
LEAK DETECTION BY ULTRASONICS

The leakage of a fluid, vapour or gas can cause

reduced system efficiency, lost production, increased

maintenance costs and may constitute a potential

safety hazard. I t is desirable to know if the system

has any leaks and if so, where these leaks are.

Researchers at Chalk River have developed an ultra-

sonic device to detect the presence and accurately

locate such leaks in hostile environments.

INTRODUCTION

In the nuclear industry there is a need for a
remotely operated device capable of detecting and
locating a variety of leaks in hostile environments.
The environments foreseen were reactor faces, closely
entwined piping systems, close proximity to steam
drums and other high-temperature, high-pressure or
high - radiation areas where conventional inspection
methods might be hazardous. It was also envisaged
that the leak detection device would have the ability
to scan room size areas in a matter of minutes, thus
effecting a considerable saving in inspection time.

BACKGROUND

Liquids flashing into hot vapour, and steam and
gas leaks are loud sources of acoustic noise. However,
these noises are usually not very intense in the range
of normal human hearing, 20 to 20,000 Hz. The
acoustic noise from leaks is generally concentrated in
the ultrasonic region of 30,000 to 100,000 Hz. To be
able to detect and locate these Isak sounds requires a
highly directional ultrasonic ear. This criterion led to
the use of a highly directional parabolic microphone
able to listen in the 36,000 to 44,000 Hz region.
Extensive development work by Advance Engineering
Research and Quality Control Branches of AECL's
Chalk River Nuclear Laboratories resulted in a
remote, automatic scanning and recording system for
this microphone. These features allow the parabolic
microphone to be placed quickly in the hostile
environment and to scan the area for any possible
leak sources, meanwhile being automatically con-
trolled by a control centre and operator far removed
from the location of the leaks.

EQUIPMENT

The heart of the system is a commercially
available ultrasonic microphone with parabolic re-

flector and amplifier. The entire ultrasonic leak
detection system (Figure 1) comprises three units:
the mechanical unit, control unit, and display unit.

Mechanical Unit: The mechanical unit consists
of the parabolic microphone mounted on a portable
stand. The microphone is fitted with dc stepping
motors to permit up and down, and side to side
rotation. Rotary potentiometers on the motor shafts
feed back the position of the microphone to the
display unit.

DISPLAY UNIT

MECHANICAL UNIT

CONTROL UNIT

MECHANICAL UNIT: position «MdbKk. motor controlled para-
bolic microphone

DISPLAV UNIT: X,Y s toop monitor ucillotcopt

CONTROL UNIT: «iMtrtmic supping motor control otntr»

Figure 1 - Ultrasonic leak detection system.
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1 wall reflection of 6, manual steam valve

2 floor reflection of 3, automatic steam pressure reducer

3 automatic steam pressure reducer and control valve

4 ceiling reflection of 5, automatic steam pressure reducer

_ST automatic stsam pressure reducer and control valve

6 manual steam valve

Figure 2 — Ultrasonic leak detection system — piping scan.
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Figure 3 - Room 501, U-2 loop. NRU Reactor.

Control Unit: The control unit supplies the
electrical impulses to drive the stepping motors that
sweep the microphone through its vertical and hori-
zontal movements. One can set the speed and the
traverse limits of the microphone with the control
unit.

Display Unit: The display unit consists of the
microphone amplifier and u recording device, usually
a storage oscilloscope or X, Y chart recorder, for
permanently recording a picture in ultrasound of the
area scanned with the microphone. The oscilloscope
beam or recorder pen is modulated by the sound
intensity from the microphone, while the rotary
potentiometers on the microphone determine the
position of the oscilloscope monitor pip or chart
recorder pen. The resulting record is a picture of the
area scanned by the microphone. Leaks are easily
seen as dark areas in an otherwise light field of view.

RESULTS OF EXPERIMENTS

The system proved capable of detecting and
locating steam pressure reducers and stearn control
valves from the ultrasonic energy they emit. Figure 2
illustrates the type of display which results on a
storage oscilloscope when an area of steam piping is
scanned.

The system proved capable of long-term
monitoring of hydraulic flow in piping systems. !<
could readily locate valves and pumps as sources of
ultrasonic noise and indicate changes in flow through
these components. Figure 3 illustrales the application
of the techniques to a semi-hostile environment:
Room 501, U-2 Loop in the NRU Reactor at CRNL.
Radiation fields in the room are typically 1 SO mR/h.
This room was monitored over a period of six weeks
and Figures 4a and 4b illustrate the ability of the
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system to distinguish different hydraulic flow condi-
tions associated with the reactor operating and the
reactor shut down. Large flows through throttled
valves generate much ultrasonic energy whereas fully
open or fully closed valves with low flow rates do
not.

The system demonstrated an ability to detect
and accurately locate an artificial air leak anywhere
within this room. The artificial leak was 0.0014 m3/s
(3 cubic feet of air per minute) at IS psi (I03.42 kPa)
escaping from a 9.5 mm (3/8") nozzle. This is very
difficult to detect with the human ear because of the
noise of the pumps and equipment in the room.
Figures 4c and 4d show that such a leak produces a
major change in the ultrasound pattern around the
general position of the leak. By reducing the sensitiv-
ity of the system, the exact source of the leak can be
localized to a very small area of the room. The
artificial leak is located even when hidden behind a
large diameter pipe. There is no direct visual path
between the leak source and the microphone, yet the
c::.«;i location of the leak is indicated correctly as
well as its back wall reflection which is less intense.

CONCLUSIONS

The ultrasonic leak detection system is capable
of:

1) Detecting and accurately locating steam and gas
leaks in the midst of a hydraulic piping network.

2) Detecting short- or long-term changes in the
hydraulic flow conditions through the com-
ponents of j piping network.

3) Operating rapidly in high radiation fields for
extended periods.

4) Scanning room-sized areas in a matter of
minutes and producing a permanent pictorial
record of the area scanned.

R.V. Murphy*

* Attached from New Brunswick Research and
Productivity Council.
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