. The POU carbon fiber adsorptive media had the lowest overall cost;
the total direct cost of the adsorptive media device is larger than the RO device, however, the
replacement frequency and number of components in the RO system make the O&M costs of the RO
device larger over time. The total cost per household of the POU devices are within $900 of each other
over 30 years within O&M costs being the differentiating cost component. Indirect costs over 30 years
are smaller for both POU devices compared to centralized treatment.

Table 5.3: Summary of primary costs per household over 30 years in Region 1

Total cost ($) per household over 30 years

Improvement Total Direct Total Indirect Total O&M
Central Upgrade 1,953 1,398 8,880
POU AM Device B 2,550 277 4,817
POU RO Device D 1,962 215 5,568

Equipment and material costs make up more of the total per household cost for both POU options
(Figure 5.3). This is due in part to the high frequency of replacement components needed for the POUs
compared to replacement needs for the centralized treatment upgrade. In addition, lab analysis
accounts for much of the total POU cost over 30 years, resulting from monitoring requirements for
compliance when using POUs for regulatory compliance in CWSs. For example, in Region 1, in the first
year, a sample must be taken at least once in each home for compliance purposes (24 samples in year
one). While in some states, after the first year, sampling frequency can be reduced to a fraction of the
total houses if contaminant removal is satisfactory in the first year; however, in Region 1, sampling
frequency must remain at 100% of the homes over time. Conversations with state administrators
revealed that approval for reducing sampling frequency would not likely be reduced because the
contaminant is arsenic and because the community only consists of 24 households.
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Figure 5.3: Total cost per household over 30 years for each alternative in Region 1 with a breakdown
to show the cost elements.

5.2.2.2 Region 5 Cost Results

In Region 5, the total cost per household over 30 years is lowest for the centralized treatment
improvement. The treatment improvement is small, therefore, the total direct cost per household over
30 years is $36, the total indirect cost is $35, and the total O&M cost is $298, which consists primarily
of labor for the operation of the treatment facility. The total direct cost for POE AM Device N was
$3,774 per household over 30 years, the total indirect cost was $905, and the total 0&M cost was
$16.467. The larger total O&M cost per household is driven by the equipment cost for the POE unit,
the cost to replace the adsorptive media over time, and the cost of lab sampling for compliance in all
221 homes in the first year of operation. For POE AM Device K, the total direct cost is $3,559, the total
indirect cost is $1,202, and the total O&M cost is $10,496 per household over 30 years (Table 5.4).
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Table 5.4: Summary of primary costs per household over 30 years in Region 5

Total cost (3) per household over 30 years

Improvement

Total Direct Total Indirect Total O&M
Central Upgrade 26 35 298
POE AM Device N 137 602 14,584
POE AM Device K 533 1,096 28,945

In Region 5, because there are many connections (221 homes), the cost to replace adsorptive media
filter components in POEs and to conduct lab sampling for compliance is larger than in Region 1. In

addition, the POE units are more expensive than the POU AM unit examined in Region 1; replacements

are less frequent for the POE unit, but more expensive since the media needs full replacement which

can be an intensive process. In addition, even as the portion of houses that must be monitoring yearly

for SDWA compliance decreases, since the community consists of 221 homes, the total lab analysis

cost is approximately $10,000 for both POE devices per household over 30 years.
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Figure 5.4: Total cost per household over 30 years for each alternative in Region 5 with a breakdown
to show the cost elements.

5.2.2.3 Region 7 Cost Results

In Region 7, the centralized ion exchange treatment facility has the lowest per household cost over 30
years out of the three treatment options examined. POU RO Device D was the highest cost alternative,
followed by POU RO Device G (Table 5.5) per household over 30 years. The centralized treatment
option has a total direct cost per household over 30 years of $914, a total indirect cost of $296, and a
total O&M cost of $2,974. POU RO Device D has a total direct cost per household over 30 years of
$7,526, a total indirect cost of $1,802, and a total O&M cost of $13,498. POU RO Device G has a total
direct cost per household over 30 years of $5,626, a total indirect cost of $1,346, and a total O&M cost
of $12,808, making it marginally cheaper than POU RO D. For both POU RO devices, the total 0&M cost
is higher than the centralized cost in part because 75 devices must be maintained across the
community and because both RO devices require pre-filters and post-filters be replaced yearly and the
RO membrane be replaced every 3-5 years.
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Table 5.5: Summary of primary costs per household over 30 years in Region 7

Total cost {$) per household over 30 years

Improvement Total Direct Total Indirect Total O&M

Central Upgrade 914 296 2,974
POU RO Device D 2,414 258 13,498
POU RO Device G 1,834 194 12,808

The higher total costs over 30 years per household associated with the POU RO devices are a result of
the lab analysis, equipment, and materials costs associated with each device. Higher lab analysis costs
are largely driven by monitoring requirements for nitrate, which cannot be reduced over time; samples
must be taken yearly in each home for nitrate (USEPA, 2006) in all 75 households as a precautionary

measure. Nitrate contamination is associated with methemoglobinemia which impacts infants

predominantly, and therefore samples are required at all locations yearly. There is also a higher public

education and labor cost for the POU RO devices than seen in Region 1 due to the increased

requirements to provide public notification surrounding the impacts of nitrate {as opposed to arsenic).
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Figure 5.5: Total cost per household over 30 years for each alternative in Region 7 with a breakdown
to show the cost elements.

5.2.2.4 Region 9 Cost Results

In Region 9, the centralized treatment improvement is the lowest cost alternative per household over
the 30-year period. The centralized improvement has a total direct cost per household over 30 years of
$5,461, a total indirect cost of $1,881, and a total 0&M cost of $7,307. Of the two POU devices
selected for this CWS, POU AM Device B has a higher total direct and indirect cost per household over
30 years, but a lower O&M cost compared to POU RO Device D. The higher total O&M cost of the RO
device is largely due to needing to replace multiple components over time, while the AM device has
only one primary component to replace every 3-5 years.
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Table 5.6: Summary of primary costs per household over 30 years in Region 9

Total cost {$) per household over 30 years

Improvement Total Direct Total Indirect Total O&M
Central Upgrade 5,461 1,881 7,307
POU AM Device B 3,634 388 28,246
POU RO Device D 3,484 371 30,157

In Region 9, the labor cost associated with the POU devices results from a higher wage rate in
California and an increase in the number of hours spent on POU maintenance compared to other
regions. As observed with the other three regions, the lab analysis and equipment costs associated
with the POU devices were a larger portion of the total cost per household over 30 vears. For both the
POU devices, the equipment cost is approximately $10,000 per household over 30 years and the lab
analysis is approximately $20,000 per household. In Region 9, we assumed multiple samples were
necessary in the initial year of monitoring and more samples were taken for compliance over time
based on a report of a case study conducted in California (Corona Environmental Engineering, 2021}.
State sampling requirements for parameters such as nitrate and perchlorate match the
recommendations from the Corona case study and other previous case studies conducted in systems
using POU devices for arsenic and uranium contamination. Because there were several known case
studies in California suggesting higher sampling frequency, we elected to use a higher initial monitoring
requirement of 4 samples in the first year only as a result. Conversations with state administrators
revealed that this is likely an overestimation of lab analysis costs over time as the frequency of
sampling is expected to decrease if the POU devices are performing as intended.
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Figure 5.6: Total cost per household over 30 years for each alternative in Region 9 with a breakdown
to show the cost elements.

5.2.3 Cost comparisons between centralized and POU/POE

When comparing the cost of POU/POE devices to centralized treatment costs using the EPA models, we
made the following assumptions to align the cost element categories (Figure 5.5). The total cost is the
total of the total direct, the total indirect and the total O&M costs over the 30-year period. Centralized
treatment upgrade costs included the costs of fittings, valves, pumps, and instrumentation, aligning
with the components included in the POU/POE equipment cost element. Centralized legal costs were
calculated using the “Administration” line from the centralized cost models to align with the “Legal and
Administrative” costs from the POU/POE models. Centralized material costs were calculated as the
sum of media, resin and chemical costs, aligning with POU/POE materials costs. Finally,
“Miscellaneous” cost for centralized treatment is the sum of miscellaneous costs for both equipment
and O&M.
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Table 5.7: Cost comparison {$) by category of cost for each CWS over 30 years per household

Region 1 (New . Lo . . R .
8 .( Region 5 {illinois) Region 7 {Nebraska) Region 9 {California)
Type ofiHampshire)
Cost POU AM ;:\‘;jiczo Centralized [POE AM [POE AM Centralized |POURC |[POU RO [Centralized |POU AM JPOU RO [Centralized
Device B o Upgrade Device N [Device K Upgrade Device D [Device G [Upgrade Device B {Device D {pgrade
g?::ét 8157 {7,657 | 1,953 | 3,774 | 3559 26 7,526 | 5,626 914 11,420}10,9201 5,461
!Tn";;'ect 1,942} 1,822] 761 905 1,202 35 1,802 | 1,346 296 2,736 | 2616 | 1,881
g"gt?\; 4,817 | 6,728 | 8880 |16,467| 10496 298 }13,498112,808| 2,974 |28246}30,157} 7,307
Region 1 (New Hampshire) [Region 5 {lllinois) Region 7 {Nebraska) Region 9 (California)
Type of Cost POU  [POU _ POE POE - POU  POU ' POU POU '
AM RO ICentralized AM AM ICentralized RO RO Centralized [AM RO ICentralized
Device [Device |Upgrade  |Device {Device {Upgrade [Device jDevice jUpgrade |Device |Device {Upgrade
B D N K D G B D
E‘;‘S‘:"mem 809 | 7,590 | 1,509 3,770 | 3535 26 |7510|5610] 716 [11,400{10,900] 1,949
nitial Public 9 9 NA 4 4 NA 16 | 16 NA 20 | 20 NA
Education
joitial 59 | 59 NA o | 19 NA o | o NA o | o NA
Monitoring
Permitting 243 228 11 113 106 NA 225 168 0 342 327 1
Piloting 243 228 626 113 106 NA 225 168 208 342 327 5,227
egaland 400 | o 30 13 | 106 NA | 225 | 168 12 342 | 327 52
Administrative
Engineering 404 379 299 188 530 NA 376 281 120 570 545 446
Contingency 809 | 758 637 377 | 353 NA 751 | 561 21 1,140 | 1,090 728
Labor 0l 101 6,405 83 574 298 508 508 970 6,840 | 6,840 3,835
Materials 2,479 | 4,390 570 7,800 | 9286 0 4,398 | 3,708 1,305 2,479 | 4,390 209
Lab Analysis 2,236 | 2,236 NA 8,585 {10113 NA 8,591 ] 8,591 NA 18,927118,927 NA
Residuals NA NA 268 NA NA NA NA NA 172 NA NA 877
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Total O&M costs made up the largest portion of the costs over 30 years for both centralized upgrades
and POU/POE treatment options; however, these results can vary by system. In Region 1, the total
O&M cost of the centralized upgrade is higher than either POU option per household over the 30-year
timeframe, while the opposite is true for Regions 5, 7 and 9 where the total O&M cost of centralized
upgrade is less than POU/POE alternatives. In addition, for all four systems, the total direct capital cost
and the total indirect capital cost were higher for POU/POE devices than for centralized systems. One
possible explanation for larger capital costs for POU/POE units is that their equipment costs are based
on the number of homes in each community. In smaller communities such as in New Hampshire and
California, the equipment cost per household is larger than in Nebraska and lllinois, where there are
few houses to spread the capital cost of centralized treatment. Notably, in Region 5, the centralized
treatment improvement is also a small improvement requiring only additional dosing equipment to
improve pre-oxidation practices.

Figure 5.7 summarizes Table 5.7, showing the total cost over 30 years for each alternative by the cost
component. The total cost to implement and maintain POU/POE systems is larger than the centralized
treatment option. In New Hampshire, this is primarily because of material and equipment costs
associated with frequently replacing POU/POE units. In California, lab analysis and labor costs drive the
total costs of the POU/POE system. In Nebraska and lllinois (which have similar assumptions in Table
5.3), the larger cost of POU/POE devices is primarily driven by lab analysis and equipment and material
costs.

Figure 5.7: shows the cost elements that constitute the total cost of each alternative in each water
system.
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Figure 5.7: Total cost over 30 years for each alternative in each community water system.
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Figure 5.8 presents the total cost over 30 years in the first year and in increments of 5 years to capture
how cost increases over time for each alternative. In the first year of implementation, the total cost
per household of a centralized upgrade is within the same order of magnitude as the installation of a
POU/POE device. However, over time, the lab analysis costs, material costs and equipment costs of
POU/POE devices increase at a faster rate than centralized treatment upgrades. Centralized treatment
upgrade components only need to be replaced on average once in the thirty year time frame, or not at
all. However, POU/POE components need to be replaced on average every five years, resulting in a
higher equipment and materials cost compared to centralized upgrades. Region 1 and Region 9 have
current systems serving approximately the same population and the POU devices considered in our
analysis were the same. However, the labor and lab analysis cost model assumptions for Region 9 are
such that the cost of ensuring SDWA compliance for the same devices as Region 1 are higher in Region
9, which results in the higher total cost per household over 30 years.
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Figure 5.8: Summary of cumulative cost over time for each selected alternative to highlight
differences in initial costs to a CWS compared to long term costs.
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5.2.3 Cost Sensitivity Results

We conducted a cost sensitivity analysis for each technology option. For illustrative purposes, we
present the individual analyses as well as a comparison figure to show the relative increase in cost in
total dollars over 30 years for Region 1. For Regions 5, 7 and 9, only the comparison figure is shown in
the text for Regions 5, 7 and 9, with full analyses in Appendix E. The cost sensitivity analysis focused on
planning costs, the frequency of component replacements, labor costs, and specifically for POU/POE
devices, the laboratory sampling costs. The y-axis of the following graphs shows an increase in a
specific cost as a percent (either 25% or 50% increase). Because equations for cost are linear, an
increase of 25% or 50% results in a change in total dollars of the same magnitude as a decrease by the
same percentage. As a result, results are presented as an increase in cost; however, the cost savings
for each scenario are the same if a decrease in cost where applied.

5.2.3.1 Region 1 cost sensitivity analysis results

In Region 1, centralized cost estimates were most susceptible to changes in labor costs. If the labor
costs were increased by 50% (more hours worked), over 30 years, this can increase the total cost to the
community water system by more than $100,000 (Figure 5.8). In the centralized treatment option
assumptions retrieved from the EPA Cost Models, the number of hours worked per year was used to
analyze sensitivity while keeping the wage the same. Because centralized treatment requires more
hours per year of maintenance and labor, the total cost increases when the time to complete
operational and maintenance activities increases.

If the frequency of replacements is increased (decreasing the useful life of a component) by 50%, in
Region 1 over 30-years, the total cost can increase by as much as $60,000 for the community. A
combination of increasing labor costs by 25% and replacement costs by 25% can increase the total cost
by as much as $75,000 for centralized treatment. The assumptions made about the time to complete
maintenance (labor) and the frequency of replacement components can have a large impact on the
total cost to a community over a 30-year period (Figure 5.8). In Region 1, replacing the centralized GFH
adsorptive filter media every 7-10 years generated a total cost per household over 30 years less than
the total cost for either POU. However, if the filter media needed to be replaced more frequently,
requiring more labor, the total cost would increase to $75,000 over 30 years, which is approximately
$3,125 additional for each home over 30 years.
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In contrast, the cost sensitivity analysis results for the POU AM device and POU RO device show that
for both POU devices, a change in the total planning costs (contingency, permitting, piloting,
engineering and legal costs) generates the largest increase in the total cost over 30 years (Figures 5.10

and 5.11). For the POU AM device, an increase in the planning costs of 50% results in a total cost

increase of approximately $3,300, which equates to an additional cost per household of $138 over 30
years. For the POU RO device, an increase in the planning costs of 50% results in a total cost increase of

approximately $3,100 dollars which equates to an additional $129 per household over 30 years.
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Figure 5.10: Cost sensitivity results for POU AM Device B in Region 1

For the POU AM device, an increase in the sampling cost by 50% results in an increase in the total cost
of $1,200 (or $50 per household) over 30 years, largely driven by both lab analysis costs and additional
initial monitoring costs. Similarly, an increase in the frequency of replacement by 50% results in an
increase in the total cost of approximately $600 (or $25 per household) over 30 years (Figure 5.10). For
the POU RO device, a 50% increase in the sampling cost increases the total cost by $1,200 (or $50 per
household) over 30 years. A 50% increase in the replacement frequency results in an increase in the
total cost of $1,400 (or $58 dollars per home) over 30 years (Figure 5.11). For the POU RO, the total
cost is more sensitive to the change in replacement frequency because there are more components
needing replacement. While the POU AM is designed to only need replacement of the adsorptive
media component itself, the POU RO requires replacement of pre-filters, post-filters and the
membrane itself. We hypothesize this is one reason the total cost for the RO device is more sensitive
to an increase in the replacement frequency compared to the AM device.
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Region 1 - POU RO Device D
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Figure 5.11: Cost sensitivity analysis for POU RO Device D in Region 1.

