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Charles M. Murray
Chair, Board of Directors

VIEWPOINT

Prepared to Lead
New Board Chair Charles M. Murray, Fairfax Water, discusses how WRF will 
help the water sector face persistent and emerging challenges 
THE WATER SECTOR continues to face persistent and emerging challenges. The Water Research 
Foundation remains committed to providing comprehensive research solutions for persistent 
issues, such as managing lead corrosion, renewal strategies for aging infrastructure, meeting 
water quality regulations, and preserving overtaxed water supplies. 

In addition, utilities face an ever-changing landscape of emerging issues. For example, 
many utilities have educated their customers on the importance of water conservation. This 
has resulted in less water sold and declining revenues for many utilities, even as populations 
increase. How can utilities best pursue capital improvement projects with less revenue? In 
addition, the list of emerging contaminants which utilities may need to treat for continues 
to grow. Utilities also have the added responsibility of both educating and communicating 
transparently with customers. Strong relationships between water utilities and their custom-
ers are more important than ever, as many utilities and their governing boards must have 
buy-in from their customers to pursue rate increases. 

Environmental challenges, such as climate change, also force water providers around the 
world to be prepared for the impacts of drought and flooding on water supplies. Recent WRF 
research has emphasized the importance of long-term demand- and supply-side planning to cope with these events. 

These challenges require not only reliable and relevant research, but also demand a holistic and cooperative approach to manag-
ing all water supplies. This is why, in its 50th anniversary year, the Water Research Foundation has enhanced its research agenda 
to fully incorporate all aspects of One Water, including drinking water, wastewater, stormwater, and reuse. WRF has also launched 
a wastewater/resource recovery subscription program and has opened an office in Washington D.C. A WRF-sponsored workshop, 
to be held in mid-2016, will develop a research roadmap for integrated process management for drinking water and wastewater 
treatment operations. Along with these actions, WRF will continue to leverage research funds and drive research collaboration. 

I would like to thank Denise Kruger for her excellent service as WRF Board Chair since 2013. It will be my honor to serve as the 
Water Research Foundation’s Board Chair for the next three years. I have served on the Board since 2005 and as its Vice Chair 
since 2013. Since that time, I have enjoyed working with my fellow Directors and WRF staff as we explore key issues and drive the 
development and delivery of research that really matters to the work utilities do every day. With these exciting developments, the 
Foundation Board and staff will remain focused on the changing needs of our subscribers and ensure that our collective investment 
in advancing the science of water is well managed and provides the value our subscribers deserve and expect. 

http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=1&exitLink=http%3A%2F%2Fwww.waterrf.org%2Fthe-foundation%2FPages%2Fcelebrating50years.aspx
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BY THE NUMBERS

This installment of “By the numbers” provides statistics on asset management and main 
breaks. More information on this subject can be found in the article, Failure Prediction of 
Critical Cast Iron Pipes, in this issue.

Since 1990, 25% of Water Research Foundation research funding  
has been dedicated to Asset Management and Infrastructure projects

$6,000–$8.5 million 
cost range of large-diameter pipe failures

$1.7 million 
average cost per failure

52% 
of total costs were paid directly by the utility 
and/or the utility’s insurance company for 
property damage (Gaewski and Blaha 2007)

~850
daily water main breaks in North America

$3 billion 
annual total in repair costs 

(Water Main Break Clock 2011)

cast iron pipe (CIP) 
was most common failure material found by a recent survey of 188 water utilities in North America
(Folkman et al. 2012)



ADVANCES IN WATER RESEARCH    JULY–SEPTEMBER 2016 3

Stats on WRF, water utilities, and just plain water 
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peers with whom I have had 
the pleasure of collaborating. 

What was the first Water 
Research Foundation project 
you worked on?
Dr. Raucher: My initial project with 
the Foundation was on estimat-
ing the cost of compliance with 
drinking water regulations. This 
was a great project for me at the 
time, as I had been reviewing 
EPA regulatory analyses for radon 
and other proposed regulations 
emerging in the early 1990s. The 
WRF project helped regulators and 
utilities better understand how 
regulatory costs should be evalu-
ated relative to the anticipated 
benefits of the regulatory options. 

What was your favorite Water 
Research Foundation Project 
that you worked on?
Dr. Raucher: The projects I enjoyed the most were those 
in which we surveyed the general public to discern their 
real perceptions and attitudes about water-related issues. 
It is often very eye-opening—we water professionals 
are so immersed in our work that we can lose perspec-
tive on how the outside world views these issues. 

How would you describe the state of research in the 
water industry?
Dr. Raucher: The need for research is so vast in the water 
sector that having more funding available to support prag-
matic research would be most welcomed. I am pleased with 
the growing recognition that there is only “one water” and 
that we need to prudently manage this precious resource in 

Q&A

Q&A with Dr. Bob Raucher  
and Albert Gastelum
WRF’s Role in Leading Research Collaboration

The research needs of the water community are vast and 
ever-changing. To best address these challenges, the water 
community must focus both on collaboration and on lever-
aging research dollars. By facilitating relationships between 
utilities, researchers, and other stakeholders, and through 
its thoughtfully structured research agenda, the Water 
Research Foundation has played a key role in these areas.

To address the current state of water research, we sat down 
with Dr. Bob Raucher, Principal at Abt Associates (formerly 
Stratus Consulting), and Albert Gastelum, Director of the 
Water Quality Division at the Los Angeles Department of 
Water & Power (LADWP). At WRF’s annual awards breakfast 
at ACE16, Dr. Raucher was awarded the 2016 Dr. Pankaj 
Parekh Research Innovation Award. LADWP was named 
as a 2016 Outstanding Subscriber Award recipient.

Dr. Raucher has over 35 years of experience in water, 
wastewater, and stormwater issues. He has served as either 
a Principal Investigator (P.I.) or Co-P.I. on 23 WRF projects. 

LADWP has been a WRF subscriber since the 1980s, and 
has participated in over 90 WRF research projects. During this 
period, LADWP has also helped advise on over 40 WRF projects. 

Water Research Foundation: What does winning 
the Dr. Pankaj Parekh Research Innovation Award 
mean to you?
Dr. Raucher: It is a great honor to be recognized with 
this award. Through the support provided by WRF, I have 
had the opportunity to work on pragmatic research 
projects that help move the water sector forward.

I feel especially humbled to receive an award honoring Pankaj 
Parekh. Pankaj was a brilliant and dedicated water professional. 

How have you professionally benefitted from your 
partnership with the Water Research Foundation?
Dr. Raucher: My partnership with the Foundation has been 
extremely rewarding in many ways. It has offered me the 
opportunity to explore several fascinating research inquiries. 
It also has provided me with a large network of professional 

http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=4&exitLink=http%3A%2F%2Fwww.waterrf.org%2Fthe-foundation%2Fabout%2FPages%2FOur-Awards.aspx
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=4&exitLink=http%3A%2F%2Fwww.waterrf.org%2Fthe-foundation%2Fabout%2FPages%2FOur-Awards.aspx
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=4&exitLink=http%3A%2F%2Fwww.waterrf.org%2Fthe-foundation%2Fabout%2FPages%2FOur-Awards.aspx
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research dollars, and we can initiate new research that will 
also benefit others. LADWP staff participation in WRF proj-
ects has aided employee development, which serves our 
goals of self-improvement and succession planning. There 
is a lot of opportunity for our staff to broaden their skills 
from exposure to, and participation in, regional and national 
WRF projects. Our subscription also allows us to build 
our relationships with peers and academic institutions. 

Which Water Research Foundation projects have had 
the most impact on LADWP? How?
Gastelum: The list includes many, from water meters to 
all things recycled water. But the one area that has had a 
definite impact has been in distribution system corrosion 
control, as it relates to our implementation of the EPA Lead 
and Copper Rule. One standout study involves development 
of a copper pipe loop protocol for lead control. This project 
greatly assisted our research engineer in the development 
of a bench-scale facility that ultimately led to selection and 
optimization of our distribution system corrosion inhibitor.

What are some of the biggest issues LADWP is facing 
where future research is needed?
Gastelum: There are several issues facing us in terms of our 
priority areas: safety and sustainability of water supplies, and 
reliability of water infrastructure. Future WRF research in 
these areas will be invaluable. One such issue that looms is 
the fact that our distribution system is near total conversion 
to the use of chloramine as our secondary disinfectant. This 
has moved nitrification control into the operational forefront. 
In addition, we could be facing a new set of DBPs and their 
potential health effects beyond those already being studied. 
We will look to WRF to assist us as we face these challenges.

that framework. This calls for greater coordination and col-
laboration across the water supply and clean water sectors, 
especially in critically important areas such as water reuse. 

