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EXECUTIVE SUMMARY

National Grid has a large number of Cameron self-refieving ball valves of varying sizes in
operation in the gas transportation system. A number of these are large diameter valves and a
42" Cameron self-relieving ball valve has recently been taken out of service as it was leaking.
This valve had been in operation for about 30 years and had undergone repular maintenance.
National Grid would like some leakage tests to be carried out on this valve.

National Grid uses a2 number of methods to detect and quantify leaks. One of these uses a
portable acoustic emission {AE) device where a sensor is directly coupled to the surface of the
valve., This device can be used on above-ground assets such as valves, elc, but a significant
number of National Grid's assets are below the ground where access to the surface of the valve
is oot possible. The valves are typically equipped with one, two, three or four vents to allow
excess pressure ta be removed from the vatve body, being vented upwards by long vertical vent
pipes. In the case of buried assets these vent pipes protrude at least 3 m above the ground level.
Listening to the valve and/or vent pipe can alse provide an indication of leakage.

National Grid has defined the overall objectives of this project, to be camried out by the Health
and Safety Laboratory (HSL) as follows:

1. Validate the use of leak delection equipment (based on a portable acoustic emission
monitor system) for above-ground and below-ground process valves.

2. Investigate the valve’s self-relieving system and quantify the leakage through the self-
relieving system.

Objectives

This report covers work done to complete test programme 1, the objectives being:
Acoustic emissions:

1. Vazlidate the VPAC system for use on the surfice of the 42” self-relieving valve and for
potential use on the vents, Used on the vents the device may provide a measurement
which could be used to estimate leakage of buried assets. If the device can be used
reliably on above-ground and below-ground assets to detect and quantify leakage, it
also has the potential to provide an odditional safety control measure when work is
being carried out downstream of a ciosed valve,

2, Assess whether the VPAC system predicts the actual leak rate on the sample valve
provided by National Grid.

3. Determine whether measurements of AE at the vent pipes, or other parts of the valve
structure that might be accessible when the valve is buried, may be used for prediction
of leak rate,

4. Assess whether acoustic (airborne) noise from the vent pipes may be used as an
indicator of leaks.

Self-relieving behaviour;

5. Investigate the self-relieving system of the 42" valve and quantify the leakage through
the self-relieving system by:
a. Measuring the pressure — time profile within the body of the valve.

vi
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b. Mensuring the air leak velocity through the venting system.,

¢. Characterise the behaviour of the downstream seal of the valve as a function of
pressure, and assess for any correlation between downstream seal behaviour
and air leak velocity,

Main Findings

Acoustic emissions:

L.

The VPAC system and associated spreadsheet for predicting leak mtes cannot be
effectively used on the vent pipes of a buried valve. The AE signal from the leak point
maxima is attenuated before it gets to the outlet of the nearest vent pipe by an amount
that is dependent not just on the distance from the leak to the vent pipe but nlso on the
presence of any structural discontinuities (such as weld seams and pipe outlets). Further,
the AE signal is heavily attenuated as it is transmitted into the vent pipe.

The AE signal in an open vent pipe oppears to be dominated by the AE signal generated
within the vent pipe itself. Clearly this signal will be dependent on the leak rate, but
may also be dependent on the physical characteristics of the pipework itself. Factors
such as bend angles, radii, vent pipe valve sizes and whether these are fully or only
partinlly open may all effect the vent pipe AE signal.

On an on-surface valve the VPAC system appears to provide a reasonable indication of
the true leak rate.

The lack of any tonal component to the airbome noise at the top of the vent pipe
suggests that noise measurements cannot be used as indicators of leaks, particularly in
the presence of ather background noise.

Self-relieving behaviour:

3. No self-relieving behaviour of the downstream seal/valve was observed because the

downstream Seal was oo far damaged to enable the valve body to become pressurised
and operate the self-relieving system.

There is some correlation between the leak rate past the downstream seal and the
number of vent pipes apen.

The maximum volumetric leak rate through the valve was 2791 Lmin™ with all four
vents open.