The increase in total cost in the centralized treatment is at least one order of magnitude greater than
the increase in cost in the POU devices (Figure 5.12). POU device components are less expensive than
centralized treatment components and, while these components need to be replaced at several
locations, the cost is still an order of magnitude smaller than replacing components in the centralized
system. In addition, the centralized treatment system cost is highly sensitive to changes in labor costs;
POU devices do not experience this sensitivity due to the small number of hours allotted to O&M per
year in our modeling assumptions (1-5 hours per year per home). The labor variable was changed by
increasing the number of hours spent on operational activities. As a result, in the POU model, the
number of hours spent on O&M increased to 1.5-7.5 hours with a 50% increase. Conversely, in the
central systems, 127 hours of operator labor were allotted from the EPA Cost model; an increase of
50% resulted in 191 hours of labor at the same rate, causing the substantial increase in the total cost.
Therefore, one possible advantage of POU devices may be the decrease in total labor costs over time
compared to central treatment.
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Figure 5.12: Full comparison of cost sensitivity analysis for Region 1.

5.2.3.2 Region 5 cost sensitivity analysis results

In Region 5, centralized treatment costs were most susceptible to changes in labor, similar to the
findings in Region 1. In Region 5, centralized treatment costs consisted primarily of PVC piping and a
cast iron pump; therefore, the total cost was not sensitive to increases in replacement frequency, as
most of the components have a 17-year useful life. An increase in labor costs by 50% increases the
total cost of centralized treatment by as much as $2,000,000 over 30 years, corresponding to an
additional $9,050 per household. Even with this increase in per household cost, the total cost per
household over 30 years of centralized treatment is still less than the total cost associated with either
POE unit (a total cost of 0&M $9,348 for centralized compared to $10,496-5$16,467 for the POE units).

In comparison, for both POE units, the total cost is most sensitive to changes in planning costs, partly
because planning costs are a percentage of the total direct cost. For POE Device N, an increase in
planning costs of 50% resulted in an increase in the total cost of approximately $65,000 over 30 years
(or $294 per household), while this was $140,000 for POE Device K. For both POE devices, the total cost
was also sensitive to an increase in replacement cost but less so to changes in sampling cost and labor
costs. For POE Device N, an increase in the replacement frequency and cost by 50% would result in an
increase in the total cost of approximately $30,000 over 30 years (or $136 per household), while the
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same increase for POE Device K, would result in an increase in the total cost of approximately $35,000
over 30 years (or $158 per household).
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Figure 5.13: Summary of the cost sensitivity results from Region 5.

As in Region 1, the centralized improvement was most sensitive to increases in labor costs, resulting in
an increase in the total cost two orders of magnitude greater than the increases in total cost for both
POE devices (Figure 5.13). While the centralized improvement is most sensitive to changes in labor
costs, the POEs were most sensitive to changes in both planning and replacement costs (see Appendix
E for detailed cost sensitivity results).

5.2.3.3 Region 7 cost sensitivity analysis results

In Region 7, centralized costs were most sensitive to changes in the replacement of the ion exchange
resin (Figure 5.13). Increasing the replacement frequency by 50% would increase the total cost over 30
years by approximately $100,000 (or $1,300 per household). An increase in the centralized system
planning costs by 50% results in an increase in cost of approximately $50,000 (or $667 per household).
Centralized system costs were least sensitive to changes in labor costs, which notably differs from
Region 1 and 5. In Region 7, the centralized treatment system is a full new facility, whereas in Region 1
and 5, the improvement is a small addition to the existing system. As a result, in Region 7, we see the
replacements of not only the ion exchange resin, but also from chlorination disinfection chemicals as
well, has a larger impact on the total cost over time.
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Figure 5.14: Summary of the cost sensitivity results from Region 7.

For both POU RO devices, each device is most sensitive to changes in the total planning costs, which
are driven in part by the equipment cost. For POU RO Device D, a 50% increase in the total planning
costs would result in an increase of approximately $10,000 over 30 years (or $133 per household),
while for the same increase, for POU RO Device G, would be an additional $7,000 over 30 years (or $93
per household). Both RO devices are also susceptible to changes in sampling frequency as well. In
Region 7, because the contaminant of concern is nitrate, the sampling frequency for compliance
cannot be reduced over time since nitrate has acute health impacts on infants. As a result, an increase
in sampling frequency of 25% would lead to an increase of approximately $6,500 for both POUs ($87
per household). Neither RO device was sensitive to changes in labor costs. Increasing the frequency of
replacements resulted in an increase of approximately $5,500 for POU RO Device D ($73 per
household) and approximately $4,500 for POU RO Device K ($60 per household).
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5.2.3.4 Region 9 cost sensitivity analysis results

In Region 9, centralized cost was most sensitive to the frequency of replacement (Figure 5.15). If
replacement frequency were to experience a 50% increase, the centralized costs would increase by
approximately $170,000 (or $5,862 per household). Similar to Region 7, the centralized treatment
improvement is a new ion exchange facility, including an evaporative pond. Full replacement of the ion
exchange media must occur more frequently than replacement of the adsorptive media in Region 1,
and two vessels with resin are required in the basic ion exchange system (USEPA, 2017b). The
centralized treatment improvement is also sensitive to changes in labor. An increase of 50% to the
total hours of labor worked in Region 9 results in an increase of approximately $120,000 (or $4,138 per
household).
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Figure 5.15: Summary of the cost sensitivity results from Region 9.

Both POU devices in Region 9 were most sensitive to changes in planning costs: an increase in the total
planning costs for the POU AM or in the POU RO would increase costs by approximately $5,500 over 30
years (or $190 per household). Both devices are approximately equally sensitive to changes in sampling
and labor; notably, in this region, both the number of hours spent on O&M activities and the labor age
were the highest of all four regions, accounting in part for the greater sensitivity to changes in labor
costs. A 50% increase in either the sampling costs or the sampling frequency yielded an increase in
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total cost of approximately $3,000 for either device ($103 per household). The POU costs were more
sensitive to costs related to POU operation and compliance than to the specific device, as the total cost
was least sensitive to changes in the replacement cost over 30 years.

5.2.4 Best- and Worst-Case Cost Scenarios

The assumptions found through a literature search are presents in Table 5.8. Where values could not
be found in literature, we selected the lowest value across the CWS assumptions found through
stakeholder conversations to represent the best-case scenario. Similarly, we selected the highest value
across all four case study CWSs for the worst-case scenario. Using this method, the best-case scenario
may increase costs of some elements while decreasing costs of others compared to the specific CWS
assumptions since values were derived primarily from literature. For example, sampling frequency
after the first year may be reduced to a fraction of the total number of households in a community
depending upon the state: we found that some states allow the community water system to reduce
sampling frequency to a third of the total homes over time (best-case scenario). However, some states
require the CWS to continue to sample 100% of the households after the first year (worst-case
scenario), such as in New Hampshire. Therefore, when modeled with the best-case assumptions, the
cost of sampling decreases, while the worst-case model in New Hampshire shows results similar to the
model run with the NH assumptions, with the only increases resulting from increases in the wages paid
to operators.

Table 5.8: Assumptions for best-case and worst-case cost modeling. Assumptions are primarily
based on values found in past literature studies.

Default
) Best [Worst
Value in EPA case |Case
Sub-Section Parameter Units Model
Unit cost of POU/POE without .
nstallation $/unit $560.92 $150 | $700
Unit cost of UV system $/unit 30
IWage rate for installation
h 33.12 25 40
specialist (plumber/electrician)| $/hour $ $ $
IWage rate for system technicall
Equipment Costs land maintenance labor $/hour $2507 $25 $30
IWage rate for scheduling and $/hour $17.89 410 $20
ladministrative labor )
POU/POE installation time Hours/household 2 1 5
POU/POE installation Hours/household 05 05 1
Ischeduling time
UV installation time Hours/household 0
echnical Labor to Develc'>p technical education Total hours 10 05 10
. materials
Support Educational - -
Develop nitrate health impact Total hours
Program information
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Prepare for and attend public

. Total hours 2 1 2
meetings
Post—megtmg stakeholder Total hours 2 05 2
icommunication
PrepéreAedu‘cational materials Total hours 6 05 s
ifor distribution
Prepare nitrate health impact Total hours
Clerical Labor to Support finformation for distribution
Educational Program Prepa‘re for and attend public Total hours 2 1 2
meetings
Prepare post-meeting
. s e oy Total h 2 0.5 2
materials for distribution otathours
I Print flyers announcing public Fiyers 10 o 10
meetings
iCost per flyer for printing $/flyer $2.00 0 $2.00
Buy a{ds to announce public Ads o
I meetings
Communication for -
. . ICost per meeting ad $/ad S40 0 $40
Materials for Educational F—— -
Print nitrate heaith impact Flvers o
Program lavers yer:
Print handouts for meetings Pages/household 3/house 0 | 3/house
Print inserts for billing mailers Pages/household 1/house 0 1/house
iCost to print handouts and
| ailers $/page $0.08 0 $0.08
iTime to take sample during Hours/sample 0.25 0.25 05
ffirst year
[Time to schedule sample event
Lt household Hours/sample 0 0.25 3
[lumber of samples per Samples/household 1 1 2
household during the first year P
Initial Monitoring Costs | /2ction of households % households 100 100% | 100%
isampled during the first year
$25.75
{arsenic) /
$/sample $24.25 315 330
L aboratory analysis fee {nitrate)
X 39 for 15
i 5
ISample shipping cost {bulk} $/bulk shipment samples $1 515
iCost *{o obtain operating S/Aﬂof installed 3 3% 3%
permit equipment cost
$/% of installed
" . 3% %
iCost to conduct pilot study equipment cost 3 % 5%
. . $/% of installed . .
Indirect Capital Costs iCost for legal activities equipment cost 3 3% 3%
- N — P
CostAfor engmAeermg activities $/A:'of installed 15 15% 150
{device selection) equipment cost
iContingency cost {unknown $/% of installed 10 10% 10%

ffactors)

equipment cost
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I POU/POE maintenance Hours/visit 0.5 0.25 2
POU/POE replacement -

Equipment Maintenance freqL/lency i Visits/household/year ¢ L 4

Labor Costs UV maintenance Hours/visit 0 Q
UV maintenance frequency Visits/household/year 0 0
Scheduling time Hours/visit 0.5 0.25 0.75
Sampling time (including Hrs. /sample 025 15
travel)

Annual Monitoring Costs [Sampling scheduling time Hrs./sample 0 0.25
lAnalysis frequency {samples} | Samples/household/year 1 2
lAnalysis frequency (Percent} % households/year 33.3% | 100%

Overall, for all of the POU/POE devices modeled, the total cost calculated with the best-case scenario
assumptions was smaller than the total cost calculated with the CWS specific assumptions {Figure

5.16). Lab analysis shows the greatest decrease in cost over 30 years with the best-case scenario

resulting from decreasing the fraction of houses sampled after year one. in Region 1, lab analysis cost
would decrease by $1,000 over 30 years {$42 per household) compared to the New Hampshire cost
model assumptions, while in Region 5, lab analysis costs would decrease by over $50,000 ($226 per

household over 30 years).
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Figure 5.16: Summary of best-case and worst-case cost sensitivity results in all four CWSs. The x-axis
represents the change in the total cost over 30 years: a positive number indicates an increase in total
cost and a negative number indicates a decrease in total cost.

Modeling total cost with the worst-case assumptions generates notable differences between each
CWS. In New Hampshire (Region 1), all of the cost components with the exception of materials would
increase under the worst-case assumptions found in literature compared to the CWS-specific
assumptions for New Hampshire. Materials costs do not increase or decrease because these are device
specific, and the results presented in Figure 5.16 assume the devices and component costs are
dependent on the manufacturer-specified cost for a specific device. The same increase in cost
compared to the CWS specific assumptions occurs in Region 5 and 9, although the increase in cost
varies and decreases for some cost components in Region 7. For example, the equipment cost
increases based on the number of households: in Region 1, the total cost over 30 years increases by
approximately $3,500, in Region 5 by approximately $25,000, in Region 7 by approximately $10,000. In
Region 9, the equipment cost decreases by approximately $5,000 in the worst-case scenario because
the worst-case scenario assumptions are smaller than in Region 9.

In addition to the best/worst-case analysis, we also specifically examined a longer useful life for the RO
membrane component of POU Device D. Through conversations with additional device manufacturers,
we learned that newer RO devices have a membrane that last up to 10 years compared to the 3-5-year
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lifetime identified for the specific devices selected in this study. If the useful life of an RO membrane is
increased to 10 years (3 full replacements over 30 years), then for POU Device D, the total materials
cost decreases in Regions 1, 7 and 9 compared to the materials cost found with a useful life of 3 years.
The materials costs decreased by $392 ($16 per household) in Region 1, by $1,225 ($16 per household)
in Region 7, and by $617 ($21 per household) in Region 9 over 30 years.

5.2.5 Summary of cost analysis results

Table 5.8 summarizes the alternative technologies by categorizing the lowest cost per household over
30 years as the best option for a CWS (3 for the lowest cost option, 1 for the highest cost). In three of
four CWSs, the total cost per household over 30 years is the lowest for the centralized treatment
improvement. Of the POU RO units, in Regions 1 and 9, the RO unit has a higher cost over time than
the adsorptive media units, driven in part by more components needing frequent replacement in all
households in the community. In Region 5, POE Device K is more expensive, driven by a shorter useful
life of the media and a higher equipment cost in comparison to POE Device K. In Region 7, POU RO
device G is less expensive than POU RO Device D, most likely from a slightly lower equipment cost; the
frequency of replacement components was the same for both devices.

Table 5.8: Summary of best cost options for each CWS.

Total Cost per household over 30 years ($)
Region Technology - -
3 = Best Option, 2 = 2" Best Option, 1 = 3"
[Best Option
Centralized Upgrade
1 POU AM Device B
POU RO Device 2
Centralized Upgrade 3
5 POEAM Device N 2
POE AM Device K
Centralized Upgrade 3
7 POU RO Device D
POU RO Device G 2
Centralized Upgrade 3
9 POU AM Device B 2
POU RO Device D
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6 — Triple Bottom Line Approach Summary

6.1 CWS and Device Selection

Four CWS were selected as case studies using data from both the SDWIS database and information
from state-level stakeholders in each EPA region selected. In Region 1, we selected a CWS serving 50
people in New Hampshire currently using adsorptive media filtration to treat arsenic, with a mean
arsenic concentration of 8.3 pg/L in groundwater. In Region 5, we selected a CWS serving 450 people in
lllinois currently using aeration and pressure sand filtration to co-precipitate iron and arsenic with a
mean arsenic concentration of 21.6 pg/L in a series of ground water wells. In Region 7 we selected a
CWS serving 150 people in Nebraska, currently distributing water from a wellhead with a mean nitrate
concentration of 9.3 mg/L in groundwater wells. Finally, in Region 9, we selected a CWS serving
approximately 50 people in California, with an inactive adsorptive media filtration treatment facility
and both arsenic and uranium contamination in two groundwater wells.

In Region 1, we chose two POU devices, one certified to NSF/ANSI 53 (adsorptive media) and one
certified to NSF/ANSI 58 (reverse osmosis) for arsenic removal. We identified a potentially viable
centralized treatment upgrade as installation of a second adsorptive media filter unit to treat the full
flow from both groundwater well heads with a specific arsenic removal filter media. In Region 5, we
chose two POE devices (since only POE devices may be used for long-term compliance in lllinois), one
certified to NSF/ANSI 53 and one with a media designed to remove arsenic and certified to NSF/ANSI
61. For the centralized alternative, we elected to optimize pre-oxidation of arsenic from As (lll) to As
(V) using pre-chlorination prior to pressure sand filtration. In Region 7, we selected two devices
certified to NSF/ANSI 58 (reverse osmosis) for nitrate-nitrite removal. We chose ion exchange with a
nitrate selective resin as the centralized treatment improvement in Region 7. Finally, In Region 9, we
selected the same two POU devices as in Region 1 for arsenic removal and, for the centralized
treatment system improvement, we chose anion exchange with a strong base polyacrylic resin as the
CWS improvement.

6.2 Triple Bottom Line Approach results

Table 6.1 presents the summary results for the triple bottom line approach for each of the three
treatment options in each CWS. We scored each option from 1-3, with 3 as the ‘best’ for each analysis.
For exposure assessment, the best score was given to the option that minimized lifetime exposure to a
person within each community, measured as the decrease in average daily contaminant dose from the
expected exposure with no intervention. For the LCA, the best score was given to the option with the
smallest relative overall impact in comparison to the other options. For the LCC, the best score was
given to the option with the lowest total per household cost over the 30-year study period. The scores
were then added up to generate an aggregate score for each alternative considered for the CWS.

While an aggregate score was used to make a judgement about the “best” alternative for each CWS,
each analysis should be considered separately to avoid obscuring important results. For example, while
a centralized treatment improvement device may score highly for cost, the contaminant exposure a
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CWS population is exposed to may be deemed unacceptable by a CWS and therefore, regardless of the
sustainability or cost of the alternative, be unacceptable. Similarly, if the cost of an alternative is so
high that a community cannot finance the treatment option, the alternative may be unacceptable even
if the sustainability of the device is preferred and exposure is reduced to an acceptable level. In the
following discussion of each CWS, we use this aggregate score as a starting point only to examine
which alternative may be the best option for a CWS.

