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VIEWPOINT
Research of Enduring Value

he Water Research Foundation (WRF) has been deliver-

ing subscriber-driven water research for over 50 years.

While there have been many changes in the water sector
throughout that time, previous WRF research projects are still
popular resources for our community, and WRF continues to
develop timely solutions for our subscribers. How do we make
certain that the value of our research endures over time? We
strike a careful balance between long-term strategic thinking
and responsiveness to emerging issues, ensure the right stake-
holders are involved at every level of our research program-
ming, focus on actionable research that supports innovation

across the water sector, and leverage resources to energize the
commitment to continuous improvement that is demonstrated Michael Markus Peter Grevatt
throughout our subscriber community.

Our five research programs provide flexible funding opportunities with a focus on applied, practical research that
promotes innovation across the sector. Each program has unique goals, allowing us to meet a wide range of research
needs. Collectively, our research programs enable us to address broadly relevant water sector issues; support utility-
specific needs; conduct time-critical research on emergent, high-priority challenges; fund novel projects that take
existing research to the next level; and assist utilities in conducting their own independent research projects. Each of
our programs provides numerous opportunities for a diversity of stakeholders to be involved.

WRF’s collaborative research approach relies on the expertise of our extensive network of subscribers, partners,
researchers, and volunteers, ensuring we obtain feedback from the people out in the field in service of communities.
Including stakeholders in every aspect of our research enables WRF to deliver the integrated, high-quality One Water
research that our subscribers rely on. In addition, our approach allows us to draw on the remarkable expertise of pub-
lic and private utilities, consultants, manufacturers, nonprofits, universities, and government agencies from across the
globe to deliver trusted, timely, and transformative water research.

In this issue of Advances in Water Research, you will read about an exciting new approach to take our research
programming to the next level, as well as overviews of past research projects that continue to have enduring value
today. WRF research projects produce actionable solutions that build on past knowledge and set the foundation for
addressing future challenges. That’s how we ensure that we continue to deliver research of enduring value.

, Gt Coe——

Michael R. Markus, PE Peter Grevatt, PhD
Chair, Board of Directors Chief Executive Officer
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BY THE NUMBERS

Water Infrastructure

This installment of By the Numbers provides statistics on water infrastructure. For more
on this subject, see the article, Management of Drinking Water Pipelines.

Water infrastructure assets are the core building blocks of water services. Understand-
ing the condition and value of their water infrastructure can help utilities better assess,
maintain, and ensure the resilience of the services they provide to their communities.
Every four years, the American Society of Civil Engineers develops a “report card” for
America’s infrastructure. The 2021 report card addresses 17 categories of infrastructure,

including drinking water, stormwater, and wastewater. The statistics below are from the
2021 report card.

Water infrastructure includes not only water resource recovery facilities and
drinking water treatment plants, but pipelines, storm drains, and much more.

Water Assets in the United States

Drinking Water >148,000 active systems

Stormwater 270 million storm drains
2.5 million stormwater treatment assets (e.g., sewers, rain gardens, etc.)

Wastewater >16,000 publicly owned wastewater treatment systems

Source: Data from ASCE 2021

Water Pipeline Assets in the United States

2.2M Miles
Underground

Drinking Water

Stormwater 3.5M Miles

Storm Sewers

Wastewater 1.3M Miles

Including Both Public Sewers and Private Lateral Sewers
Source: Data from ASCE 2021

Average Asset Lifespan

75 100

50 100
Conveyance Systems

20 30

Stormwater Storage
and Treatment Systems

50 100

40 50
Recovery Facilities S
0 50 100 .Mm@um L|Tespan
Source: Data from ASCE 2021 Years Maximum Lifespan Range
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WATER INFRASTRUCTURE

Many utilities have demonstrated that taking proactive action to assess the extent and condition of their
infrastructure can better prepare them for the future.

33% 45 Years

Drinking water utilities with robust asset manage- ~ Average age of drinking water and wastewater pipes
ment programs in place in 2019 in the United States

1-4.8%

Replacement rate of drinking water pipelines per year as of 2019

There is a gap between the amount of funding available for water infrastructure work and the amount
needed to ensure regulatory compliance and resilient infrastructure.

37%

Water infrastructure capital needs met in 2019 in the United States

$1.045 Trillion $434 Billion

Infrastructure investment needed from 2020-2029  Estimated infrastructure investment gap from
for drinking water, stormwater, and 2020-2029 for drinking water, stormwater, and
wastewater combined wastewater combined

Federal Funding Mechanisms for Water Infrastructure

Funding Source Managing Agency Water Infrastructure Supported
Clean Water State Revolving Fund Loan Program U.S. Environmental Protection Agency Drinking water, stormwater, and wastewater
Community Development Block Grants U.S. Department of Housing and Urban Development | Drinking water, stormwater, and wastewater
Drinking Water State Revolving Fund Program U.S. Environmental Protection Agency Drinking water
Rural Utilities Service U.S. Department of Agriculture Drinking water, stormwater, and wastewater, with a

focus on communities with populations <10,000

Water Infrastructure Finance and Innovation U.S. Environmental Protection Agency Drinking water, stormwater, and wastewater
Act Program

Source: Data from ASCE 2021

WRF has built an extraordinary body of asset man-

agement research, providing the water sector with
Reference ¥ P g

ASCE (American Society of Civil Engineers). 2021. 2021 Report
Card for America’s Infrastructure. Reston, VA: American Society of
Civil Engineers. Accessed September 29, 2021. https://
infrastructurereportcard.org/wp-content/uploads/2020/12/
National_IRC_2021-report.pdf.

leading practices, tools, and knowledge. This research
takes a One Water approach to asset management,
looking at a unified collection of water systems that
have traditionally been divided by service type. To
learn more about WRF’s research in this area, visit
www.waterrf.org/sites/default/files/file/2020-07/4949-
AssetManagement.pdf.
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Q&A

Interview with Haydee De Clippeleir

n 2020, The Water Research Foun-
dation (WRF) and partners received
a $1 million grant from the U.S. Envi-
ronmental Protection Agency (EPA) to
further the prevention and control of

cyanobacterial harmful algal blooms
by improving full-scale applications of
shortcut nitrogen removal processes
at water resource recovery facilities
(WRRFs), with a specific focus on partial denitrification ana-
mmox (PANA). The project partners include WRF, Columbia
University, DC Water, George Washington University, HRSD
(Hampton Roads Sanitation District), and Northwestern
University. WRF spoke with Haydee De Clippeleir, Acting
Director of Clean Water and Technology at DC Water, to
learn more about DC Water’s involvement in the project.

How did you get started in the water sector? | studied
bioengineering in Belgium, with a focus on environmen-
tal technologies. | had an enthusiastic professor who was
teaching us about wastewater treatment and got me inter-
ested in the environmental aspects of this. | focused my
master’s thesis work on nutrient removal and anammox
(anaerobic ammonium oxidizing bacteria) applications
for wastewater. | then got my PhD in anammox research,
during which | collaborated with people in the field, includ-
ing Sudhir Murthy at DC Water. That led me to come to the
United States and eventually work for DC Water.

How long have you been with DC Water, and what is your
role? During my post doc with Columbia University, | was
based at DC Water’s Blue Plains facility leading anammox-
related work. That evolved into a position at DC Water. |
became a DC Water employee in 2015 as a program man-
ager for research, then became the R&D manager, and I'm
currently the Acting Director of Clean Water and Tech-
nology. In this role, | lead the research, the pre-treatment
program, and the main laboratory.

The EPA-funded project is focused on PANA. Can you
provide a brief explanation of this process? PANA aims
to provide a shortcut in the nitrogen (N) cycle. Typically,
conventional nitrification and denitrification processes are

dcé

water is life®

Partial Denitrification Anammox

used in treatment plants—we oxidize
ammonium to nitrite and eventually
to nitrate using air and energy. Then
we use carbon to reduce the nitrate to
nitrite and then to nitrogen gas. In this
process, we have two stops at nitrite.
We have a stop at nitrite when we are
oxidizing ammonium, and we have a
stop at nitrite when we are reducing
nitrate. PANA can leverage the nitrite that is formed during
denitrification. We are trying to only denitrify nitrate to
nitrite and stop the process there. Then if you have anam-
mox, you can remove the nitrite and the available ammo-
nium and directly convert them to nitrogen gas. That last
reaction does not require any oxygen or carbon. In that
case, you only have to oxidize about half of your ammo-
nium with air—the rest you can channel through the ana-
mmox—and you need about 80% less carbon.

