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with a remaining wall thickness of .75 inches. The consultant also con-
ducted chemical analysis of the samples, which indicated that the pipe’s 
chemical composition was within normal limits. 

Based on its analysis, the consultant assigned a remaining service life of 
48 years to the samples. The results of the analysis essentially confirmed 
the results predicted by the specialist and the acoustic-based technology. 

Based on the reliability of these and other acoustic measurements, the 
water district has since cut back its sampling program on AC pipe, and uses 
acoustic technology as its primary condition assessment tool.

 
The District of Maple Ridge,  
British Columbia

The District of Maple Ridge, British Columbia, was experiencing leaks 
and main breaks in sec tions of its water system, which is comprised mainly 
of ductile iron pipe. However, approximately 18 percent of its water system 
is comprised of asbestos cement and cast iron, and 
most of the leaks and breaks it experienced were 
occurring in these areas.

Normally, Maple Ridge would analyze the break 
histories of parts of its water system to prioritize 

sections for replacement. However, it turned to a 
specialist that leveraged acoustic-based methods in 
order to more accurately prioritize replacement 
projects — without breaking ground or disrupting 
service. 

Maple Ridge’s superintendent of water works 
wanted to gauge the accuracy of the acoustic condi-
tion assessment method prior to its full-scale 
deployment, so he had a specialist assess two sec-
tions of 6-inch AC pipe in the system, which the dis-
trict already knew were badly degraded. 

Once both sections of pipe were acoustically 
surveyed, Maple Ridge compared physical samples 
of the pipes to the acoustic condition as sessment 
report and found the results to be nearly identical. 
The acoustic-based findings indicated that both 
pipes had remaining wall thicknesses of 7.7 mm, 
which meant that the pipes were significantly 
degraded, as they had lost more than half (54.2 
percent) of their original wall thickness. The 
results closely correlated with the condition of the 
physical samples of the pipe. Impressed with the 
accuracy of the results, Maple Ridge now uses 
acoustic-based pipe condition assessments along 
with breakage histories to prioritize water system 
repairs and replacement. 

 
These case studies are just a few of the many 

examples that help validate the accuracy and effec-
tiveness of acoustic-based technology that leverages 
propagation velocity when it comes to determining 
the remaining wall thickness of water mains com-
prised of AC. The condition assessment capabilities 
of this type of survey-level technology are impor-

tant for utilities in that they can help them to efficiently prioritize water 
system repairs and replacement and continue providing customers with 
safe, clean drinking water. F
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Once both sections of pipe were 
acoustically surveyed, Maple Ridge 
compared physical samples of the 
pipes to the acoustic condition 
as sessment report and found the 
results to be nearly identical. 

TECH TALK

Asbestos cement-lined water mains 
degrade when subjected to long-term 
exposure to sulfates and byproducts 
of biofilms that form on their inte-

rior walls. AC pipes also lose structural integrity 
as a result of “leaching,” a chemical process in 
which calcium contained in the cement is 
absorbed by soil surrounding the pipe, resulting 
in reduced structural wall thickness. Water util-
ity operators see the result of such effects in the 
form of “soft” AC pipe. 

Condition assessment — or measuring the 
remaining wall thickness — of AC pipe has 
been problematic for many utilities, as most 
traditional methods are based on excavating 
sections of pipe and extracting samples for 
phenolphthalein dye testing. In many cases, 
samples cannot be obtained without taking the 
pipes out of service, and due to the costs and 

low sample sizes associated with such methods, 
few utilities have a true understanding of the 
condition of water distribution assets that are 
comprised of AC. 

Fortunately, recent developments in non-
invasive acoustics can help utilities to accurately 
and non-invasively determine the remaining 
wall thickness of AC transmission and distribu-
tion mains in their water systems. These devel-
opments have been tested and confirmed by a 
number of utilities, including the Las Vegas Val-
ley Water District and the District of Maple 
Ridge, British Columbia. This new method 
involves measuring the velocity of acoustic waves 
in a pipe, using a leak-noise correlator and two 

acoustic sensors that are either placed on avail-
able appurtenances or on the outside walls of 
the pipe. The measured velocity is then used to 
calculate the average wall thickness of the pipe 
between the two sensors.