What would you like to see in WRF’s future 
research agenda?
Dr. Raucher: It is important to retain a forward-looking 
perspective to help the water sector prepare for future chal-
lenges. This includes properly and fully valuing our water 
resources and the assets utilities rely upon to reliably deliver 
high quality supplies. We need to secure the fiscal, techni-
cal, and managerial resources necessary to ensure we leave 
a water sector legacy to our children and grandchildren 
that is at least as robust as the one we inherited from our 
parents and grandparents. Given the many challenges, this 
will be no small task. Research is integral to our ability to 
navigate through these challenges to a sustainable future. 

What does winning the Outstanding Subscriber 
Award mean to LADWP?
Albert Gastelum: It is very fulfilling to receive this award 
because it recognizes our high level of participation in WRF 
projects and utilization of the Foundation’s vast resources 
and scientific expertise. Over the past couple of years, we 
have improved our internal communications to staff on 
our WRF membership and Facilitated Research service 
program, and coupled with the active presence of WRF’s 
Regional Liaisons, we seem to have hit a good harmonic.

Why does LADWP subscribe to the Water 
Research Foundation?
Gastelum: We see multiple benefits from our member-
ship, including access to the Foundation’s highly techni-
cal and credible scientific information, and our ability 
to have facilitated research conducted for our specific 
urgent issues. We have an active project involving expan-
sion of our use of plastic pipe, and the availability of the 
WRF research on this subject has aided our efforts.

How has LADWP used WRF research to further 
its goals?
Gastelum: WRF research is conducted to serve the purposes 
of its subscribers, and water utilities have many common 
goals. It is here that LADWP realizes the most benefit from 
its subscription—the leveraging of research dollars for 
projects that will aid us in our day-to-day operations and 
long-term goals. We can work smarter by leveraging our 

MILWAUKEE WATER WORKS
Milwaukee Water Works also 
received a 2016 Outstanding 
Subscriber award. 
See the January–March 
2016 issue of AWR for a Q&A, 

“Milwaukee Water Works 
and Ozone,” with Carrie 
Lewis, Superintendent of 
Milwaukee Water Works.

http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=5&exitLink=http%3A%2F%2Fwww.waterrf.org%2Fthe-foundation%2Fresearch-programs%2FPages%2Ffacilitated-research.aspx
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=5&exitLink=http%3A%2F%2Fwww.waterrf.org%2Fthe-foundation%2Fresearch-programs%2FPages%2Ffacilitated-research.aspx
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=4&exitLink=http%3A%2F%2Fwww.waterrf.org%2Fthe-foundation%2Fabout%2FPages%2FOur-Awards.aspx
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=4&exitLink=http%3A%2F%2Fwww.waterrf.org%2Fthe-foundation%2Fabout%2FPages%2FOur-Awards.aspx
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project chair, Paul Freeman, describes achieving pipe network 
asset management “nirvana” when excessively corroded sections 
of pipe are replaced just prior to failure. Other project members 
refer to this as “sweating the valuable asset.”

With this overall challenge in mind, the research team divided 
the project into four activities or research questions: 

1. How, when, and where will pipes fail within the network?
2. How do we assess the condition of the pipe cost effectively?
3. How do we calculate pipe deterioration rates accurately with 

respect to the pipe environment?
4. How do we assess the time-dependant probability of failure 

along the pipeline? 

The goal of the project is to make definite advancements in crit-
ical pipe condition assessment (CA) and failure prediction. Overall 
funding allocated to the project amounted to A$6.3 million dol-
lars with substantial in-kind support provided by all partners. 

Cast iron pipes remain a substantial component of buried 
pipe cohorts of water utilities, and many are over one hundred 
years old. Although these pipes were significantly overdesigned 
with high factors of safety at the time of installation, pipes have 
variably deteriorated over time, primarily due to corrosion in 
the soil environment, and pipe failures have become common. 
Consequently, utility mangers are interested in determining 
the optimal replacement schedule for these critical mains. The 

Failure Prediction of 
Critical Cast Iron Pipes

Jayantha Kodikara, Monash University; Jaime Valls Miro, University of 
Technology Sydney; and Robert Melchers, University of Newcastle

In 2011, a consortium of Australian water utilities led by Sydney Water (SW) joined forces 

with WRF and UK Water Industry Research (UKWIR) to initiate a five-year research pro-

gram, Advanced Condition Assessment and Pipe Failure Prediction Project (ACAPFP). 
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FAILURE PREDICTION 

This article will summarize the key find-
ings of each project activity.

Activity 1: How, When, and Where 
Will Pipes Fail Within the Network?
THE RESEARCH TEAM defined the fail-
ure of a large-diameter pipe as a major 
burst leading to uncontrollable losses 
of water, requiring immediate attention. 
The failures were broadly placed into two 
categories: failures in the pipe barrel and 
the joint, with the emphasis on pipe bar-
rel failures. The barrel failures were consid-
ered to occur mostly through longitudinal 
fracture, since typical circumferential fail-
ures or “broken backs” for large-diameter 

pipes are not common due to the pipe’s 
relatively high bending stiffness. The work 
progressed primarily by considering the 
deterministic aspects of stresses due to 
external and internal loads, original cast 
iron material properties, failure mecha-
nisms, and failure state prediction. A sum-
mary of the key findings is below.

Most large-diameter pipes lay under 
roadways, and the project scope included 
examination of the influence of traffic 
loads on pipe failure. Consequently, a 
section of a pipe crossing 900 mm (35.4 
inches) below a roadway was instru-
mented for measuring strains/stresses on 
the pipe. The pipe section instrumented 

was part of a 1.5-km (0.93-mile) decommis-
sioned pipe from the SW network, referred 
to as the “SW pipe test bed” within this 
project. After extensive monitoring using 
weighted trucks and normal traffic, it was 
found that traffic loading did not exert sig-
nificant 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 instrumentation also 
provided validation of 3D finite element 
models for simulation of other traffic 

loading scenarios.
T h e  r e s e a r c h 

revealed that pressure 
transients might be 
responsible for many 
pipe failures. Hence, a 
monitoring program 
was initiated to study 
pressure and water 
pressure transient 
development in two 
utility networks. It 
involved monitoring 
water pressure and 
transient develop-
ments using high fre-
quency loggers under 
natural and simulated 
pump start-up events. 
The study indicated 
that significant tran-
sient water pressures 
can develop due to 
operational changes 
and in some instances, 
these pressures can 
even become magni-
fied within some sec-
tions of the network, 
depending on their 
connectivity. In one 
instance, a 300-mm 
(11.8-in) cast iron pipe 
failed during simulated 
pump start-ups (at the Figure 1. Stress analysis tool developed during the project
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FAILURE PREDICTION 

13th cycle). Forensic analysis of this pipe 
showed that it had undergone extensive 
corrosion, with corrosion patches exceed-
ing 250 mm (9.8 in) in length, and remain-
ing wall thickness of less than 2mm (0.08 
in). This incident also showed that pipe 
failure occurred after a number of cycles 
of major events. Another finding was that 
due to low demand, water pressure at 
night can increase substantially, making 
pipe failures at night more likely.

The stress analysis of corroded cast iron 
pipes was advanced by considering cor-
rosion in three main categories, namely, 
uniform corrosion, pit or patch corrosion, 
and corrosion clusters. Using 3D finite 
element modelling, a new stress analysis 
tool was developed to analyze these cor-
rosion configurations and to determine 
the remaining life of pipes (see Figure 1). 

Guided by numerical modelling and 
various forensic analyses of corrosion 
patches in failed and unfailed exhumed 
pipes, it was found that a substantially 
large corrosion patch with extensive cor-
rosion (as much as 80% of wall thickness) 
is normally required to cause longitudi-
nal 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 (LBB) was developed for cast 
iron water pipes, where a generated frac-
ture could grow with transient loadings 

and corrosion until fast fracture occurs. 
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, high-
lighting the two main material properties 
that are given emphasis in cohorting of 
cast iron pipes based on their type and 
place of manufacture.

To further examine the LBB concept, 
a pipe burst facility was developed at 
Monash University, as shown in Figure 2. A 
series of pipes with natural and simulated 
corrosion patches were tested to examine 
the new concepts. The tests validated the 
theoretical findings and the LBB concept 
was confirmed. Recently, the facility was 
upgraded to simulate automated tran-
sients, and research is currently underway 
to characterize the LBB window of time 
under the theoretical premise of low cycle 
fatigue and perhaps assisted by enhanced 
corrosion, which can be useful for failure 
prevention through leak monitoring. 