The maximum velocities of the air leaks were in excess of 51 m.s” for configurations where
only one or two vent pipes were open.

Recommendations

The ability to see any seif-relieving behaviour depends on the sealing ability of the downstream
seal and, in its present state, it leaks regardless of the selected vent pipe configuration. It may
still be possible to see self-relieving behaviour but this will depend on being able 10 effect a
repair to the downstream seal. Therefore, it is suggested that methods for repairing the seal be
investigated, possibly this could be by high-pressure injection of sealant/grease, combined with
partial operation of the valve to effect sealing and indexing of the sealing ring.

vii
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1 INTRODUCTION

National Grid has many thousands of valves in operation in the gas transporiation System.
About one thousand of these are Cameron self-relieving ball valves of varying sizes. A number
of these are large diameter valves and a 42" Cameron self-relieving ball vatve has recently been
taken out of service ss it was lenking. This valve has been in operation for about 30 years and
has undergone regular maintenance. National Grid would like some leakage tests to be carried

out on this valve.

National Grid uses a number of methods to detect and quantify leaks, One of these uses a
portable acoustic emission (AE) device where a sensor is directly coupled to the surface of the
valve. This device can be used on above-ground assets such as valves, etc. but a significant
number of National Grid’s assets are below the ground where access to the surface of the valve
is not possible. The valves are typically equipped with one, two, three or four vents to allow
excess pressure to be removed from the valve body, being vented upwards by long vertical vent
pipes. In the case of buried assets these vent pipes protrude at least 3 m above ground level.
Listening to the valve and/or vent pipe can also provide an indication of leaknge.

National Grid has defined the overall objectives of this project, to be carried out by the Health
and Safety Laboratory (HSL) as follows:

o Validate the use of leak detection equipment (based on a portable acoustic emission
monitor system) for above-ground and below-ground process valves.

e Investigate the valve self-relieving system and quantify the leakage through the self-
relieving system.
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2 THE CAMERON SELF-RELIEVING BALL VALVE

The basic operation of the Cameron self-relieving ball valve as configured for the tests at HSL
{Photograph 1) is illustrated in Figure 1, for the valve open position, and in Figure 2, for the
valve closed position.

In the valve closed position, any leaks in the valve seal will allow pressurised gas from the
upstream supply (A in Figure 2) to vent into the space between the ball and the valve casing (B).
Any pressure build up at B may be relieved by vent pipes (C) running from this space or via the
self-relieving system that operates through the seals on the downstream side of the ball valve

Figure 1 Ball valve gas flow in open Figure 2 Ball valva showing leakage
position paths

Any leaknge at B in Figure 2 will create turbulent flow of the pressurised gases that may be
detected as an AE signal en the adjacent valve surface.

The 42" valve for test was received at the HSL Buxton site in the closed position and remained
in this position for the duration of testing. It came configured with four fitted vent pipes. These
followed the curve of the bady, terminating in an on/off valve located adjacent to the lower
flange of the stem extension tube — simulating a realistic vent pipe configuration for o buried
vaive.

Four vent pipes were supplied, each 25.4 mm internal diameter (| inch) and fitted with o flame
arrester device, These were screwed into the onfoff valve to complete the vent pipe
configuration. The final configuration of the valve is shown below in Photograph 1.

As supplied, the valve/vents were marked as side A and side B, with side A being to the left as
the valve is viewed from the upstream side. For identification purpases, the vent pipes were
labelled as 1 to 4, with | and 2 on side A and 3 and 4 on side B. The general arrangement is
shown in Photograph 2 and the entry points of the vents on the valve body are shown in
Photograph 3 (side A, vent pipes 1 and 2) and Photograph 4 (side B, vent pipes 3 and 4),

(]
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Photograph 1: Valve in position for above ground testing
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Side A, Vent pipe |
not shown

Side B, Vent pipe 3

Side A, Vent pipe 2

Photograph 2: Arrangement of the vent pipes
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3 ACOUSTIC EMISSION ASSESSMENT

3.1 ACOUSTIC EMISSION

Acoustic emission (AE) is the radiation of elastic waves within a solid material [E]. This
radintion occurs when part of that material undergoes an internal transient change {e.g. crack
development or plastic deformaticn), or when subjected to external mechanical stimulus (e.g.
impact). The AE signal can be thought of as an ultrasonic wave travelling through the material
of the object.