Table 6.1: Summary of the triple bottom line results for each CWS

Metric
Decrease in Total Cost per
Region Technology contaminant LCA household over 30 TOTAL
exposure years
(ug/kg/day) ($)
3 = Best Option, 2 = 2" Best Option, 1 = 3™ Best Option

Centralized Upgrade 3
1 POU AM Device B 8
POU RO Device D 7
Centralized Upgrade 7
5 POE AM Device N 6
POE AM Device K 5
Centralized Upgrade 7
7 POU RO Device D 5
POU RO Device G 6
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Centralized Upgrade 1 1 3 5
9 POU AM Device B 3 2 2 7
POU RO Device D 2 3 1 6

6.2.1 Region 1

In Region 1, no treatment option scored highest across all analyses, but centralized treatment scored
lowest across all analyses. The POU Device B (AM) provided the largest reduction in contaminant
exposure over the 30-year period due to its high removal efficiency of 99%, however, it had a larger
relative environmental impact than POU Device D (RO device) due to the disposal and processing of
both the adsorptive media and the stainless-steel housing. While POU Device D was considered the
most sustainable alternative, it was also the most costly, driven by the frequent replacement of RO
membranes, pre-filters and post-filters. The POU AM Device B treatment option had the lowest per
household cost over the 30-year period because of its low material and equipment costs compared to
the RO device and an enabling environment in New Hampshire that optimizes the labor cost for
maintenance of devices in a CWS. The centralized treatment improvement, was the least sustainable,
resulting from the mass of adsorptive media necessary in the system. Because the LCA impact
assessment is based on the amount (in kg) of material needed in each device, both of the POU devices
would have a lower impact. The centralized treatment alternative is also the least effective at
removing arsenic based on a literature removal efficiency of 80%, resulting in a decrease in exposure
that is below the 30-year cumulative NOAEL value but does not meet the same reduction in exposure
as the POU devices. Despite the cost benefits of the centralized treatment upgrade, the alternative is
ranked lowest among the three alternatives. POU Device B (AM) provides the best removal of the
contaminant and is a compromise between the two POU options in terms of sustainability and cost.

In Region 1, the smaller population in the community is one factor that makes it easier to justify the
selection of a POU device over centralized treatment. There are only 24 households in this CWS, so the
O&M costs for the POU devices is not much lower than for the centralized treatment upgrade,
particularly because the centralized treatment improvement also contains an adsorptive media
component which increases the cost along with the environmental impact. The lab analysis costs with
POUs also contributes to the overall costs of POUs: as a reminder, in this state, 100% of the homes
must be sampled for compliance in the first year and in subsequent years.

6.2.2 Region 5

In Region 5, the nature of the centralized improvement and the use of POE devices as opposed to POU
devices drives the results (Table 6.1). Similar to Region 1 results, both POE devices have a higher
removal efficiency for pentavalent arsenic than the centralized treatment upgrade. POE Device N has a
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removal rate of 97%, leading to the largest reduction in contaminant exposure, resulting in the highest
ranking. However, this device is the most expensive over the 30-year study period and has the largest
environmental impact, resulting in the lowest ranking among the three alternatives. Both POE devices
have a larger environmental impact than the centralized system because of the large amount of
adsorptive media to frequently replace compared to the relatively small amount of piping and pumping
components necessary for the centralized pre-oxidation system.

Of the three options, the centralized is both the lowest cost alternative and lowest environmental
impact. The centralized improvement consisted primarily of PVC piping and cast-iron pumping
components, both which have 15-25-year lifetimes and do not need frequent replacements within the
30-year period. The larger useful life of centralized components compared to POU/POE devices results
in a lower overall O&M cost. In addition, the centralized improvement did not contain components
that have a large environmental impact in any phase of the life cycle (materials, processing, etc.)
compared to the adsorptive media found in the POE devices.

The large difference in cost and environmental impact between the centralized treatment system and
the POE devices stems from community-specific characteristics. In lllinois, only POE devices are
allowed for SDWA compliance, and few examples of successful POE installations were available for
reference. POE units are generally more expensive than POU units, require more maintenance and
more frequent component replacement. Also, the larger population size of the community (221
people) means the cost of supplying and maintaining POE units in Region 5 is much higher than altering
the existing treatment system. In addition, the centralized treatment system already had capacity to
remove arsenic; the primary concern was bringing the arsenic levels below the MCL consistently.
Based on conversations with the operators and managers, no past speciation of arsenic had been
completed so there was no data to determine whether the current treatment system was only
removing As (V) and not As (l1); we assumed that the centralized system in place pre-intervention was
only effectively removing As (V) and therefore pre-oxidation was a logical improvement for the system.

6.2.3 Region 7

In Region 7, the centralized treatment improvement provided the largest decrease in nitrate exposure
over 30 years, since the centralized ion exchange system had a literature value removal efficiency of
90% which was larger than the removal efficiency for either of the POU RO devices. Choosing an
option that removes as much nitrate as possible is a benefit since it is well documented that nitrate can
have deleterious health effects on infants. The centralized treatment improvement also had the lowest
cost over the 30-year study period when compared to either POU RO Device. Despite the need to
replace the ion exchange resin in the centralized improvement, the useful life of the resin column is
estimated at 10 years, longer than any of the POU RO components identified for the two devices in this
study. Furthermore, the ion exchange resin only has to be replaced at one location whereas the RO
devices would need to be replaced in 75 households over time.

However, the centralized treatment upgrade had the worst environmental impact when the impacts
were normalized amongst the three alternatives, resulting from the ion resin, including obtaining and
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processing the material and disposing the material to a landfill. In comparison, POU RO Device G has
the lowest environmental impact of the three alternatives, driven by fewer components to replace
over time compared to POU RO Device D. Device G was also more affordable. In Region 7, the
centralized treatment improvement therefore provided the lowest cost option and the largest
reduction in contaminant exposure, with a tradeoff associated with the centralized improvement in its
larger environmental impact compared to the POU RO devices.

6.2.4 Region 9

In Region 9, POU Device B (AM) removed 99% of the arsenic in the system, resulting in the largest
contaminant exposure decrease. However, due to arsenic concentrations above 30 ug/L in the source
water, the 99% removal efficiency is not removing as much arsenic in California as was seen in Region
1. Even with the highest removal efficiency from POU Device B (99%), the cumulative average daily
dose of arsenic would exceed the cumulative 30-year NOAEL within the 30-year timeframe because of
the implementation timeframe. As a result, none of the options considered adequately remove
sufficient arsenic, although we assigned ranking for consistency. It is likely that an additional
improvement to the system will need to be made to ensure that arsenic is removed from the drinking
water.

While POU Device B provided the largest decrease in contaminant exposure compared to no
intervention, it was ranked second in both environmental impact and cost. The centralized treatment
cost over 30 years is smallest compared to either POU device, despite the addition of a new treatment
facility and an evaporative pond onsite for brine disposal. While the initial capital cost of the
centralized treatment facility is more than the POU devices, the total cost over time is less because the
O&J costs of the POU devices are influenced by the replacement frequency of device components in
multiple households over time. Therefore, in Region 9, the POU AM ranks the highest. While the
centralized improvement is the least cost option over 30 years, it lacks the ability to adequately
remove arsenic and decrease exposure as well as having a large environmental impact due to the ion
exchange resin transportation and disposal. Compared to the POU RO device D, POU AM Device B has
a higher contaminant removal efficiency but a higher environmental impact. While POU Device B is
ranked highest among all three options, aggregating the results into a single metric obscure some of
the nuances of each alternative. In Region 9, the decision between which alternative to select will
depend on CWS finances and preferences. If the sampling cost could be reduced over time, this could
reduce the POU device cost further and make either device more comparable to the cost of centralized
treatment.

POU Device G has the smallest environmental impact of the three alternatives, followed by POU Device
B. The centralized treatment improvement has the largest overall environmental impact due to the
large amount of anionic resin that needs to be processed, transported, and disposed of. In addition, in
Region 9, the community is geographically remote, located more than 100 km from the nearest landfill,
resulting in a higher environmental impact associated with both disposal of the centralized system
components and the transportation impacts of moving components from the centralized treatment
facility to the landfill.
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7 — Considerations and Recommendations for POU/POE devices as a SDWA
compliance strategy

Through this study, we identified several important considerations and assumptions related to the use
of POU/POE devices as a compliance strategy in small CWSs. These include system and policy barriers,
which constitute challenges to POU/POE implementation found at a regulatory or state level, and
technical barriers, which constitute challenges to the long-term health, environmental, and cost
impacts of POU/POE devices. Finally, we discuss specific assumptions used in our model that are
subject to change based on CWS characteristics. We present these categories below in detail, as well as
recommendations for different stakeholder groups involved in the process (state administrators, CWS
stakeholders, and device manufacturers).

7.1 Systemic and Policy-Level Barriers

Our case study revealed several systemic or policy-level barriers that influence the feasibility and
advantages of implementing POU/POE devices as a compliance strategy. First, using POU/POE devices
as a SDWA compliance strategy is governed by what types of devices are allowed for treating specific
contaminants in each state. For example, in Illinois, only POE devices are allowed for long-term SDWA
compliance and have only been applied previously for radionuclides in specific conditions; had had
POUs been an option as a compliance strategy, the total cost per household over 30 years would have
likely been much smaller than our case study findings for the two POE devices. According the USEPA
guidance document on POU/POE devices, a survey of states by the Association of State Drinking Water
Administrators showed that there are states where POU/POE devices are not allowed as a compliance
strategy and other states where no guidance currently exists on POU/POE for compliance (USEPA,
2006b). Over the course of this study, we shifted our focus from Region 6 to Region 7 to select a case
study community in part because we could not locate a state where POU/POE devices would be
allowed as a compliance strategy.

Among the model assumptions we explored, we found that the frequency and number of samples
necessary to ensure POU/POE performance for compliance can be a driving factor in the cost to
implement POU/POE units long-term. While all states we worked with required sampling of 100% of
the samples in the first year of POU/POE device operation per USEPA guidance (USEPA, 2006b),
whether a state can reduce sampling requirements (and therefore lab analysis costs) is state- and
contaminant-specific. A decrease in sampling frequency may be advantageous where POU/POE
devices are performing to manufacturer specifications. However, water use in each home depends on
the household water consumption patterns and decreasing the sampling frequency could obscure
breakthrough of a contaminant in a specific location due to early failure of the device. As a result,
state and CWS discretion and input is critical to determining if the additional cost of sampling
outweighs the benefit of ensuring public health is protected.

Another potential barrier to POU/POE implementation is the time and energy required to ensure that
all households have an equitable access to safe drinking water by ensuring 100% household
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participation. The USEPA requirement of 100% CWS participation is critical to protecting consumers
from contaminated water; one homeowner with a POU/POE device cannot receive water with lower
concentrations of arsenic than a homeowner with no POU/POE device. However, from conversations
with state administrators, it can take 2-10 years to come to a legal agreement across 100% of
households in a CWS to implement POU/POE devices. In illinois, the only past POE installation our state
contacts knew of was in a small community where it took 7 years to organize the community prior to
pilot testing. In New Hampshire, we conversed with a water systems where expensive legal
agreements had to be put in place, including a clause in the homeowner’s agreement to allow an
operator to access POU/POE units inside of people’s homes. In California, some communities have
considered installing POU under-sink units on the outside of the homes for ease of maintenance but
also to assuage homeowner concerns with having an operator inside their home when the homeowner
is not present. While in many places, the majority community homeowners may be open to the idea of
a POU/POE device, they have concerns about the logistics of maintaining the POU/POE device over
time. As a result, we see a need to continue exploring options to ensure homeowners understand
POU/POE device benefits and to streamline the community engagement component to gain 100%
participation through a systematic approach that acknowledges community concerns while continuing
to move the implementation timeline forward.

Part of the difficulty implementing POU/POE devices as a CWS stems from the challenge of finding
certified POU/POE devices that can be sourced locally and have readily available replacement
components, particularly for rural communities. Over the course of this study, we encountered the
challenge both of narrowing down a list of over 150 POU RO devices and locating a second POE device
certified to NSF 53, Certification can be costly to a company - including running water quality testing
and maintaining certification — so we were only able to initially locate one POE device certified to NSF
53, We did find several POE devices with media certified to NSF 61 and individual manufacturer
performance testing, but not a complete NSF/ANSI or WQA certification. As a result, we spent
considerable time locating and verifying a second POE device that fit the certification criteria used in
this study. A small CWS water system will also encounter these concerns when searching for devices
and do not have the benefit of a guiding taskforce to help them locate devices. In addition, if a CWS
wants to use a POU RO unit, the problem the CWS will face is narrowing down the list of potential
devices to those that can be found at a reasonable price locally. Furthermore, when we examined the
list of potential POU RO devices available for pentavalent arsenic removal, we found it difficult to
translate the information present on WQA, NSF international, and IAPMO listings to a device on the
manufacturer and distributor websites. While it was easy to locate device information for some
products, other product websites listed device model numbers different than the NSF international or
WQA website; if we found the product on the website, sometimes it was unavailable through the local
distributor and had to be sourced from another distribution or a location across the country.

Furthermore, POU/POE devices are certified for removal of specific contaminants while CWSs are
responsible for providing water with acceptably low concentrations of all contaminants regulated by
the SDWA. A POU/POE device may be certified to remove more than one contaminant; however, using
a POU/POE device for SDWA compliance typically focuses on one contaminant at a time. For example,
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in Region 5, past MCL violations of the arsenic MCL necessitate a solution to specifically remove arsenic
from the system. While the POE may in practice remove multiple contaminants, the context around
its implementation and monitoring was focused only on removal of and compliance with the specific
contaminant. Therefore, it cannot be used to replace centralized treatment because of the need to
meet MCLs for other contaminants.; the designed compliance strategy is designed so centralized
treatment and the POE device work in tandem to ensure SDWA compliance. In this case, centralized
treatment is allowing the system to meet all other relevant SDWA water quality regulations and the
POE device focuses specifically on arsenic. However, implementation of POUs/POEs to meet multiple
SDWA compliance objectives is an interesting, but unexplored, option.

7.2 Technical Barriers

Our case study results revealed the importance of the number of households served by a CWS when
considering POU/POE implementations. In the two larger CWSs in Region 7 and Region 9, the
centralized treatment option was favorable overall partly because replacing POU/POE components at
multiple households over time generated a higher cost O&M than the centralized option. Because
POU/POE components such a RO membranes, pre-filters, and post-filters, and POE adsorptive media
every 3-10 years, there is a large cost associated with replacing components in every household over
the 30-year study period. For example, in Region 5 we observed that the replacement of the adsorptive
GFH media in either POE unit was a significant component of the overall per household cost because
the media needed to be replaced every 7-10 years in 221 households. In contrast, in Region 1, the
difference in total cost between the centralized improvement and the POU devices was approximately
$5,000-6,000 over 30 years, compared to a difference in total cost of $21,000-24,000 in Region 5
between centralized and POE devices. Because Region 1 only has 24 households, the cost of
replacement materials is smaller than in the other three regions, narrowing the total cost difference
between the centralized option and the POU devices. While Region 9 has a similar number of homes
to Region 1, the difference in cost is larger due to the larger labor and lab analysis costs. The disposal
and replacement of multiple components in POU/POE units are therefore a key driver of the total
O&M cost over time and impact CWSs differently. Making devices more durable by increasing the
useful life and decreasing replacement cost is one potential solution to ensuring POU/POE device
longevity and acceptability over time.

In addition to systemic concerns with POU/POE device piloting, there are technical barriers that can
make piloting a lengthy and costly process, particularly for very small CWSs. Many of the small CWSs
included in this study run a water treatment plant intermittently, with no continuous 24-hour water
supply. Supply and operational hours of the treatment facility are governed by demand and storage
availability. As a result, piloting POU/POE devices in each specific CWS with water use patterns is
critical to understanding how POU/POE devices will function in the CWS. In addition, the water quality
of each CWS varies. When consulting with POU/POE device manufacturers, we asked questions about
CWS specific water quality to determine whether additional components would be necessary to ensure
the POU/POE device functions according to performance claims. For example, for the POE AM Device N
in Region 5, the manufacturer recommended an additional iron prefilter because the iron to arsenic
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ratio is 55:1. Piloting is therefore necessary to ensure that the POU/POE devices are properly
configured to both the water demand and water quality present in each CWS.

7.3 Model Assumptions specific to CWSs

During this study, we conversed with four different states that each take a different approach to
adopting and implementing POU/POE devices for small CWS SDWA compliance. We presented the
assumptions we made for each of our analyses for both POU/POE and centralized treatment
improvements and summarize the critical parameters that vary across states for future use of the triple
bottom line approach.

For centralized treatment, we focused on components above and beyond current CWS operation to
emphasize how the improvement would impact the system. For the four states we worked with, only
Region 7 required additional water quality sampling for the centralized improvement. Because arsenic
and nitrate sampling are already required by the SDWA, the frequency and number of samples taken
would not increase with the centralized improvement. However, in Region 7, the addition of a chlorine
disinfection system necessitated additional chlorine residual sampling in the distribution system that
the CWS would have to pay for if the improvement was implemented. We identified these additional
sampling requirements by consulting state specific treatment guidelines and monitoring programs.
Additional sampling requirements for centralized treatment will be state specific; we therefore
recommend CWSs work with state administrators to identify additional sampling costs.