 
Background theory

The acoustic wave velocity of a fundamental 
vibro-acoustical wave (a pressure-induced wave) 
of the pipe is a function of the Young’s Modulus 
of the pipe, and the Bulk Modulus of the fluid. 
An acoustic wave is induced in the pipe by 
lightly “tapping” on the pipe, or by running 
water through a hydrant. The propagation 
velocity of the wave is then measured based on 
the sensor spacing and the measured time delay 
between the two sensor locations. The average 
wall thickness of the pipe section between the 
acoustic sensors is then reverse-calculated from 

a theoretical model. As the pipe wall thickness 
decreases over time, the acoustical wave velocity 
decreases. 

The acoustic propagation wave (the water 
hammer mode) propagates as a compression 
wave in the fluid, and a dilatational wave in the 
pipe. The pipe will breathe on a microscopic 
level, and therefore the pipe will go into stress. 
The implication of this is that only the structural 
part of the pipe that can carry load will contrib-
ute to the structural stiffness of the pipe. There-
fore, deposits on the pipe wall such as 
tuberculation or graphite are not the included 
in the average wall thickness measurement. The 
measured wall thickness represents an average 

between the two sensors. Typically, the length of 
the pipe section over which the acoustic velocity 
is measured is 100 to 300 meters; however, if an 
anomalous measurement that could represent a 
degraded pipe is found, this distance can be 
decreased to anywhere between 30 to 100 
meters. Closer measurements can also be taken 
by using existing fittings on the pipe that are 
more closely spaced. 

The use of this method has been very accu-
rate at assessing the condition of AC pipe that is 
in good, moderate or bad condition.

 
Las Vegas Valley Water District

Las Vegas Valley Water District turned to a 
condition assessment specialist to acoustically 
measure the remaining wall thickness of a major 
pipeline in its water system in order to more effi-
ciently prioritize what it anticipated to be a large 

repair and replacement proj-
ect. However, the district’s 
engineers wanted to test the 
technology’s accuracy before-
hand on a section of 6-inch 
AC pipe that was scheduled to 

be abandoned — without breaking ground.
Following the assessment, samples of the 

pipe were obtained and sent to a consultant, 
whose lab specializes in AC pipe testing in accor-
dance with ASTM standards. When the results 
came back, they were compared to the special-
ist’s condition assessment report and found to 
be nearly identical. 

The acoustic method employed found the 
remaining wall thickness of the pipe to be .74 
inches. The result of .74-inch wall thickness was 
not expected, as the standard wall thickness of a 
pressure class 150 AC pipe is .66 inches. Phenol-
phthalein dye tests conducted by the consultant 
found the samples to be in excellent condition, 

LISTENING FOR 
DEFECTS
Acoustic technology provides improved condition assessment 
of asbestos cement water mains
By Marc Bracken and Dave Johnston

Fortunately, recent developments in non-invasive acoustics can help utilities to accurately 
and non-invasively determine the remaining wall thickness of AC transmission and 
distribution mains in their water systems.
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pipes are ongoing, and ACSCD is three years into their pipe replacement 
program. They know much of their pipe is nearing the end of its 50-year 
average lifetime, so they’ve been inspecting 2 percent of that pipe each year 
for several years. They’re also on the verge of some large construction 
projects, and with a capital budget of $800,000 per year, Brewer thinks 
they’ll be able to get where they need to be.

“We’re moving to PVC for those pipes, replacing the vitrified clay so 
popular back in the 60s and 70s,” says Pike. “When we televised that stuff, 
we found lots of bad joints and cracks. It’s pretty easy to break clay pipes.”

Replacing or rehabbing that pipe was a high priority, and officials 
identified it as among the city’s top 10 sources of I&I. The worst 40 per-
cent of that pipe was addressed in the first two years of the program.

 
Working smarter

Technology upgrades have allowed ACSCD to work smarter and more 
efficiently, and Brewer and Pike can site several 
examples.

“Back when we were just smoke testing, we did 
the best we could with that simple tool. Our motto 
is ‘find it, flag it, fix it.’ But once we added GIS, we 

found we were making redundant spot repairs and 
not using our resources to best gain,” Brewers says. 
“The spatial element of GIS let us see many prob-
lems we’d been missing. Now we can get the whole 
picture.”

Pike adds that when they made the move to 
CCTV and actually started looking into those 
pipes, they found a lot of things that never showed 
up with smoke testing, including sagging lines 
where grease had built up, offset joints and root 
intrusions. It was an eye-opening experience.