Activity 2: How Do We Assess 
the Condition of the Pipe 
Cost Effectively?
THE GOAL OF Activity 2 was to advance the 
understanding of the most widely used 
technologies currently employed for the 
condition assessment of critical cast iron 
pipes, to appreciate their strengths and 
weaknesses based on their scientific prin-
ciples of operation, and to investigate their 
benefits to utilities. Moreover, the scope 

of Activity 2 was to improve the interpre-
tation of the signals acquired by CA tools 
employed by the water industry, utilizing 
modern machine learning algorithms 
to better capture pipeline wall geom-
etries. As such, this activity progressed 
in partnership with CA commercial ser-
vice providers of different technologies, 
although the findings are generic to the 
underlying techniques studied, namely 
Magnetic Flux Leakage (MFL), Broadband 
Electromagnetics (BEM)—also known as 
pulsed eddy currents, Remote Field Eddy 
Currents, and in-pipe acoustic waveforms.

The University of Technology Sydney 
(UTS) team also performed trials of emerg-
ing technologies with less market uptake, 
to inform asset managers about their abili-
ties under common application scenarios, 
with special emphasis on longer-term suit-
ability for along-the-pipe interpretations 
(see Activity 4, below). These technologies 
included additional external and in-pipe 
acoustic wave propagation method-
ologies, in-pipe ultrasonics, as well as the 
more recent Magnetostriction technique.

In order to test these technologies, UTS 
and SW developed the previously men-
tioned test bed, where provisions were 
made for pig intrusions and extensive 
pipe exhumation to validate interpreta-
tions with accurate metrology tools (e.g., 
3D laser scanners, see Figures 4 and 5). The 
key findings of the activity can be summa-
rized as follows:

 º From a qualitative point of view, 
most techniques provide some 

Figure 2. (a) Monash pipe burst facility (b) three test pipe sections (c) failed lab pipe
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information relevant to the CA 
processes currently practiced 
by utilities. 

 º Some techniques better represent 
point measurement of wall thickness, 
while others represent measures of 
average volume of material under the 
sensor antennae. A third class of tech-
niques aims to capture average or 
extreme parameters from the pipe-
line (e.g., remaining wall thickness) 
over long distances. 

 º The resolution and accuracies at 
which pipe wall defects can be 
reported is better understood.

 º The influence that pipe ferromagnetic 
properties (e.g., conductivity, perme-
ability) have on the results of electro-
magnetic-based techniques is better 
understood.

 º Some techniques have been shown 
to lack the necessary sensitivity to be 
able to detect pipe wall losses/
defects in large metallic pipes. This 
applies most notably to acoustic-
based techniques.

 º Thus far, information 
required for stress analysis/
failure prediction based on 
outcomes generated by 

Activities 1 and 3, and for extended 
along-the-pipe interpretations based 
on outcomes from Activity 2, is not 
available in the CA reports produced 
by current CA technology providers. 
However, in most cases, the raw data 
is able to do so.

 º The interim results have allowed CA 
technology vendors to incorporate 
findings into their future strategies, 
and to participate more closely in 

shaping their interpre-
tations and reporting 
for the benefit of the 
utility industry—as 
specified through utili-
ties’ review of their CA 
contract specifications. 
A feedback loop to 
providers of CA tools 
appears critical to 
push utilities toward 
more targeted critical 
asset management 
and renewals.

Figure 3. Measurements on test-bed pipeline

Figure 4. High resolution scan of exhumed pipe section 
Figure 5. Typical interpretation 
of remaining wall thickness 
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Activity 3: How Do We Calculate 
Pipe Deterioration Rates 
Accurately With Respect to the 
Pipe Environment?
PREVIOUS EFFORTS TO predict the failure 
likelihood of cast iron pipe buried in soil 
have been limited by data and difficulties 

in interpretation, therefore the researchers 
took a new approach. The team worked 
from the premise that corrosion of cast iron 
in soils should follow the same basic ideas 
as those for corrosion of cast iron and other 
ferrous metals in other natural environ-
ments, such as fresh water, immersion in 

seawater, and in the tidal and atmospheric 
zones. In this context, due recognition was 
given to the specific non-linear bi-modal 
nature of corrosion progression from the 
time of corrosion initiation, culminating in 
a longer term almost linear behavior. This 
means that the corrosion rate is not a con-

stant but reaches an approxi-
mately constant rate after 10 
to 15 years. This has been 
confirmed by re-examination 
of much of the famous U.S. 
National Bureau of Standards 
data (Romanoff 1957). Since 
most cast iron water pipes 
are over 50 years old, they 
can be considered to have 
reached this approximately 

“steady” state, characterized 
by two parameters, rs (long 
term corrosion rate) and cs 
(intercept signifying the cor-
rosion level reached in the 
initial phase), giving the cor-
rosion at a particular time  t 
by the simple linear equation 
(cs + rst). This differs in trend 
from the power law model 
commonly assumed, but also 
adds a new interpretation for 
the change from early corro-
sion to long-term corrosion. 
Based on research findings 
for corrosion in waters, the 
parameters and influences 
for the early stages are dif-
ferent from those in the 
later stages. 

To facilitate the interpreta-
tion of the data from actual 
operational pipes, rather 
than just from small samples, 
more than 30 pipe exhuma-
tions were undertaken. In 
each case, the exhumed pipe 
was grit blasted to remove 
the graphitized layer, fol-
lowed by laser scanning to 
characterize the corroded 
surface. This was a major task 
but provided much-needed Figure 6. The criticalpipes.com website contains more project details and interim finidngs from each activity

http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=10&exitLink=http%3A%2F%2Fcriticalpipes.com
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independent data for actual pipes. It 
also provided excellent data for extreme 
value analyses of pit depths. At each 
location, soil samples were taken of the 
undisturbed backfill adjacent to the pipe, 
wherever possible. These samples were 
analyzed for a range of properties, similar 
to what has been done in the past, but 
also including the nutrients, particularly 
inorganic nitrogen, necessary for micro-
biological activity. The latter has long 
been suspected as involved in the corro-
sion of cast iron pipes in water-bearing 
soils, but evidence of actual involvement 
is scant. Merely observing the presence of 
bacteria is now known to be insufficient 
to prove active microbiological influenced 
corrosion (MIC).

Overall, the work has relied heavily on 
recent findings in the corrosion literature 
from the Newcastle research group, all 
focused on long-term behavior, and on 
microbiological research conducted by 
the Newcastle group in conjunction with 
microbiologists and others in a number of 
Universities, including Dr. Iwona Beech of 
the University of Oklahoma. 

Finally, the availability of actual pipes 
that had failed due to pitting alone and 
due to pitting and fracture under pressure 
allowed much closer examination of the 
patterns of corrosion and failure surfaces 
than appears to have been carried out 
earlier. It now appears that perforation 
from the outside allows freshwater from 
inside the pipe to be forced out under 
pressure, which causes a different type of 
more general corrosion under the graphi-
tized layer that then causes sufficient large 
area mass loss for pipe fracture to become 
possible. It explains the time between the 
first occurrence of a leak, and the eventual 
bursting of a pipe under pressure.

The key findings of Activity 3 can be 
summarized as follows:

 º Long-term cast iron corrosion in soils 
follows a non-linear bi-modal pattern 
with time and not the power law, and 
this has focused attention on the 
influences critical for long -term 
corrosion. 

 º Both water content and oxygen avail-
ability are critical parameters in the 
development of corrosion with time, 
but oxygen is less important for the 
longer-term corrosion and pitting. 

 º Soils with higher moisture content 
tend to show elevated levels of 
corrosion.

 º There appears to be no significant 
effect of chlorides and sulphates for 
corrosion losses even though these 
usually are considered important 
influences, with chlorides contribut-
ing to enhanced pit depth 
development. 

 º Soils with some nitrate content show 
higher levels of corrosion, attributed 
to MIC. 

 º A mechanism is now available to 
explain the time between first occur-
rence of a leak and eventual pipe 
failure through bursting under 
internal pressure. 

Activity 4: How Do We Assess the 
Time-Dependant Probability of 
Failure Along the Pipeline?
THIS ACTIVITY BEGAN in 2014 with finan-
cial backing from SW, and is still in prog-
ress. This activity had five steps to improve 
the confidence in condition assessment 
and failure prediction, and primarily 
focused on interpretation of pipeline 
with different CA techniques and soil data, 
emerging technologies, and probability of 
failure, in order to address which sections 
of the pipeline may need to be priori-
tized for replacement. The probability of 
failure calculation is an extension of the 
deterministic estimation of remaining life 
developed in Activities 1, 2, and 3, taking 
into account the uncertainties in input of 
loading, material properties, and corro-
sion progression along the pipeline. The 
analysis produces time-dependant prob-
ability of failure (pf ) for individual pipes 
or cohorts of pipes with similar properties 
for pipe for undertaking renewal decisions.

Additional Resources
MORE INFORMATION ABOUT this project 
is available on the project website, www.
criticalpipes.com, and on the WRF website 
on the project #4326 page. A final report 
synthesizing the findings of all four activi-
ties is anticipated in late 2016. 

