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Abstract

In service evaluation of internal hydrogen sulfide deterioration of a 9 mile long sewage
force main constructed of 60-inch prestressed concrete cylinder pipe (PCCP) was
conducted using sonic/ultrasonic resonant frequency data. One of the causes of concrete
waste water pipe deterioration and failure is the thinning and weakening of concrete due
to hydrogen sulfide generation at the high points of line.

In May 2003, it was reported that a large piece of sheet steel had been discovered
on a bar screen at the wastewater treatment plant supplied by the 60-inch PCCP sewage
force main. It was the second time in six months sheet steel had been recovered at the
treatment facility. A current manufacturer of PCCP inspected the recovered piece of steel
and confirmed that it appeared to be part of the steel cylinder from a large diameter
PCCP. It was also reported that a large quantity of concrete and aggregate was being
recovered at the sewage treatment plant and the upstream pump stations. The
implications of the discovery of the sheet steel at the treatment facility are that the
interior concrete core of the pipeline has completely deteriorated in places and the steel
cylinder of one or more pieces of PCCP has corroded and dislodged from the pipe. It was
probable that the deterioration of the pipeline was caused by hydrogen sulfide corrosion
and that the pieces of steel cylinder came from the 60-inch PCCP sewage force main.

Non-destructive stress wave measurements in the sonic/ultrasonic frequency
range were made on the exterior of the pipe at excavated locations. The sonic/ultrasonic
data is a direct measurement of the transmission velocity of both the compression and
shear waves and the reflected phases of the compression wave from the inside face of the
pipe. 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 compression wave velocity of the concrete liner. Since the longitudinal
velocity is measured directly and average thickness of the pipes are known, the average
strength of the concrete pipe core as well as the presence of delaminations, spalls or pipe
thinning can be determined from the measured resonant frequency.

Structural analysis of the 60-inch PCCP was performed to determine the impact of
pipe wall thickness reduction through hydrogen sulfide attack. This case study provides a
summary of the non-destructive testing performed and the results of structural analysis of
the 60-inch PCCP sewage force main.
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Introduction

Located in central Virginia, 9-miles of 60-inch diameter PCCP sewage force main was
constructed around 1984. The pipe was manufactured by GHA Lock Joint, a subsidiary
of Gifford-Hill-American, Inc., at their Perryman, Maryland plant.

After several large pieces of sheet steel, suspected to be pieces of the PCCP steel
cylinder, were recovered from the bar screen of the wastewater treatment plant, an
investigation. and condition assessment of the pipeline was initiated. Since the sewage
force main could not be taken out of service, a testing program was developed to allow
assessment of the degree of hydrogen sulfide corrosion from outside the pipeline.

Hydraulic analysis of the pipeline was performed by others to determine stretches
of the line where partial flow conditions exist. These areas are potentially subject to
hydrogen sulfide generation. Hydrogen sulfide gases are generated within the anaerobic
slime layer formed on the submerged pipe walls. Hydrogen sulfide gas released from the
slime layer rise into the airway portion of the sewer pipe and is oxidized by bacteria on
the un-submerged portion of the pipe in the presence of moisture forming sulfuric acid
(H2SO4). 1t 1s this sulfuric acid that corrodes ferrous metals and concrete. Since this
reaction requires the availability of oxygen, hydrogen sulfide corrosion is most likely to
occur at high points where the pipeline is not full and oxygen can be introduced by vents
and vacuum release valves.

Ten sites along the 60-inch PCCP sewage force main were selected for the
excavation of test pits to allow sonic/ultrasonic thickness testing from the outside of the
pipe. Site 1, near the pumping station at the beginning of the pipeline, was selected as a
calibration site for the sonic/ultrasonic non-destructive thickness testing since the pipeline
is completely full during normal operation and no hydrogen sulfide corrosion was
expected. Four additional test pit sites were located at high points in the pipeline where
air pockets are expected to exist during normal flows of 28 million gallons per day (mgd)
and could potentially be subject to hydrogen sulfide attack. This first set of five test pit
locations were initially investigated as Phase I of the project.

As a tentative project Phase II, a second set of five potential test pit sites were
selected where air chases were expected only during extremely low flow conditions.
Since the second set of five locations were expected to be full during normal flows, it was
likely that the degree of hydrogen sulfide attack was less than that in the first 4 sites
where the pipeline is less than full under normal flow conditions. Whether or not the
Phase II test pits would be excavated would depend upon the results of the Phase I
investigations

Openaka and NDT Corporation were retained to conduct field testing and
structural evaluations of the 60-inch PCCP force main. Non-destructive testing was
performed directly on the pipeline at select test pit locations utilizing sonic/ultrasonic
thickness testing. Structural analysis of the 60-inch PCCP was performed by Openaka to
determine the impact of pipe wall thickness reduction through hydrogen sulfide attack.

After the first series of five test pits indicated that loss of pipe wall thickness
appeared to be confined to the highest point of the pipeline, it was decided not to
excavate the Phase II test pits. Instead, additional non-destructive testing utilizing ground
penetrating radar (GPR) was conducted along the highest portion of the sewage force