“It was that video of our pipes that really got 
the mayor and City Council behind our efforts,” 
Brewer says. “They could see the extent of our 
problem with their own eyes. It seems funny now, 
but they watched that video during a lunch meet-
ing. As you might expect, sewer videos and lunch 
at the same time can make a big impact.”

As a result, the City Council is fully behind 
ACSCD’s efforts. They understand the scope of the 
problem, appreciate the engineering challenges, 
and are backing ACSCD to the extent the budget 
allows. “That’s really helped us do our job,” Brewer 
says. “It’s more ‘glamorous’ for them to fund highly 
visible projects, say, ball fields or parks. But they 
understand the importance of this essential and 
invisible infrastructure.”

 
Down the pike

“One of the things I think we’re doing right, 
and supported by our politicians, is doing what we 
can in-house, but subcontracting certain types of 
work to local contractors. That includes things like 

spot repairs and full line replacement,” Brewer says. “Keeping that money 
in our local economy is important. We sometimes go out-of-state if special 
equipment or methods are needed, but we really try to do all we can 
right here.”

With most of the textile industry now offshore, Alexander City has 
begun an aggressive program to attract new industry, build their tax base, 
and increase local jobs. The city, by using attractive tax structures, has 
been successful in attracting new industry from the automotive sector. 
Honda, Hyundai and Kia are already in the area are with parts assembly 
plants and associated support industries.

In the meantime, ACSCD will continue doing what they do best.
“One thing we’ve learned is to recognize where our strengths and abil-

ities are, and to leverage those skills,” Brewer says. “Danny [Pike] and 
Mike [Waldrop] have done a tremendous job with our CCTV program. 
That’s already helped solve a lot of our problems. Good managers need to 

“Until you actually look into 
those pipes, you have no idea 

where the problems are coming from.
We knew we had a FOG problem, 

but until we saw how much had settled 
into low pipe sections, we didn’t 

appreciate the extent of the problem.”
Danny Pike

wooded area was another signifi-
cant source of I&I. “When you 
have roots, they will find the water. 
So we need a pretty aggressive pro-
gram,” he says. “That includes keep-
ing trees and shrubs out of our 
easements, cutting and trimming 
as needed with Bush Hogs, and 
using chemicals to kill back the 
roots. It’s a daily job, and we track 
all this work on our GIS.”

High groundwater levels, aver-
aging 7 feet, and several streams 
also exacerbated I&I. The city’s 5,000 
manholes, mostly constructed of 
brick and mortar, didn’t help. 
Many of those have already been 
inspected and rehabilitated using 
a cementitious mix brushed on 
from the inside.

 
Current efforts

The Middle Tallapoosa Clean 
Water Partnership (MTCWP) is a 
local, privately funded environ-
mental group. It’s a consortium of 
stake-holders that includes industry, 
civic organizations and educators. 
Their mission: oversee all aspects 

of the Tallapoosa watershed.
“We’ve got a lot of eyes on how 

our system affects the water qual-
ity. But the partnership also gives 
us a platform for educating resi-
dents about how to protect that 
watershed,” Brewer says. “We do 
everything from advertising to 
water festivals to ‘state of the water-
shed’ meetings.”

Local schools are also involved 
with environmental education. 
MTCWP provides grants for teach-
ers to fund student projects address-
ing water quality. They also act as a 
clearinghouse for information about 
rain barrels, rain gardens, and what 
not to put down your drain.

“Alexander City is not required 
to have a formal stormwater pro-
gram, but the city makes use of the 
partnership to promote preserva-
tion of water quality throughout 
the basin,” says Cummings. Part-
nerships like that, during economic 
downturns and reduced budgets, 
allow the city to cut back as needed 
but still get the job done.

Rehab efforts on the system’s 

ABOVE: The Alexander City team includes, from left, Public Works Director 
and City Engineer Gerard Brewer, Shelby Richardson, William Hayes, Leroy 
Thornton, Danny Pike, David Keel, Stanley Hill and Mike Waldrop. LEFT: 
From left, Hayes, Pike, Thornton and Keel use a vacuum system to remove 
debris and solids from a sewer line.
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washing. That system evolved into PermaCast, which uses a patented, bi-
directional robotic spincaster to apply thin layers of high-strength, fiber-
reinforced cementitious grout to the interior of failing manholes.

Prior to signing up for the self-install program, Des Moines didn’t 
have a formal protocol for manhole repair. When manholes failed com-
pletely, they’d be rebuilt with new materials. Various patching methods 
were also used from time to time. “These weren’t very good,” Powell says. 
“It seemed like they ended up breaking down after just a few years.”