Project Structure
MONASH UNIVERSITY LED Activity  1, 
which was supervised by Professor 
Jayantha Kodikara, who was also the 
Principal Investigator of the overall proj-
ect. Activity 2 was led by UTS (University 
Technology Sydney), where Associate 
Professor Jaime Valls Miro and Professor 
Gamini Dissanayaka were the Activity 
Leaders. Professor Rob Melchers at The 
University of Newcastle, with the sup-
port of post-doctoral Fellow Dr. Robert 
Peterson, led Activity 3. 

ACAPFP is a collaborative project 
funded by Sydney Water Corporation, 
Water Research Foundation, Melbourne 
Water, Water Corporation (WA), UK Water 
Industry Research Ltd (UKWIR), South 
Australia Water Corporation, South East 
Water, Hunter Water Corporation, City 
West Water, Queensland Utilities and 
Yarra Valley Water. The research team is 
comprised of Monash University (Lead), 
University Technology Sydney (UTS) and 
the University of Newcastle of Australia.
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project #4093, Long-Term Performance of AC Pipe, which included 
a study of approaches for renewal (Hu et al. 2013). This study 
identified the need to conduct environmental assessments of 
AC pipe renewal approaches. The regulatory industry needs help 
establishing reasonable regulations for AC pipe renewal based on 
actual data (Salvo et al. 2012). Several available technologies such 
as cured-in-place pipe (CIPP) lining and pipe bursting have been 
adopted, primarily from the wastewater rehabilitation market, for 

Effective renewal strategies are needed. Water main renewal 
has historically been performed by open cut replacement, but 
with a current annual replacement rate of 0.5%, pipe that is 
designed to last 50 to 100 years is expected to last 200 years 
(Morrison et al. 2013). Concerns over the environmental impact 
of AC pipe renewal and the associated regulations are an area of 
confusion for most water utility managers (Griffin 2009). This con-
fusion led the Water Research Foundation (WRF) to commission 

Environmental Impact 
of Asbestos Cement Pipe 
Renewal Technologies

John C. Matthews, PhD, Pure Technologies

A
sbestos cement (AC) pipe accounts for approximately 15% of 

the water main pipe materials in North America (AWWA 2004). 

Deterioration of these pipes results in impaired water quality, 

reduced hydraulic capacity, and higher leakage rates (Hu et al. 2009).

http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=12&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4093
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use in water distribution systems. There 
is concern that when these technolo-
gies are used on AC pipe, asbestos fibers 
may become friable, causing a potential 
health hazard to workers and the public. 
To answer these concerns, WRF funded 
project #4465, Environmental Impact of 
Asbestos Cement Pipe Renewal Technologies 
(Matthews et al. 2015), which performed 
a data needs assessment (Phase I) and 
gathered appropriate data on the environ-
mental impact of AC pipe renewal tech-
nologies through AC pipe rehabilitation 
demonstrations (Phase II).

Phase I: Data Needs Assessment
DURING PHASE I of project #4465, several 
data needs were identified. The interpre-
tation of the National Emission Standards 
for Hazardous Air Pollutants (NESHAP) and 
lack of understanding of available trench-
less rehabilitation technologies has caused 
many state regulatory agencies to prohibit 
or discourage the use of some techniques. 
This has created a need for research on 
the actual environmental impact of these 
technologies (Phase II). Studies to date, 
such as Hu et al. (2013), have expressed 
the same concerns of many regulatory 
agencies and water utilities, but have not 
provided actual environmental impact 
data from real world job sites. The data 
gathered in Phase II helped clarify the 
impact AC pipe renewal projects have on 
the air, water, and soil. The data collected 
from two field sites included general 
parameters (e.g., pipe characteristics, tech-
nology maturity and performance, etc.) as 

well as environmental 
parameters (e.g., air, 
water, and soil samples 
collected during each 
major activity during 
the demonstrations).

Phase II: 
Demonstration #1, 
Pipe Bursting 
THE FIRST DEMON-
STRATION took place 
in the summer of 2013 
in Casselberry, FL with 
the pipe bursting of a 
775-foot section of AC 
pipe installed in 1972. 
Over the course of a 
week, five bursting runs 
ranging from 125 to 
190 feet in length were 
performed to replace 450 feet of 8-inch 
and 325 feet of 12-inch AC pipe. The AC 
pipe was replaced with 12-in high-density 
polyethylene (HDPE) pipe. 

To determine the environmental impact 
of pipe bursting AC pipe, air, soil, and water 
samples were collected while onsite. Six air 
samples were collected during all major 
activities using personal air sampling 
pumps with approximate flow rates of two 
liters per minute. Six soil samples were col-
lected from the side walls of access pits 
following excavation of the pit but prior 
to any pipe-related activities. Six post-
renewal soil samples were collected from 
the same pit wall locations months after 
the completion of the renewal work and 

compared to the 
pre-renewal soil 
samples. Four 
water samples 
were collected—
two pre-renewal 
and two post-
renewal—from a 
residential water 
service line and 
fire hydrant. 

A summary of the sampling results is pre-
sented in Table 1.

The asbestos concentration of each 
air sample was below the analytical sen-
sitivity. The analytical sensitivity of each 
sample is below the 8-hr time-weighted 
average (TWA) permissible exposure 
limit (PEL) of 0.1 fiber structures per cubic 
centimeter (s/cc) set by the Occupational 
Health and Safety Administration (OSHA). 
This indicates that the workers were not 
exposed to dangerous levels of airborne 
asbestos during the project.

The results from the pre- and post-
renewal soil samples show essentially no 
change in asbestos levels within the soil. 
Although some locations saw an increase 
of asbestos by trace amounts, other loca-
tions saw a decrease in asbestos con-
centration by trace amounts or saw no 
change at all. With no significant change 
in the asbestos concentration between 
the pre- and post-renewal samples, there 
is no evidence of upward migration of the 
asbestos fibers within the soil column.

Water sample results for the pre-renewal 
samples show one sample with an asbes-
tos concentration of approximately 20 msl, 
which is almost three times the EPA maxi-
mum contaminate level (MCL) for asbestos 
in drinking water (i.e., 7 msl). The sample 

Table 1. Summary of Asbestos Sampling for Air, Soil, and Water

Sample Analytical Method Time Samples Result

Air ISO Method 10312 During Bursting 6 BAS

Soil EPA Method 600/R-93/116 Pre-Bursting 6 Trace Amounts

Post-Bursting 6 Trace Amounts

Water EPA Method 100.2 Pre-Bursting 2 0.87–20.07 msl

Post-Bursting 2 0.09–0.94 msl
BAS = below analytical sensitivity
msl = million structures per liter

Wrapping and Taping of the Asbestos Cement Pipe

http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=13&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4465
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=13&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4465
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was collected from a fire hydrant prior to 
any pipe related activities and is believed 
to have been inadequately flushed prior 
to collection. The post-renewal water sam-
ples show a dramatic decrease in asbestos 
concentration, especially the sample from 
the hydrant, which saw a reduction in 
asbestos of nearly 90%. Both post-renewal 
samples were below the EPA MCL, there-
fore posing no health risk to consumers.

Based upon the results from the air, 
soil, and water samples collected from 
the Casselberry site, there is no evidence 
to support that the pipe bursting had any 
negative impacts on the environment or 
the workers performing the work.

Phase II: Demonstration #2, CIPP 
THE SECOND DEMONSTRATION took 
place in the fall of 2013 in Las Vegas, NV 
with the CIPP lining of a 3,100-foot section 
of 16-inch AC pipe installed in 1963. Over 
the course of a few weeks, more than 15 
CIPP shots were completed, averaging 200 
feet in length.

To determine the environmental impact 
as a result of CIPP lining AC pipe, air, soil, 
and water samples were collected while 
onsite. Six air samples were collected dur-
ing all major activities using personal air 
sampling pumps with approximate flow 
rates of two liters per minute. Six soil 
samples were collected from the side 
walls of access pits following excavation 
of the pit but prior to any pipe-related 
activities. Post-renewal soil samples 
were not collected due to the paving of 
the access pits at the completion of the 

project. Four water samples were 
collected—two pre-renewal and 
two post-renewal—from a nearby 
backflow preventer. A summary of 
the sampling results is presented 
in Table 2.

The asbestos concentration of 
all but one air sample was below 
analytical sensitivity. The analyti-
cal sensitivity of all samples was 
below the 8-hr TWA PEL of 0.1 s/cc 
set by OSHA. This indicates that the 
workers were not exposed to dan-
gerous levels of airborne asbestos 
during the project.