In addition, centralized disposal of liquid waste streams such as brine from an ion exchange system,
may be subject to state specific guidelines. We worked with state administrators in California to
identify possible waste disposal scenarios for brine in the Region 9 CWS. The Region 9 CWS had a series
of septic tanks onsite which are not considered an appropriate waste treatment method for ion
exchange brine in California. As a result, state administrators suggested we add the construction and
maintenance of an evaporative pond to the system as an evaporative pond would be the solution the
state would ask the system to install if the centralized ion exchange facility was implemented. In
addition, we also learned that some states allow POU RO reject water to be disposed of in a septic
system in small communities where others do not. Therefore, waste disposal solutions for both
centralized and POU/POE should be carefully considered to ensure appropriateness and to ensure that
all system components are included in the alternative prior to analysis.

For POU/POE devices specifically, we noted several state specific guidelines or requirements that
influence both the LCA and LCC analyses. First, while most states require sampling in 100% of the
households in the first year of POU/POE operation, some states allow a CWS to reduce the percent of
homes sampled per year based on the contaminant. For nitrate, no decrease in sampling frequency is
recommended because nitrate is an acute contaminant for infants, but for arsenic, states such as
California and Illinois have programs to reduce the number of samples over time. The percent of
households sampled over time is critical to the overall lab analysis cost, which we noted was a large
component of POU/POE total costs over 30 years.
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In addition, the labor component of O&M activities for POU/POE devices varied between states. Labor
costs changed based on both the wage paid to an operator and the amount of time spent on O&M
activities. In Region 1, less than one hour was allotted for maintenance activities, while in Region 9, up
to 4 hours was spent on device maintenance. As a result, the O&M costs between these two regions
was noticeably different even though the CWSs had a similar number of households served. Since
labor assumptions are state specific, we recommend CWSs consult with state administrators to
develop O&M plans to ensure labor and maintenance costs are not underestimated.

Finally, for both centralized and POU/POE alternatives, the source water quality and specific
contaminant of concern are both critical to the selection of an appropriate device or technology.
USEPA guidance on POU/POE devices provides a list of the best available technologies that are
considered appropriate for specific contaminants (USEPA, 2006b). POU/POE devices are listed by
contaminant on the NSF International and WQA websites and, while there are multiple devices, we
noted that not every technology type (ion exchange, RO, etc.) is certified to NSF/ANSI standards for a
specific contaminant. As a result, choosing the technology type for a POU/POE application largely
depends on the types of devices currently certified to NSF/ANSI standards, especially because USEPA
guidance requires devices to be certified if they are being used for SOWA compliance (USEPA, 2006b).

For centralized treatment improvement options, we analyzed past water quality data and discussed
operational concerns with state administrators and CWS stakeholders to identify appropriate
technologies to evaluate. For example, in Region 5, our decision to examine pre-oxidation was driven
by the water chemistry in the system: the iron to arsenic ratio is 55:1 and the amount of iron present in
the groundwater makes technologies such as pre-oxidation preferable to adsorptive media
technologies due to concerns of preferential removal of iron. Similarly, in Region 7, we identified ion
exchange as an appropriate technology to remove nitrate because there were few competing ions such
as sulfates in the ground water source. Furthermore, specific contaminant chemistry is also important
to technology selection. For example, arsenic has two forms in water, and different technologies
preferentially remove As (V) over As (lll). Identifying the relevant water quality parameters to make an
informed decision is key to selecting appropriate technologies.

7.4 Recommendations

In this section, we present specific recommendations for the different stakeholders involved in
POU/POE implementation for SDWA compliance. We then provide recommendations and
considerations for the use of the triple bottom line approach by water systems.

7.4.1. For CWS managers and stakeholders
For CWS stakeholders including managers, operators and homeowners interested in implementing
POU/PQEs for compliance, we recommend:
e |Initiating the community household consultation process early when considering POU/POE devices as a
compliance strategy to ensure 100% participation in a timely manner. Provide structure and support
when creating legal agreements to facilitate 100% participation.
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Understanding the CWS financing situation to best forecast upfront capital costs and examine long-term
O&M costs of using POU/POE devices as a compliance strategy.

Understanding changes in operator certification requirements, legal administrative costs, etc. that would
occur when implementing a centralized or POU/POE device. Consider hiring an engineering firm to
establish these costs prior to making a commitment to either a centralized improvement or a POU/POE
device.

Streamlining and coordinating maintenance and sampling activities to limit the burden on households
during O&M activities.

7.4.2 For POU/POE device manufacturers and distributors
For POU/POE device manufacturers and distributors, we recommend:

Aligning the information available to CWSs across the certifier, manufacturer, and distributors websites
and media platforms to ensure that CWSs have easy access to device cost and performance information.
Collaborating with state agencies and administrators to pilot and test device performance with CWS
specific water quality to decrease the time required to pilot and implement POU/POE devices.
Increasing the durability and useful life of POU/POE components to decrease the frequency of replacing
components to ultimately decrease the total overall O&M costs of POU/POE devices over the long-term.
Include clear information on manufacturer or trade association websites that can be used not only by
homeowners, but also by CWS managers to understand the appropriateness of POU/POE devices as a
CWS SDWA compliance solution.

7.4.3 For State administrators
For state administrators and agencies, we recommend:

Establishing clear guidance for both POU and POE devices within the state to allow small CWSs greater
flexibility to meet SDWA compliance regulations.

Continually review the sampling requirements for POU/POE device compliance over time to verify
whether the sampling program is both cost effective for the community and whether the POU/Poe
device is adequately removing the contaminant of concern at a representative number of households
within the CWS.

Helping CWS stakeholders to adequately characterize the water quality in both the source and treated
water to enable informed decisions about appropriate technologies. For example, speciating arsenic to
understand whether additional pre-oxidation is needed for the removal of As(lll) in addition to As (VO.
Establishing clear procedures to permit and approve POU/POE devices to minimize a case-by-case
approach. The state should document the steps taken to approve the POU/POE solution to aide future
CWSs interested in using POU/POE devices as a solution and promote knowledge sharing.

Providing support and structure for constructing legal agreements in CWSs that facilitate 100%
household participation in a timely manner.

7.4.4 Future use of the triple bottom line approach

To obtain accurate results from the triple bottom line approach, we have compiled the following
recommendations for CWSs or state administrators looking to leverage this approach for very small
water systems.
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Exposure Assessment

1. Exposure assessment calculations should account for lifetime exposure to ensure that exposure
over time is not an underestimation. We recommend evaluating exposure to an infant, child
and adult over the study period to examine a worst-case exposure scenario using the average
daily dose equations.

2. Exposure routes should be specific to the contaminant being evaluated. While this study
examined contaminants where inhalation and dermal exposure was negligible, the inhalation
and dermal exposure routes should be accounted for when examining volatile inorganic
contaminants and other contaminants with inhalation and dermal information available from
the EPA IRIS database.

3. Ingeneral, additional studies are needed to model inhalation of aerosolized water particles,
including the concentration of a contaminant that is aerosolized and the lung absorption rates
of different individuals to understand if inhalation risk is truly negligible from water.

Life Cycle Assessment

1. Disposal of waste media and materials from both centralized and POU/POE devices needs to be
examined to determine if the concentration of contaminants in device components are non-
hazardous or hazardous waste. For the purposes of this study, we assumed the concentration
of arsenic in disposed media would not be large enough to constitute a hazardous waste;
however, for other contaminants this may not be the case. CWSs and state administrators
need to work with device manufacturers to understand how much of a contaminant is present
in spent media prior to landfill disposal.

2. A CWS may consider recycling or media regeneration as potential waste scenarios within the
life cycle analysis. In this study, we assumed that materials would be disposed in a landfill;
however, specific adsorptive medias can be regenerated or recycled, providing a more
environmentally sustainable alternative.

Life Cycle Costing

1. Cost modeling needs to include the useful life and replacement frequency of all components of
either a centralized improvement or a POU/POE device to capture the total cost over time of
operating and maintaining the improvement. Other studies (Bixler et.al., 2021) have examined
net present value or worth using an average useful life and a functional unit based on volume
of water treated which may not accurately account for the total cost over time to a community.

2. State and CWS-specific cost assumptions need to be clearly documented and reported so that
future studies can accurately compare results and make informed decisions. When reviewing
literature to conduct this study, we identified several different cost models and assumptions
that needed careful evaluation to determine their applicability to our study. We recommend
states and CWSs keep a very clear record of the assumptions used to model cost.
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Appendix A: Selected technology process flow diagrams

Figure Al: Centralized adsorptive media for Region 1
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Figure A3: Centralized anion exchange process for Region 7 and Region 9
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Figure A5: POU Adsorptive media device (Region 1 and Region 9)
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Appendix B: POU and POE Device Listings
Table B1: Eligible POU devices certified to NSF/ANSI 53

Company Name Device Device Type Service Cycle Cost Information
(gallons)
Device Al Plumbed-In 600 Retail is $550, cost of
replacements is approximately
Company A $125
Device A2 Plumbed-In 600
Device B1 Plumbed-In 500 Unit = $1035, with no additional
kits (additional kits are $45 for
the countertop kit and $45 for
the below the sink kit
US Continental Shipping = $15.50
Replacement filter = $150, $10
Company B Lo
shipping
Device B2 Plumbed-In 600 Model XXXX
Device = $740, shipping = $13.00
Replacement filter = $150, $10
shipping
Company C Device C1 Plumbed-Into | 600 Three different models
Separate Tap

Table B2: Eligible POU devices certified to NSF /ANSI 58

Daily
ICompany Model Number [Type of Device Production|Claim Certification|
Rate (gpd)
Nitrate/Nitrite
. Plumbed-In to Reduction, Arsenic  [NSF/ANSI
(company D Pevice D1 Separate Tap 1 Pentavalent <= 300 [58
ppb Reduction
Nitrate/Nitrite
. Plumbed-In to Reduction, Arsenic  [NSF/ANSI
(Company E Pevice E1 Separate Tap 1575 Pentavalent <= 300 [58
ppb Reduction
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Nitrate/Nitrite

[ppb Reduction

. Plumbed-In to Reduction, Arsenic  [NSF/ANSI
(Company F Pevice F1 Separate Tap & Pentavalent <= 300 [58
[ppb Reduction
Nitrate/Nitrite
. Plumbed-In to Reduction, Arsenic  [NSF/ANSI
(Company G Pevice G1 Separate Tap 1 Pentavalent <= 300 [58
ppb Reduction
Nitrate/Nitrite
. Plumbed-In to Reduction, Arsenic  [NSF/ANSI
(company H Pevice H1 Separate Tap & Pentavalent <= 300 [58
[ppb Reduction
Nitrate/Nitrite
. Plumbed-In to Reduction, Arsenic  [NSF/ANSI
(Company | Pevice I1 Separate Tap & Pentavalent <= 300 [58

Table B3: Eligible certified POE devices

Company Name | Device Technology Certifications
Type
Device J1 RO CSA B483.1—-2007
Company J
Device K1 Adsorptive CSA B483.1 - 2007
Media (GFH) NSF/ANSI 53
Device K2 Adsorptive CSA B483.1 - 2007
Company K Media (GFH) | NSF/ANSI 53
Device K3 Adsorptive CSA B483.1 - 2007
Media (GFH) NSF/ANSI 53
Device L1 RO CSA B483.1-2007
Company L
Device L2 RO CSA B483.1-2007
Company M Device M1 RO CSA B483.1—-2007
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Company N

Device N1 Adsorptive NSF/ANSI 61
Media (GFH)

Device N2 Adsorptive NSF/ANSI 61
Media (GFH)

Device N3 Adsorptive NSF/ANSI 61
Media (GFH)

Device N4 Adsorptive NSF/ANSI 61
Media (GFH)

Table B4: NSF Listings as of January 2021

NSF/ANSI Standard Performance Claim # of Companies # of Products

NSF/ANSI 58 (RO) |Pentavalent 5 @
Arsenic <= 50 ppb*
NSF/ANSI 58 (RO) |Pentavalent
(rel Arsenic <= 300 ppb = 1B
NSF/ANSI 53 (Health |Pentavalent 4 6
Effects) Arsenic <= 50 ppb*
NSF/ANSI 58 (RO) |Nitrate/Nitrite 23 104
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ALABAMA

RurA AT

NRWA ASSOCIATION

TESTIMONY OF

ROBERT WHITE, IV

EXECUTIVE DIRECTOR, ALABAMA RURAL WATER ASSOCIATION
AND ON BEHALF OF

THE NATIONAL RURAL WATER ASSOCIATION
BEFORE THE

SENATE COMMITTEE ON AGRICULTURE, NUTRITION, AND FORESTRY

SUBCOMMITTEE ON RURAL DEVELOPMENT AND ENERGY
HEARING ON JULY 19, 2023, ENTITLED

“RURAL WATER: MODERNIZING OUR COMMUNITY WATER SYSTEMS”

Good afternoon, Chairman Welch, Ranking Member Tuberville, and esteemed
members of this Committee. | am deeply honored to be here today, offering my
insights on the U.S. Department of Agriculture's (USDA) Rural Development Water
and Environmental Programs, and their crucial technical assistance initiatives,
which are integral to offering affordable and sustainable services to this nation’s
rural communities.

| would like to extend my personal gratitude to Senator Tuberville for his
invitation and, more importantly, his stalwart leadership and advocacy for
Alabama's rural water and wastewater sector.

My name is Rob White, and | serve as the Executive Director of the Alabama Rural
Water Association (ARWA), a non-profit organization that advocates for small and
rural water and wastewater systems across Alabama. | am not only here to
represent the interests of ARWA but also to voice the concerns of the National
Rural Water Association, which stands for over 31,000 rural systems throughout
the country.

Our rural systems have their roots in the 1960s Farmers Home Administration,
and they continue to benefit from assistance and support from its successor
agency, Rural Development to this day. The aggregate impact of improved health
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outcomes and bolstered economic prosperity for rural communities resulting
from Rural Development’s efforts is immeasurable.

If I may, I'd like to express my gratitude to this Committee for its unwavering
commitment to the success of these initiatives. These investments have yielded
remarkable returns in terms of enhancing the quality of life in rural America.
Regrettably, the public often overlooks the tremendous strides made in improving
their communities' health and economic landscape over the past six decades. The
outcomes, however, speak for themselves, as | have witnessed firsthand in nearly
every small and rural community | have visited across Alabama and the nation. On
behalf of both the Alabama Rural Water Association and the National Rural Water
Association, | extend our heartfelt appreciation for your vision and leadership.

History of the Alabama Rural Water Association

The Alabama Rural Water Association (ARWA) was inaugurated in 1977, offering
training workshops for Alabama's water systems. These workshops were designed
to navigate the then newly introduced regulations from the 1974 Safe Drinking
Water Act and other subjects essential to the effective management and
expansion of critical water services throughout Alabama.

Starting from such modest beginnings, the ARWA has evolved into the leading
service provider and resource center for rural water and wastewater systems
across Alabama. At present, our team consists of nineteen committed employees,
and we represent 457 member utilities. This corresponds to an impressive 91% of
Alabama's 503 permitted community water systems. Our dedication to service
transcends membership status as we extend our support to all communities
within Alabama that request our assistance. We provide a wide array of services,
including hands-on assistance and training with utilities, covering everything from
regulatory compliance and continued professional education to daily operations,
o system maintenance, governance, and much more.

We also invest in the future, training the upcoming generation of professionals to
succeed in an aging workforce. Our services extend to emergency response and
recovery, source water protection, asset management, energy audits, rate
studies, and much more. We stand ready to assist communities in need, 24 hours
a day, 365 days a year.
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Our operations are steered by a volunteer board of ten full-time operators,
managers, or directors from rural water and wastewater utilities. A key
component of our service success is rooted in the fact that our staff and board
members come from within the industry. Their rich experience in operating and
managing water utilities provides an unmatched level of trust and confidence,
establishing valuable peer-to-peer relationships from a non-regulatory, third-
party entity respected in rural communities.

Although we value and invest in academic knowledge, we firmly believe that
practical, on-the-ground experience is irreplaceable and central to the future
success of the water and wastewater industry in rural America. Despite the
industry's growing reliance on technology to enhance efficiencies, the persistent
need for experienced professionals to perform on-site duties is undeniable. This
tangible experience in the field forms an essential part of our successful strategy.

We are well aware, though, of the emerging challenges in our industry. Existing
systems are aging and increasingly burdened by more rigorous regulations
designed to shield our customers from newly discovered contaminants like PFAS
and renewed initiatives to eradicate lead from our communities.

Simultaneously, we are seeing a wave of retirements in the industry alongside the
escalating complexity of operating water and wastewater systems. These factors
highlight the importance of a robust, relevant, and dynamic training program.
Such a program is crucial in cultivating a new generation of proficient operators
and providing existing operators with the necessary knowledge and tools to
perform their daily tasks effectively.

The recent pandemic has exposed vuinerabilities in our supply chains, leading to
unforeseen challenges in project planning and execution and subsequent cost
overruns. These complications hinder any communities' ability to renovate their
systems efficiently and effectively.