Why did DC Water get involved in the project, and what
is your role? DC Water has been interested in leveraging
anammox-based technologies that show good potential
and have clear business cases for sidestream treatment,
and understanding how to use these technologies for
mainstream treatment. Sidestream treatment only treats
about 20% of the nutrients. If you could do the same pro-
cess—low energy, low carbon, small footprint, very sus-
tainable process—for 80% or 100% of your nutrients, that
would be a game changer. We’ve been looking at taking
the principles of sidestream treatment and using them
in the mainstream. This involves shortcut N removal that
relates to nitrite oxidizing bacteria out-selection. We found
that it works, but it’s very complex and needs stringent
control. This was not the most practical application. On the
other hand, we saw that we needed to bleed through some
ammonium to get it to work, so we realized that we needed
some post-treatment. That's when we thought about the
PdNA option. We started working on that in terms of
post-polishing, and found out that it was an easier path
of selection and nitrite production than the first approach
was. That led us to reconsider the shortcut N approach.
Why not use this approach that we thought was just a
post-treatment as the main route for shortcut N removal?

October-December 2021 - Advances in Water Research



We’ve collaborated a lot with HRSD to understand the
fundamentals and the principles first. Now that we have
that understanding, we’re focusing on determining what
our implementation options are and what we need to learn
to bring this to the next level. We believe that this is going
to change nutrient removal practice as we know it. We're
ready to push this forward; we just need to understand
how we can implement it, start it up, and move it over
that edge into practice. This project with EPA is about
accomplishing that.

I’m a co-principal investigator on the project, and we
are doing some of the pilot testing at our facility. We have
two utilities involved: HRSD and DC Water. In our case, we
collaborate very closely with George Washington Univer-
sity. Some of the grant funds support graduate students
to help with this work; they come to our facility to perform
the research. The utilities are leading the technology con-
figurations and testing. The university partners are helping
to answer the more fundamental questions and extrapo-
late some of the technology to phosphorus removal so we
can figure out combinations of both nitrogen and phos-
phorus removal for this system.

How is the project going so far? It was a bit challeng-
ing with the COVID-19 pandemic. We needed to recruit a
graduate student from George Washington University to
help, but with school being online and people not neces-
sarily being here in the city, it was quite challenging. We
already had one graduate student on the project, and we
recruited some undergraduate students to do the
first part of the project. Hopefully, as we get out of
the pandemic, we can bring another graduate stu-
dent onboard. We only had a few months’ delay,
because we needed to figure out how to optimize
our work to have distancing and make sure we
created a safe environment. We have since made
good progress and have some of the first runs
completed.

The project is bringing people together. We
were able to form a bigger team and leverage
collaboration to accelerate new technologies into
practice. We can also test configurations that may
not be directly applicable to us, but that can serve
the water industry, that we could not test without
this funding. This helps us provide the broadest
set of options to help us better understand and
justify these applications.

Advances in Water Research = October-December 2021
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How will you use the project results? We are working
toward a business case for Blue Plains. We have very
stringent nutrient limits because of the Chesapeake Bay,
and we spend a lot of money on nutrient removal. This
technology could reduce our methanol costs and create
increased capacity in our existing infrastructure. We don’t
yet know how much savings we could have, what our busi-
ness case is, or what modifications we would need to make
to implement this. We are testing different approaches so
we can quantify the benefits and determine what is easy
to operate and what provides safety in terms of effluent
quality and meeting our permits. Once we identify the best
way of implementing this, and what the potential perfor-
mance parameters are, we can build a business case and
move this forward toward final implementation.

How will this project be applicable to other WRRFs? The
project will outline different configurations and ways this
technology can be implemented. We are also improv-
ing our process models so that we can extrapolate that
information to other locations. WRRFs that have similar
configurations to what we tested can obtain direct infor-
mation. There will also be tools available for process sim-
ulation that can be used at different facilities to evaluate
the potential of this technology.

We’ve always tried to be pioneers and help the water
industry move forward. What we can do as a big facility
can help smaller facilities as well. It’'s about serving the
community, not just our facility. That’s our mission here. @

Mainstream N pilot components. A. Pilot setup, B. DO sensor

setup, C. N probes control box, D. IFAS carriers, E. Screens used

to restrict movement of IFAS carriers within the pilot, F. An AOB
seed bioaugmented into pilot, G. Wasting screens, H. Closer look
at wasting screens used for bioaugmentation runs
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A holistic stormwater management approach
takes a comprehensive view of stormwater
throughout the full hydrologic cycle, from its
source all the way to the receiving water.

By Harry X. Zhang, The Water Research Foundation; Sybil Sharvelle and Tyler
Dell, Colorado State University; Jennifer Egan and Jennifer Cotting, University
of Maryland, Environmental Finance Center; Tonya Bronleewe, Wichita State
University, Environmental Finance Center; Christine Pomeroy, University of
Utah; Mazdak Arabi, Colorado State University; Jane Clary, Wright Water
Engineers; Marc Leisenring, Geosyntec Consultants; Janet Clements, Corona
Environmental Consulting; and Barry Liner, Water Environment Federation

eframing the traditional view
of stormwater from problem to

valuable resource is a growing
trend, for example through stormwa-
ter harvesting and use (Zhang 2018).
A holistic stormwater management
approach has three key elements
necessary for stormwater manage-
ment decision making: infrastructure
option performance, life cycle costs,
and co-benefits.

As communities assess deteriorating
water infrastructure systems, ratepayer
expectations, the need to maintain
healthy waterways, and an interest in
sustainable and livable communities,
many are implementing, or consider-
ing the use of, green infrastructure (GI)
along with more traditional gray infra-
structure. Gl has the potential to assist
communities with stormwater chal-
lenges and reduce the overall costs of
stormwater management while offer-
ing benefits additional to runoff and
pollution reduction (co-benefits). The
increased interest in Gl calls for tools
that enable communities in varying
climate regions to proactively imple-
ment comprehensive solutions using
both green and gray infrastructure at
the community scale.

CLASIC Decision
Support System

TO ADVANCE HOLISTIC stormwa-
ter management, a decision support

system (DSS) entitled Community-
enabled Lifecycle Analysis of Storm-
water Infrastructure Costs (CLASIC)
was funded through a U.S. Environ-
mental Protection Agency (EPA)
National Priorities Life Cycle Costs
of Water Infrastructure Alternatives
grant in 2016. Over the course of five
years, a multidisciplinary team and
national partners, including Ameri-
can Society of Civil Engineers, Amer-
ican Rivers, and Water Environment
Federation, collaborated to develop
the CLASIC tool, which was released
in April 2021 (WRF 2021a). The tool
development team consisted of Col-
orado State University, the University
of Utah, two of EPA’s regional Envi-
ronmental Finance Centers (hosted
at University of Maryland and Wichita
State University), and the University
of Georgia.

The CLASIC tool utilizes a life cycle
cost framework to support feasibility
assessment and planning for storm-
water infrastructure. CLASIC helps
stormwater professionals, community
planners, and local decision makers
understand and weigh the estimated
costs, reductions in runoff and pollut-
ant loads, and co-benefits of various
planning scenarios as they consider
stormwater management projects.
The CLASIC tool is applicable to a vari-
ety of users, including managers and
operators of regulated stormwater



CLASIC

CLASIC allows

users to pbulld
and compare
stormwater
Nfrastructure
options

systems (e.g., municipalities, counties,
and utilities), consultants, academics,
and others interested in integrated
water management.

The tool builds on existing efforts
and leverages capabilities in the
International Stormwater Best Man-
agement Practice (BMP) Database
(WRF 2020), EPA’s National Storm-
water Calculator (EPA 2019), and
other research, such as Economic
Framework and Tools for Quantifying
and Monetizing the Triple Bottom Line
Benefits of Green Stormwater Infra-
structure (Clements et al. 2021).

The CLASIC tool can assess green
and gray infrastructure scenarios to
inform robust decision making based
on preferences to estimate capital
and maintenance costs over time. The
EPA’s Environmental Finance Centers
and the University of Utah developed
a rigorous life cycle cost framework
to assist users with regulatory objec-
tives, funding and financing strategies,
and programmatic objectives.

The system is hosted on a cloud-
based modeling platform, is geo-
graphic information systems (GIS)-
based, and includes interaction with
national databases (Dell et al. 2021).
Users have the option to automati-
cally upload data from national data-
bases (e.g., U.S. census boundaries,
the National Land Cover Database,
climate databases, and soil data-
bases) or to upload their own data

sets with more site-specific or
higher-resolution information.