No asbestos was detected in 
three soil samples and the other 
three contained trace amounts (i.e., 
<1% visual estimate) of chrysotile. 
The results indicate that essentially no 
asbestos has been released by the pipe 
to the surrounding soil since its installa-
tion nearly 50 years ago. Although post-
rehabilitation samples were not collected, 
it can be assumed that the asbestos would 
not increase as the external portion of the 
pipe is not disturbed during CIPP lining. 
Future retrospective sampling could pro-
vide more insight into whether asbestos 
fibers migrate through soil over time.

Both pre-lining water samples were BAS, 
therefore the asbestos concentration was 
below analytical sensitivity of 0.03 mil-
lion structures per liter. The EPA MCL for 
asbestos in drinking water is 7 million 
structures per liter. Following completion 
of the lining project and reinstatement of 
the main, two additional water samples 

were collected 
and were also 
BAS. The team 
did not expect 
the asbestos 
limit to increase 
after lining, so 
this result was 
no surprise.

Based upon 
the results from 
the air, soil, and 
water samples 

collected from the Las Vegas site, there 
is no evidence to support that the CIPP 
lining had any negative impacts on the 
environment or the workers performing 
the rehabilitation.

Conclusions
ASBESTOS IS REGULATED at the federal 
level by the EPA under NESHAP. Although 
AC pipe renewal activities are not specifi-
cally regulated under NESHAP, AC pipe can 
become regulated asbestos-containing 
material (RACM) if it either becomes fri-
able or has a high probability of becom-
ing crumbled, pulverized, or reduced to 
powder by forces expected to act on the 
material during the course of pipe reha-
bilitation or replacement. 

The enforcement and interpretation of 
NESHAP has largely been left to state regu-
latory agencies. A survey of 50 state asbes-
tos regulatory agencies found that the 
majority of states adhere to NESHAP reg-
ulations and concluded that any process 
that makes asbestos fibers friable should 
be regulated and require licensed contrac-
tors, or should not be attempted at all.

Utility practices with regards to AC 
pipe were examined and were found to 
vary state by state and from utility to util-
ity. Most utilities preferred to abandon AC 
pipe in place when possible, or replace it 
by excavating. Although other methods of 

Table 2. Summary of Asbestos Sampling for Air, Soil, and Water

Sample Analytical Method Time Samples Result

Air ISO Method 10312 During Lining 6 Only 1 not BAS

Soil EPA Method 600/R-93/116 Pre-Lining 6 Trace Amounts

Post-Lining N/A N/A

Water EPA Method 100.2 Pre-Lining 2 BAS

Post-Lining 2 BAS
BAS = below analytical sensitivity
msl = million structures per liter 

Fully-Assembled Bursting Head Connected to Linkage at Insertion Pit
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AC pipe renewal exist, such as CIPP and 
pipe bursting, utilities were hesitant to 
employ them based on their understand-
ing and interpretation of the NESHAP and 
state regulations. 

Real-world demonstration and evalu-
ation of two rehabilitation technologies 
was conducted in Florida (pipe bursting) 
and Nevada (CIPP). Air, soil, and water 
samples were collected from each site 
and analyzed for asbestos by a certified 
laboratory. The results from the analyses 
showed the following:

 º The level of airborne asbestos was 
always below the 8-hr time-weighted 
average (TWA) permissible exposure 
limit (PEL) of 0.1 s/cc set by the 
Occupational Health and Safety 
Administration (OSHA) and posed no 
threat to the workers’ health.

 º Soil samples collected at each site 
indicated only trace amounts of 
asbestos in the soil surrounding the 
pipe. With no increase in asbestos fol-
lowing the completion of the renewal 
activities (especially in the case of 
pipe bursting), it was determined 
that neither renewal method 

adversely impacted the soil 
environment. 

 º The results from the water samples 
collected from each site showed that 
the renewal technologies had no 
negative impact on the water quality 
and, in one instance, actually 
improved it.

It is recommended that regulatory 
agencies review these data and consider 
reevaluating the permissibility of such 
methods, particularly pipe bursting, which 
has been the cause of much regulatory 
confusion. When proper procedures were 
followed, as in the pipe bursting demon-
stration in Casselberry, FL (Ambler et al. 
2014), the environmental impact was neg-
ligible and the requirements of NESHAP 
were met. It is recommended that an EPA 
Administrator Approved Alternative (AAA) 
be pursued for pipe bursting, which would 
allow the use of pipe bursting on AC pipe 
when proper procedures are followed. To 
benefit future studies, it is recommended 
that baseline soil samples be collected 
prior to future AC pipe bursting proj-
ects, which would allow for retrospective 
testing and for future data comparisons. 

In cases where additional oversight is 
required by regulatory agencies, air sam-
pling can be conducted using the proce-
dures highlighted in this project.
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http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=15&exitLink=http%3A%2F%2Fnepis.epa.gov%2FExe%2FZyNET.exe%2FP100GDZH.TXT%3FZyActionD%3DZyDocument%26Client%3DEPA%26Index%3D2011%2BThru%2B2015%26Docs%3D%26Query%3D%26Time%3D%26EndTime%3D%26SearchMethod%3D1%26TocRestrict%3Dn%26Toc%3D%26TocEntry%3D%26QField%3D%26QFieldYear%3D%26QFieldMonth%3D%26QFieldDay%3D%26IntQFieldOp%3D0%26ExtQFieldOp%3D0%26XmlQuery%3D%26File%3DD%253A%255Czyfiles%255CIndex%2520Data%255C11thru15%255CTxt%255C00000007%255CP100GDZH.txt%26User%3DANONYMOUS%26Password%3Danonymous%26SortMethod%3Dh%257C-%26MaximumDocuments%3D1%26FuzzyDegree%3D0%26ImageQuality%3Dr75g8%2Fr75g8%2Fx150y150g16%2Fi425%26Display%3Dp%257Cf%26DefSeekPage%3Dx%26SearchBack%3DZyActionL%26Back%3DZyActionS%26BackDesc%3DResults%2520page%26MaximumPages%3D1%26ZyEntry%3D1%26SeekPage%3Dx%26ZyPURL
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=15&exitLink=http%3A%2F%2Fnepis.epa.gov%2FExe%2FZyNET.exe%2FP100GDZH.TXT%3FZyActionD%3DZyDocument%26Client%3DEPA%26Index%3D2011%2BThru%2B2015%26Docs%3D%26Query%3D%26Time%3D%26EndTime%3D%26SearchMethod%3D1%26TocRestrict%3Dn%26Toc%3D%26TocEntry%3D%26QField%3D%26QFieldYear%3D%26QFieldMonth%3D%26QFieldDay%3D%26IntQFieldOp%3D0%26ExtQFieldOp%3D0%26XmlQuery%3D%26File%3DD%253A%255Czyfiles%255CIndex%2520Data%255C11thru15%255CTxt%255C00000007%255CP100GDZH.txt%26User%3DANONYMOUS%26Password%3Danonymous%26SortMethod%3Dh%257C-%26MaximumDocuments%3D1%26FuzzyDegree%3D0%26ImageQuality%3Dr75g8%2Fr75g8%2Fx150y150g16%2Fi425%26Display%3Dp%257Cf%26DefSeekPage%3Dx%26SearchBack%3DZyActionL%26Back%3DZyActionS%26BackDesc%3DResults%2520page%26MaximumPages%3D1%26ZyEntry%3D1%26SeekPage%3Dx%26ZyPURL
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=15&exitLink=http%3A%2F%2Fnepis.epa.gov%2FExe%2FZyNET.exe%2FP100GDZH.TXT%3FZyActionD%3DZyDocument%26Client%3DEPA%26Index%3D2011%2BThru%2B2015%26Docs%3D%26Query%3D%26Time%3D%26EndTime%3D%26SearchMethod%3D1%26TocRestrict%3Dn%26Toc%3D%26TocEntry%3D%26QField%3D%26QFieldYear%3D%26QFieldMonth%3D%26QFieldDay%3D%26IntQFieldOp%3D0%26ExtQFieldOp%3D0%26XmlQuery%3D%26File%3DD%253A%255Czyfiles%255CIndex%2520Data%255C11thru15%255CTxt%255C00000007%255CP100GDZH.txt%26User%3DANONYMOUS%26Password%3Danonymous%26SortMethod%3Dh%257C-%26MaximumDocuments%3D1%26FuzzyDegree%3D0%26ImageQuality%3Dr75g8%2Fr75g8%2Fx150y150g16%2Fi425%26Display%3Dp%257Cf%26DefSeekPage%3Dx%26SearchBack%3DZyActionL%26Back%3DZyActionS%26BackDesc%3DResults%2520page%26MaximumPages%3D1%26ZyEntry%3D1%26SeekPage%3Dx%26ZyPURL
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In addition to conducting a review of literature related to 
water utility communications, a written survey was sent to util-
ity managers and governing board members of 5,750 cities and 
counties across the United States, aimed at identifying the criti-
cal elements of successful rate case communications. Group and 
one-on-one interviews with governing board members and util-
ity managers were held with 10 water utilities of various sizes and 

To support utilities in better understanding the rate approval 
process and communicating needs, WRF funded project #4455, 
Rate Approval Process Communication Strategy and Toolkit 
(Mastracchio et al. 2016). This recently completed project pro-
vides water professionals with a framework and tools for effec-
tive rate communications that can garner support for necessary 
rate adjustments. 