Despite the progress made so far, significant needs remain, especially in Alabama,
with respect to extending sewer services to the remotest rural areas of our state.
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ARWA Partnerships

The Alabama Rural Water Association (ARWA) is known for its successful
partnerships with a variety of state and federal organizations. Our non-regulatory
role serves as an essential aid to these agencies, often being the sole provider of
on-site actions to solve immediate issues in Alabama. Among our partnerships,
the one with the U.S. Department of Agriculture (USDA) has proven to be
especially influential and beneficial. We both share the objective of delivering
accessible, safe, and affordable water and wastewater services to smaller, rural
communities. Currently, ARWA is partnering with the USDA and the EPA on the
Closing America’s Wastewater Access Gap Community Initiative to mitigate the
wastewater issue in Lowndes and Greene counties in Alabama.

This pilot project was announced in White Hall, Alabama, last August. Its purpose
is to help promote the development of programs to expand or introduce a variety
of wastewater treatment solutions for communities that lack sufficient sanitary
sewer service in 11 areas across the nation, 2 in Alabama. Significantly, Greene
and Lowndes County represent just two out of sixteen counties in Alabama's Black
Belt region dealing with this need. Latest estimates indicate that roughly $1.4
billion is needed to implement decentralized wastewater treatment technologies
and to resolve individual septic tank issues across Alabama’s Black Belt.

ARWA works closely with the Alabama Rural Development State Director and his
committed team to advance the Agency's mission within the State.

It's worth noting that USDA Rural Development has been specifically designed by
Congress to cater to rural America. Considering that 91% of the nation's water
systems serve communities with less than 10,000 residents and 54% serve
communities with less than 500, the need for their services is immense. The task
of providing adequate service and improving the infrastructure in these
communities lies at the core of the Rural Development's Water and
Environmental Programs portfolio and aligns with our technical assistance efforts.
Rural Development is devoted to updating, maintaining, and extending this crucial
infrastructure.
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ARWA Suggestions for Consideration in the 2023 Farm Bill

| will now provide a few examples of pending issues in Alabama and suggested
solutions for your consideration as you draft the 2023 Farm Bill.

Circuit Riders

Established by this Committee in 1980, the Circuit Rider program was our pioneer
initiative aimed at offering solutions and hands-on support to rural communities.
Initially, it was designed to assist small and rural towns with regulatory
compliance following the enactment of the Clean Water Act. Over the years, this
Committee and the USDA have broadened the Circuit Rider's roles and activities
to tackle emerging issues.

In Alabama, the ARWA employs a robust team, including 3 Water Circuit Riders, 2
Wastewater Specialists, an Energy Efficiency Specialist, a Source Water Protection
Specialist, an Apprenticeship and Training Coordinator, along with other training
experts and operations consultants. These professionals aid utilities statewide in
all aspects of operating, managing, and maintaining any community’s water or
wastewater system. On a national scale, last year alone, Water Circuit Riders
made a direct impact on the health and safety of 24,780,065 individuals,
constituting 41% of rural America.

Our Alabama team successfully conducted 47 training events, which consisted of
43 local on-site training sessions, 2 conferences, and 2 online sessions attended
by 2,950 industry professionals. Six of these training courses are tailored each
year specifically for Board Members and decision-makers, equipping them with
the knowledge to fulfill their fiscal and public health obligations effectively. Our
objective is to provide a class within a 60-mile radius of every operator in
Alabama annually, to reduce the burden of travel and time away from operating
their systems. We also hosted nine certification schools with 150 potential new
operators participating.

Our technical service providers also carried out 2,271 individual on-site visits
across Alabama, providing various forms of technical assistance. Key examples of
service included 49 leak surveys, which resulted in annual systems savings of 2.8
billion gallons of water valued at $8.3 million. Circuit Riders completed 151



369

Consumer Confidence Reports, saving an extra $135,750.00 for those systems.
Moreover, our energy program, up until the end of 2022, identified potential
annual energy savings of $1,828,279 for the systems that participated.

Water Circuit Riders offer a wide range of services such as hands-on training,
certification licensing, financial management, environmental compliance, disaster
assistance, governance, and on-site technical aid. These efforts ensure that
facilities operate effectively, safeguarding the community and government's
investment.

We are available all year to respond to calls for assistance, whether they concern
disaster management, sourcing disinfection supplies, design and construction
advice, or existing system maintenance. We assure immediate response upon
being contacted.

We humbly request this Committee to renew authorization for this program.
Emergency Preparedness and Response Activities

For many years, the National Rural Water Association (NRWA) and State
Associations have been at the forefront of emergency disaster response. We have
not only maintained these services, but we've also broadened them by offering
yearly training accessible to all State Associations. This training provides a
platform to exchange knowledge, methodologies, and technologies to strengthen
recovery initiatives.

In Alabama, we've fostered strong alliances with our Gulf State Associations,
establishing a cooperative partnership to facilitate a more effective deployment of
resources and immediate responses to significant disasters. For instance, following
Hurricane Sally's landfall on September 15, 2020, our Association mobilized staff
and resources the day after the event. We stationed our equipment and command
center at one member system's office. Assistance came from multiple Rural Water
associations, and we were able to maintain essential water and sewage services
for about 97,000 individuals, despite power outages.

Last year, in October, we demonstrated the resilience of our emergency response
network when the Alabama Rural Water Association dispatched a team to Florida
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following Hurricane lan. Other Rural Water Associations also provided substantial
support.

During the 2022 Christmas week, Alabama experienced a historic cold front. On
Christmas Day, while most families were home opening presents and enjoying
other holiday traditions, ARWA Circuit Riders left their families to respond to
several locations in Alabama that were either without or nearly without water
service due to the freezing conditions. The ARWA worked with system personnel
to find and fix leaks, manage extreme consumption due to customers flowing
water to prevent frozen pipes, and even had 2,880 cases of bottled water
delivered to systems without water, valued at $18,144. These systems had been
without water for several days and were able to provide this water to their
customers at no cost through a partnership with ARWA, ADEM, and other State
Agencies.

In most of these emergencies, State Associations finance their staff, equipment,
and expenses with internal non-federal resources. However, statutory and
administrative constraints limit the full efficacy of our service in impacted areas.

We propose that this Committee consider extending authorities to enable and
enhance preparedness activities. This will allow Alabama and other Rural Water
Associations to dedicate more resources to communities during periods of calm,
or 'blue-sky days.” These efforts could include assisting utilities in planning and
preparing by identifying vulnerabilities, mapping infrastructure, developing
disaster protocols, coordinating with statewide emergency networks, and
registering utilities on hazard mitigation lists. Additional training could focus on
real-world, hands-on disaster response for water and wastewater systems.

Another crucial aspect of emergency response is the administrative requirements
during and after a disaster. Adequate documentation and follow-up with agencies
are mandatory to access recovery funds. Our small and rural communities often
lack the necessary resources to effectively fulfill this function, leaving potential
funds unclaimed.
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Examples and Images of Emergency Response in Action

Hurricane lan

One of the many night time deliveries of Generators
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Morsing Briefing

National Rural Water Emergency Response Tradler and Truck that was utilized as the Commund Center.
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Some of the many assets that were used.

: ¢ P,

¢ ALaEAMR

October 12th the last of our two Man deployments keaded back to Alabama with
two af our Large Generatars,

ARWA Darrell Brewer, Delivering @ Generator,
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Christmas Deployments

Water Delivery to Old Line Water Authority in Jackson, Alabama, located in Clarke
County. They serve approximately 2,475 water customers. Through the Associations'
efforts, Old Line Water Authority Received 432 cases of bottled water. (10,368
Bottles)

Water Delivery Wilcox County Water Authority, in Camden, Alabama, Ioca:t-?d in
Wilcox County, Alabama, serves approximately 4050 Customers. Through the
Associations' efforts Wilcox County Water Authority, Received 576 cases of bottled
water. (13,824 Bottles)
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Water Delivery City of Reform Water & Sewer Board, Located in Pickens County,
Alabama, serves approximately 754 Customers. Through the Associations' efforts City
of Reform Water & Sewer Board, Received 432 cases of bottled water. (10,368
Bottles)

Leaks, Repairs, and Generators
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Rural Water and Wastewater Cyber Security Circuit Rider Program

The cybersecurity of small and rural water systems is a paramount concern for the
ARWA and NRWA. However, the multifaceted nature of cyber threats to vital
water infrastructure means that many rural utilities are ill-equipped to ward off
such attacks, often due to a lack of financial means and technical proficiency.
Furthermore, it's commonplace for smaller rural communities in Alabama to be
reliant on a single operator who is already overburdened with a multitude of
critical duties.

Congress had stipulated that all systems catering to populations over 3,300
complete a cyber/physical evaluation by December 31, 2021. Yet, smaller systems
serving populations less than 3,300, with their constrained financial and
personnel resources, are in dire need of direct aid to comply. Additionally, federal
agencies like the EPA and Rural Development are starting to mandate
cybersecurity provisions before authorizing any new financial assistance.

We suggest this Committee consider providing a corps of cybersecurity specialists
to help rural water systems protect their utility and the public health of the
residents. This program should aim to assist rural utilities that lack the means or
knowledge to adhere to these federal mandates. Initiatives could encompass
swift evaluation of the utilities' efficacy in safeguarding their cyber infrastructure
and public health, creating sensible protocols to bolster protection, and assisting
with the enhancement of any deficient cyber protection strategies.

Modernization of Rural Development Water & Environmental Programs

Across Alabama and the nation, numerous small and rural utilities function on
slim profit margins, depending largely on customer rates to cover all operation
costs like salaries, infrastructure loan repayments, energy costs, materials,
maintenance, and more. This financial limitation is particularly felt by utilities
serving low-income residents with smaller economies of scale, which urgently
need to modernize their aging water infrastructure.

NRWA and ARWA propose the modernization of the Rural Development Water
and Environmental Programs to align with current needs, offering affordable
financing and servicing options. This mirrors the modernization seen in other
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infrastructure programs such as the EPA State Revolving Loan Fund programs.
Currently, EPA has the authority to offer "additional subsidization", which can
include principal forgiveness, zero or negative interest loans, or a mix of these
tools. Moreover, loan terms have recently been lengthened.

NRWA supports current and past legislative initiatives that would grant the Rural
Development additional affordable financing and servicing instruments. New
financing options should empower Rural Development to extend zero and 1%
percent loans to disadvantaged or financially struggling communities. This limited
authority should be targeted for low-income communities to ensure their access
to affordable water and wastewater services.

| want to note that on June 22nd, the FY2024 Senate Agriculture, Rural
Development, Food and Drug Administration, and Related Agencies
Appropriations bill reported the inclusion of $30 million in loan authority for
USDA to provide 1% loans to selected communities.

In Alabama, there are numerous systems that would greatly benefit from these
enhanced authorities. Whether the communities face financial constraints due to
low-income availability for utility bills or the financial hardship caused by the
closure or relocation of commercial entities, these flexible options would shield
these communities from excessive, costly, and burdensome utility bills and
potential default on community financial commitments.

Concerning servicing options, the Rural Development should be equipped with
the means to financially stabilize a utility borrower in communities experiencing
economic downturns through no fault of their own. Both the EPA and USDA Rural
Housing Service currently have this authority.

As stated earlier, Rural Development is the only federal agency specifically
mandated by Congress to cater to rural communities with a population below
10,000. These rural systems, characterized by thin revenue margins over expenses
and a lack of economies of scale, can face serious challenges in providing
affordable rates for lower-income residents.

NRWA and ARWA appeal to this Committee to consider providing these additional
affordable financing and servicing options.
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Regionalization and Consolidation for Rural Water Utilities

According to EPA’s Safe Drinking Water Information System (SDWIS), in Alabama,
503 community water systems exist currently, out of which 376 (or 75%) serve
communities with a population of less than 10,000. Different states and regions
have their own interpretations and policies regarding what counts as
regionalization or consolidation. Considering the significant number of small
community water systems throughout the country, it's only natural that
regionalization and consolidation of water and wastewater services occur
wherever it is economically viable.

We urge the Committee to include additional measures that will incentivize
affordable sustainable services for underserved rural communities. We
recommend this language should focus on lower-income communities lacking
adequate water or wastewater services. These communities frequently fall short
in terms of financial and managerial resources and the ability to independently
maintain affordable services. A financial incentive will allow a high-performing
local or adjacent system to apply for a grant or loan on behalf of the
underprivileged community.

At present, most rural utilities and their boards have the desire to provide service
to their neighboring communities but lack the necessary financial support to
move forward. Local and adjacent utilities and their boards hesitate to impact
their current customers financially by raising rates or taking on the financial
burden of inadequate infrastructure for new customers outside their original
service area. For example, there is one small struggling community in south-
central, AL whose neighboring, higher-performing system already treats the
wastewater for the community. The neighboring system has expressed interest in
taking over operations for its neighbor-in-need, but the struggling system’s
existing debt and needed infrastructure upgrades would cause an undue burden
for the higher-performing system’s existing customers.

NRWA and ARWA believe that a calculated financial incentive could mitigate
these concerns and further the objective of providing affordable and financially
sustainable services to rural residents in underserved areas.



380

The authority should be directed to ensure additional subsidy is directed
exclusively toward the community in need. The EPA keeps a list of significant non-
compliant utilities, and Rural Development tags many of these utilities as high
risk. We believe that this initiative will effectively decrease that list and could
potentially result in future federal resources being saved.

Workforce Development

As highlighted before, the imminent retirement of a large portion of our
workforce remains a major concern, especially given that labor market data
predicts half of these workers will exit the water industry within the coming
decade. Owners and operators of rural water and wastewater utilities require a
steady flow of trained personnel to ensure the public continues to enjoy clean,
safe water and to maintain the infrastructure necessary for keeping rural services
economically sustainable.

To address this, NRWA, State Rural Water Associations, rural water utilities,
USDA, the Department of Labor (DOL), and private stakeholders such as CoBank,
have jointly established the first nationally acknowledged Guideline Standards for
Registered Apprenticeship for water and wastewater system operators. This
successful collaboration has resulted in quality job creation in rural USA.

The vast majority of small community water systems across the country face
challenges due to limited staffing, with some systems only employing one part- or
full-time operator. The limited economies of scale and technical expertise in rural
water utilities are further strained by a lack of qualified operators, which
increases the difficulties small and rural communities encounter when trying to
comply with complex federal regulations and provide safe, affordable drinking
water and sanitation.

The NRWA Apprenticeship Program has seen considerable growth and success
over the past five years, creating over 600 water industry jobs in rural America.
However, the registered apprenticeship program model is constrained in very
small communities where there is insufficient capacity to employ or provide
mentorship to an apprentice. This problem is unique to these communities and
acts as a significant obstacle to attracting, training, and retaining capable staff.
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This harsh reality also inhibits these communities' access to many resources
available through the Department of Labor’s workforce system.

In Alabama, our Apprenticeship Program standards were finalized with the
Alabama Office of Apprenticeship on February 7th, 2020. Despite delays due to
the pandemic, we have 14 participating employers and successfully placed 9
apprentices with systems. Our first graduate is projected to complete the
program in April 2024. Our unprecedented, growing program in Alabama aims not
only to increase public awareness of careers in the water and wastewater sectors
through state career centers, but also to support newcomers in the field with a
structured program offering incentives and assistance to those starting out in the
industry. Furthermore, Alabama's Rural Water Association’s training program is
listed on the Eligible Training Providers List for Alabama, and we recently received
approval from the VA for additional incentives and resources for veterans
entering our field.

We urge the Committee to consider incorporating financial resources and policies
into the 2023 Farm Bill to provide mentoring and training to address these
workforce issues specific to Rural Development borrowers and potential
borrowers. A sustainable solution is urgently required to boost participation and
retention for the rural water workforce, safeguard the substantial federal
investment in rural America's water and wastewater systems, and improve these
crucial services and basic civic necessities on which our customers rely.

1926(b)- Curtailment or Limitation of Service

This provision, or what is commonly referred to as the 1926(b) service protection
clause, is of the utmost importance to our membership. This provision has
protected the service areas for many smaller utilities in Alabama and across the
nation. The 1926(b)-protection clause (7 U.S.C. 1926(b)), was designed by Congress
with two goals in mind:

(1) Congress wanted to ensure the USDA federal debt held by borrowers was
protected and would be repaid, and

(2) Congress wanted to promote the development of rural water systems for
rural residents and ensure they are economical and safe.
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There have been previous attempts to modify or eliminate this existing provision,
and they were rejected by this Committee. This provision has been litigated for
decades since its inception. NRWA is concerned that any modification of the
existing statute would have to be relitigated at a potentially tremendous cost to
the rural utilities and could potentially reduce their service area and cause negative
financial consequences, including repayment ability to Rural Development and
long-term sustainability.

Conclusion

In summary, USDA’s Rural Development Water and Environmental Programs are
critical to keeping water and wastewater service areas economically viable, while
also providing the funding and resources to address underserved communities.
With a current backlog of approximately $4 billion, demand remains high. The
accompanying direct technical assistance is necessary to assist rural utilities and
enhance the capacity and experience to protect the community’s and federal
government’s investment. These programs work together to advance the mission
to provide safe, sustainable, and affordable water and wastewater services
throughout Rural America. ARWA and NRWA are honored to continue and
strengthen this successful partnership with USDA Rural Development and this
Committee.