The three main components in the
tool outputs are as follows (also see
Table 1):

Performance
Hydrologic performance,
such as runoff volume
reduction
Water quality performance,
such as pollutant load
reduction
Life cycle costs
Triple bottom line (TBL) benefits
Relative score of co-benefits
(e.g., environmental, social,

and financial) based on

performance and select char-
acteristics of Gl

Users can select from a variety of

green and/or gray stormwater man-
agement practices (Table 2). The
practices/technologies in the CLA-
SIC tool are categorized according to
implementation strategy and primary
technology function (WRF 2021b):

1. Volume-based filtration technol-
ogies (e.g., rain gardens, infiltra-
tion trenches, sand filters, and
grass swales/bioswales)

2. Volume-based detention tech-
nologies (e.g., extended deten-
tion basins and wet ponds)

Table 1. Summary of CLASIC tool functionality

Included in CLASIC Life Cycle Cost Tool

Pollutant Load Reduction

Total suspended solids
Total nitrogen

Total phosphorus

Fecal indicator bacteria

Hydrologic Performance

Runoff volume

Volume infiltrated
Volume evapotranspired
Number of runoff events

Life Cycle Cost

Net present value
Construction
Maintenance
Replacement
Average annual cost over design life
Unit cost for scenario comparison

Co-benefits

Score of economic, environmental, and social benefits
based on user-selected importance factors

Source: WRF 2021a

Table 2. Green and gray stormwater management
practices included in CLASIC tool

Rain Garden / Bioretention

Extended Detention Basin

Green Roof

Sand Filter Wet Pond

Permeable Pavement

Infiltration Trench

Stormwater Harvesting

Rooftop Disconnection

Grass Swale

Storage Vault/Tunnel

October-December 2021 - Advances in Water Research



3. Volume-based reclamation/stor-
age technologies (e.g., storm-
water harvesting and storage
vaults/tunnels)

4. Area-based volume reduc-
tion or filtration technologies
(e.g., green roofs and permeable
pavement)

The CLASIC DSS allows users to
build and compare multiple stormwa-
ter infrastructure options and enables
simulation of various climate scenar-
ios. Specifically, the CLASIC tool has
incorporated a multivariate adaptive
constructed analog method for sim-
ulating climate scenarios.

The TBL analysis assigns co-benefit
scores from environmental, social, and
financial aspects (Figure 1). The user
assigns weights according to a multi-
criteria decision analysis process. This
analysis process provides quantita-
tive outputs to compare co-benefits
across scenarios of technology selec-
tion. Outputs also provide the perfor-
mance of scenarios in terms of hydrol-
ogy (e.g., runoff volume reduction)
and pollutant load reduction. Figure 2

Total Maximum Daily Loads

Biodiversity Costs of Flooding Damage
Water Quality Flood
Protection Protection
. Climate Integrated Urban Open Space and Species Diversity
ly Rel
Viater Supply Relability Adaptation Water Management ' Habitat Restoration  Green Space

Livability and Employment

Community Health Opportunities

Thermal Comfort
Improved Human Health
Increased Property Values

Source: WRF 2021a

CLASIC

Some cities have programs
that provide incentives
to developers and
oroperty owners who
mplement GSI projects

shows an example of the CLASIC out-
put dashboard.

Stakeholder input and user-based
design are core components of the
CLASIC system. The goal is to pro-
duce a publicly accessible tool that
can be readily used to meet the vary-
ing needs of stormwater communities
of different scales (e.g., large, medium,
and small) around the United States. It
is worth noting that the CLASIC tool
does not provide site-specific designs
for green or gray infrastructure or opti-
mization of design.

Case study applications have been
included on the tool’s main page to
showcase the variety of ways that the
CLASIC tool can assist communities

Social Impacts

Green Jobs
Public Education and Outreach

Figure 1. Categorizing green infrastructure co-benefits in the CLASIC tool

Advances in Water Research = October-December 2021

with stormwater project planning and
decision making. Ten CLASIC case
studies provided to date cover com-
munities of different sizes, all climate
regions in the United States, and cli-
mate scenario simulations. CLASIC
outputs are displayed in an immersive
set of charts, graphs, and tables that
can be analyzed, printed, and shared.
These case studies represent the vari-
ety of hydrologic, performance, cost,
and co-benefit comparisons along
with climate scenarios that the CLA-
SIC tool can provide to communities
to help them make informed decisions
about future stormwater projects.

The CLASIC DSS seeks to create
increased confidence for decision mak-
ers and regulators when compar-
ing life cycle costs and multiple
benefits of using Gl to support
holistic stormwater management.
This integrated tool enables com-
munities to analyze risk tolerance
for stormwater services and con-
sider associated costs while also
addressing climate resilience. The
resulting data and DSS work at
the municipal scale and foster
innovation and collaboration.

In summary, the CLASIC DSS
has three integrated components
and outputs: (a) hydrologic and
water quality performance, (b)
life cycle costs, and (c) TBL bene-
fits. The life cycle costs will inform
considerations of green and gray
infrastructure scenarios selected
by the user. The TBL analysis is



CLASIC

informed via multi-criteria decision
analysis, which provides quantitative
outputs to compare co-benefits across
scenarios of technology selection.
The TBL analysis can be used along
with a companion tool developed by
the WRF research team (Clements
et al. 2021). The three outputs from
the CLASIC tool work synergistically
to inform decisions on scenarios for
holistic stormwater management at
the community level.

To assist users, an online video
library of CLASIC tool demos and

instructions is available (WSU 2021).
The CLASIC tool is officially included
in the EPA Green Infrastructure Mod-
eling Toolkit (EPA 2021).

TBL Benefit Tool

IN ADDITION TO PROVEN WATER
quality benefits, green stormwater
infrastructure (GSI) can provide many
important co-benefits, including flood
risk reduction, improved air quality
and related health benefits, energy
savings, climate resilience, enhanced
community livability, and more. In

addition, the costs of pursuing GSI
strategies may compare favorably to
expanding or upgrading conventional
stormwater treatment and convey-
ance facilities or other typical gray
infrastructure solutions. Recognizing
these benefits, many municipalities are
looking to enhance their GSI programs,
encourage developers to implement
GSI (and go beyond minimum require-
ments), and promote the installation
of GSI retrofits at existing private
development sites. Some cities have
implemented programs that provide
financial or market-oriented
incentives to developers and
private property owners who
implement GSI projects.

WRF’s GSI TBL Benefit Tool
(Clements et al. 2021) is a com-
panion to the CLASIC tool that
allows stormwater practitioners
to quantify and monetize the
TBL benefits of GSI including
(a) financial benefits such as
avoided gray infrastructure
costs; (b) environmental ben-
efits such as improved water
quality and associated habi-
tat improvements, terrestrial
ecosystem benefits, and car-
bon reduction and decreased
greenhouse gas emissions; and
(c) social benefits such as the
public health benefits associ-
ated with reduced urban heat
stress and improved air quality,
flood risk reduction, increased
water supply through stormwa-
ter capture and harvesting, and
improved urban aesthetics and
community livability.

The rigorous quantification
methodology for GSI co-benefits
is analyzed in conjunction with a
life cycle cost analysis of storm-
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Figure 2. Example interface of CLASIC decision support system

10

water infrastructure to enable
better decision making at the
community level. Results of the
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TBL benefit analysis can help com-
munities identify stormwater man-
agement alternatives that maximize
community value, compete for scarce
funding, leverage private capital and
alternative funding sources, support
alternative project delivery models,
and gain community support. With
a connection to the CLASIC tool, the
outcome of this study facilitates use of
the Gl co-benefits framework and tool
through a national network of utilities
and municipalities.

International Stormwater
BMP Database

UTILITIES AND MUNICIPALITIES
that implement integrated stormwa-
ter management programs rely on
water quality data to support mod-
eling efforts and decision making.
The International Stormwater BMP
Database provides performance
monitoring data for stormwater
BMPs (WRF 2020). The long-term
BMP Database project has bene-
fited from more than two decades
of collaboration among many part-
ners, such as EPA, Federal Highway
Administration, and Environmen-
tal and Water Resources Institute
(EWRI). With over 700 BMP studies,
the BMP Database project provides
categorical BMP performance sum-
maries, tools for extracting BMP per-
formance data, monitoring guidance,
and other study-related publications
that can be used by stormwater man-
agers, consultants, researchers, and
many others to assess the statisti-
cal performance of BMPs in the field.
Approximately 400,000 stormwater
quality records are also now acces-
sible in the BMP Database. Addition-
ally, the project website provides
access to the National Stormwater
Quality Database, which is an urban
stormwater runoff characterization
database. The latest version of the

Advances in Water Research = October-December 2021

National Stormwater Quality Data-
base contains data from more than
9,000 events from approximately
200 municipalities throughout the
United States, serving as an import-
ant resource for municipal stormwa-
ter managers and researchers seeking
urban runoff characterization data.

