Toho Water Authority

Phased Condition Assessment Program for a 13 mil86-inch Transmission Main
SmartBall Case Study

Toho Water Authority operates an important 13 raffeuent main that they performed a condition
assessment project on to better understand theticondf their asset. The 36-inch diameter
prestressed (AWWA C301), lined cylinder pipe hadesal challenges when performing the
condition assessment. There were numerous buyttedves installed in the pipe which precluded
the installation of long cables with parachutesystem often used to detect wire breaks in PCCP).
Also, major portions of the pipe had significaneoyrowth which hindered viewing appurtenances
and other over-the-line work. In addition, limitedormation was available regarding the design of
the pipe. To address these challenges and pranidederstanding of the condition of the pipe a
three phased program was implemented.

This paper summarizes the results of Phases llaidHe project (Phase Il may be implemented
over several years). Further, it describes therkbry results for soil, groundwater, and pipe
samples and its implication on the expected lortgefithe pipeline. The results from the leak
detection survey will also be provided which inasdexcavation and confirmation of natural leaks.
A sensitivity study was also performed to deternmiimeequipment’s sensitivity to low volume
leakage.

Lastly, the paper summarizes how the Toho Watehéity used the condition assessment
information to implement an asset management pnodoa the pipeline to ensure its safe, reliable
operation into the foreseeable future.

SUMMARY OF PIPELINE

The subject pipeline is used to convey reclaimetéiwfaom Toho Water Authority’s wastewater
treatment plant in Kissimmee, FL west to ChampiGase golf resort and Rapid Infiltration Basins
(RIB) Site. The pipeline has an internal diamete36-inches and consists of AWWA C301-SP5,
lined cylinder prestressed concrete cylinder pR@CP). It was manufactured in 1986 by the
Lockjoint Division of Gifford Hill America.

The pipeline starts at a pumping station on th@@ny of the wastewater treatment plant and outlets
into a splitter box 12.8 miles to the west. In&roperating pressure ranges from approximately 40
psi near the pump station to gravity (0 psi) at®@tB Site. Since it is the only source to convey
treated water out of the treatment plant, the pipak a critical asset to the Toho Water Authority

In addition, it supplies cooling water to two povgemerating facilities and irrigation water to the
Champions Gate golf course and RIB Site.
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TECHNOLOGIES



A unique aspect of the pipeline is that 4300 fé¢he pipeline is aboveground. The aboveground
portion is affixed to piles and crosses a wetlaar@s. A photograph of this portion of the pipeise
shown in Figure 1.

Figure 1: Aerial portion of subject pipeline

CONDITION ASSESSMENT CHALLENGES

The subject pipeline had several unique featuratsptovided challenges for the condition
assessment project:

1. Butterfly Valves: There are 22- 36-inch diametettérfly valves along the length of the
pipeline. Butterfly valves limit the ability to $ert cables into a pipeline that may be used for
condition assessment purposes. Cables are oftalléd into a pipeline through the use of a
parachute, but butterfly valves present an obstadlee parachute and therefore cables can
not be installed through the valve.

2. Keeping Pipe in Service: The pipeline could nosbhet down for the condition assessment
project. Shutting the pipeline down was not feles#s it transmits treated wastewater out of
the plant and provides cooling water to power gatireg facilities.



3.

Buried Air Release Valves: The air release assgidtiail included a 2-inch corporation stop
that was buried. Piping was run underground frbendorporation stop to an air release
assembly placed in a small vault as depicted inr€i@. In many condition assessment
programs air release valves are convenient locatmimstall non-destructive testing devices.
However, for this project, this detail requires @xating the corporation stops to make the
corporation stop accessible. Excavations incrédaseost and logistical difficulties
associated with a project.

Figure 2. Air release valve detail

4.

5.

No Access Manholes: There are no access manholeg tile length of the pipe. This further
limited access to the interior and exterior of piygeline.

Overall Length: The pipeline was nearly 13 mil@sd. To obtain condition assessment data
on a pipeline of this length within a reasonabldd®t is a challenge. If problems exist with a
PCCP main, they are usually isolated, so it isalehge to find an isolated problem in a long
pipeline.