Thank you for the opportunity to participate today, and | am happy to take any
questions that you may have at this time.
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U.S. Senate Committee on Agriculture, Nutrition, and Forestry
Subcommittee on Rural Development and Energy
Rural Water: Modernizing our Community Water Systems
July 19,2023
Questions for the Record
Ms. Jennifer Day

Senator John Boozman

1. Throughout our series of Farm Bill hearings and in my travels around the country talking
with stakeholders about what they believe is needed to increase access to federal
programs for small and rural communities, one issue has consistently come up. And that
is the issue of overburdensome applications processes. What specific challenges do small
communities face when navigating the funding application process for water and
wastewater projects and then how can we alleviate the administrative burden for
communities when participating in these programs?

Thank you, Senator Boozman, for this question. The small systems have volunteer boards,
part time clerks, and operators that rely on federally funded predevelopment grants and
technical assistance, like the RCAP network provides. They do not have the funds available
to pay up front for engineering costs that are required for the Preliminary Engineering
Reports that are required as part of the Water and Environment Program (WEP) Loans. In
most cases, it takes multiple years of predevelopment planning and multiple funders to
successfully implement each project. Big cities have planners and engineers on staff or have
access to predevelopment funding to hire consultants to help design projects and estimate
costs. Where small community members are available and motivated to contribute to the loan
application process on the RD Apply portal, an electronic application intake system for Rural
Utilities Services (RUS) Programs launched in 2015, their enthusiasm often turns to
frustration. The design of the site requires an intimate working knowledge of the application
process, an understanding of how data is displayed and requested under the numerous tabs
and sub-tabs, and patience — forms requested after portal submission can be repetitive and
confusing. For community members or even technical assistance providers seeking guidance,
they may soon realize that the Water & Environmental Customer User Guide available for
the RD Apply system was last updated in October of 2018 and has not kept up with changes
in the web-based application process. Continued support, increased funding and state office
oversight of the SEARCH and Water and Waste Predevelopment grant funds, in addition to
more effective and user-friendly technical resources, will support more successful
applications to WEP. This should also continue to increase funding in the next five years to
leverage the infrastructure dollars set aside by the Environmental Protection Agency (EPA)
as part of the Bipartisan Infrastructure Law to make sure that no small and/or rural systems
are left behind.

o Reauthorize the Water & Waste Disposal Loan & Grant Program (Section 306 of the
Consolidated Farm and Rural Development Act).
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o Reauthorize the SEARCH -Special Evaluation Assistance for Rural Communities
and Households Program, include additional matching flexibility under the program to
include in-kind or waivers in cases of extreme need.

o Reauthorize the Water & Waste Disposal Predevelopment Planning Grant Program,
include additional matching flexibility under the program to include in-kind or waivers in
cases of extreme need.

2. 1 often speak with mayors and community leaders across Arkansas and the country who
understand the great challenges they face but lack the human and technical infrastructure
to determine the steps necessary to address them. Can you please list any
recommendations you might have regarding ways in which the Farm Bill can better
facilitate capacity building in rural communities?

I appreciate this question, as we build trusted relationships in the rural communities we serve
and are often asked if we can continue our work on predevelopment planning activities and
application assistance on projects beyond water and wastewater needs. One of RCAP’s most
recent new initiatives was through a Community Facilities (CF) Technical Assistance
Cooperative Agreement with USDA-RD. Community Facilities technical assistance consists
of enriching resources and leveraging funding to improve, expand, or build necessary
community facilities, such as healthcare facilities, city halls, fire stations, schools, etc.
Putting this provision in the Farm Bill to authorize technical assistance to rural communities
to assist with their other infrastructure needs would increase their ability to plan for growth
that can support community and economic development.

RCAP Community Facilities Programs Farm Bill Recommendations:

o Reauthorize the Community Facilities Technical Assistance and Training Program
(Section 306(a)(26) of the Consolidated Farm and Rural Development Act), set-aside no
less than 10% of funding for national multi-state technical assistance and capacity
building, and to create additional flexibility under the program by removing caps on
funding.

o Reauthorize the Community Facilities Direct Loan & Grant Program (Sec. 306(a)(19)
of the Consolidated Farm and Rural Development Act).

o Authorize a Community Facilities Connect Program to provide five-year direct
community facilities technical assistance in each state and territory, to help underserved
rural areas access the Community Facilities Direct Loan and Grant Program, plus other
funding sources.

3. While the health impacts to communities without clean drinking water and sanitation
systems is clear, can you paint a picture of what the economic development challenges
look like in communities without access to high functioning water and wastewater
systems?

I live in rural western MA and am surrounded by towns that have not invested in
development planning for their downtown areas. Restaurants and small hotels have been
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forced to close because the water or wastewater infrastructure in the community lacked the
ability to support those businesses. Often the business doesn’t own enough land to expand
and develop their own well or septic solution. They may be too close to a river, a neighboring
well or septic system and unable to meet the required setback distances, which also hinders
expansion. Then the business closes and the building falls into disrepair and becomes
unappealing for new investors. I have visited rural towns across new England that are
experiencing the same problem, vacant business or business that are limited by the water and
wastewater infrastructure and cannot expand - even when there have business models that are
working, the lack of planning by the municipality stymies the growth potential for
development. The success stories exist, and they typically involve dedicated volunteers that
work on planning and application requirements to leverage support for projects across
business, investor, and municipal support. RCAP supports the authorization of a Rural
Investment Initiative (RII), which, if enacted would be a locally driven, flexible capacity
building and financing program to support all mission areas of Rural Development: rural
utilities, rural housing, and rural business. Many USDA-RD programs that help unlock
private investment are difficult for rural towns and organizations to access. Local
governments and non-profit organizations often lack the staff and technical expertise to apply
for grants. It is also exceptionally challenging for part-time local government officials and
their limited staff to track and advocate for their community’s fair share of funds from states
or apply for federal grants directly. The RII would match rural communities and their needs
to a cohort of local, regional, and national technical assistance providers, making it easier for
communities to access right-sized technical assistance and ensuring better access to all
USDA-RD programs, financing, and services. The RII would be designed to provide
financial capital directly to communities and strengthen human capital to unlock new
investment, including public private partnerships, that would improve the capacity, economic
health, and overall well-being of local communities.

RCAP Rural Investment Initiative Farm Bill Recommendations:

o Authorize a Community Facilities Technical Assistance and Training Program with
dedicated resources in the Rural Development Title to support locally driven capacity
building and financing for small towns and rural communities across all mission areas of
USDA-RD.

Senator Ben Ray Lujin

1. New Mexico has thousands of small communities that depend on rural water programs
for safe and reliable drinking water. Ms. Day, you highlight in your testimony the need
for increased training investments for, as you state, a “dwindling water workforce.”

It is estimated that 50% of the rural water workforce will leave the industry within the
next 10 years. That is why, again this year, I urged Senate Appropriations to support the
workforce needs of the water and wastewater industry, particularly in rural and small
communities. This letter calls for the establishment of a national water and wastewater
operator industry workforce training and apprenticeship program through Department of
Labor’s Apprenticeship Grant Program.
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Ms. Day, in what ways could USDA and DOL better coordinate to train the
workforce that is urgently needed to protect the rural water systems that
communities in New Mexico and across the nation depend on?

Thank you, Senator Lujan, for this question. I observed a wastewater system in Bell Buckle,
Tennessee, and was very impressed by the new young operator that the system secured
through a state-funded apprenticeship program. Funding salaries and the associated licensing
fees for apprentice programs is key to solving the “dwindling workforce problem”. I asked
the young operator so many questions and he was eager to share his experience. He was
working for a contractor at the plant on the air conditioning unit and the current plant
operator recruited him for the internship program. Most young people are not aware of water
and wastewater careers, even those that attend trade schools. This young man was supported
with a salary and the state covered his training and testing costs as he passed his exams. He
was excited to be earning a livable wage and staying in his rural community. The systems
that have USDA loans and are in DOL priority communities could all take advantage of a
similar program that supports existing careers in rural areas.

Administrative professionals are the most overlooked but essential positions at a water
utility, especially in small communities. They are often also the most under-trained of any
position a utility might possess. Large utilities often employ multiple administrative
professionals under a range of job titles including utility clerk, billing clerk, and
administrative assistant, who work alongside boards and mangers to help manage the
systems. In small communities, there is often a single administrative professional who takes
on most of the day-to-day financial, managerial, and occasionally operational work of the
system. The work of these administrative professionals directly impacts the utility’s ability to
comply with the Safe Drinking Water Act (SDWA) and to ensure the financial sustainability
of the system. RCAP believes that one of the most effective ways to enhance utility capacity
development is to invest in leadership and management training for drinking water
administrative professionals. RCAP has taken the first steps to build an innovative program
to train and credential drinking water administrative professionals that is based on a job
analysis and need-to-know criteria. This program was initially funded by EPA and RCAP
continues to look for ways to develop support services for all the water workforce staff.
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U.S. Senate Committee on Agriculture, Nutrition, and Forestry
Subcommittee on Rural Development and Energy
Rural Water: Modernizing our Community Water Systems
July 19, 2023
Questions for the Record
Mr. Joseph Duncan

Senator John Boozman

1 often speak with mayors and community leaders across Arkansas and the country who
understand the great challenges they face but lack the human and technical infrastructure
to determine the steps necessary to address them. Can you please list any
recommendations you might have regarding ways in which the Farm Bill can better
facilitate capacity building in rural communities?

Response

Funding planning efforts and the Circuit Rider program are key to helping our rural
communities identify paths forward for addressing their infrastructure issues. Most small
water systems know they need to do something, but they just do not know how to
navigate the financial, technical, and public challenges in advancing a project from an
idea to construction.

It is recommended that the Committee consider specifically allocating planning grant
funding under the USDA Water & Environmental Programs (WEP) in the upcoming
Farm Bill. Planning typically involves retaining a consultant(s) to develop recommended
improvements and associated costs. Identifying the technical solution is usually the
easiest part of the process. The complicated part of advancing a project is securing
funding and getting public support for the project. Typically, consultants assist in that
process, ranging from engineers to financing specialists to public relations professionals.
Investing in the development of a project from planning through construction is often a
stumbling block for small water systems due to financial restrictions. Being able to
access funding for planning is critical in getting projects off the ground. The USDA
WEP does offer planning funds, but they are in the form of loans. Providing grant
funding specifically for planning can play a key role in advancing projects.

It is further recommended to continue funding the Circuit Rider program through the
upcoming Farm Bill. The Circuit Rider program includes a nationwide pool of
experienced hands-on water experts to provide peer-to-peer direct assistance to help rural
systems manage and operate their utility. Circuit Riders are typically known for their
boots on the ground efforts with troubleshooting issues and solving problems at water
systems. Their technical expertise is critical but their assistance with management,
finance, and planning is equally important given the lack of managerial capacity in most
water systems. When it comes to projects, Circuit Riders work closely with water staff
and municipal leaders to educate them on what planning is required and connecting them
with consultants who can move them through the process. They often play a key role in
supporting the water system throughout the planning process.
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Thank you for the opportunity to provide a response to your question. I am happy tobea
resource for any future questions you may have.
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U.S. Senate Committee on Agriculture, Nutrition, and Forestry
Subcommittee on Rural Development and Energy
Rural Water: Modernizing our Community Water Systems
July 19,2023
Questions for the Record
Ms. Catherine Coleman Flowers

Senator John Boozman

1. Toften speak with mayors and community leaders across Arkansas and the country who
understand the great challenges they face but lack the human and technical infrastructure
to determine the steps necessary to address them. Can you please list any
recommendations you might have regarding ways in which the Farm Bill can better
facilitate capacity building in rural communities?

Getting technical assistance to rural communities is a major problem and it leaves many
without access to the help they need. The Farm Bill can facilitate capacity building in rural
communities by supporting funding to support deploying or training grant writers for
communities that do not have this skill. However, the key to sustaining access is by
providing training for community based technical assistance. That also includes hot spots for
those areas without stable internet or broadband because applying for grants often involves
registering at various government websites.

2. While the health impacts to communities without clean drinking water and sanitation
systems is clear, can you paint a picture of what the economic development challenges
look like in communities without access to high functioning water and wastewater
systems?

It is hard to attract large economic projects that areas that do not have high functioning water
and wastewater systems. This will leave many communities out of the clean energy transition
and the prosperity that comes with it. Often it is a criterion for industry to locate in an area
causing communities not to be able to compete for retail such as pharmacies or grocery
stores, or any industry that from other economic segments that needs access to water and
sanitation. Without it, there is more economic despair where there are no good paying jobs.
leading to hopelessness, population loss, and youth leaving the area to seek employment.
High functioning water and wastewater treatment infrastructure can reinvigorate
communities that are literally dying without it.
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U.S. Senate Committee on Agriculture, Nutrition, and Forestry
Subcommittee on Rural Development and Energy
Rural Water: Modernizing our Community Water Systems
July 19, 2023
Questions for the Record
Ms. Pauli Undesser

Senator John Boozman

1. You mentioned in your testimony the importance of flexibility for the funding programs at USDA. Can you please
explain where you see additional flexibility needed and how that could provide better outcomes for small and rural
communities?

USDA, through its Rural Utilities Service Water and Environmental Programs (WEP), provides an essential
service to rural communities that need technical assistance and/or financing to help overcome water challenges.
Numerous programs focus on providing funding through governmental entities to support larger-scale projects,
while other programs, mostly loan programs, such as those facilitated through non-profits, also help grant access
to running water and septic systems. These programs are essential, but here are three gaps we have identified
where flexibility has benefits:

1. USDA funding is not going directly to the individual and is often trickled down through several agencies
(state or local) or requires many applications before it benefits the community. WQA has heard from other
non-profits specializing in these types of programs who refrained from applying for USDA funding because
of the cost and lengthy process associated with receiving funding.

2. Projects often focus on community system upgrades, connecting a community to a centralized system, or
digging a new well when other cost-effective immediate solutions could be applied to the existing water
source in most circumstances, such as point-of-use (POU) and point-of-entry (POE) technology.

3. Many programs that would directly assist a household are loan programs, as opposed to grant programs,
which may prevent participation from people who need it most.

While WQA believes several of these issues could be corrected through existing programs, we believe the current
program offerings must be expanded and allow flexibility to cover these gaps. This is why we strongly support the
inclusion of the bipartisan, bicameral Healthy H20 Act in the 2023 Farm Bill.

The Healthy H20 Act would help these rural and underserved communities by authorizing a new U.S. Department
of Agriculture grant program to cover the costs of water quality testing and the purchase, installation, and
maintenance of POU/POE water treatment systems certified to address health-based contaminants found in their
drinking water. Funding would go directly to individuals, licensed child-care facilities, and non-profits equipped to
help people undergo testing and then find and install a water treatment product to address their situation.

This program would be used to assist the over 43 million people who rely on groundwater delivered from private
wells and those dependent on rural community water systems that are struggling with ongoing or recurring issues.
This is important since violation incidence in rural areas is more common than in urbanized areas and may take
several years to correct,' while POU/POE systems can be deployed far more efficiently.

In addition to being a bipartisan effort, the bill is supported by more than 35 organizations, including the Rural
Community Assistance Partnership (RCAP) and Water Systems Council (WSC), which currently help administer
USDA programs.

! https://www.researchgate.net/publication/368994706 Triple-bottom-line approach for comparing point-of-use point-of-
entry to centralized water treatment
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2. Toften speak with mayors and community leaders across Arkansas and the country who understand the great
challenges they face but lack the human and technical infrastructure to determine the steps necessary to address them.
Can you please list any recommendations you might have regarding ways in which the Farm Bill can better facilitate
capacity building in rural communities?

Capacity building starts with education for both the community and technical professionals. The latest data shows
that much more must be done to bring awareness to water quality issues.

The Water Quality Association commissions a national study to gather data on U.S. consumers’ evolving attitudes
toward water and water treatment. The 2023 study shows that 58% of consumers are concerned about the quality
of their household water supply, more than any previous study. However, there is still a lack of education, as
illustrated by only about one-third of survey respondents being able to name a specific contaminant. Furthermore,
households on municipal water receive an annual Consumer Confidence Report (CCR) on their water quality.
Most (55%) claim they didn’t receive it or don’t know if they received it. Only a third (30%) claimed to have
received, read, and understood the CCR. The remainder (14%) state that they didn’t read it or did not understand
it.?

To better help empower our communities, an interagency working group should be established that collaborates
with industry to improve water literacy. Communities need to understand not just the issues with their water but
the available solutions. WQA’s Water Treatment for Dummies booklet and the establishment of our public-facing
website, Betterwatertoday.org, are some of the ways we hope to tackle this issue. However, a coordinated effort
between USDA, EPA, HHS, and the HUD would help amplify this messaging and better support this initiative.

Additionally, training and providing professionals with the tools to discuss these issues with residents would also go
a long way in bridging the gap. The Farm Bill traditionally authorizes loan and grant programs deployed through
non-profits, but funding should also be available to expand the workforce for water treatment services and
qualified professionals outside of the traditional municipal realms. More people should be encouraged to enter and
join the water treatment industry, which has good-paying, localized jobs while upholding the high professional and
ethical standards the industry has set for itself.