CLASIC

Recently, the BMP Database proj-
ect expanded its focus to collect
BMP cost data, not limited to BMPs
with performance monitoring data.
Improved tracking of BMP opera-
tions and maintenance (O&M) activ-
ities and costs, particularly Gl prac-
tices, is a significant need of local
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governments. To help meet this need,
and in connection with the CLASIC
tool development effort, the Munic-
ipal Water Infrastructure Council
of EWRI collaborated with WRF on
the development of O&M activity
and cost reporting protocols (Clary
et. al. 2018). The long-term objec-
tive of this effort is to improve the
basis for recommended BMP mainte-
nance activities and frequencies, as
well as support whole life cycle cost
estimation. The reporting protocols
describe the recommended O&M
parameters to track for stormwater
BMPs, including both activities and
cost data. Through development of a
standardized set of parameters form-
ing a reporting protocol, practitioners
will have a common basis for cost
estimation and maintenance activity
planning. A new urban BMP O&M cost
database module was developed to
coincide with the completion of the
CLASIC tool (BMPDB 2021). Users of
the data spreadsheets and/or data-
base are encouraged to submit their

data to the BMP Database to advance
the state of the practice regarding
the costs of maintaining stormwater
BMPs across communities.

Looking into the Future

AT A U.S. NATIONAL LEVEL, EPA pro-
motes comprehensive, community-
wide approaches for managing
stormwater and wet weather flows.
EPA’s integrated planning framework
will assist municipalities on their paths
toward achieving the human health
and water quality objectives of the
Clean Water Act. The integrated plan-
ning framework can also facilitate the
use of sustainable and comprehen-
sive solutions (e.g., Gl) that protect
human health, improve water quality,
manage stormwater as a resource,
and support other economic ben-
efits at the community level. For
example, stormwater harvesting and
use have become more common in
recent years. Stormwater harvesting
can expand local water sources while
providing additional benefits such as

reduced water pollutant loads and a
more sustainable water supply.

With a holistic stormwater man-
agement principle in mind, WRF has
spearheaded the development of a
next-generation DSS for integrated
solutions to stormwater manage-
ment and wet weather challenges.
Collectively, the CLASIC DSS and its
affiliated tools enable communities to
analyze risk tolerance for stormwater
services and build resilience to risks
from extreme events and their asso-
ciated life cycle costs (Zhang 2018).
The related TBL approach holistically
evaluates co-benefits to determine
the most appropriate strategies that
consider both costs and benefits.
With WRF’s forward-looking vision,
the holistic stormwater management
approach will help create innovative
solutions for addressing evolving wet
weather challenges and thriving in
the new era of One Water in the years
to come. @

Climate Change 5056)

n 2020, WRF published Map-
ping Climate Exposure and Cli-
mate Information Needs to Water
Utility Business Functions (4729).
As a follow-up to that project, An
Enhanced Climate-Related Risks
and Opportunities Framework and

Step 1: Define
Assessment
Objectives and

Initiate Planning

Step 2: Determine

the Focus for
the Assessment

Guidebook for Water Utilities Prepar-
ing for a Changing Climate conducted
tabletop exercises with two utilities in
order to test, update, and refine the
4729 framework. The updated frame-
work and guidebook will help utilities
understand and assess the risks and

Step 3: Design and
Prepare for a Climate
Risk and Opportunity

Mapping Tabletop

Step 4: Conduct the
TTX to Map Potential
Impacts of Climate
Stressors and

Business Functions

opportunities associated with cli-
mate change, evaluate how climate
considerations intersect with spe-
cific business functions, and identify
opportunities to incorporate climate
considerations and resilience into util-
ity management. @

Before the Business Function Mapping Tabletop Exercise During the Business Function Mapping Tabletop Exercise

Step b: Identify and

Step 6: Identify
Opportunities and
Solutions Across

Business Functions

Prioritize Risks
Relative to
Mission-Critical

Exercise (TTX) Cascading Effects

Source: Courtesy of Water Utility Climate Alliance

Steps in the business function mapping framework
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INNOVATION v ACTION

Empowering Innovation

through Activation

he Water Research Foundation (WRF) generates

new knowledge by conducting applied research on

topics identified as high priorities by its subscrib-
ers. The evaluation and application of new research and
knowledge empower the water sector to be innovative
with its operations and enhance services to communities.
The WRF website and communication networks provide
tools that assist the water sector in actively implementing
research outcomes.

Engagement in research and pilot projects facilitates
information sharing and enhances knowledge uptake
across the water sector. A great example of this is the
soon-to-be-completed project, Leading Water and Waste-
water Utility Innovation (4907). This project, led by Arcadis
and Means Consulting, includes a team of 76 utility part-
ners and other collaborators from around the world. An
Innovation Leader’s Resource was developed to provide
specific tools and tactics for utilities of any size to support
innovation as a core business practice. This resource is
broken into three distinct modules:

*  Module 1: Building an Innovation Strategy

*  Module 2: Engaging the Workforce to Power Innovation

* Module 3: Refreshing Your Innovation Partnerships

A separate report, Executive’s Brief: Tactics for Execu-
tive Innovation Champions, was developed as part of this
project to guide utility executives in cultivating innovation

What

We Do Research

WRF operations are built
around providing research.

What We

Achieve
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WRF is the trusted neutral platform
for technology evaluations.

management as a business practice. This report focuses
on critical functions of the executive champion, creating
a meaningful innovation strategy, and launching and sus-
taining an innovation program.

In addition, a web-based planning tool was developed
to provide an easy-to-use assessment of an organization’s
current innovation maturity level, as well as a method for
selecting a target maturity level. It also provides insight
on the common practices implemented by utilities with
programs at varying degrees of maturity. Activation and
support of this innovation community will continue at WRF
through further integration of WRF’s online innovation
resources and networking opportunities.

Existing WRF tools to accelerate the uptake of innova-
tion in the water sector include the Fast Water Network,
the Scholarship Exchange Experience for Innovation &
Technology (SEE IT), technology scans, pilot projects,
and the Tech Trends Tool. These products and programs
currently stand alone as individual resources. WRF intends
to integrate these tools to enable subscribers to quickly
connect with their peers, new technologies, shared
knowledge, and research and pilot facilities, enabling
activation of innovation through shared knowledge of
research and technologies.

To learn more about WRF’s Innovation Program, and how
you can get involved, visit www.waterrf.org/innovation. @

WRF networks empower the water
sector to implement innovation.

Application
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Aging infrastructure and asset management
continue to be chief concerns for water utilities.

By Megan Karklins, The Water Research Foundation

igh-quality water services

depend on having infrastruc-

ture that meets the require-
ments of customers, utilities, and
regulators. Because water services
are asset intensive, utilities are con-
stantly working to maintain their
pipes, pumps, tanks, and systems,
while also controlling costs and reduc-
ing risks. With deteriorating infra-
structure, limited budgets, restricted
flexibility in rates, and increasing
expectations, utilities are on a con-
tinual quest to implement the most
appropriate practices to meet these
competing demands.

The Water Research Foundation
(WRF) has built a solid foundation
of asset management research, pro-
viding the water sector with more
than 300 projects resulting in leading
practices, tools, and knowledge, such
as the asset management framework
shown in Figure 1. This article high-
lights a selection of past, but still
relevant, WRF research on long-
term pipe performance, corrosion,
and condition assessment. Although
this article focuses primarily on
drinking water assets, WRF also has
research available on wastewater
and stormwater asset management,

5 CORE QUESTIONS AND 10 STEPS TO EFFECTIVE ASSET MANAGEMENT

0 What Is the Current State of My Assets?

Assess Performance
Failure Modes

Develop Asset

Registry

e What Is My Required Level of Service?

Set Target

Determine
Life Cycle
Replacement Costs

Determine
Residual Life

Levels of Service

o Which Assets Are Critical to Sustained Performance?

Determine
Business Risk

e What Are My Best Operations & Management Investment and Capital Investment Plan Strategies

Optimize Operations Optimize Capital

& Maintenance

Investment Investment

0 What Is My Best Long-Term Funding Strategy?

Build Asset Determine

SNJ04 INIMVIW NOISII3a

Management Plan

Funding Strategy

Source: WRF 2020

Figure 1. Asset management framework
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as well as other complementary
topics (e.g., water loss control and
main breaks).

Long-Term Pipe Performance

WATER UTILITIES HAVE USED A
variety of pipe materials for bur-
ied assets, and these materials
have varying characteristics. The
different specifications and manu-
facturing techniques for pipes can
impact the likelihood and types

of failures, as well as overall pipe
lifespan; however, installation
errors can also impact pipe lifes-
pan. WRF’s research in this area
helps water utilities better under-
stand pipe performance, thereby
improving pipe failure prediction
and prevention.

Since the 1970s, plastic pipes
have been increasingly installed
in new distribution systems and
used to replace legacy pipes
made of cast iron and steel. The
primary materials include polyvi-
nyl chloride (PVC) and polyeth-
ylene (PE), and WRF research
can help utilities better under-
stand the performance of PVC
and PE pipes.

Long-Term Performance Pre-
diction for PVC Pipes (Burn et al.
2005) outlined approaches for
estimating PVC pipe in-service
lifetimes, assessing the likelihood
of chemical, fatigue, and physical
failures. Choosing an appropriate
approach for estimating long-term
performance depends on the type(s)
of PVC pipe a utility has in its system.
The research team compared unplas-
ticized PVC (PVC-U), modified PVC
(PVC-M), and oriented PVC (PVC-
0O). PVC-U tends to be more brittle,
whereas PVC-M and PVC-O tend to
be more ductile. Despite these dif-
ferences, the research found that

PVC pipe failure is most often due
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to installation errors, rather than
manufacturing errors.