THREATS TO PCCP MAINS

PCCP mains have proven to be a durable pipe mifteriarge diameter pipelines. This has been
true for the subject pipeline. It has been in serfor more than 20 years and has not had any
significant problems, but given the importance ToWater Authority implemented a condition
assessment program that addresses the potentiatsho PCCP mains. The threats were divided
into five classifications:



1. Aggressive Environments: If aggressive conditiexist in the soil and groundwater
surrounding the pipeline, it can contribute to d&@ded deterioration. An aggressive
environment is not a concern by itself. If a pipelis properly designed and manufactured, it
should be able to resist an aggressive environm&aitic environments may be considered
aggressive. The pipeline traverses several swargas, which usually contain acidic
soils/groundwater.

2. External Corrosion: A well documented deterionatmechanism of PCCP mains is
deterioration through corrosion and breakage optiestressing wire. The prestressing wire
provides the pipeline its strength. If corrosidriiee wire occurs, this may eventually lead to
wire breakage, which if undetected and correctad,lead to pipeline failure.

3. Leakage: The purpose of a pressure pipe is tgriidwater without leakage. If the pipeline
is leaking, this purpose is not being met. Furtiee, leakage is often a precursor to a
failure. If leaks can be identified and correctddle they are still minor in nature, pipeline
failure and loss of service can be averted.

4. Hydrogen Sulfide Corrosion: In wastewater forcangdf a pipeline has a highpoint that is
not properly vented, a pocket of trapped gas mawy.faHydrogen Sulfide corrosion may
occur at these locations, which may cause sigmfipge wall thinning. Since the subject
pipeline conveys reclaimed water, Hydrogen Suliderosion was not suspected, but testing
was performed to confirm this suspicion.

5. Other Threats: There are a variety of other tisrd@it can cause deterioration of the pipeline.
Pressure transients, third party damage, settlearehstray currents may all pose threats to
PCCP mains. The most important of these is predsamsients or surges. If significant
surges are being caused by pumps or appurtenalocgsthe pipeline, it may damage the
mortar coating on the pipe which provides corrogartection for the prestressing wire.

These threats were reviewed for the subject pipalimd a condition assessment program was
structured to identify which, if any, of these tht®were causing deterioration of the pipeline.ilgvh
it was not possible to implement a condition assesd program to assess all of these variables (for
instance assessing for isolated third party dansget feasible), a reasonable program was
developed to assess the most likely threats.

CONDITION ASSESSMENT PROGRAM

The threats described above were reviewed andditmnassessment program was developed that
was implemented through three phases:



Phase I: Pipeline Screeninbhis phase involves a series of tasks designedode basic
information on the pipeline’s design integrity, umding environment and ability to resist
corrosion. Various portions of the pipeline armptized by analyzing which sections may be more
vulnerable or of higher importance. Higher prigsections are targeted for subsequent non-
destructive testing. The pipeline screening pladeaded the following tasks:

1.

TWA Personnel Interview: Meet with TWA personnelidentify past problems with the
pipeline and any site specific considerations shaiuld be accounted for in the condition
assessment project.

. Design Review: Determine if there is any desigicéancies associated with the pipeline. If

deficiencies are identified, they should be congden context with the other aspects of the
condition assessment program

Site Walkover: Walkover the pipeline to look faryaindications of problems with the pipe
and identify anything that may pose a threat tgoipe. In addition, the aerial portion of the
TWA's pipeline was visually inspected and soundedientify potential problems. Visual
inspection involves looking for cracks, stainingn deterioration, leakage, or other signs of
deterioration. Sounding involves tapping the agtesurface of the pipe to identify any
locations where the mortar coating may be delarath&itbm the pipeline.

Pressure Transient Monitoring: A pressure trarisigmitoring system was deployed to
monitor and quantify pressure transients. Transiare short duration (often less than 1
second) pressure spikes or dips. Transients caaitbieularly problematic for PCCP mains
as they may cause incremental damage that can atatenover time.

