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EXTENDED ABSTRACT

A program is under way at Argonne National Laboratory (ANL) to develop
an independent capability to assess the effectiveness of current and pro-
posed techniques for acoustic leak detection (ALD) in reactor coolant systems.
The program will establish whether meaningful quantitative data on flow
rates and leak location can be obtained from acoustic signatures of leaks
due to intergranular stress corrosion cracks (IGSCCs) and fatigue cracks,
and whether these can be distinguished from other types of leaks.

A. Description of Acoustic Leak Detection Facility

The ALD facility at ANL consists of VJ0 ft (10 m) of 10-in. Schedule 80
piping oriented horizontally in a "U" shape, along with a system for supplying
pressurized hot water to the leak site. A small pressure vessel is welded to
the inner surface of a pipe section that contains the leak to be tested. The
pipe section is then wp.lded into an opening in the wall of the 10-in. pipe run.
One part of the pipe run, used for testing radioactive pipe sections with
field-induced leaks, is housed in an exhaust hood to prevent radioactivity
from entering the room during testing. Another part of the pipe run is
used to test nonradioactive pipe sections containing artificial leaks or
laboratory-grown cracks. The pipe run can be stressed to vary the crack
opening and thus the flow rate.

Transducers are placed at several locations along the pipe run to
acquire acoustic data from the leaks and establish the attenuation charac-
teristics and leak-locating capability of the system. To better simulate
in-reactor conditions, the pipe is filled with water. For high-temperature
tests, internal dams isolate the region near the crack. This is necessary
to reduce heat losses and permit the cracked region to be heated efficiently.
In some experiments, insulation of the type used in reactors is added to
sections of the piping to determine its effect on acoustic signal generation
and attenuation.

*Work supported by the. U.S. Nuclear Regulatory Commission, Office of
Nuclear Regulatory Research.
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Deter.tion of a leak requires that S = Ŝ  - T - N + PG > 0, where
S signal excess at detector output, S = source level (affected by
insulation and the circumferential position of the leak), T = transmission
loss down the pipe, N = background noise level, and PG = system gain. (All
the above terms are in dB.) Data on all the terms of this relationship have
been acquired through experiments on three field-induced IGSCCs, two thermal
fatigue cracks (TFCs), and three fatigue cracks.

B. Characteristics of IGSCG Leaks

As a result of the high temperature C\<540oF; ̂ 282°C) and pressure
0VL10Q psi; 7.6 MPa) of water in BWR piping, leakage from IGSGCs will
involve two-phase flow. Both the characteristics of the flow and the con-
comitant generation of acoustic signals are extremely complex and difficult
to model. A relatively simple two-phase flow model, which appears at
least qualitatively correct, has been developed by Henry, and a computer
program based on this model has been developed by Collier et al. The
model predicts thai the flow rate increases as the temperature of the fluid
decreases. An increase in flow with decreasing temperature was, in fact,
observed experimentally at ANL for an IGSCC.J Foi constant flow rates,
the acoustic signal decreases with fluid temperature. The effect is not
severe near BWR operating temperatures, as illustrated in Fig. 1.
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Fig. 1. Acoustic Signal vs Fluid Temperature for IGSCC #1 at a Constant
Floxj Rate of ^ . 0 0 5 gal/min (VL9 cm^/min) .
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The spectra of acoustic leak signals have been measured at ANL by use
of a special broadband receiver with a conically shaped piezoelectric
element (designed at the National Bureau of Standards, NBS). The frequency
response of this probe approaches that of a capacitance transducer. The
power spectrum obtained for a leak through IGSCC #1 at a flow rate of
'ULOOA gal/min (M5 cm /min) falls off by M.6-20 dB over the frequency
range from 100 to 500 kHz (Fig. 2). Very lictle if any acoustic signal was
detected beyond 500 kHz. These data are consistent with the Skudrzyk and
Haddle model, which relates the acoustic signal to turbulent flow in the
crack and predicts a (frequency)""^ dependence for the power spectrum
(equivalent to a 21-dB drop over the range from 100 to 500 kHz).
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Fig. 2. Acoustic Frequency Spectrum Obtained with Very-Broad-Band Acoustic
Sensor Located 50 cm from Leaking IGSCC #1. Flow rate, temperature,
and pressure were 0.004 gal/min (15 cm^/min), 530°F (277°C), and
1100 psi (7.6 MPa), respectively.

A comparison of the two IGSCCs tested to date at flow rates of
0.005 gal/miu indicates virtually identical signals (despite differences in
geometry) in the frequency range from 200 to 400 kHz. Below 200 kHz, the
difference in geometry between the two cracks is apparently reflected in a
weaker signal (by ̂5 dB) for IGSCC #2. These data suggest that geometrical
effects may be less significant at frequencies above 200 kHz and that a
correlation of flow rate with acoustic signals may therefore be more reliable
at higher frequencies.

In another experiment, acoustic emission noise generated by the smaller
of the two TFCs was measured with the NBS transducer and compared with the
noise generated by flow through IGSCC «]. The spectrum levels for these two
cracks are shown in Fig. 3. The spectra are similar in shape, but the
noise level is higher for the IGSCC (by 5 dB or a factor of 1.8 at 400 kHz),
even though the flow rate is twice as high for the TFC. This is consistent
with previous observations that intergranular cracks produce more noise (at
equivalent flow) than slits.•*
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Fig. 3. Acoustic Signal vs Frequency for an IGSCC Leak at 0.005 gal/min
(19 cirrVmin) and a TFC Leak at 0.010 gal/min (38 cm3/min) .

An important consideration for leak detection is the dependence of the
acoustic emission signal on flow rate. This dependence may vary with
frequency and depends on the mechanism that produces the sound. An increase
in the acoustic signal generally occurs when the flow rate is increased
at constant temperature.3'5 However, this is not always the case. 5 For
comparable conditions, data have been generated that show decreasing acoustic
signal with increasing flow rate for flow rates of <0.01 gal/iain. For
IGSCC #1,the flow rate varied by more than an order of magnitude when loads
ranging from 0 to 55,000 lbs were applied to the 10-in. pipe at a point
directly under the crack. With the transducer located 1 m from IGSCC #1
the acoustic output V (in yV) at 300-400 kHz showed the following dependence
on flow rate F:

V = 40.3 F
m

,0.34
(0.001 < F < 0.01 gal/min). (1)

Extrapolation of this result indicates that a 40-yV signal would be produced
1 m from IGSCC #1 for a flow rate of 1 gal/min. The acoustic output in the
300-400 kHz band for IGSCC #2 shows a similar pattern and is given by the
equation

V
m

66.3 F
,0.40

(0.001 < F < 0.01 gal/min). (2)
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C. Time Domain Analysis of Acoustic Leak Signals

Clearly, it is desirable to obtain some estimate of the flow rate for
a leak. This information is difficult to obtain directly from acoustic
intensity data because the amplitude of the acoustic signal can vary with
geometry and temperature for a given flow rate. Thus, other characteristics
of the signals must be examined. One possibility is to monitor the variation
in the rtns signal with time. This may provide quantitative information,
particularly at low flow rates where the flow may be relatively unstable.
At 500°F (260°C), 1100 psi (7-6 MPa), and low flow rates, the variation in
rms signal from IGSCC #1 shows a demonstrable decrease with increasing flow
rate. This result suggests that the time domain signal may contain quanti-
tative features which, if detectable at low flow rates, would be useful for
leak characterization.
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