Long-Term Performance Predic-
tion for PE Pipes (Davis et al. 2007)
gathered historical PE pipe failure
data from water utilities across the
United States, Australia, and the
United Kingdom. This data, as well
as anecdotal evidence, showed that
PE pipes are more prone to failure if
surface preparation, installation, and

Kev failure
mechanisms
for buried
steel pipes
are largely
associateo
with corrosion
OroCcesses
within soils

jointing practices are poor (e.g., dif-
ferential soil settlement resulting in
excessive bending and point load
impingement in stony soils). In older
PE pipes, slow crack growth failures
can occur after damage during pipe
transport and installation.

Steel is the most widely used mate-
rial for large-diameter water trans-
mission pipelines transferring water
from large reservoir/water supply
sources to storage for distribution.
Although these transmission pipe-
lines represent a small length of an
overall water system, they are criti-
cal components that need ongoing
and focused management to avoid
catastrophic failure and network

downtime. In terms of asset value, it
is likely that these steel transmission
pipelines would account for >20% of
the entire network. Long-Term Per-
formance Prediction of Steel Pipe-
lines (Davis et al. 2016) found that
key failure mechanisms for buried
steel pipes are largely associated
with corrosion processes within
soils. Older steel pipes with bitumen
external coatings tend to have less

external corrosion protection,
whereas newer steel pipes with
fusion-bonded epoxy or polyole-
fin coatings showed better adhe-
sion strength, less water permea-
bility, and improved hardness and
impact strength.

In addition to research on plas-
tic and steel pipes, WRF has
published research on long-term
performance of ductile iron, pre-
stressed concrete cylinder, and
asbestos cement pipes; as well as
on the life expectancy of elasto-
meric components, epoxy linings,
cement-mortar linings, and poly-
ethylene wrap materials.

Corrosion

CORROSION IS OF PARTICULAR
interest in buried infrastructure man-
agement. Many buried pipes are made
of metal or contain metal components,
and corrosion of that metal, especially
external corrosion, can lead to pipe fail-
ure. For buried metallic pipelines, cor-
rosion is the result of the formation
of anodic (corroding) and cathodic
(non-corroding) areas of electrically
continuous materials in a common
electrolyte (soil). The resulting corro-
sion damage at the anodic area of the
pipe can be similar in appearance for
different causes, thus it is often misdi-
agnosed (Romer et al. 2004).

External Corrosion and Corrosion
Control of Buried Water Mains (Romer

continued on page 18
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Failure Prediction of
Critical Cast Iron Pipes

IN 2011, A CONSORTIUM OF AUSTRALIAN WATER utili-
ties led by Sydney Water joined forces with WRF and UK
Water Industry Research to initiate a five-year research
program, Advanced Condition Assessment and Failure
Prediction Technologies for Optimal Management of Crit-
ical Water Supply Pipes (Kodikara 2018). This project
provided important findings on cast iron pipe corrosion,
main breaks, and condition assessment.

The project team investigated corrosion in three main
categories—uniform corrosion, pit or patch corrosion,
and corrosion clusters. Using 3D finite element mod-
eling, a new stress analysis tool was developed to ana-
lyze these corrosion configurations and to determine the
remaining life of pipes. It was found that a substantially
large corrosion patch with extensive corrosion (as much
as 80% of wall thickness) is normally required to cause
longitudinal failures in the pipe barrel. It was also found
that the first failure is most likely to occur as a fracture
in the corroded patch, which may lead to water leakage.
In many instances, this fracture may not be large enough
to cause pipe burst in the first occurrence. Therefore,
the concept of “leak before burst” was developed for
cast iron water pipes, where a generated fracture could
grow with transient loadings and corrosion until fast
fracture occurs (Figure 2). It was approximated that the
first failure leading to leakage was controlled by a pipe
material’s tensile strength, whereas the subsequent burst
was controlled by a pipe material’s fracture toughness.

Source; Kodikara et al, 2016
Figure 2. (a) Project pipe burst facility, (b) three test pipe sections, (c) failed lab pipe

This demonstrates important connections between the
timing of an initial fracture and an eventual burst, sub-
stantially improving failure prediction techniques, and
saving the industry roughly $1 billion per year.

Prior to this study, little was known about the possible
contribution of traffic loads to water main breaks. To
learn more, the research team instrumented a pipe and
the soils and pavement in a street. After extensive mon-
itoring using weighted trucks and normal traffic, it was
found that traffic loading did not exert significant strains/
stresses on the pipe even under simulated truck braking,
cornering, and going over a speed bump. In contrast,
660 kPa (95.7 psi) of water pressure exerted as much
as seven times the strain on the pipe, highlighting the
relative importance of internal water pressure in contrast
to traffic loads.

The team also analyzed raw data of various condition
assessment technologies (magnetic flux leakage, broad-
band electromagnetics [also known as pulsed eddy cur-
rents], remote field eddy currents, and in-pipe acoustic
waveforms) using machine learning and artificial intel-
ligence to try to advance these technologies beyond
current capabilities. Several case studies and trials were
conducted to verify the value of different condition
assessment technologies that were available at the time,
and numerous follow-up research needs were identified
for these technologies.

Advances in Water Research = October-December 2021
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et al. 2004) developed a draft Cor-
rosion Control Master Plan (CCMP),
which covers a broad range of tech-
nical topics affecting the integrity of
water transmission and distribution
pipeline systems. The four sections
of the CCMP are as follows:

1. Management: Provides for
implementation and coordina-
tion of the corrosion mitigation/
monitoring/control program.
Coordination is critical to the
success of the program.

2. Cathodically Protected
Pipelines: Addresses care
and feeding of existing cor-
rosion control systems and
recommended moderniza-
tion of cathodic protection
systems, including interfer-
ence effects.

3. Unprotected Pipelines: Pro-
vides for the collection and
tabulation of engineering
and operational data for

risk assessment of the cor-

rosion threat and prioritiza-
tion of corrosion mitigation
activities. Only fragmented
corrosion control data typ-
ically exist for unprotected
pipelines (e.g., pipelines
without cathodic protection
and with either no coating
or a passive coating sys-
tem). Existing information
on these pipelines should be
identified. The utility should
then identify gaps in the data
and institute data collection to
fill the gaps so that useful risk
assessments can be prepared.

4. New Construction, Modifica-
tion, and Repair: Provides for
the establishment of engineer-
ing design methods, method-
ology and standard details,

the

application of construction

and specifications for

18

materials and techniques to

minimize corrosion problems;

assessment of the probabil-

ity of corrosion damage and

consequences; and avoidance

of corrosion problems before
they begin.

Utilities can tailor the sample

CCMP to fit their unique needs
and experience.

To avold the
eNorMous
capital cost
of replacing
an entire
oipeline, It s
iNcreasingly
mportant
to conduct
oipeline
Nspections
and perform
selective
Mmalntenance

Retrofit and Management of Metal-
lic Pipe with Cathodic Protection
(Bell et al. 2018) focused on how to
cost-effectively minimize corrosion
using cathodic protection (CP). The
basic concept behind a CP system is
that by feeding electrons or current
to a metallic compound, the metal-
lic ions’ tendency to be separated
from the metal (usually in forms of
oxides) is reduced, resulting in less

metal loss. In other words, cathodic
protection connects the metal at
risk (the metallic pipe material) to
a “sacrificial” metal that corrodes
in lieu of the metal at risk (EonCoat
2017). This study found that the most
successful CP techniques for existing
water pipelines are hot spot protec-
tion and anode retrofit programs. Hot
spot CP is the practice of opportu-
nistically installing a protective
galvanic anode at the location of
a pipe repair. These anodes are
typically installed without any
monitoring and stay in the ground
until total depletion, usually with-
out replacement. Anode retro-
fit programs, also called retrofit
cathodic protection, entail adding
CP to existing pipes to provide
galvanic protection. For example,
if a pipe is electrically discontinu-
ous, then an anode is attached to
each pipe segment (e.g., through
excavation at every other joint),
as opposed to going through the
tedious process of making the
pipeline electrically continuous.

Condition Assessment

INSTEAD OF DIRECTLY determin-
ing the condition of water mains,
utilities typically make renewal
decisions using less direct data:
repair records, pipe age, pipe type,
and soil data. This may result in
functional pipes being discarded
because they are presumed to
be in poor condition. To avoid the
enormous capital cost of replac-
ing an entire pipeline, it is increas-
ingly important to conduct pipeline
inspections and perform selective
maintenance. Pipeline inspection is an
integral component of any risk man-
agement program, and nondestruc-
tive examination (NDE) methods to
evaluate the integrity of infrastructure
are becoming more essential.