Now, the city systematically rehabilitates man-
holes prior to failure. They don’t have a fixed an-
nual goal for the number of manholes to be 
rehabilitated, but they do take advantage of good 
conditions. “When the weather is good, we’re able 
to repair up to five manholes a day,” Powell says, 
“That’s with an average depth per manhole of 10 
to 12 feet.”

 
Making it like new

Manhole surfaces must be thoroughly cleaned 
prior to rehabilitation. Some also require patching 
before spin-casting. Manholes can be wet to the touch, 
but for the system to be effective there can be no 
running water. If hydrostatic pressure is detected, 
patches or plugs are used to stop any inflow.

Once the manhole has been cleaned and pre-
pared, the PermaCast spincaster is lowered from 
above, eliminating the need for confined-space 
entry. The bidirectional feature is important. 
Since the spray nozzle spins in one direction on 
the descent — clockwise or counterclockwise — 
and the opposite direction on the way up, there 
are typically no concrete “shadows” caused by un-
even bricks or other protrusions. This eliminates 
handwork. The result is a smooth, watertight, com-
pletely structural new manhole that tightly ad-
heres to and stabilizes the existing manhole. 
PermaCast can be used to repair brick, concrete 
or even steel manholes.

Sewer flow does not need to be stopped during 
the application process. The system does not cover 
the inverts, but those can be done by hand if nec-
essary. Temperatures must be above 50 degrees, 
and curing typically takes four to six hours.

The grout used is typically MS-10,000, or an-
other specialty grout from AP/M PERMAFORM. 
These are specially formulated for manhole reha-
bilitation, and if microbiologically induced corrosion 
is an issue, they can be mixed with ConmicShield, 
an antimicrobial additive that provides perma-
nent corrosion protection.

“It’s a good system, and it lines the old man-
hole from top to bottom,” Powell says, “We usually 
apply a 1/2-inch-thick layer of concrete in one 
complete pass, and we find that that is completely 
structural. If the old manhole is failing or espe-
cially bad, we might do another layer after the first 
layer has cured, for a total of about an inch.”

Training was initially provided by AP/M PER-

MAFORM staff who visited the site and worked with Des Moines crews in 
the field. But since then, Powell says, on-the-job training has been more 
than sufficient to get new employees started on the PermaCast crew. “It’s 
not really too complicated a process,” he says. “It’s become routine for us, 
and we treat it as an entry-level job for new employees. So, we have a lot of 
turnover on that crew, but we’re always able to consistently do high-qual-
ity work.”

(continued)

Des Moines is Iowa’s larg-
est city, but with a pop-
ulation of only 203,000, 
it deserves its reputation 

as a quiet, prosperous community. 
In recent decades, however, Des 
Moines has been tested severely by 
two major flood events. The “Great 
Flood of 1993” was the most devas-
tating flood in U.S. history, accord-
ing to the U.S. Geological Survey, 
and the Iowa Flood of 2008 was so 
devastating that it caused about $64 
billion in damage and is referred to 
as, ‘Iowa’s Katrina.’

So Des Moines’ sewer system 
deals with occasional intense flood-
ing and high groundwater, and it’s 
an aging system. “Our main sewer 
infrastructure in most of the city 
is about 100 years old, and it’s al-

most all brick — brick lines and 
old brick manholes,” explains Des 
Moines Section Chief Rick Powell, 
who is in charge of manhole reha-
bilitation and levee maintenance.

For five years, the City of Des 
Moines has been sealing and 
structurally rehabilitating failing 
brick manholes without contractor 
assistance, using the PermaCast 
system and AP/M PERMAFORM’s 
City Self-Install Program. The city 
has already rehabilitated 1,000 of 
its 18,000 manholes, saving ap-
proximately $3,000 per manhole 
over reconstruction. Powell says 
the savings have already paid for 
the system in the first two years of 
the program.

Even before the city bought 
their own application equipment, 

they used the system in test proj-
ects to evaluate the solution over 
time. Some of these date back 15 
years and are holding up well with 
no sign of failure. That long-term 
performance convinced Powell that 
the PermaCast system is cost-effec-
tive and durable.

“I think it saves taxpayers a lot 
of money in the long haul, and 
from what we’ve seen it will greatly 
extend the useful lifespan of our 
aging manholes,” Powell says.