Under-Funded 
No Longer

John Mastracchio and Amy Santos, Arcadis

O
ur nation’s water utilities are grappling with daunting financial challenges 

due to aging water systems, changing regulations, decreasing water sales, 

and a struggling economic climate that limits the ability and willing-

ness to raise rates. It does not take an economist to know that increas-

ing costs with decreasing revenues is a recipe for disaster, yet utility 

leaders continue to struggle for approval of financially responsible rates. 

http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=16&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4455
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UNDER-FUNDED NO LONGER

governance structures. Focus group 
webinars were held to gather addi-
tional information regarding suc-
cessful rate case communications 
to supplement the results from the 
survey and interviews.

The research revealed that many 
of the challenges utilities face as 
part of the rate-setting process can 
clearly be identified as communica-
tion issues. Governing board mem-
bers and customers need a greater 
understanding of the value of water, 
the need for infrastructure reinvest-
ment, the need for rate adjustments, 
and the benefits that the invest-
ment can bring to the service area 
and community. 

The results also showed that water rate 
increases recommended by utility man-
agers to their governing boards varied 
greatly, but most rate requests were for 
rate increases in the range of 1% to 12% 
(Figure 1). Furthermore, the majority of 
the governing boards that were surveyed 
(92%) approved the rate modifications 
that were requested of them (Figure 2). 
However, approximately 45% of utility 
managers reported that the rate increases 
requested and approved would fail to 
cover the capital needs of the system 
(Figure 3). This was a significant and con-
cerning finding that may occur because 
some utilities propose rate increases 
that they think the governing board will 
approve, rather than what they think 
they actually need. Further, it 
indicates a lack of effective 
communication between utility 
managers and governing board 
members about the need for 
adequate rate increases.

Building trust, both with 
the governing board and the 
community, is vitally impor-
tant in securing necessary rate 
increases for investment in util-
ity systems. Personal relation-
ships, credibility, and integrity 
are critical to establishing a 
long-term foundational strategy 

that helps make adopting rate increases 
a relative non-issue. Trust can be built by 
improving relationships with governing 
board members and the public, following 
through on commitments, conducting 
business in an open and transparent man-
ner, focusing on customer service, and 
being visible and active in the community. 

Providing the right information is also 
key. The research suggested that utility 
managers may underestimate the value 
that governing boards place on linking 
rate adjustments to specific long-term 
financial needs. The specific types of infor-
mation that board members preferred 
most in making their rate adoption deci-
sions included the following:

 º List of drivers for the rate increases, 
including prioritized capital improve-
ment program (CIP) information, an 
explanation of how the rate change 

Figure 2. Percent of staff respondents indicating that 
their governing boards approved requested rate 
modifications (n = 1,330)

Figure 1. Percent of respondents by amount of rate modifications requests

0% 10% 20% 30% 40% 50% 

2% Decreased 

48% 1–5 percent increase 

23% 6–10 percent increase 

6% 11–15 percent increase 

4% 16–20 percent increase 

2% 21–25 percent increase 

15% Greater than 25 percent increase 

Figure 3. Utility staff opinions regarding the financial sufficiency of the last rate increase recommended to their board (n = 1,349)

92% 

8% 

Yes 

No 

0% 10% 20% 30% 40% 50% 

1% Other 

2% Beyond what is needed in coming year to help 
avoid another rate increase for a few years 

52% Provided revenues to maintain a strong �scal 
condition and meet most capital needs 

37% Su�cient to address basic utility/department 
obligations, but not most capital needs 

8% Below what was needed 
to maintain basic operating costs 
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UNDER-FUNDED NO LONGER

fits with the long-term utility strategy, 
how it results in meeting regulatory 
requirements, and how it addresses 
system condition issues

 º Financial information, including a 
summary of future financial projec-
tions, rating agency opinions, and 
supporting credit rating metrics

 º Utility accomplishments, including 
those related to the environment, 
sustainability, water quality and regu-
latory compliance, and information 
on how the utility has saved money 
and become more efficient

 º Rate adjustment information and 
impacts to the rate payer, including 
rate study information showing that 
rates are effective and fair, and afford-
ability information, such as cost as a 
percent of median household income 
and number of shutoffs

 º Comparison of rates and typical cus-
tomer bills with other utilities

 º Results from customer satisfaction 
surveys and other customer feedback 
regarding customer satisfaction

This research supports the importance 
of creating a utility culture with a strong 
focus on customer service, community 
involvement, and visibility, as this type of 
culture provides a strong foundation for a 
successful rate adoption process. In addi-
tion, utilities should maintain a high level 
of continued communication with govern-
ing board members and customers; striv-
ing to educate them so they obtain a deep 
understanding of utility issues, challenges, 
and the need for rate adjustments. 

At a more pragmatic level, when plan-
ning to communicate a change to utility 
rates, utilities should start by preparing a 
long-term Rate Communications Strategy. 
The Rate Communications Strategy can 
be developed on its own, or, ideally, as an 
integral part of the utility’s broader long-
term rate communication design. When 
building this strategy, utilities need to 
follow communication best practices and 
focus on the following four areas: 

1. Identify the need for the rate request 
and the consequences to the utility if 

the board does not approve the 
rate change

2. Understand and prepare for the spe-
cial communication needs of 
Governing Board members

3. Connect the need for the rate change 
with community values

4. Build trust and understanding by 
being visible, transparent, and 
involved in the community

The communication strategy should use 
a consistent unifying message. Creating 
one overarching message that conveys 
information about desired rate changes 
provides consistency between commu-
nications and presenters. The research 
suggests that messages are more likely 
to resonate when tied to community 
values, such as system resiliency, leav-
ing a good legacy for future generations, 
or affordability. 

Several ready-to-use communication 
tools were developed to support success-
ful rate adoption based on the results of 
the research. These deliverables accom-
pany the research report (#4455A), and 
include the following:

 º A Rate Communication Toolkit (#4455B, 
PDF format) that provides a roadmap, 
worksheets, and summary guidance 
and training materials

 º Interactive scorecard for conveying 
key information to governing board 
members (Excel®-based web tool)

 º Video that introduces the Rate 
Communication Toolkit and how 
to use it 

All deliverables are posted on the WRF 
website on the #4455 project page.

Reference
MASTRACCHIO, J., A. Santos, R. Giardina, 

R. Raucher, K. Raucher, M. Wyatt Tiger, 
J. Hughes, and R. Atwater. 2016. Rate 
Approval Process Communication 
Strategy and Toolkit. Project #4455. 
Denver, Colo.: Water Research 
Foundation. 

http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=16&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4455
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=16&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4455
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=16&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4455
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as a reservoir for metabolites. The sludge is removed to treat-
ment facilities for storage and further treatment. To date, limited 
research has been undertaken to understand the fate of cyano-
bacterial cells and associated metabolites during the sludge 
management processes that follow the conventional drinking 
water treatment train. The topic is important, as the release of 
metabolites during sludge treatment may pose a risk to water 
quality if supernatant is recycled to the head of the plant. 

In conventional water treatment processes where the coagu-
lation and flocculation steps are designed to remove particles 
from drinking water, cyanobacteria are also concentrated into the 
resultant sludge. In a healthy cyanobacteria bloom, the second-
ary metabolites, such as toxins and taste and odor compounds, 
can be up to 98% contained within the cell and are therefore 
also concentrated in the sludge during the particle separation 
process. As a consequence, cyanobacteria-laden sludge can act 

Gayle Newcombe, South Australian Water Corporation 

C
yanobacteria and their persistence in drinking water sources are a signifi-

cant challenge for water utilities worldwide. Problems caused by cyanobac-

teria can include the release of toxins and/or taste and odor compounds, 

as well as additional demand on treatment chemicals, or filter clogging. 