October-December 2021 - Advances in Water Research



Electromagnetic Inspection of
Prestressed Concrete Pressure Pipe
(Mergelas and Kong 2001) helped
establish the foundation upon which
electromagnetic inspection of pre-
stressed concrete cylinder pipe
(PCCP) is based. PCCP consists of
a thin steel cylinder that is wrapped
with a winding of steel prestressing
wire. Depending on the pipe diam-
eter and the operating pressure, a
concrete core may be present out-
side the steel cylinder and beneath
the external windings. This project
investigated and advanced the under-
standing of remote field eddy current/
transformer coupling (RFEC/TC), a
transmit/receive geometry approach
that can detect broken prestress-
ing wires and predict the number of

broken wires in PCCP. The RFEC/TC
tool was able to detect broken wires
anywhere along the length of the pipe.
The size of an RFEC/TC signal shows
a strong and direct relationship with
the number of broken wires, which
means that distressed pipes can be
ranked in order of severity.

In the past, many utilities avoided
using NDE technologies because of
the expense and uncertainties asso-
ciated with them; however, advances
in NDE methods are being made that
may address these challenges. Lever-
aging Data from Non-Destructive
Examinations to Help Select Ferrous
Water Mains for Renewal (Ellison et
al. 2018) found that NDE can be used
cost-effectively on some mains, and
the results used to infer the condition

ASSET MANAGEMENT

of similar mains. By applying NDE
where it is relatively easy, and on
mains that are in questionable con-
dition, money saved through better
infrastructure renewal decisions can
cover the costs of the NDE inspec-
tions. A routine and proactive NDE
inspection program focused on easily
accessible (e.g,, fire hydrant access)
small-diameter metallic pipe would
almost certainly be cost-effective for
a larger utility, where economies of
scale can be produced, and where
metallic pipe corrosion is the primary
cause of breaks and pipe renewal.
For smaller utilities where corro-
sion is prevalent, but economies of
scale are not, it may be appropri-
ate in the near term to focus NDE
on “tough decisions” (e.g., where a
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ASSET MANAGEMENT e STREAM RESTORATION

street project or other concurrent
work is planned). Eventually, large
and small utilities should realize
increased value as NDE sees broader
application. A rapid growth in value
should occur with better information
provided and a lower cost.

What’s Next

PRESSURE HAS BEEN IMPLICATED
in pipe failure in several studies. In
those studies, pressure reductions
apparently correlated with reduc-
tions in both pipe leakage and breaks.

In addition, major pressure surges
in a distribution system could be
followed by a series of pipe breaks.
Lowering pressure, consistent with
water quality protection, may be
able to provide significant reductions
in pipe breaks, leakage, and energy
costs. Certain smart water technol-
ogies are applicable for measuring
and managing pressure with the
direct result of reduced water loss
and less stress on pipes. Utilizing
Smart Water Networks to Manage
Pressure and Flow for Reduction of

Water Loss and Pipe Breaks (Karl et
al., forthcoming) will use network
solutions to help water utilities better
manage pressures and flows in distri-
bution networks to extend the life of
pipes and reduce water loss.

The management of pipelines and
other infrastructure has a strong con-
nection to utility and water sector
resilience, and WRF anticipates an
increased emphasis on infrastructure
resilience research in the future. &
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Stream Restoration (so075)

tream restoration provides a multitude of bene-
fits to ecosystems and communities. Restoration
projects may also provide pollutant trading and
mitigation opportunities. Stream Restoration as a BMP:
Crediting Guidance provides a technical framework for
quantifying the water quality benefits of a specific suite
of stream restoration practices, focusing on sediment,
nutrients, and temperature. The practices addressed in

this guidance include stream stabilization, riparian buffers,
in-stream enhancements, and floodplain reconnection. The
general technical considerations and challenges for devel-
oping stream restoration credits are discussed, along with
guidance for credit development. Information related to
the verification and monitoring of stream restoration proj-
ects is also provided. [6)

Temperature
pH
Dissolved Oxygen

Alkalinity

Total Suspended Solids
(or Suspended Sediment Concentration)

Total Dissolved Solids
Total Phosphorus
Orthophosphate

Total Organic Carbon

Minimum recommended water quality-related monitoring
parameters for stream restoration projects

Field Parameters (Can Be Monitored Using Field Probes)

Laboratory Parameters (for Nutrient' and Sediment Objectives)

Specific Conductivity
Turbidity
Flow Rate and Depth

Nitrate/Nitrite

Total Kjeldahl Nitrogen
Ammonia

Particle Size Distribution’

Chlorophyll a
(or Other Biological Monitoring)

Note: Certain metals (e.g., iron, selenium) may also be of interest on a site-specific basis.
"Nitrogen-related parameters can be used to calculate total nitrogen and total inorganic nitrogen.
Pparticle size distribution should ideally be monitored for several pre-restoration and post-restoration
events under varying flow conditions, even if it is not evaluated for every monitoring event.
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Researcn on
—Mmerging Disinfection
BVOroaducts

Chronic exposure to disinfection byproducts can pose

he goal of disinfection of public

water supplies is the elimina-
tion of the pathogens respon-

sible for waterborne diseases.
However, the oxidants used to
protect against pathogens may
react with natural organic mat-
ter, bromide, and iodide to form
disinfection byproducts (DBPs).
While inactivation of pathogens
removes an acute public health
risk, chronic exposure to DBPs
in drinking water can lead to
higher occurrences of bladder
cancer (Li and Mitch 2018). To
help mitigate the risks associ-
ated with chronic exposure to
DBPs, the U.S. Environmental
Protection Agency (EPA) has
regulated 11 different DBPs found
in drinking water. With advances

in detection equipment and meth-
ods, researchers have been able
to identify over 600 DBPs in water

Advances in Water Research
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various risks, and water managers are seeking ways
to better understand and manage these risks.

By Katie Spahr, The Water Research Foundation

matrices. Emerging DBPs may be DBP regulations and remaining agile

more geno- and cytotoxic than enough to mitigate risks associated
their regulated counterparts (Liand  with emerging DBPs.

From a One Water perspective,

emerging DBP research is focused

on minimizing exposure via human

Changes in
freatment to
agddress one
DB may
result in the
formation of

Mmore toxic
DBPS

Mitch 2018). Water managers are
tasked with finding the right balance
between complying with current

consumptive end uses and is thus
most important in drinking water
and direct potable reuse applica-
tions. One Water management can
impact the types of anthropogenic
and natural organic materials
found in source waters and influ-
ence which species of DBPs are
present in treated water. In addi-
tion, climate change and drought
can lead to higher fractions of
effluent in waterbodies, resulting
in higher DBP loads for drinking
water treatment plants (Richard-
son and Plewa 2020).
Addressing emerging DBPs is a
moving target for water manag-
ers. Regulated DBPs were originally
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DISINFECTION BYPRODUCTS

thought to be proxies for total DBP
concentrations, but this is not always
the case (Li and Mitch 2018). Changes
in treatment to address one DBP may
result in the formation of more toxic,
emerging DBPs. These changes often
manifest in a shift in the way utili-
ties disinfect, which, depending on
the oxidant and source water matrix,
may result in more and/or different
DBPs in treated water (Richardson
and Plewa 2020). Holistic manage-
ment of DBPs may be driven by
toxicological data to evaluate and
mitigate the total risk associated
with the full suite of DBPs present in
treated water.

Emerging DBP Research Area

IN 2017, WRF ESTABLISHED THE
Emerging Disinfection Byproducts in
Drinking Water: Occurrence, Toxico-
logical Relevance, and Control Strate-
gies research area within its Research
Priority Program. Under the guidance
of a team of DBP experts, WRF has
funded five projects through this
research area to better understand
the factors that impact emerging DBP
formation and control; minimize the
formation of regulated and emerging

DBPs; identify sources of, and develop
removal strategies for, emerging DBP
precursors; and leverage this research
to provide guidance to utilities seek-
ing to comply with regulations while
minimizing unintended consequences
(Table 1). This research area was built
upon WRF’s robust portfolio of DBP-
related work, including a previous
research area focused on control and
treatment of N-nitrosodimethylamine
and other nitrosamines, which was
completed in 2016.

The first project funded by the
Emerging DBPs research area, Occur-
rence Survey of Bromide and lodide
in Water Supplies (Westerhoff et
al., forthcoming), characterized the
spatio-temporal trends in bromide
and iodide concentrations in drink-
ing water sources. Some of the proj-
ect’s key findings are highlighted
below. The second project funded
in this research area (5140) builds
on a previous study (Stanford et al.
2019) to investigate the toxicologi-
cal and DBP speciation implications
of pre-chlorinating before granular
activated carbon (GAC) treatment.
Additional projects funded by this
research area explore the formation

and fate of haloacetonitriles and
assess the impacts of the regula-
tory shift from five to nine haloacetic
acids (HAA) (projects 5083 and 5085,
respectively). The final project in this
research area (5122) is shifting focus
away from unit processes to investi-
gate the control of brominated and
iodinated DBPs throughout the water
system, from source water acquisition
to distribution system management.