 
A good system

Des Moines’ experiences with 
AP/M PERMAFORM actually go 
back about 20 years, when the 
company’s president, Bill Shook, 
demonstrated a manhole cleaning 
system based on high-pressure spin 
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City of Des Moines manhole 
restoration crew members  
Albert Salazar, left, and Stan 
Lamay lower the AP/M PERMA-
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manhole while Lenny Terrell  
mixes grout on the trailer. The  
city has a dedicated PermaCast 
trailer outfitted with all the 
necessary equipment for their 
work. (Photos courtesy of  
Linda Keairns)
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washing. That system evolved into PermaCast, which uses a patented, bi-
directional robotic spincaster to apply thin layers of high-strength, fiber-
reinforced cementitious grout to the interior of failing manholes.
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“It seemed like they ended up breaking down after just a few years.”
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holes prior to failure. They don’t have a fixed an-
nual goal for the number of manholes to be 
rehabilitated, but they do take advantage of good 
conditions. “When the weather is good, we’re able 
to repair up to five manholes a day,” Powell says, 
“That’s with an average depth per manhole of 10 
to 12 feet.”

 
Making it like new
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and the opposite direction on the way up, there 
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pletely structural new manhole that tightly ad-
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PermaCast can be used to repair brick, concrete 
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These are specially formulated for manhole reha-
bilitation, and if microbiologically induced corrosion 
is an issue, they can be mixed with ConmicShield, 
an antimicrobial additive that provides perma-
nent corrosion protection.

“It’s a good system, and it lines the old man-
hole from top to bottom,” Powell says, “We usually 
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not really too complicated a process,” he says. “It’s become routine for us, 
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“This is a trowel-on product, with great capabilities for bonding to the 
existing substrate, and it had excellent test data backing up its perfor-
mance,” Lee explains. And since Epoxytec has a distributor in Portland, 
Sweet Home was able to get small quantities and test kits to do a lot of the 
initial trials, as well as repairs and touchups, using only in-house staff.

The city uses PVC for open-cut replacement of mains and laterals, but 
pipe bursting with HDPE is their preferred method for rehabilitation. “We 
found that if you can burst a pipe with HDPE, it is the best way to go,” Val-
loni says.

 
Ongoing maintenance

Sweet Home is not a large city, with around 3,200 customers, 8.5 square 
miles of service area, 64 miles of pipe, and 1,020 manholes. They’re cur-
rently on a two-year maintenance cycle, and proactively clean and flush 
their system. Dealing with roots and other blockages is an as-needed prior-
ity. FOG is not a huge issue, as Sweet Home has few 
commercial sources. Valloni describes Sweet Home 
as “more of a bedroom community.”

Ongoing training of employees is also a given. 
Oregon State Wastewater and Stormwater Collec-
tion Certification, confined-space training, and 
other health and safety programs are required for 
all city employees. That’s an investment in quality 
the city has been willing to make, and the city’s 
support is a large part of this success story.

 
Phase 5?

Sweet Home is just now wrapping up Phase 4 of 
their grand plan. Valloni says there’s nothing offi-
cial on the books yet, but they’ve already gotten 
most of the low-hanging fruit. So if there is a Phase 
5, future work might best focus on continuing 
improvements to the treatment plant.

Lee says the city has been monitoring flows 
during all phases of their program and will con-
tinue that process to see what really works. “We’ll 
also be entering into an extensive round of hydro-
logical modeling where we investigate how our sys-
tem will respond to peak weather events,” he says. 
“That will tell us whether it’s better to throw our 
resources at treatment plant capacity upgrades 

or collection system upgrades. We really need to 
look at the balance there to get the most bang for 
our buck.

“In addition, we’ll continue looking for other 
I&I sources. That means continuing camera inspec-
tions and staying involved with controlling inflow 
sources. We’ve done some rain gardens and green 

streets improvements, but our focus continues to be our deteriorating col-
lection system.”

 
Lessons learned

Significant I&I reductions are proof of the value of Sweet Home’s 
approach to system improvement.

“Starting 10 years ago, the city’s Public Works director recognized the 
need to address this whole I&I issue,” says Lee. “Adams has been creative 
in obtaining funds for this effort, and the City Council has been extremely 
supportive. They realize this is a process … you can’t do it all in one fell 
swoop. Dominic and the Engineering and Maintenance Division have 
been in continuous communication with Sweet Home city managers, and 
that communication has been invaluable.