Management of 
Treatment Sludge 
Impacted by Cyanobacteria
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CYANOBACTERIA

CYANOBACTERIA, 
ONCE captured 
in the sludge, 
will generally 
begin to lyse 
between 0–2 days

A major difficulty in the 
analysis of the processes 
taking place in sludge 
treatment facilities is the 
complexity of the multiple 
processes that could con-
tribute to the concentration 
of metabolites that may be 
recycled to the treatment 
plant inlet. Water treatment sludge con-
taining cyanobacteria is a complex matrix 
where biological, chemical, and physical 
processes occur simultaneously and the 
water quality risk associated with recy-
cling supernatant to be reused in the water 
treatment plant will be influenced by the 
net result of these processes. Some of the 
more important processes may include: 

 º Decreased cell viability, with conse-
quent lysis and metabolite release

 º Cell multiplication in the sludge or 
supernatant

 º Increased metabolite production due 
to stress

 º Biological degradation of metabolites
 º Physical and chemical processes 

resulting in a decrease in metabolite 
concentrations

In order to accurately assess the risks 
associated with sludge supernatant recy-
cling a greater understanding of these 
processes and the interactions and syn-
ergies involved in sludge treatment are 
required. WRF, Water Research Australia, 
Water Services Association of Australia, 
Melbourne Water, SA Water, and the Tulsa 
Metropolitan Utility Authority participated 
in Tailored Collaboration project  #4523, 
Management of Treatment Sludge Impacted 
by Cyanobacteria, to study the complex 
processes that can take place in a sludge 
treatment lagoon.

Findings and Conclusions 
SLUDGE TREATMENT FACILITIES offer 
a suitable environment for the persis-
tence and proliferation of cyanobacteria, 
and confinement in the sludge may not 
result in rapid cell death as previously 
believed. In supernatant sampled from 
a full-scale treatment plant, cultured and 

environmental cyanobac-
teria remained viable, and 
in some cases multiplied, 
over a period of up to 35 
days. This suggests that 
the supernatant itself may 
offer a suitable environ-
ment for cyanobacteria to 
thrive. This is particularly a 

risk in sludge lagoons, which are shallow 
and often have detention times of several 
weeks, allowing accumulation and prolif-
eration of cyanobacteria not captured in 
the sludge.

In batch reactors in the laboratory, it 
was shown that cyanobacteria can sur-
vive and produce metabolites for at least 
10 days in alum sludge, suggesting that in 
the dynamic environment of a full-scale 
sludge treatment facility cell survival may 
be even more prolonged. Mass balance 
evaluations suggest that metabolite con-
centrations may increase to up to 5 times 
the initial concentrations within the sludge 
blanket. This indicates a much greater risk 

associated with recycling sludge superna-
tant than can be estimated from the raw 
water quality. This potential increased risk 
should be taken into consideration when 
operational decisions regarding recycling 
are required. In light of these results, a 
qualitative assessment based on the inlet 
metabolite mass balance may prove to be 
a significant underestimation of the actual 
risk to drinking water quality. The very 
wide range of biological, chemical, and 
physical parameters that may influence 
the concentration of metabolites in sludge 
supernatant severely restricts the ability of 
water quality managers to estimate risks 
associated with supernatant recycling.

Some general conclusions were drawn 
based on the research. Due to its rapid 
release and degradation in most environ-
ments, geosmin exhibits the lowest risk to 
water quality. In contrast, MIB, microcys-
tins, saxitoxins and cylindrospermopsins 
pose a significant risk to water quality 
and safety if the practice of supernatant 
recycling is continued. The findings of 

Table 1. Summary of risks of impaired water quality associated with supernatant recycling based on 
different cyanobacteria and water treatment process efficiencies

Cyanobacteria Pseudanabaena D. circinale M. sp. C. raciborskii

Metabolite MIB GEO STX MCs CYN
Risk from supernatant 
recycling

H M VH VH VH

Treatment barrier Residual risk associated with individual treatment barriers

Powdered activated 
carbon (PAC)†

M L M M M

Coagulation H M VH VH VH

Ozone M M/L L L L
Granular activated 
carbon (GAC) 
(physical removal)*

M M/L M/H M/H M/H

GAC 
(biological removal)**

L L VH M M/H

Chlorine CT>50 mg 
L-1 min-1

H M L L L

L-low; M-medium; H-high; VH-very high
† good quality PAC, 20 mg/L, 30-min. contact time  
*Dependent on the GAC remaining adsorption capacity 
** Dependent on the presence of degrading bacteria in the biofilm
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CYANOBACTERIA

SOME CELLS will 
remain viable in 
the sludge, and 
the maximum 
release (indica-
tive of total cell 
death and lysis) 
may take up to 
several weeks

this research and previous 
literature show that, in a 
static (batch) system:

 º Cyanobacteria, once 
captured in the sludge, 
will generally begin to 
lyse between 0–2 days

 º Some cells will remain 
viable in the sludge, 
and the maximum 
release (indicative of 
total cell death and 
lysis) may take up to several weeks

 º The metabolites released may repre-
sent up to 5 times the initial mass in 
the closed system

 º The time taken for the biodegrada-
tion of the metabolites to half the 
observed maximum concentration 
may be a week or longer, depending 
on the metabolite and the environ-
mental conditions

It is probable that during an ongoing 
cyanobacteria challenge, in the dynamic 
system of a sludge lagoon or other treat-
ment facility, these timeframes will be sig-
nificantly longer as cells and metabolites 
are replenished in the system.

The assessment of risk and subsequent 
operational decision-making regard-
ing the occurrence and extent of sludge 
supernatant recycling during an ongoing 
cyanobacteria challenge will ideally be 
based on specific knowledge of the pro-
cesses (physical, chemical and biologi-
cal) providing effective multiple barriers 
in the treatment facility. If such detailed 
knowledge is available, water suppliers 
can determine the appropriate time to 
reduce or terminate recycling, for example, 
due to unacceptable risk to the finished 
water quality. These decisions are impor-
tant operationally, as the termination or 
reduction of recycling can have implica-
tions regarding alternative disposal of 
supernatant of compromised quality (e.g., 
disposal to sewer or to the environment). 

Based on the findings, a “worst case” 
generic risk matrix was developed, 
incorporating the type of cyanobacteria, 
metabolite production, and the treatment 

processes available to water 
utilities for the mitigation of 
the identified risks (Table 1). 
It should be noted that, 
while risks to water quality 
of supernatant recycling in 
the presence of MIB have 
been designated high or 
medium, the consequences 
of recycling in the presence 
of cyanotoxins are clearly 
more significant due to the 

potential impact on health. 

Applications/Recommendations
IN LIGHT OF these findings, it is recom-
mended that a risk assessment and veri-
fication of existing treatment barriers be 
carried out assuming the “worst case 
scenario” of all cyanobacteria entering 
the plant lysing and resulting in dissolved 
metabolites returning to the head of 
the plant—possibly at a concentration 
2–5  times higher than expected from a 
mass balance of the inlet concentrations. 
If the treatment barriers are insufficient 
to mitigate a potential challenge, sludge 
supernatant should be disposed of in an 
alternative manner for the duration of 
the bloom, unless regular monitoring of 
metabolites indicates significant reduc-
tion within the sludge treatment facility. 
The supernatant return should remain 
offline for 3–4 weeks after the challenge 
has abated, to allow the cyanobacteria 
numbers to decrease and the metabolites 
to degrade. Before bringing the superna-
tant return back on line the cell numbers 
and metabolite concentrations should be 
determined to be at an appropriate con-
centration for the treatment barriers. This 
is particularly important in the presence 
of saxitoxins, which are recalcitrant to bio-
logical degradation.

Deliverables
THE MAIN DELIVERABLES of this research 
project are two articles. One has been pub-
lished, and the other has been accepted 
for publication:

PESTANA, C. J., P. J. Reeve, E. Sawade, C. 
F. Voldoire, K. Newton, R. Praptiwi, L. 
Collignon, J. Dreyfus, P. Hobson, V. 
Gaget, and G. Newcombe. 2016. “Fate 
of cyanobacteria in drinking water 
treatment plant lagoon superna-
tant and sludge.” Science of the Total 
Environment, 565:1192–1200. DOI: 
10.1016/j.scitotenv.2016.05.173

DREYFUS, J., Y. Monrolin, C. J. Pestana, P. 
J. Reeve, E. Sawade, K. Newton, L. Ho, C. 
Chow, and G. Newcombe. Forthcoming. 

“Identification and assessment of water 
quality risks associated with sludge 
supernatant recycling in the presence 
of cyanobacteria.” Accepted for publica-
tion in Journal of Water Supply: Research 
and Technology - AQUA.
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COMPLETED RESEARCH OF NOTE

THIS PROJECT EVALUATED the water 
savings potential of soil moisture sen-
sors (SMS) and evapotranspiration (ET) 
irrigation controllers on residential and 
commercial properties on two distinct 
soil types: flatwood soils and sandy soils. 
The ET and SMS equipment, backflow 
prevention devices, irrigation meters, and 
weather stations, were installed between 
March 2011 and January 2012. Some 

participants received educational training 
on how to use the smart irrigation systems. 
On average, evapotranspiration irrigation 
controller treatments reduced irrigation 
by 18% across both sandy and flatwood 
soils for the non-education group, and 
32% for the education group. The soil 
moisture sensor technology reduced irri-
gation by 30% for the non-educational 
group and 42% for the educational group 

across both soils. The educational groups 
had a trend for less irrigation than their 
non-educational counterparts. The project 
results have demonstrated that smart irri-
gation controllers conserve water for both 
residential and commercial properties 
that historically overirrigate by efficiently 
scheduling irrigation, and may help water 
utilities extend their portfolio of water 
resources.