Occurrence Survey of Bromide
and lodide in Water Supplies

WESTERHOFF ET AL. (forthcom-
ing) builds on Amy et al. (1994),
which characterized bromide lev-
els at 100 water utilities across the
United States and analyzed the sea-
sonal variation of bromide at 50 utili-
ties. This project expanded the scope
of Amy et al. (1994) to include iodide,
and aimed to (i) determine the role of
bromide and iodide in the formation
of regulated and emerging DBPs; and
(ii) develop a better understanding
of how seasonal changes in water-
sheds, regional geochemistry, and
other factors impact bromide and
iodide concentrations in source
waters. To expand the number of

Table 1. Projects funded through the emerging DBP research area

Project Title

Impact of a Haloacetic Acid MCL Revision an DBP
Exposure and Health Risk Reduction (5085)

Project Goal

To support the regulatory process of developing a revised DBP rule by focusing on understanding and communicating
the implications of a shift from the regulation of five haloacetic acids (HAAD) to a regulation focused on the nine
chlorinated and brominated haloacetic acids (HAA9).

The Impact of Pre-chlorination and GAC Treatment
on DBP Formation and Overall Toxicity in Drinking
Water (5140)

To investigate the impact of GAC, with and without pre-chlorination, on DBP formation and the resulting toxicity
of drinking water using appropriate bioassays.

Occurrence Survey of Bromide and lodide in Water
Supplies (4711)

To investigate the source factors influencing the temporal and spatial occurrence of bromide ions and total organic
bromine or chlorine in drinking waters, and identify treatment strategies to control bromide and iodide.

Precursors and Control of Halogenated
Acetonitriles (5053)

To conduct a comprehensive and systematic study to investigate and characterize precursors in varying water sources,
as well as their control in water treatment.

Technologies and Approaches to Minimize
Brominated and lodinated DBPs in Distribution
Systems (5122)

To develop creative and novel technigues and approaches to minimize the formation of currently unregulated
brominated and iodinated DBPs in the distribution system, considering practical applicability and economic feasibility
in the operation of existing treatment systems.
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source waters sampled, the research
team leveraged historic datasets
supplemented with field sampling to
enable a spatial occurrence analysis
at regional and national scales. The
researchers also performed bench-
and pilot-scale testing of technolo-
gies to remove bromide and iodide
from source waters to reduce DBP
formation potential.

The researchers found that bromide
levels were not increasing nationally
and that bromide levels can have
weekly or monthly variations in some
water sources. Figure 1 shows the dis-
tribution of bromide and iodide from
approximately 700 samples aggre-
gated by EPA region. Bromide con-
centrations were found to be higher in
groundwaters than in surface waters.
EPA Regions 9 and 6, which span the
Southwest, were found to have the
highest median bromide levels (181
and 123 ug/L, respectively), while
Region 3 in the Northeast had the low-
est median level nationally (32 pg/L).

REGION 10
Br-=51(6-98)
I~ = ND (ND-11)

REGION 9

~ Br- =181 (5-540)
[-=4(ND-72)

Source: Westerhoff et al., forthcoming

REGION 8

Br- =87 (10-386)
[-=4(ND-210)

DISINFECTION BYPRODUCTS

or 20 years, much of WRF’s disinfection
— byproduct research was managed by

Dr. Djanette Khiari, who passed away in
2020. Djanette also brought valued expertise in
cyanobacteria, taste & odor, and more to WRF.
She embodied WRF’s mission of advancing the
science of water, and we are grateful for her ser-
vice to WRF and the water community. She is
greatly missed, not only as a coworker, but also as
a friend. This article is dedicated to her memory.

While most of the utilities sampled
in this project had bromide present in
their source waters, fewer utilities had
iodide present. Again, groundwater
was found to have more iodide than
surface water, with 64% of groundwa-
ter sources testing above the detec-
tion limit (1 ug/L), compared to 46%
of surface water sources. Nationally,
median iodide concentrations were
highest in EPA Region 5 (21 ug/L),
which spans the Great Lakes, and

lowest in Region 10 in the Pacific

REGION 5

Br-=71(30-351)
- =21 (ND-36)

REGION 7

Br- =73 (50-214)
I-=2(ND-5.2)

REGION 4
REGION 6 Br- = 49 (8-7800)
Br- =123 (50-849) I- =15 (ND-59)
I-=7 (ND-50)

REGION 2

Br- =59 (31-142)
- =10 (ND-110)

Northwest, where the median con-
centration was non-detect (ND).
Source waters from coastal regions
and those influenced by wastewater
discharges had higher bromide and
iodide concentrations.

To remove bromide and iodide from
source waters, the research team
tested silver-impregnated adsorbents,
silver-amended coagulation pro-
cesses, and ion exchange processes.
These technologies worked well for
low conductivity and waters with

"REGION 1
Br- = 64 (23-397)
> 1-=2(ND-17)

REGION 3
Br-=132(8-115)
[-=1(ND-9.7)

Advances in Water Research

Figure 1. Median bromide (Br) and iodide (I") occurrence and the range in samples from 228 utility
drinking water sources by EPA region
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DISINFECTION BYPRODUCTS ¢ REUSE

low chloride. Cost-effective bromide yielding lower bromide removal rates. WRF looks forward to updating its

removal via silver-amended coag- Higher bromide levels were linked subscribers on the results of all of

ulation was dependent on chloride to increased silver consumption and, these important emerging DBP proj-

to bromide ratios, with higher ratios thus, increased chemical costs. ects over the next couple of years. @
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Direct Potable Reuse
(4951 4989, 4990, 4991, 4992)

n 2018, WRF received
two grants, totaling $4.5
million, from the Califor-
nia State Water Resources
Control Board (SWRCB) to
support non-potable and
potable reuse research.

This funding was lever-
aged by WRF and other
key partners, including
Metropolitan Water District
of Southern California, to
fund WRF reuse research.

The first grant funded five

projects related to the
feasibility of developing
criteria for direct potable
reuse (DPR), and the sec-
ond grant is funding 20
projects addressing both
potable and non-potable

PROJECTS TO INFORM THE DEVELOPMENT OF DPR REGULATIONS

@ Tools to Evaluate Quantitative

PATHOGENS

Microbial Risk and Plant
Performance/Reliability (4951)

@ Pathogen Monitoring in
Untreated Wastewater (4989)

@ Feasibility of Collecting Pathogens
in Wastewater During Outbreaks (4990)

Options (4991)

CHEMICALS

© Evaluating Analytical Methods
for Detecting Unknown Chemi-

@ Defining Potential Chemical
Peaks and Management

cals in Recycled Water (4992)
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reuse. All five of the first
grant’s DPR projects have
now been completed. The
findings from these proj-
ects will be used by the
SWRCB to develop regula-
tions for DPR. @
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The Water Research
Foundation (WRF)
recently embarked

on a journey to yield

even greater impact
through its flagship
research program,
the Research
Priority Program.

By John Albert and Alyse Greenberg,
The Water Research Foundation; and
Yvonne Forest, City of Houston
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Researc

o

he Research Priority Program

(RPP) is part of a 50+ year

effort by WRF to engage the
best researchers around the globe to
strategically address broadly relevant
water sector challenges and oppor-
tunities. The RPP is the cornerstone
of WRF’s research efforts.

WRF and our Research Advisory
Council (RAC), which oversees the
RPP, embarked on a process to accel-
erate the delivery of research prod-
ucts while maintaining the highest
quality and integrity of the research.
This effort aligns with WRF’s strate-
gic plan goal of being the trusted
source in One Water research by
empowering and enabling subscrib-
ers and the water sector to unlock
opportunities and solve problems
through sound science.

In addition to advancing the stra-
tegic plan, drivers for changing the
RPP process include (1) expediting

—lags
rogram §

glle

the delivery of research while main-
taining the input of experts and the
integrity of the process, (2) increas-
ing the program’s ability to adapt and
respond to changes in the water sec-
tor, (3) continuing to deliver research
to address the highest-priority needs
of subscribers, (4) better defining
the water sector’s greatest needs
and the research needed to address
them, and (5) ensuring the effective
use of staff and volunteer time.