“And the city is funding this work the right way. Instead of slapping 
customers with a 40 percent rate increase in one shot, gradual and consis-

“We’ll also be entering into an 
extensive round of hydrological 
modeling where we investigate 
how our system will respond to 

peak weather events. That will tell 
us whether it’s better to throw our 

resources at treatment plant capacity 
upgrades or collection system 

upgrades. We really need to look at 
the balance there to get the 
most bang for our buck.”

Rob Lee

Rehabilitation utilized a number 
of technologies including open-cut 
replacement, cured-in-place pipe and 
pipe bursting. Additionally, the type 
of work varied by sewer basin. In 
some basins, only mainline sewers 
were rehabilitated. In others, main-
lines and laterals to the property 
line were rehabilitated, while in 
others private-side laterals were 
addressed.

At this point, Brown and Caldwell 
conducted another round of flow 
monitoring and modeling. This 
allowed the city to determine which 
methodology was most effective, 
and how much of the collection 
system required attention.

Modeling results were conclu-
sive: Addressing only sewer mains 
and manholes would result in a 10 
percent decrease in I&I during peak 
weather events, while addressing 
manholes, sewer mains, and later-
als to property lines would yield a 
30 percent decrease. If private lat-
erals were included, a 60-80 percent 

reduction in peak I&I was expected.
“The success of the city’s pro-

gram was their willingness to address 
the private-side laterals,” says Lee. 
“Without that commitment, reduc-
tion in I&I would have been much 
less, and several times more expen-
sive, to get the same results.”

These predictions convinced 
the city to move forward by reha-
bilitating mains, manholes and lat-
erals as far as possible. Given the 
limited number of rehabilitation 
contractors, the city followed Brown  
and Caldwell’s recommendation 
to allow various rehabilitation 
techniques to be bid against each 
other. Pipe bursting was bid against 
CIPP, and various manhole products 
were tested in numerous phases. 
The result was greater competition 
and lower bid prices, with contract 
documents emphasizing quality.

 
Phases 3 and 4

During the first three phases of 
work, Sweet Home experimented 
with the gamut of products for 
manholes from various manufac-
turers: polyurea, several spray-on 
products, fiber-reinforced cementi-
tious compounds, and cured-in-
place manhole liners. By Phase 4 
they had settled on an epoxy prod-
uct manufactured by Epoxytec.

PROTECTING THE RIVER

The Santiam River is ultimately where excess effluent goes. It’s a 
tributary of the Willamette River, which is a tributary of the Colombia 
River. The North Pacific is its final destination. Proper stewardship is 
essential, and Sweet Home takes this responsibility seriously. The 
Santiam is a popular whitewater rafting route and also provides  
salmon fishing opportunities. It’s one of the major tourist draws for 
Sweet Home.

Settlers first arrived in the Willamette Valley in the early 1850s. In 
1893, the City of Sweet Home was incorporated. The Santiam Wagon 
Road, a toll road connecting the Willamette Valley with central Oregon, 
was opened in 1865. The road supplied goods from western Oregon to 
central Oregon, but competition from railroads and the newly opened 
McKenzie Pass Highway made it obsolete by 1940. That road is now 
U.S. Route 20, also known as the Santiam Highway.

Sweet Home enjoyed significant growth during the 1940s, fueled by 
demand for timber from local forests. Further growth occurred when 
construction began on nearby Green Peter Dam in 1962 and continued 
as construction began on Foster Dam in 1966.

At an elevation of 537 feet, and a location on the windward side of 
the Cascade Range, Sweet Home enjoys a temperate, near rainforest 
climate. That portends greater-than-average rainfall, but a pleasant 
environment.

The city calls itself the “Gateway to the Santiam Playground.” Sweet 
Home Public Works employees are dedicated to protecting their idyllic 
setting, and keeping the water clean is just one facet of those efforts.

Dominic Valloni, left, and Doug Latham lower a 
CUES camera into a manhole for an inspection.

Rob Lee of Brown and Caldwell, 
left, and Dominic Valloni review 
sewer plans.

“The success of the 
city’s program was 
their willingness to 

address the private side 
laterals. Without that 

commitment, reduction 
in I&I would have been 
much less, and several 
times more expensive, 

to get the same results.”
Rob Lee

Valloni, left, and Dean LeBret get 
the software ready to download 
flow rate data once Valloni is 
lowered into the manhole.
































