IN JULY 2014, a hexavalent chromium (Cr[VI]) maximum contami-
nant level of 10 µg/L became effective in California. This project 
assessed the performance of leading Cr(VI) removal technolo-
gies under varying water quality conditions and developed a 
decision framework, systematic approach, and updated costs 
for compliance with the new MCL. This project was a Tailored 
Collaboration with Coachella Valley Water District (CVWD), and 

developed compliance strategies that can be applied to CVWD 
and other water utilities across California and the United States 
that would need to take corrective actions to meet new hexava-
lent chromium (Cr[VI]) regulations in drinking water. Specifically, 
this project investigated strong base anion exchange (SBA) and 
reduction-coagulation membrane filtration (RCMF), and found 
both treatment technologies to be effective. 

Smart Irrigation Controller Demonstration and 
Evaluation in Orange County Florida (project #4227)

Compliance Planning and Evaluation of 
Technologies for Chromium VI Removal (project #4445)

Figure 1. Reduction/Coagulation Flow Diagram
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http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=22&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4227
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=22&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4445
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COMPLETED RESEARCH OF NOTE

THIS PROJECT INVESTIGATED the use of an in-line hydrokinetic 
turbine (ILT), or a reverse acting pump, as an energy recovery 
device operating in parallel to a traditional pressure-reducing 
valve inside of an existing and tightly pressure-controlled potable 
water distribution system. The project documented the installa-
tion and operation of the ILT and generator, and investigated pres-
sure and flow transients and their impacts. It also investigated the 
effects on downstream water quality from significant and rapid 

fluctuations of pressure and flow that result from both normal 
and upset operating conditions of an ILT. Through an improved 
understanding of operational characteristics and modes of upset 
and failure, risk mitigation and control strategies and solutions 
can be developed that will allow more widespread application 
of this technology to closed, pressure controlled water supply 
systems. This, in turn will allow greater amounts of renewable, 
clean energy generation by water utilities.

Energy Recovery From Pressure Reducing Valve 
Stations Using Hydrokinetic Turbines (project #4447)

THIS PROJECT BUILT on previous WRF 
biofiltration research to further vali-
date, optimize, and explore strategies to 
enhance biofiltration, with a specific focus 
on enhancing/facilitating the bioacclima-
tion of filter media previously used in a 
conventional (chlorinated) filtration mode. 
Special attention was given to accelerat-
ing biological acclimation to manganese 

Optimizing Filter Conditions for Improved Manganese 
Control During Conversion to Biofiltration (project #4448)

(Mn) removal while preventing legacy Mn 
from desorption and release. The overall 
objective of this study was to identify 
filter operational strategies for improved 
Mn control during the conversion to biofil-
tration, with a specific focus on achieving 
sustained biofilter treatment performance 
for Mn removal through both chemically 
and biologically mediated processes. 

The ability to monitor and characterize 
performance degradation or improve-
ment through the conversion was also a 
critical component of the study. This was 
a Tailored Collaboration project with the 
Trinity River Authority of Texas (TRA). A 
video about this project is also available 
on the WRF website.

http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=23&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4447
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=23&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4448
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COMPLETED RESEARCH OF NOTE

THE PRINCIPAL OBJECTIVES of this study 
were to (1) assess how water demand is 
affected by short-term macroeconomic 
shocks, such as the Great Recession, and 
(2) evaluate how these effects can be dif-
ferentiated from the many other factors 
known to have an impact on demand. The 
purpose of the study was to help water 
utilities better anticipate and prepare for 
the impacts of future economic cycles 
on water demand planning. This study 
was organized around three interrelated 
research themes to assess the effects of 
economic factors that were at play dur-
ing the Great Recession. The results of the 
water utility survey generally validated 
the notion that many water utilities, per-
haps a majority nationally, experienced a 
decrease in the demand for water during 
the periods corresponding with the Great 

THIS TAILORED COLLABORATION project was initiated by Golden 
State Water to determine the effectiveness of biological oxida-
tion filtration for ammonia removal from their groundwater. A 
10-month pilot testing program was conducted, testing multiple 
technologies for dissolved oxygen augmentation, biological 
filtration, disinfection, and advanced microbiological charac-
terization. The testing demonstrated that ammonia could be 

Recession. Eighty-eight of the 123 utili-
ties surveyed (or 72%) indicated they 
had observed a decrease in water use. 
Almost one-third of those experienc-
ing declines in water use observed 
demand reductions of greater than 
10% from pre-recession levels. Declines 
in water use were associated with sev-
eral related impacts and factors, such 
as reduced revenues, slower popula-
tion growth, reduced economic pro-
duction and jobs, and a drop-off in 
new customer accounts. A majority of 
surveyed utilities that had planned to 
increase water treatment or raw water 
capacity before the recession scaled-
back, delayed, or eliminated the plans 
altogether. The research partners on 
this project were Tampa Bay Water and 
San Diego County Water Authority.

completely removed from Golden State’s groundwater through 
the biological oxidation filtration process, despite the presence 
of multiple contaminants that could interfere or hinder the effec-
tiveness of the process. However, the pilot testing program also 
highlighted some limitations of the biological oxidation filtra-
tion process and identified areas where further investigation and 
optimization is necessary.

Water Demand Forecasting in Uncertain Times: 
Isolating the Effects of the Great Recession (project #4458)

Biological Oxidation Filtration for the Removal of 
Ammonia from Groundwater (project #4574)

26% 

41% 

24% 

8% 

<5% decrease 5%–10% decrease 11%–20% decrease >20% decrease 

Magnitude of water demand declind during recent recession 
from pre-recession levels

(percent of 87 respondents who answered question 
#88: reported water use decline)

Source: Derived from water utility survey responses

Figure 1. Reported Observed Declines in Water Use

http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=24&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4458
http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=24&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4574
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COMPLETED RESEARCH OF NOTE

THE GOAL OF this Tailored Collaboration 
project with Greater Cincinnati Water 
Works was to determine if pre-filter oxi-
dation with oxidants such as potassium 
permanganate could increase the bio-
degradability of natural organic matter 
(NOM) and enhance biofiltration perfor-
mance. The biofiltration enhancement, 
in conjunction with upstream optimized 
coagulation, could potentially reduce the 
loading of NOM onto GAC, improve water 

quality, and reduce reactivation frequency 
and cost. The project was conducted in 
two phases: a bench-scale study (Phase 
I, #4429A, published in February 2016), 
followed by pilot-scale testing (Phase II, 
#4429B, published in July 2016). The pilot-
scale testing involved process simulation 
of secondary settling, sand filtration, and 
GAC adsorption at the full-scale plant. 
The ultimate goal of the pilot study was 
to develop an optimal combination of the 

oxidant (potassium permanganate) and 
nutrient (ammonia-nitrogen and/or ortho-
phosphate-phosphorus) augmentation for 
the full-scale plant. During the 18-month 
testing period, several factors were evalu-
ated, including oxidant dose, nutrient 
type and dose, and synergistic impact 
of oxidant with nutrient. The 18-month 
pilot study also assessed the water qual-
ity impact on biofiltration enhancements.

Chemically Enhanced Biological Filtration to 
Enhance Water Quality and Minimize Costs: Phase II 
Pilot-Scale Evaluation (project #4429B)

Table 1. Summary of pilot pre-oxidation and/or nutrient supplementation results

Parameters

Testing Conditions

KMnO4  
(Jun-Jul, 2013)

P  
(Aug-Sep, 2013)

KMnO4+P  
(Sep-Oct, 2013)

KMnO4+N+P  
(Nov-Oct, 2014)

N+P  
(Nov-Oct, 2014)

Head loss - 0 - - -

Turbidity - 0 - 0 0

pH 0 0 0 - -

Alkalinity 0 0 0 - -

DO 0 0 0 - -

TOC/DOC + 0 + + 0

SUVA + 0 + + 0

THM + 0 + + 0

Cost - - - - -
Notes: + Positive impact, – Negative impact, 0 no impact.

http://www.advancesinwaterresearch.org/awr/20160709/TrackLink.action?pageName=25&exitLink=http%3A%2F%2Fwww.waterrf.org%2FPages%2FProjects.aspx%3FPID%3D4429
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