Aggressivity of Surrounding Environment: To detarenthe aggressivity of the environment
surrounding the pipe, a sampling program was implged focusing on soils and
groundwater along the pipeline. The sampling paogimvolved taking samples along the
length of the pipeline to identify locations thaayrbe aggressive to the pipeline.

Pipeline’s Corrosion Resistance: There are seVactdrs that determine a pipeline’s ability
to resist corrosion. The mortar thickness, perntiggbmetallurgy and chemistry all affect a
pipe’s ability to resist corrosion.

Prioritize Pipeline: The ultimate objective of thipeline screening phase is to review all of
the above information and prioritize portions of thipeline for further evaluation. Under this
task, the data is evaluated to analyze the vulilégyadf portions for the pipeline to determine
if some portions are at higher risk than othersticality is also considered. For instance, if a
portion of the pipe runs through a high risk areanay be more important for the Authority

to meet its water delivery, it is given higher icatity.



Phase Il: Leak Detection Program:

Traditionally leak detection has been viewed mara aneans for water loss control than for
evaluating the condition of a pipeline. However, large diameter pipe (greater than 18-inches),
leak detection can be used as a form of conditssessment. Leaks are often a precursor to larger
problems. A leak will typically start as a smaih-noticeable leak and grow until it reaches the
surface or causes a catastrophic failure. Thadaék can be identified and mitigated while it is
relatively minor, a larger problem or catastropiaiture may be averted.

Due to the acoustic properties of large diametee ptonventional leak detection technologies (e.qg.
correlators) have not worked well in the past. atidress the need for leak detection for the subject
project, an internal free-swimming leak detectiool called SmartBall was used.

SmartBall is comprised of a water-tight, aluminuonecthat contains the power source, electronic
components and instrumentation (including an acogsnsor, accelerometer, magnetometer, GPS
synchronized ultrasonic transmitter, and tempeeasensor). The core is encapsulated inside a
protective outer foam shell or sphere. The ouant shell provides additional surface area to grope
the device and it also eliminates any noise thecdawight generate while traversing the pipeline.
SmartBall is deployed into the water flow of a gipe and simply travels the pipeline — propelled by
the hydraulic flow - and is captured at a point detream.

For the subject project the device was insertedeapump station and allowed to traverse the entire
length of the pipeline where it flowed into an opgramber. The ball was retrieved at this locatio

Phase Ill: Wire Break Detection

PCCP pipe relies on high strength steel prestrgsgire wrapped around the pipe to provide its
strength. The wire is embedded in a mortar coatuigch provides an alkaline environment that
inhibits corrosion. The wire can corrode whenrtar, and thus the alkaline environment, is
compromised. When corrosion of the prestressimg accurs, the wire eventually breaks reducing
the strength of the pipe at that location. If osion continues, multiple wire breaks may occuhi
same region and can significantly reduce the pigeength, eventually to the point of failure.

Assessing the condition of a PCCP transmission fioaiwire break damage is a challenging task
that is best performed using state-of-the-art nestrdictive testing technologies combined with
sound engineering judgment. To determine whethaobthere is ongoing wire break activity and
the rate of such activity, Phase 11l would invobkeploying an acoustic monitoring technology that
listens to the acoustic activity in a pipeline ettt the sound associated with a breaking wire.

At the time of writing this paper, it is envision#tht acoustic monitoring will be deployed at high
priority sections along the pipeline in subsequeatrs.



CONDITION ASSESSMENT RESULTS

Due to access issues associated where the pipeiméocated in a CSX right of way, the phased
approached initially envisioned was adjusted. Saspects of Phase | (Pipeline Screening) were
implemented and some aspects were delayed. Phasak Detection) was moved ahead in the
schedule. Of the findings ascertained, the folimaare worthy of noting:

Site Walkover: At several locations third partpglines crossed the subject pipe, including several
oil and gas pipelines. This observation was fodedrto the firm performing the corrosion
investigation so that particular attention couldf@eused on searching for stray currents. In aalit

it was noted that the pipeline right of way hachgigant overgrowth, trees shrubs and weeds. This
made it difficult to identify aboveground featurggpurtenances associated with the pipeline.