WQA is doing its part to increase the hiring of water quality professionals. WQA'’s website includes job postings,
operates a mentorship program, and an active rebate to increase participation in training and certification
programs. However, it would be helpful if the USDA facilitated additional funding and support by promoting these
education programs in rural areas that go beyond municipal water treatment. There are courses already available
to start building the workforce these communities need today.

WQA'’s professional certification programs use industry-approved and recognized goals for knowledge and skills.
Training programs are offered on a scheduled or on-demand basis; many are remote instructor-led classes. Allied
professionals also take advantage of WQA’s training. These include academic researchers, state and local public
health professionals, dialysis technicians, and U.S. EPA personnel. WQA training materials are also used as
training for state POU/POE water treatment licensing in several states, such as California, Colorado, Connecticut,
Minnesota, New York, Oregon, Texas, and Wisconsin.

2 https://waga.org/grow/wga-consumer-opinion-study/
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3. Many houscholds in Arkansas rely on private wells for their drinking water. Can you please expand on the most
common challenges these households face when maintaining or upgrading these facilities and where you see gaps in
funding to improve drinking water for those that rely on wells for their drinking water?

Private wells are an important source of drinking water for many Americans, particularly in rural areas. However,
these wells are not subject to the same regulatory oversight as public water systems, and as a result, many residents
may unknowingly c contaminated drinking water. Testing and monitoring for drinking water are essential
first steps, and as of now, there are no federal requirements for these systems. As residents become aware of
health-based contaminants, many will then look to identify proper remediation and mitigation options.

Today, most USDA program options focus on transitioning a household or neighborhood currently served by a
well to a new water source, including requiring the drilling of an entirely new well, which could have the same
contaminants, or a public water system that could be far away. These options are usually costly and time-
consuming, thus delaying relief. However, there are other, more immediate options available. “Permanently”
remediating a well can be done, but that only applies to microbial contamination. Naturally occurring or man-
made contaminants such as Arsenic, Radon, and Nitrates can be treated almost immediately using third-party
certified point-of-use (POU) and point-of-entry (POE) water treatment systems.

To address this gap and expand available solutions, we support the passage of the bipartisan Healthy H20 Act that
would establish a USDA grant program to increase access to safer and healthier drinking water in rural
communities that have often been overlooked when it comes to recent infrastructure investments. The Healthy
H20 Act will fill this gap by providing readily deployable, cost-effective, and sustainable final barrier solutions
such as POU/POE to reduce contaminants in drinking water.

Senator Ben Ray Lujin

4. Like several other states, New Mexico has seen first-hand the devastating impacts a PFAS contamination can have
on a community. Just last week, the U.S. Geological Survey released a study that found 45% of tap water in the
United States could contain PFAS. Rural communities have historically been overlooked by federal investments
when it comes to addressing drinking water challenges, especially those who are dependent on private wells.

In New Mexico, over 10% of our population relies on private wells for their water supply and do not have access to
the same water quality testing programs as public water supplies.

The Healthy H20 Act, which I cosponsor and I understand the Water Quality Association is supporting, would
provide grants to rural communities to purchase water filtration devices to protect private well water supplies.

Beyond protecting private water supplies, how would the Healthy H20 Act assist people in small, rural
communities with testing and evaluation equipment so that these families can trust the water coming out of
their tap?

WQA believes strongly in the “3 Ts”: Testing, Training, and Taking Action.® Testing is always the first step since
the contaminants we see in rural areas, especially for people dependent on wells, vary from state to state, county to
county, and even home to home. Providing cleaner and safer drinking water requires a tailored solution based on
the contaminants identified, whether it’s nitrates, arsenic, lead, or even PFAS.

The Healthy H20 Act would support water testing and allow rural residents to submit other documentation that
demonstrates the presence of health contaminants in their drinking water in order to receive the grant. When a
health contaminant is identified, the grant will help them “take action” by facilitating the purchase, installation,
and maintenance of certified water treatment systems such as point-of-use (POU) and point-of-entry (POE)

3 https://www.epa.gov/ground-water-and-drinking-water/individual-modules-3ts
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technologies. The Healthy H20 Act requires certified water treatment technologies for the health contaminants
identified, referencing the appropriate NSF/ANSI standard(s). These national standards cover product
performance, material safety, structural integrity, and quality control to help ensure the public that these products
work as intended.

These technologies are essential to providing cost-effective treatment to the 43 million individuals that rely on
groundwater delivered from private wells, but they also play a crucial role for people with centralized treatment.
The Healthy H20 Act includes people who are connected to small and very small community water systems, as
residents served by these systems are often not afforded the same quality of service that midsize and large systems
are able to provide, given their relatively large ratepayer bases and staffing capacities. According to the EPA’s
Safe Drinking Water Information System (SDWIS) data, between 2008 and 2018, 2,720 small community water
systems experienced at least one maximum contaminant level (MCL) violation, with a total of 31,127 MCL
violations reported. Of those violations, 68% occurred in very small systems providing water to less than five
people, many of which were chronic violations. *

The Healthy H20 Act will help provide these communities with POU and POE technologies, which have been
utilized for over 75 years and can help improve consumer confidence in the water coming out of the tap. These
products are widely used and have been acknowledged in guidance by the U.S. EPA and Centers for Disease
Control and Prevention (CDC) for mitigating drinking water contaminants. According to WQA’s 2023 Consumer
Opinion Study, more than 60% of Americans already have a refrigerator filter, and almost 50% have additional
POU or POE water treatment solutions in their homes.’

We applaud your support of the Healthy H20 Act, which will help people dependent on private wells and small
community water systems utilize these readily deployable and effective solutions. WQA is dedicated to working
with you to improve water quality across the country and in New Mexico. We would be happy to meet with you to
discuss how these technologies can address PFAS.

4 https://doi.org/10.1002/aws2.1320

® https://waga.org/grow/waga-consumer-opinion-study/
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U.S. Senate Committee on Agriculture, Nutrition, and Forestry
Subcommittee on Rural Development and Energy
Rural Water: Modernizing our Community Water Systems
July 19, 2023
Questions for the Record
Mr. Robert N. White IV

Ranking Member Tommy Tuberville

Potential cybersecurity threats and natural disasters are constant concerns for water
systems across the country. We must ensure systems are prepared to respond to these
threats and resilient enough to quickly get back up and running to ensure access to
drinking and wastewater services.

What expanded authority or improvements do you think is necessary to address
cybersecurity in the Farm Bill?

Many small and rural systems, especially in Alabama and throughout the nation, face
financial and expertise constraints in defending against cyber threats. It's not uncommon
for such utilities to have a single operator, be it full-time or part-time, overseeing the
entire operation.

In line with my testimony and building upon one of the nation's most successful technical
assistance model proven over the past 40 years, the NRWA urges this Committee to
consider the introduction of Cybersecurity Circuit Riders. It's important to note that while
the existing Circuit Riders have been effective in their roles, they don't possess the
specialized skills inherent to adept cybersecurity professionals. The realm of
cybersecurity is ever-evolving; with each vulnerability patched or defense erected, a new
threat emerges. This dynamic is further complicated by the advent of sophisticated Al
Learning Language Models, which have already been weaponized to spawn novel attack
avenues such as WormGPT, FraudGPT, and others.

The role of the Cybersecurity Circuit Rider would be to assist these systems in
safeguarding their utilities and customers against cyber-attacks. Proposed initiatives
include quick evaluations of current cybersecurity response capabilities, crafting realistic
protocols for enhanced cyber protection, and reporting on the cyber defense posture of
the water supply, Cybersecurity Circuit Riders will bolster the utility's defense
capabilities, allowing them to judiciously use their limited financial resources to maintain
services and ensure public health.

Key points:

- Legislation authorizing Cybersecurity Circuit Riders will significantly aid rural utilities
that don't have the financial or technical means to shield themselves from cyber threats.
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- Prior to new engagements, USDA RD mandates a cyber evaluation.

- Local administrations in Alabama and nationwide are exposed to potential threats from
malicious entities globally.

- In 2021, cyber assailants targeted water treatment facilities in California and Florida.
With a more robust and regular cybersecurity assessment, it might have been possible to
prevent unauthorized access altogether. Thankfully, those breaches were detected in time
to avert significant harm to the public. However, it's crucial to note that beyond
mechanical system vulnerabilities, customer and financial data are continually under
threat. Such exposures can jeopardize the personal and financial information of utility
customers and also lead to malevolent actors demanding ransoms from utilities. In such
situations, without robust backups and redundancies, utilities could be compelled to pay
ransoms just to access their own systems and data. This is yet another domain where the
expertise of a Cybersecurity Circuit Rider would prove invaluable.

- The proposed legislation will deploy a cadre of Circuit Rider cybersecurity experts to
aid rural water systems in ensuring the well-being of their communities.

- We thank this Committee for considering our comments and ideas for improvement of
this essential legislation, with aims at a more robust, ready, and secure water sector.

Our nation is facing an ongoing workforce shortage, and the water industry is no
exception. Water systems need trained and experienced personnel to function. Yet, the
industry is losing more employees to retirement, creating a knowledge gap. Rural
communities are already at a disadvantage in recruiting and retaining qualified employees
compared to their urban counterparts, and we must ensure they are not left behind.

What provisions are needed in this Farm Bill to improve recruitment, training, and
retention for rural water operations?

Workforce Transition & Apprenticeship Response

As stated in my written testimony, employment data indicates that 50% of our workforce
will be retiring in the next decade. Recognizing this serious gap, the National Rural
Water Association (NRWA) launched a Department of Labor-recognized Apprenticeship
program. To date, 36 states, including Alabama, have initiated local apprenticeships
using the proven Registered Apprenticeship model. These programs not only introduce
new talent to our sector but also offer a structured career path, promoting retention and
enhancing worker expertise.

To address this workforce challenge, it's crucial to support the NRWA Apprenticeship
Program and allocate resources for ongoing recruitment, training, and technical
assistance.
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NRWA Apprenticeship Program Overview

National Rural Water, State Rural Water Associations, local small and rural community
water utilities, and federal agencies including USDA, DOL and EPA are collaborating
successfully to establish the first nationally recognized Registered Apprenticeship
Program for water and wastewater system operators (O*NET-SOC CODE: 51-8031.00),
while creating jobs in rural America. As of August 2023, 36 State Rural Water
Associations have established nationally approved apprenticeship programs, with over
600 apprentices either trained or in training. This joint effort between National Rural
Water, State Rural Water Associations, local water utilities, and federal agencies aims to
fill the workforce void in rural water and wastewater systems. Alabama currently has 14
systems engaged in the program with 9 active apprentices placed and 1 currently pending,
with the first Apprentice scheduled to graduate in April of 2024.

The U.S. has over 50,000 community water supplies. With 91% catering to populations
under 10,000 and 55% serving fewer than 500 residents, the projected workforce
departure is concerning. The challenge for rural water systems is attracting and retaining
talent due to unclear career progression and limited compensation. The Farm Bill
authorization will enable these systems to embrace modern apprenticeship models and
clear career paths.

NRWA's apprenticeship includes 4,000 hands-on training hours, 288 technical instruction
hours over two years, and periodic wage increments. Graduates are equipped to ensure
their communities have safe water and sanitation around the clock.

The program covers a wide range of skills, from basic tool handling and safety measures
to advanced system operations, compliance with federal regulations, and the adoption of
new industry technologies.

Program Impact & Funding

In 2018, Rural Development granted NRWA about $10 million over a two-year period to
kickstart this initiative. NRWA now estimates $9.45 million in annual funding will:

- Employ Apprenticeship Program Coordinators across the U.S. and Puerto Rico.

- Initiate apprenticeship programs in more states.

- Enroll more apprentices, engage additional employers, offer technical instruction, and
provide on-the-job training which will increase wages as skills develop.

Most participants in this program serve communities with populations under 5,500,
emphasizing the program's importance to smaller, underserved areas.

Under current law, USDA Rural Development has jurisdiction over rural communities
and aims to help them economically prosper. However, I’ve heard from small water
system operators across Alabama that current EPA regulations require expensive and
advanced filtration technologies to remove contaminants that many systems do not have
the technologies, staff, or resources to test for.
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Do you believe there is a disconnect between EPA standards and the mission USDA has
for rural communities? How do you propose to bridge this gap?

The USDA's Rural Development has maintained a robust partnership with Alabama for
an extended period. Since 2012, they have channeled over $411 million into 224 distinct
projects within Alabama, with nearly 50% of these initiatives directly benefiting
communities that are socially vulnerable. For water and wastewater infrastructure
financing needs, Rural Development stands as a tested and reliable ally.

While the EPA's intentions are commendable, its regulations often pose significant
challenges, both in terms of implementation and financial costs, particularly for smaller
rural areas. It's imperative that the EPA offers the necessary technical support and
financial aid to help these communities adhere to these regulations. Additionally,
clarification of intent and implementation of the regulations will be necessary for any
utility to meet the demands of those regulations. For instance, the lead rule revisions
require systems to conduct detailed analysis of not only their distribution systems, but
customer owned plumbing in order to comply with the rule. In Alabama, this brings up
many concerns over private property issues and a variety of liability concerns for the
system. It should be noted that these lead line inventories are required to be conducted
and must be robust and thorough if the system will be able to qualify for access to
funding in order to fix the lead issues found, including pipes on private property.

Another major concern is PFAS contamination. Health advisories established prior to
maximum contamination limits caused great consternation and concern in many
communities. Especially since recent health advisories were set at limits below the
capabilities of current laboratory technology, making them undetectable, but potentially
present, by default.

If you will indulge me, Id like to share some comments from ARWA Board Member and
General Manager of the West Morgan East Lawrence Water and Sewer Authority
(WMEL) in North Alabama, Ms. Jeaniece Slater. While WMEL is no longer a truly rural
system, they are a success story that started through the vision of 15 folks and has grown
to serve 100,000 Alabama Citizens over the past half century. This story describes a
system that has gone through the challenges PFAS has raised for water systems to date,
and both describes a success in planning and operation, as well as serves as a cautionary
tale as to the impact of these types of regulations and how they may, if improperly
considered and implemented, destroy the ability of small and rural systems to operate, as
well as undermine in general the publics’ trust in their water supply.

## BEGIN WMEL COMMENT S##
As the General Manager of the West Morgan-East Lawrence Water and Sewer Authority

- WMEL for short - I am proud to represent the many hard-working people of our utility
who, for nearly a decade, fought the good fight against PFAS contamination of our
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drinking water supply. It was not easy; there were times when it seemed like all the
pressure in the world was being placed on us to sit back and suffer in silence.

To provide you with some background on WMEL, it was founded more than 50 years
ago by a group of fifteen concerned citizens who wanted to create a water system to serve
and protect the citizens of western Morgan and eastern Lawrence counties in northern
Alabama.

Thanks to their vision, approximately 100,000 of your constituents receive clean, safe
water and wastewater services from WMEL.

1 do not have to tell you about the variety of challenges our nation needs to meet every
day. But one of the issues that cuts to the core and is essential to the daily lives of all
Alabamans is the need to not only maintain our water systems, but safely expand them to
support critical economic development.

Fulfilling these duties relies on our retaining the trust of the people we serve.
Unfortunately, this trust is at risk because of numerous water treatment challenges we
face today, one of which we have dealt with firsthand since 2016: PFAS contamination.

In 2016, WMEL discovered high levels of PFAS in our drinking water. The findings
were so troubling our leadership made what was a difficult decision at the time; we had to
tell our customers it was not safe to drink their water.

This protection of public health started years of sometimes extremely uncomfortable
work to force those who polluted our drinking water to be held accountable for their
actions. That work paid off, our relatively new (2021) reverse osmosis water treatment
plant is currently providing safe drinking water to the 100,000 Alabamans I mentioned
and at no additional cost on their bills.

Over the course of the last couple of decades, discoveries of PFAS contaminants in our
source waters across the country have resulted in changes to state drinking water
regulations. Now, the EPA is in the middle of establishing new PFAS-related drinking
water standards on the national level. While they are being set with an admirable goal of
protecting public health in mind, they also come with several unintended consequences
which we would like to ask you to help us address.

We at WMEL were, in a sense, lucky we had to deal with PFAS contamination years ago.
Since the day we started our plant at WMEL, we've been able to say the past health
advisories that were issued for our contamination have been addressed, our current
challenges are being met, and we will almost certainly be compliant with whatever new
drinking water regulations the EPA may come up with in the future.

I'm pleased to report to you we've won our share of awards for our work to deal with our
PFAS challenges, and I'm especially proud of the work of the people who stood arm in
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arm with us to make sure that the cleanest water possible was being provided to the
people of north Alabama.

But while WMEL is a success story, we are also a cautionary tale, and it is one being
repeated with utilities across Alabama and all over the country. Not only are we
discovering more and more PFAS contamination of our water sources, but the recently
proposed EPA regulations are creating fundamental questions about the safety of
drinking water nationwide.