WREF staff and the RAC launched an
effort in October 2020 to develop an
updated framework for the RPP pro-
cess. The framework was approved by
the RAC in spring 2021, and was sub-
sequently provided to WRF’s Board
of Directors for review. This article
provides a snapshot of the proposed
approach to the research planning
process for the RPP. Specific details
may change as the process evolves.

continued next page

25



RESEARCH PRIORITY PROGRAM

January-March 2021 May

Outline Major inputs
Draft Themes

Figure 1. Theme development process

The first step in the new process is
to identify high-level research themes
that are responsive to the key needs
of the water sector. Figure 1 shows
the theme development process. A
variety of inputs were used to gather
key information for theme develop-
ment, including the results of WRF’s
2021 Upstream Strategies: Future
Water Research and Innovation Solu-
tions gathering; conversations with
WRF subscribers, partners, volun-
teers, and other stakeholders; water
sector surveys; and water sector
reports. For example, the Upstream
identified
the most significant challenges the

Strategies participants

water sector is likely to face over the
next 10-20 years, along with research

January/February
(following budget approval by Board of Directors)

Convene expert summit

(2-3 day workshop) for topics
where concepts* are
developed and preliminary
prioritization occurs

(RAC welcome to participate)

Review and Evaluate Inputs,

Soon after Summit

RAC meets to review and
approve prioritized concepts
to move forward to requests
for proposals (RFPs)

June-September

o Staff Summits
o Subscriber Survey

topics with the greatest potential to
overcome these challenges.

It is anticipated that four to seven
themes will be identified. The themes
will be broad, high-level ideas that
are anticipated to be integral to the
water sector over the long term. They
will serve as the strategic framework
supporting RPP planning moving
forward. Each theme will fit within
WRF’s One Water approach, hav-
ing the ability to include all types of
water. Five draft themes have been
proposed by WRF and are currently
undergoing RAC review:

Healthy Communities
and Environment
Resilient Infrastructure
Energy Efficiency and
Resource Recovery

Proposed Timeline

March/April

*Concepts would include a title, needs statement, objective, and budget

Figure 2. Draft project concept development process
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October

Finalize Themes
o RAC Meeting

Staff works with experts to
develop RFPs (conflict of
interest considerations)

February 2022

Expert Summit

Innovative Treatment
Utility Operations
and Management

A survey of WRF subscribers will
be conducted to gain additional
input on the draft themes. The final
themes will be approved by the RAC
this fall, then presented to the WRF
Board of Directors. A challenge
statement or aspirational goal will be
developed for each theme, explain-
ing the importance of the theme to
the water sector and the drivers for
the research.

Once the themes and their aspira-
tional goals are finalized, key topics
within each theme will be outlined.
While the themes are intended to
carry forward from year to year, the
topics in support of the themes will

April

Launch RFPs,
Project Advisory
Committees to
support projects
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be revisited periodically. Having
high-level themes with topics that
will be updated over time will allow
the RPP to maintain its strategic
vision while also being flexible and
adapting to the changing needs of
the sector.

Each year, project concepts will
be developed under the topics
(Figure 2). WRF anticipates holding
an expert summit, likely in January
or February, to bring together a
broad set of experts on each topic.
The summit will include a break-
out group for each topic, which
will be tasked with identifying
and prioritizing specific research
needs. Research project concepts
to address each topic area will be
developed, including a title, needs
statement, objective, and a sug-
gested budget. The concepts will
be prioritized, and the RAC will
then meet to review the concepts
and make funding recommenda-
tions. Requests for Proposals for
the funded project concepts will
be released in April, accelerat-
ing the RPP planning process by
4-5 months, thereby moving key
research projects forward faster.

Expert summits will likely take
place annually, providing an ongo-
ing opportunity for WRF sub-
scribers to help steer the RPP and
inform the final research prioritiza-
tion decisions made by the RAC.

Over the years, the structure
of WRF’s research programs has
changed to address the needs of
the water sector. WRF envisions
this new process as striking the
right balance between strategically
addressing the water sector’s near-
term and long-term challenges. @
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RESEARCH PRIORITY PROGRAM e ENERGY

Energy Use (4978)

here are increasing concerns within the water sector related to energy

use, rising costs, energy security, and energy reliability. Utilities are

increasingly implementing innovative data management solutions and
approaches based on big data to attain operational sustainability, target cost/
energy savings, and strive toward a net-zero energy balance at their facil-
ities. Despite the technological and analytical improvements made around
the management, accessibility, interpretation, and visualization of energy
data, the application of big data concepts for energy management is still in
its infancy. Application of Big Data for Energy Management in Water Utilities
addresses these gaps by providing utilities with knowledge on advanced big
data analytics for automated data collection and achieving energy-efficient,
cost-effective operations. This research also provides an approach for the
development of a comprehensive data management and analytics strategy
at a reference utility, which can become a model for future pilot studies. @

-- -
- LIS

Energy Management
Goals and Alignment with
Business Objectives

[dentification of
Operational Constraints

Selection of
Data Analytics

Development of
Data Pipeline

~ -
S rrr ="

9Jueusanog ereld

Concepts addressed by the data pilot plan
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BIOFILTRATION e VULNERABILITY ASSESSMENT

Optimizing Biofiltration (4731

olistic biofiltration optimi-
zation is designed to shift a
plant’s total organic carbon

removal to the biofiltration step
to reduce overall treatment costs
without compromising overall plant
performance. Optimizing Biofiltra-
tion and Integrating Biofiltration

into Existing Treatment aimed to
demonstrate extensive full-scale
biofiltration optimization and inte-
gration into the overall treatment
train. Holistic biofiltration optimiza-
tion was performed at two full-scale
facilities to enhance biofilter per-
formance and to understand how

biofiltration can be most efficiently
integrated with upstream processes.
Biofiltration and upstream process
optimization tests were performed,
and an automated data management
system was used for managing, ana-
lyzing, and interpreting the data. @
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Schematic Representation of Biofilter Testing at Hap Cremean Water Plant

Long-Term Vulnerability

Assessment (4703

limate change, water quality, regulatory changes,

growth, and economic cycles are among the many

factors that create uncertainty and vulnerability for
water systems and impact their ability to meet the needs
of their communities. Therefore, utilities must consider
these factors when planning for the future. Long Term
Vulnerability Assessment and Adaptation Plan for the San
Francisco Public Utilities Commission Water Enterprise -
Phase | developed a long-term vulnerability assessment
(LTVA) of the San Francisco Public Utilities Commission’s
Regional Water System (RWS). The goal of the LTVA is to
help quantitatively and qualitatively assess to what extent
climate change will be a threat to the RWS in compari-
son to, or in combination with, other external drivers of

28

change over the next 50 years. The LTVA was performed
using an innovative decision scaling approach whereby
vulnerabilities were first identified and used as a basis for
assessing risks. The analysis includes a multi-dimensional
quantitative stress test and qualitative scenarios in which
sources of vulnerability are revealed through testing
against changing conditions. This research provides a
detailed case study of the decision scaling methodology,
providing a systematic approach for addressing climate
change concerns while also incorporating non-climate
considerations. The findings will also serve as the basis for
future work to explore adaptation pathways and identify
investments and long-term options to increase resilience
of the RWS infrastructure. &
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https://www.waterrf.org/research/projects/optimizing-biofiltration-and-integrating-biofiltration-existing-treatment
https://www.waterrf.org/research/projects/long-term-vulnerability-assessment-and-adaptation-plan-san-francisco-public

CALENDAR

January 10-12, 2022
WEF Forum 2022: Particles and Colloids
Fort Lauderdale, FL
www.wef.org/forum

January 23-26, 2022

NEWEA Annual Conference
Boston, MA
annualconference.newea.org

January 31-February 3, 2022

NACWA Winter Conference
Scottsdale, AZ

www.nacwa.org/
conferences-events/2022-winter-conference

February 1-3, 2022

Pacific Water Conference (AWWA/
HWEA 8th Annual Joint Conference)
Virtual

pacificwaterconference.com

February 13-16, 2022

NARUC Winter Policy Summit

Washington, DC
www.naruc.org/meetings-and-events/naruc-winter
-policy-summits/2022-winter-policy-summit

February 21-25, 2022
AWWA/AMTA Membrane
Technology Conference

Las Vegas, NV
www.awwa.org/Events-Education/
Membrane-Technology

Advances in Water Research = October-December 2021

January-March

February 22-24, 2022

WEF/AWWA Utility

Management Conference

Orlando, FL
www.wef.org/events/conferences/upcoming
-conferences/Utilitymanagement2021/
utilitymanagement2022

February 22-23, 2022

World Water-Tech Innovation Summit
London

worldwatertechinnovation.com

February 23-25, 2022

MSSC Salinity Summit

Las Vegas, NV
www.multi-statesalinitycoalition.com

March 6-9, 2022

37th Annual WateReuse Symposium

San Antonio, TX

watereuse.org/news-events/
conferences/37th-annual-watereuse-symposium

March 21-24, 2022

WEF Public Health and Water
Conference & Wastewater
Disease Surveillance Summit
Cincinnati, OH
www.wef.org/PublicHealth

March 27-April 2, 2022

IWA Leading Edge Conference on
Water and Wastewater Technologies
Reno, NV

iwa-let.org
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