Pressure Transient Monitoring: A pressure trarsi@nitoring system was installed at two locations
over the length of the pipeline and left in placedne month. The device collected pressure
readings every minute, but continuously monitotesigiressure data for a surge or decrease in
pressure. If the rate of pressure change exceededignated threshold, the unit triggered and
collected data at a rate of 100 samples per secdsuhg this device immediately downstream from
the pump station, it was apparent that the pipeatpe between 30 and 50 psi most of the time.
However, there were surge events were regularlyrded that exceeded 80 psi. This is significant
for PCCP mains as it may cause incremental danwathe tpipe, which accumulates over time. A
month of monitoring data is displayed in Figure 3

Figure 3: One week of pressure data recorded bm@sient monitoring system. Note the nine
pressure surges exceeding 82 psi.



Leak Detection: The SmartBall leak detection dewias deployed and surveyed the entire pipeline
in one deployment. The device was inserted thra@rgaxisting 6-inch flange at the pump station.
See Figure 4. One of four pumps was isolated emgorarily shut down during the installation.
Once the ball was safely in the pipe the pump resunormal operation which pushed the ball into a
pipeline. Flow velocity during the survey was appmately 2.4 feet per second, resulting in an
average SmartBall velocity of 2.2 feet per second.

SmartBall was inserted through
an existing flanged outlet.

O

Figure 4. Existing flange used to insert SmartBall

While the SmartBall device was traversing the pipeit traveled with the flow at a rate
approximately equal to 92% of the flow velocityurihg the traverse, the device emitted an
ultrasonic pulse every three seconds to allow tiste technicians to track the location of the ball
during its traverse. The device is tracked byiplgacoustic sensors on the pipeline at convenient
locations. A total of eight locations were useatkrthe SmartBall device. While the device
traversed the pipeline it obtained high qualitywstec and positional data.

Within the limits of the leak detection survey, thare two connections which supply reclaimed
water to power generating facilities. As the dewapproached these locations, the flow into these
facilities was limited to ensure it was not diverteut of the subject pipeline. After the deviceged
the facilities, normal operations resumed.

A custom manufactured net was constructed and gliacihe splitter box at the end of the pipeline.
After 8 hours and 34 minutes the device enterqaities box and was successfully captured in the
net. Subsequently, the data was analyzed to detertime presence and location of any points of
leakage along the pipeline. One leak was identifrat was estimated to be releasing between 2 and
10 gallons per minute. Acoustic data for the lsaghown in Figure 4.



Figure 4: Acoustic data for the leak. The lefiufie depicts a plot of time versus leak indicathowl
the right plot depicts the same data with frequeteta superimposed.

The leak is presently scheduled to be repairece SihartBall device resulted in a very convenient
method to gather data along the entire pipeline.pldeline modifications were required to survey
the pipe and minimal excavation (three test pitsjenrequired to expose the surface of the pipe for
acoustic sensors.

CONCLUSIONS
During the execution of this project, the followiognclusions can be made:

By reviewing the challenges associated with a pipednd the threats associated for a
particular pipeline a rational condition assessnpeagram can be developed which can
gather data on the pipe while meeting the operatioonstraints of a utility. However, it is
important to note, that this project and most cbodiassessment projects associated with
underground pipelines can not identify every pagmmiroblem on the pipeline. Itis

important to understand the capabilities and litiotes of each assessment method and make
informed decisions on how to structure the progrdiese limitations should be made aware
to all parties associated with the project to emshere are no surprises.

The leak detection aspect of this project utiliteel SmartBall technology which proved to be
a convenient method of obtaining condition asseasmérmation along the full length of

the pipeline with minimal operational and logisticapacts.

The pipeline had significant overgrowth and isaiéa within the right-of-way of the CSX
railroad company. Both of these aspects have heddarogress on the project.

The operation of the pipeline is leading to frequmessure surges. Surges can be twice the

operating pressure of the pipeline.
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