When the EPA's proposed Maximum Contaminant Levels (MCLs) and "Hazard Index"
are finalized, we are likely to see significant treatment and financial challenges created
for Alabama and the nation's water utilities, and all at once. And based on our experience
to date, we will have to address the following issues as well:

e The public will understandably react emotionally and believe their water is unsafe
NOW. They are not going to care that water providers will have up to five years to
comply with the new standards. They are going to believe they are being made sick
now by the utility providing their water.

e Providers will not be able to meet such an immediate demand from the public because
determining, evaluating, and choosing the right treatment solutions take time to
properly conduct.

e Because hundreds, if not thousands, of providers will need advanced treatment - and
quickly- the demand will quickly outstrip the supply. Not only will the needed
number of systems be unavailable, but the ones that are ready will cost exponentially
more to purchase.

e The cost of the systems to design, build, and implement will be expensive, with the
need for nearly immediate funding. The EPA's estimate for funding for PFAS
treatment nationwide is woefully inadequate. Customers will be left to pay more for
the advanced treatment, and - in some cases - a lot more. Rates will go up at the very
time activists are calling drinking water unaffordable for many.

e Of course, like many other industries, we likely will not have the number of
employees we need to operate these thousands of systems. We will be able to train
our current staff- if they stay after potential attacks on their work - but we will need
tens of thousands of new people to join our industry, on top of the employees we need
to simply replace our retirees.

e Meanwhile, PFAS is still going to be produced, used in millions of pieces of
consumer goods, and spilled into our waterways or put into our wastewater streams
through public use.

e Most water providers also will not have the staff or resources to explain all their
challenges to the public before or as they occur, placing their reputations at risk. They
are simply not ready to discuss PFAS with the press or their customers, nor their
elected officials and community leaders who shape public opinion.

And all of this will occur simply as a result of EPA's intent to provide safer drinking
water for our country. And only then will we begin to face the fallout of EPA's future
decisions related to classifying PFAS as hazardous wastes and the implications that this
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will have on water and wastewater utilities who are trying to manage these man-made
chemicals.

The drinking water world will be forced to change drastically after the EPA announces its
final MCLs and Hazard Index. Combining these challenges with new CERCLA
regulations that do not provide exemptions for water and wastewater utilities creates an
untenable situation for the nation's water providers. Not only is the safety of our water
being called into permanent question, but our ability to effectively manage our
wastewater services - and keep them affordable - will be stripped away.

Fundamental - and costly - questions about what we will have to do with our waste
streams and biosolids will be created; it is hard to imagine scenarios where we will be
able to land apply biosolids anymore. And taking them to landfill, if it is even possible,
will come at a much higher cost because the landfills will be managing PFAS-containing
biosolids as a CERCLA waste.

Not only will we have to spend significantly more money to further protect our
employees, but the people needed to oversee our biosolids will become scarcer. Jobs that
require handling hazardous substances are naturally harder to fill, especially during tight
labor markets. And our market is a non-profit market funded on the backs of ratepayers,
which makes our positions even harder to fill.

The designation of PFAS as hazardous wastes under CERCLA will have far-reaching
implications and severe unintended consequences on public nonprofit water and
wastewater systems like WMEL. We have never profited from the manufacture or use of
these chemicals and our customers will be forced to pay for the cleanup. CERCLA's
bedrock principal says the profiting polluter shall pay for cleanups; that is not us. The
reality is that any method the utility uses to remove this hazardous waste from drinking
water or wastewater is expensive and must be passed onto the customer. Therefore,
without exemptions the customer will also foot the bill for the cleanup the utility is
charged. This is a vicious cycle that always lands on ¢ the customer to pay. The potential
is the customer also sues the utility which, since we are customer-funded, is them
basically suing themselves. I wish I could state today that things like that, do not happen,
but the discovery of PFAS in our drinking water prompted four class action suits against
WMEL.

The reality is the strength of CERCLA is "the polluter pays" for the years of profiteering
from a substance harmful to human consumption. If water and wastewater utilities are not
exempted, this basic principle will be ignored.

We in water and wastewater have always delivered high-quality services and succeeded
in the face of difficult challenges. In many ways, PFAS will be no different.

However, we at WMEL saw firsthand how PFAS can push a water and wastewater utility
to its breaking point, even though we did not contaminate our source water, we did not
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add a single drop of these substances into our distribution system, and we have never
profited one cent off of their production.

What we experienced is something no other utility should be forced to go through. After
all, none of us produce a single drop of PFAS. The Utility is a passthrough for these man-
made chemicals. Chemicals that end up in our source water and we are forced to remove
through media, filtration, and some even Reverse Osmosis. The utility receives these
chemicals from domestic, commercial, and industrial sources but make no mistake they
all start from the industrial site. These chemicals have been produced since World War 2
and the Atom Bomb, eighty-one years of profits made by the chemical manufacturer
leaving cleanup on the water and wastewater industry. While opening the potential not
only for class action suits mentioned above but also other utilities suing each other,
landfills suing water and wastewater entities, and vice versa. In the end it will be the
communities and customers who will pay for this cleanup without exemptions.

If these chemicals are designated hazard waste, it is imperative the Utilities receive
exemptions. However, without CERCLA exemptions, hundreds, if not thousands, of
service providers could be forced to confront their own breaking points. And nothing less
than public confidence in the safety of our American water supply is at stake.

## END WMEL COMMENT S##

NRWA strongly supports S.1430, the Water Systems PFAS Liability Protection Act,
introduced by Sen. Lummis (R-WY), which will protect our Water and Wastewater
systems, treatment plant operators, municipal stormwater dischargers, and local water
agencies (including their contractors) that release PFAS as part of operation. We
encourage Members of this Committee to support this effort, as well as continue to work
to highlight these issues to EPA leadership and consider impacts of regulatory actions on
water and wastewater systems throughout rural America, especially those that rely on
assistance made available in the Farm Bill.

Senator John Boozman

Throughout our series of Farm Bill hearings and in my travels around the country talking
with stakeholders about what they believe is needed to increase access to federal
programs for small and rural communities, one issue has consistently come up. And that
is the issue of overburdensome applications processes. What specific challenges do small
communities face when navigating the funding application process for water and
wastewater projects and then how can we alleviate the administrative burden for
communities when participating in these programs?

The complexity of applications for funding, such as through the USDA, is inherent,
especially for projects like water or wastewater. These require detailed evaluations like
environmental studies, financial details, and population data. Such complexity ensures
the prudent use of public funds and appropriate project prioritization.
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While I agree that the process should be as easy as possible, I would disagree with any
change or challenge to the process that would weaken the Department’s ability to award
public funds efficiently and effectively. Itend to think of this in the same way I do
operator training. I want as many folks in my industry as possible, but I do appreciate
having a process difficult enough to ensure I only greet capable and responsible
colleagues into the ranks.

Securing financing for water and wastewater projects can be daunting for many
communities, more so for those with limited resources or expertise to navigate the
application process. The USDA's Rural Development is dedicated to simplifying this
process and minimizing bureaucratic hurdles. However, there's an undeniable need for
additional financial and resource backing to make these funds universally accessible.

In a commendable move in recent times, the USDA launched 'RD Apply', an innovative
online platform that has transformed the application process. It synergizes stakeholders
under a singular digital umbrella, equipped with features to diminish the exhaustive
research previously needed. For instance, by simply outlining the target area for the funds
on the platform, it automatically computes population, MHI, and other pertinent data.
Before this, such calculations required extensive manual input and were susceptible to
human inaccuracies, even by those skilled in data interpretation. The Rural Water Circuit
Riders are well-versed with this system, receiving direct training from Rural
Development two times each year. However, it's vital to remember that the RD Apply
platform will need periodic updates and enhancements. For its continued optimization,
it's essential for the USDA to allocate regular funds.

However, a functional IT platform alone isn't enough. Many rural communities still
struggle with the application process due to limited capabilities. State employees from the
Rural Development office are in a prime position to offer direct assistance, but a staffing
shortage has reduced their outreach capabilities. Allocating funds for more staff will
allow them to visit these communities and guide them step-by-step.

And technology isn't the only answer. Many rural areas find the application process
challenging due to limited expertise. The Rural Development office can be instrumental
in guiding them, but they're understaffed. Increasing their workforce would enhance their
reach. For places beyond their direct reach, collaboration with technical assistance
providers can fill the gap. Allocating more for such grants can enable localized experts to
assist communities directly.

In conclusion, the preliminary stages of applying for funding, which include registering
on SAMS.GOV, securing necessary codes like CAGE, procuring a Preliminary
Engineering Report, confirming accurate financial information, and meeting NEPA
standards, can incur significant costs. Providing financial assistance to cover these initial
expenses would empower under-resourced communities to meet the criteria for
government aid.
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2. Toften speak with mayors and community leaders across Arkansas and the country who
understand the great challenges they face but lack the human and technical infrastructure
to determine the steps necessary to address them. Can you please list any
recommendations you might have regarding ways in which the Farm Bill can better
facilitate capacity building in rural communities?

As the Committee knows, the Circuit Rider initiative was established in 1980 to bolster
capacity in rural communities struggling with Clean Water Act compliance. Since then,
these communities have faced many challenges. Increased regulatory burdens, natural
disasters, cyber-attacks, and PFAS contamination, to name a few.

Many of our small, rural communities in Arkansas, Alabama, and across the country
often have just one individual handling all operations due to limited financial resources
and economies of scale.

The NRWA proposes five key recommendations for the committee to enhance utility
capacity in these rural areas:

1. Continue the Circuit Rider Program: This program is vital for rural communities,
safeguarding public health and both community and federal investments. The
financial relief provided by this program, such as reducing leaks and energy use, is
crucial. Many of these utilities, due to financial constraints, can't afford external
consultants, and this program offers many insights into operations at no cost to the
utility, often providing amazing results. If you would indulge me, I could provide 40
years of evidence of the efficacy of this program, but I doubt you will, so I'll simply
state that Alabama and any other Rural Water Association would be happy to support
this initiative with detailed evidence of progress and success if requested.

2. Introduce a Cybersecurity Circuit Rider: This would directly help systems defend
against cyber-attacks. This should encompass rapid threat assessment, formulation of
cybersecurity protocols, and documentation of cybersecurity measures related to
water supplies.

3. Enhance Circuit Rider Emergency Response: This should include pre- and post-
disaster activities such as vulnerability assessments, GIS mapping, disaster protocol
development, and coordination with state emergency networks. Activities after major
disasters should also incorporate support from insurance and FEMA. The NRWA is
an agency that leads in water and wastewater emergency response due to the efforts
of its individual state leaders cooperating under a unified umbrella. However, these
response efforts are executed during disaster events. While we are proficient during
these events, efforts could be improved with dedicated staff operating under the
emergency response umbrella outside of disasters or on ‘blue-sky’ days. These
efforts would only serve to strengthen the resilience of water and wastewater systems
during and after disasters, which is critical to avoiding costly damage where possible
and ensuring all resources are utilized by any community that suffers a disaster to be
made whole again after any event.
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4. Update the Rural Development Water and Wastewater Programs: As other
infrastructure initiatives have advanced, this program should adapt accordingly. We
recommend introducing financial tools like zero and one-percent interest loans
tailored for financially limited organizations. Providing options for loan adjustments,
refinancing, and potential forgiveness can help maintain utility stability and ensure
affordable customer rates. This is particularly crucial for communities unjustly
impacted. Numerous organizations in Alabama would benefit immediately from such
flexible options. Whether due to key commercial entities leaving them unsupported or
the need to refinance existing debts, these changes can be pivotal in sustaining entities
in fluctuating economic climates.

5. Encourage Consolidation and Regionalization Where Feasible and Mutually
Desired: As touched upon in my testimony, this is a viable approach where it makes
financial sense and is narrowly scoped. We recommend that the Committee promote
this through voluntary policies and incentives, particularly targeting lower-income
communities without adequate services. High-performing neighboring systems should
be allowed to seek grants/loans for these underserved areas.

3. Through the efforts of organizations like yours, tremendous progress has been made in
getting clean and safe drinking water to rural communities across your state and the
country. However, too many communities are still unable to provide this necessary
service to their residents. Do you see a role for high functioning water systems to utilize
USDA funding to assist their neighboring communities who are unable to provide for
their own citizens?

High-functioning utilities can play a crucial role in supporting neighboring areas in
delivering safe, affordable, and sustainable water and wastewater services. While we
fully respect a community's wish to independently manage its water and wastewater
utilities when economically viable and they have the managerial expertise, there's a
growing trend of regionalization and consolidation nationwide. This is evident given that
91% (44,924) of the nation's water systems cater to populations under 10,000, making
consolidation financially practical in many cases.

Different states and regions have varying definitions of what constitutes regionalization
or consolidation. We propose that the Committee introduce further incentives to boost
sustainable services offered by rural utilities, especially targeting lower-income
communities that currently lack sufficient water or wastewater services. Often, these
communities don't have the financial and managerial resources, nor the inclination to
maintain independent, affordable services. We suggest offering financial incentives to
high-performing utilities, either local or adjacent, allowing them to apply for grants/loans
on behalf of these underserved communities.
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At the moment, many rural utilities and their governing boards are eager to assist their
neighbors but are constrained by financial challenges. They are hesitant to expand their
service areas if it means compromising the quality of service to their existing clientele,
increasing rates, or inheriting subpar infrastructure. The National Rural Water
Association (NRWA) asserts that introducing a focused and fair financial incentive can
address these concerns, ensuring affordable and sustainable services for rural Americans.
It's essential that this support is precisely targeted toward the communities that genuinely
require it.

In Alabama's Crenshaw County, there's a telling example of two adjacent utility systems.
The larger system already processes the wastewater of its smaller counterpart. With just a
few hundred yards of additional piping, it could also supply water to the smaller utility.
This smaller utility has been shrinking over the past years, and there appears to be limited
local interest in taking the leadership reins to revive its operations.

While the larger utility has shown an inclination and willingness to assist, existing debts
and the need for infrastructure upgrades hamper its ability to step in. This is primarily
because taking on these responsibilities could adversely affect their current customers,
placing the larger utility's board in the unfortunate position where they must prioritize
fiscal responsibility for their own customers over the ambition to provide the needed
assistance of their neighbor.

However, if narrowly-scoped incentives were provided to utilities like the larger one in
this scenario, it would pave the way for potential mergers or collaborations, benefiting
both entities in the long run.

To reiterate, we recommend introducing financial incentives for top-performing, local or
neighboring systems, enabling them to secure grants/loans for the benefit of communities
that are currently underserved.

While the health impacts to communities without clean drinking water and sanitation
systems is clear, can you paint a picture of what the economic development challenges
look like in communities without access to high functioning water and wastewater
systems?

To answer this, I’d like to delve into a prime example showcasing the collaborative
efforts between USDA, federal, state, local funding partners, local stakeholders, and
ARWA's technical team, who united to address a dire situation in a community at the
edge of despair.

Uniontown, Alabama, established in 1818 and initially named Woodville, holds a rich
historical tapestry. With early infrastructure developments, the town saw growth,
especially after the introduction of the Alabama and Mississippi Railroad in 1857. By
1860, Uniontown had educational facilities and bustling main streets. Its economy was
anchored by surrounding farms, but by the early 20th century, factors like the boll weevil
crisis led to population and economic decline.
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By 2010, Uniontown faced an impending disaster with a failing sewer system, resulting
in legal ramifications. A significant turning point came in 2012 when USDA funded a $4
million project to rectify the system, but given the magnitude of the problem, it proved
insufficient. Consequently, in 2018, a comprehensive $32 million project was embarked
upon to address the entirety of the system's issues.

As the community grappled with its deteriorating infrastructure, economic casualties
were evident. Key businesses closed (including the community’s only grocery store, and
most recently its only bank), underscoring the community's vulnerability. However, the
USDA's $24 million grant, and an additional $8 million from other funding sources,
coupled with stringent oversight measures, breathed hope. Separation of water and sewer
management, secondary inspection measures by two independent engineering firms were
implemented to guarantee the investment's security.

The Alabama Rural Water Association played a pivotal role in Uniontown's turnaround.
We were not just involved superficially, but intricately interwoven into the efforts to
revive the town's water infrastructure. Starting with facilitating the grant application
process, ARWA ensured that the City of Uniontown secured the vital funding in a swift
two-month period. The Association's involvement extended beyond just funding, as they
collaborated with local attorneys to draft essential ordinances and resolutions. This laid
the groundwork for establishing a legal board to oversee the efforts.

For the newly formed board, ARWA provided specialized training to the members,
ensuring they were well-equipped to serve the community's needs. They also played a
key role in pivotal public board meetings, from hiring attorneys and electing officers to
streamlining administrative tasks like transferring agreements and establishing bank
accounts. One of the most crucial interventions by ARWA was in assisting the board and
their management company in finding a dedicated building for board operations. This
ensured the residents had a singular, dedicated location for all their water-related needs.

By embedding themselves in the process, ARWA made sure that each step was not just
taken, but taken with precision, expertise, and with the community's best interests at
heart. As this response is being authored, efforts to rejuvenate the sewer lines are
ongoing. There is a great deal more work to do, but I am happy to state with optimism,
that we anticipate that in a few years, Uniontown's revamped sewer system will be
compliant, fostering business growth and providing the community with superior water
and wastewater facilities on par with the nation's best for many years to come.

It should be noted that all these efforts are made possible through existing provisions of
the Farm Bill.
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