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ABSTRACT exchangers are a typical example of heat exchangers coaduciv
to APR inspection.
One major type of heat exchanger in geothermal power- APR is purely an Internal Diameter (ID) method. Tlsigui

plants acts to condense an organic vapor driving the limitation where tubes are susceptible to external danbgge
generating turbines. Routine inspection carried out at auch corrosion or abrasion from support plates. In finned tube
plant in the spring of 2008 detected several leaking tubes in exchangers, however, the tubes often rest on top bf @aer,

one of the condensers. The condenser consists ofrilds,ba  supported by the fins. There are no support plates, arasés c
each with 284 tubes. The tubes in this condenser are 1" inwhere the external fluid is forced air, there are netit®
diameter and 18m in length. A sample of tubes was chemicals on the exterior either.

investigated by a metallurgical laboratory which deteedi Dual cycle geothermal power plants often employ such
that the failure mechanism was corrosion. This wastally heat exchangers. In the first cycle, hot brine haat®rganic
traced to a faulty maintenance procedure which left wate liquid having a low boiling temperature, turning it into gas.
traces after pressure hydro testing. Several NDT metheds This gas drives the turbines, and is then condensed using
considered in order to screen the tubes for leaks, esaunit finned tube heat exchangers (condensers in this cak&h w
could be brought up to standard performance levels. Eventuall are cooled by air forced through them by means of l&gs.
AcousticEye’s APR equipment was selected, based on tlge ve A typical example is presented in Figure 1.

short cycle time it offered, which could dramaticallyogten

plant downtime. After an initial feasibility test ohe of the

tube banks, the remaining 2840 tubes were inspected in 2 days.
Four percent of the tubes were found either leaking or
deteriorated above a predefined maximum acceptable damage
level (pinholes and tube wall thickness reduction) and plugged.
Benefits were prevention of a continued loss of 70 Kgfifay
organic fluid (which is not only wasteful but also imfges on
environmental legislation) and an increase of 1.5% antpl
performance. Based on this experience, the operator decide
adopt APR based inspection as a standard procedure in its
plants.

INTRODUCTION

Figure 1: A bank of finned tube condensers

Acoustic Pulse Reflectometry (APR) is a tube inspection
method that has been gradually gaining acceptance ag a too
for heat exchanger inspection [1, 2]. Different typeheét
exchangers operating in different typical environmentgeha
different failure mechanisms, making some of them more
suited than others for inspection by APR. Finned tulet he

A further problem in applying conventional NDT methods

to such condensers is the presence of header boxemthast

to many condenser types, where removal of accesssplate
makes tube ends available to direct inspection, these
condensers have a header box, about 12" deep, at either end.
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Opposite each tube is a plug which can be removed toesnabl signal processing software which is faster and morectizg
inspection. Nevertheless, inserting an eddy current probethan human analysis. This is described further in thet n
across the gap between the plug hole and the tube is agvkwar subsection.

and time consuming. Using APR, an extension tube iglfitie

the APR probe, and the inspection is then carried ousaal. Signal analysis
A photo of an APR probe with such an extension is pteden Carrying out the physical measurements on a large number
in Figure 6. of tubes is the first step towards assessing the sfat®

In this paper we first present a condensed description of condenser. Analyzing these measurements is a daunting tas
APR, since it has been discussed in detail in other payé unless it is augmented by sophisticated analysis softvgaieh
then describe a case study at a geothermal plant, fhem t software can flag problematic measurements and diagnose
initial discovery of a faulty heat exchanger throughehsuing them or present them for further expert evaluation.
analysis of the cause of this fault, to the inspeatioan entire

bank Of Condensers. ?;12"'—5 Position: ‘12825321.’ Value: 0.00001538 Mean: -0.00000 Min: -0.00054  Max: 0.00067

TUBE INSPECTION WITH APR

Background
The basic idea behind APR is to inject a wideband aicoust

pulse into a tube. This pulse acts as a form of “virfuabe.”

As long as the pulse encounters no discontinuitiesntirges

to propagate down the tube. Whenever a discontinuity is
encountered, such as a blockage, expansion (due to wall loss
for example) or hole — a reflection is created. Théectdd 3
waves propagate back down the tube where they are recorded e

m n 12 13 1 15 1. 17 1

and stored on disk. Figure 3: 20 superimposed measurements
The different discontinuities enumerated above have
dlfferent SlgnatureS, Wthh are ShOWﬂ SChematlca”fﬂgDre I__/1E"'—E Paosition ‘15855381.’ Value: 0.00002175 Mean: 0.00004 Min: -0.00166 Max: -0.00001

2. In tubes belonging to heat exchangers, any such
discontinuities represent faults.

Irmpinging pulse

Reflection from
aconstriction
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Figure 4: the measurements of Figure 4, along with the noise
t thresholds
EReflection from Reflection from

a dilation aleak

The raw measurements always contain a certain defiree o
variability, due to ambient noise, internal noise,dan
fluctuations caused by reflections off residual foulingugh

Th_e ultimate purpose of tube _mspectlon should be to the first step in analysis is to find the “ground levai"noise,
examine tubes as rapidly as possible and then analyze the

measurements both rapidly and using objective criteria defining a noise threshold. Any reflections crossings th
Keeping this in mind, APR is very well suited to thiskan threshold are considered to represent faults. To aids@saing

both counts. The pulse acting as a probe travels thrdush t fault sizes, a series of thresholds are calculateHatahe size
tube at Ltjhe s ced '2;' < ndl r%s Itin p'n ins e::/t'on ; dugm of a fault can be estimated by observing the highesshiold
f;ster than thpose oss'bL:e "th oLfchIerg tlecr:n' b esI Meagent crossed by the corresponding peak in the signal.

