Development of a PCCP Management Plan Using
Sonic/Ultrasonic Nondestructive Testing Results
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In 1999, NDT Corporation conducted sonic/ultrasonic nondestructive testing
measurements to determine the integrity and condition of 1062 pipes in the New Jersey
Water Supply’s Round Valley 108-inch PCCP Force Main. NDT repeated the
measurements in 2002 to evaluate the deterioration rate. The information was used to
develop a long-term management plan to minimize risk and optimize expenditures.

Sonic/ultrasonic results are used to assess the condition of each pipe by determining the
strength of the core concrete, and to determine whether the pipe is acting as a composite
structure. Delamination of the mortar from the wire can also be detected. Repeating
sonic/ultrasonic measurements at a later date provides two data sets in time to determine
the deterioration rate (if any) of each pipe section.
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Introduction

The New Jersey Water Supply Authority’s Round Valley 108-inch diameter prestressed
concrete cylinder pipe (PCCP) Force Main (RVFM) was manufactured in 1963 at Lock
Joint Perryman Plant in Maryland. Class one wire was used, which varied in diameter
from 6 ga to 5/16 inch, depending on the pipe design. Some pipes were double wrapped.
Unlike most PCCP, a poured concrete coating was used instead of a brushed applied
mortar.

The goals of NDT’s sonic/ultrasonic survey were: 1) to develop a management plan that
would identify pipes exhibiting signs of structural deterioration, 2) to develop a risk
model that includes the structural condition of the pipe section, 3) to assess the
consequences of a pipe failure, and 4) to determine decay rate for each pipe section. In
addition, a plan for future testing of suspect pipes was to be developed.

A risk factor was determined for each pipe length in the pipeline. Knowing each pipe’s

condition will allow a program for future testing to be developed to monitor the decay
rate for compromised pipe lengths.

NDT Testing Analysis

The key factors used in developing a pipeline management plan include the ability to
accurately evaluate pipe integrity and document pipe decay over time. The
sonic/ultrasonic NDT survey provides the data necessary to determine the strength of the
core concrete and decide whether the pipe is acting as a composite structure. Unlike other
methods such as sounding, acoustical emission, and magnetic surveys, which may find
pipes with broken wires (weakened pipes), the NDT sonic/ultrasonic survey provides a
more holistic approach that detects anomalies in the concrete that can lead to future
failure. Defects such as delaminated coating, improper bedded pipe, and overloaded pipe
can also be detected.

Because the NDT data is repeatable, measurements in time can be compared to determine
if pipe has deteriorated, allowing a decay rate to be developed. This type of data permits a
pipeline owner to define anomalous sections in a pipeline and develop a long-term
planned maintenance program for suspect pipe, which will optimize resources.

Stress wave measurements in the sonic/ultrasonic frequency range are used to make
direct measurements of the transmission velocity of both the compressional and shear
waves, and to measure reflected phases of the compressional wave from the back of the
pipe or from delaminations within pipe core. The transmission velocity values determine
the elastic deformational characteristics of the concrete, including Young’s, shear, and
bulk moduli; Poisson’s Ratio; and calculated strength values. The reflected signals




resonate at a frequency that is related to the thickness and compressional wave velocity of
the concrete liner. Since the longitudinal velocity is measured directly and average
thickness of the pipes is known, the average strength of the concrete pipe core as well as
the presence of delaminations can be determined from the measured resonant frequency.

A list of the most anomalous pipe was compiled based on physical properties (computed
Young’s and shear modulus from the measured velocity values) of the concrete core.
Knowledge of how the pipe fails was used to modify the ranking. Several pipes were
located that showed signs of a strong reflection at the inner surface of the coating. A
delamination in this area of the pipe may allow the adjacent prestressing wire to corrode
rapidly.

Approximately 5% of the pipes in the RVFM exhibit anomalous NDT readings that give
rise to varying degrees of concern. The other 95% show no or very few anomalies based
on both NDT surveys. From experience, we have found that pipe that exhibits NDT
readings in the acceptable range will typically have a long service life.

Pipe Decay Rating Systems

Because there are two data sets, the pipe decay rating system is comprised of two parts:
1) the absolute pipe quality as determined by evaluating the NDT data for the 2002
survey, and 2) the rate of decay determined by comparing the two 1999 and 2002 data
sets.

The two rating systems are independent, and the actual pipe rating based on each system
should be viewed as an independent characteristic of the pipe. As an example of the two
rating systems, Figure 1 shows the life cycle of a pipe. At the left end of the line, the pipe
is perfect, and at the right end of the line, the pipe is at failure. If pipe P1 is considered
perfect in an initial survey and moves to point “A” based on a subsequent survey, clearly
the pipe has became ““significantly worse,” but the absolute pipe quality is not near failure
condition. Conversely, pipe P2 is at point B based on the initial and subsequent surveys.
The absolute condition of the pipe is much worse than pipe P1, but the pipe is rated
“same” since it is in the same condition based on the result of both surveys.