of a single tube tglkesI onl\;/wseveral seconltglsu aﬁd Tbem‘)i For example, 20 measurements are shown in Figure 3.
physical probe to push through the tubes or become stuek. Th Clearly, most of the signals fluctuate close to theiZoatal

resultant measurements can. then be analvzed by a r.a,[axis, while some of them exhibit large peaks which prigbab
u u yz Y appeopri represent faults. Adding positive and negative noise tblgsh

Figure 2: Schematic examples of reflections from discontewuit
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(the thick red line in Figure 4) helps distinguish random
fluctuations from faults.

Finally, observing one of the measurements abovegalon
with the blockage thresholds in Figure 5 shows there is a
blockage at 15.3 meters, blocking about 23% of the cross
section.

In the next section, the usefulness of APR as a tube
inspection tool is demonstrated through a detailed cadg. st

Figure 5: the measurements of figure 4, along with the noise
thresholds

Figure 6: the APR probe with the extension tube circled in red

CASE STUDY
In this section we present the timeline of the csteely
and the actions taken at each stage.

First stage — fault identification

The condensers in the plant are grouped into banks called
“units”, each condenser having 284 finned tubes of about 18
meters in length. The units are placed in long rowsersév
meters above ground, as shown in the photo in Figure 1.

On July &' 2008 a leak of organic gas was found in one of
the condensers. In this case the leak was large enawfh s
that the pressure differential caused the leaking gaséadr
into visible clumps at the bottom of the condenseiis Tas

found by visual inspection. Further analysis revealeosa of
approximately 70kg of gas per day.

Subsequently, the unit was shut down and the faulty
condenser bank was taken out of service. The unit was put
back online a day later, excluding the faulty condenser.

Second stage — fault identification

The presence of a leak was considered highly irregular, in
view of the fact that the condenser bank was onlgetyears
old. To facilitate inspection, some of the tubes wsaen out,
revealing large amounts of corrosion and debris. A sample
photo from the end of such a cut tube is presented in Figure

Metallurgical analysis confirmed what was visually
apparent, that the leaks were caused by advanced corrosion
Such corrosion does not normally occur in these tidiese in
operation they are filled with a non-corrosive org&hii.

Eventually, the best explanation for this condition wies
water residues had been left in the tubes when the gesade
was put into service. The source of these residues ssasnad
to be the hydrotesting that had been carried out upon
installation, 3 years previously

Third stage — deciding on a course of action

At this point the operator was left with two possiizié:
the very expensive prospect of replacing the problematic
condensers, or alternatively clean out the corrositre. main
concern of the operator was that after cleaning, aulds
become apparent that the tubes were in such a bad oonditi
that they would have to be replaced anyway.

As a first step, it was decided to clean out a single
condenser and then inspect the tubes.

Figure 7: head-on photo of a corroded tube
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Fourth stage — Pilot inspection

The leaking condenser was hydroblasted and then
inspected at the beginning of August 2008 by a commercial
service provider, using APR. Several more holes wenedpin
addition to tubes with severe pitting. However, the migjof
tubes were in satisfactory condition.

Fifth stage — full inspection
In view of the condition of the tubes after cleaniagd
the rapid inspection time available with APR, the ofmra
made two major decisions:
1. To follow the initial approach of cleaning out the
entire bank, then inspecting all the tubes and

plugging the problematic ones. An outage was A summarizing report was provided for each condenser, reporting

planned for October 2008. A full in_SpeCtiO_n OVEr @ 4|l faults in graphic and tabular form. An example of such phica
short outage would not be possible with other report is presented in Figure 9.

technologies.

2. The operator also decided to purchase the APR
equipment, train several of its own people and carry
out the inspection itself. This was made possible
through the high level of automated analysis available
in this equipment, enabling technicians to use it
properly after a training course of 2 days.

The entire bank was hydroblasted and treated with a
chemical wash intended to coat the tubes, in ordereweept
further corrosion.

The remaining 2,840 tubes in the unit (10 condensers of
284 tubes each) were inspected in two days. A detailed report
was provided in two additional days, recommending that about
4% of the tubes be plugged. When the unit was brought back

Figure 8: A typical signature of a hole

online, losses of organic gas dropped dramatically down to Figure 9: Excerpt from a final report
normal background levels, and overall plant output increased
by 1.5%
SUMMARY
Report Extracts APR has been demonstrated in the field as a viabléaioo

Many interesting and useful observations were made, condenser tube inspection. Both test time and reportajsore
based on the measurements. For example, the signals irare fast in comparison to existing technologies. Thisbkes
Figures 3, 4 and 5 above were taken from one of the irspect 100% inspection of large condenser banks while maintaining
condensers. Numerous positive-negative peak patterns can b&ery short downtimes.
seen, indicating the presence of many blockages. Mdbesé
were quite small, having some effect on the efficieatcyhe REFERENCES
unit, but not justifying a complete replacement. Figurer8, o [1] N. Amir, O. Barzelay, A. Yefet, T. Pechter, “Cienser
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