AE occurs across a wide spectrum, but is usually assessed in the frequency range from 100 kHz
to | MHz. Acoustic emission signals are vsually detected by a piezo-electric sensor that is
sensitive to any surface deformations within the measurement frequency range.

31.1 Physical Acoustics Ltd. / Mistras VPAC system

Normally AE systems only provide a qualitative indication of structura! damage. However the
VPAC system by Physical Acoustics (part of the Mistras Group) has been developed to take the
output from a well-specified measurement and relate the AE values to leak rates in valves. In
this application, the AE signal is one generated by turbulent liquid or gas flow as a result of
constrained ventilation of the pressurised gas or liquid.

The VPAC system is a simple to use AE system developed in conjunction with BP. The system
used experimental data from BP installations to derive an empirical relationship between
measured AE levels and Ieak rates for given valve types and sizes for both gas and liquid

pipelines [2][3].

The VPAC system uses n type Model D9203-IS sensor fixed to the valve surface using a
silicone grease. The sensor is a resonant sensor with its peak frequency sensitivity at 264 kHz
{see Appendix A.2).

3.1.2 Leak detection using the VPAC system

At its simplest, leak assessment with the VPAC system relies on measurement of the maximum
AE signal on the valve. This value is eatered into the VPAC spreadsheet with information on
the valve type (e.g. ball, relief, gate etc.), valve size, gas or liquid and working pressure. The
calculator then provides an estimate of the leak rate.

To ensure that the AE value entered into the VPAC spreadsheet is valid, the user needs to check
that the background AE “noise” is low enough. The noise may be AE signal generated
upstream, or downstream of the valve, due to other leaks, valve restrictions, pumping stations or
other mechanical input into the pipework.

Mistras advise that, as a guide the VPAC measurement should be within 300 mm of the true
maximum AE signal level to ensure a good prediction of leakage.



COMMERCIAL IN CONFIDENCE

3.1.3 The Mistras AEwin system for transmission assessment

The attenuation of an AE signal can be assessed using the method of the Hsu-Nielson Source.
This method is based on a reproducible AE signal being generated using a mechanical pencil
with either 0.3 or 0.5 mm 2H lead in contact with the surface of a material at a 30 degree angle.
When the pencil lead is pressed and broken against the material, it creates a small, repeatable
AE signel, This method can be used to generate signals at various sites on a structure to indicate
the likely transmission attenuation characteristics of the structure.

The Mistras AEwin system provides PC-based measurement of acoustic emission by the use of
a transducer connected to the PC via a USB interface unit.

3.2 OBJECTIVES OF ACOUSTIC EMISSIONS TESTING FOR NATIONAL GRID

National Grid would like the VPAC system to be validated on the surface of the 42" self-
relieving valve and also tested for potential use on the vents. Used on the vents the device may
provide a measurement which could be used to estimate leakage of buried assets. If the device
can be used reliably on above-ground and below-ground assets to detect and quantify leakage, it
also has the polential to provide an additional safety control measure when work is being carried
out downstream of a closed valve,

In this first phase of the project, working on the valve above the ground (see Photograph 1), the
objectives are to:

1. Assess whether the VPAC system predicts the actual leak rate on the sample valve
provided by National Grid.

2. Detennine whether measurements of AE at the vent pipes, or other parts of the valve
structure that might be accessible when the valve is buried, may be used for prediction

of [eak rate.

3. Assess whether acoustic (airborne) noise from the vent pipes may be used as an
indicator of leaks occurring.

3.3 MEASUREMENT PLAN
3.31 VPAC measurements
The aims of measurements with the VPAC system were to:
1. Characterise the AE emissions on the valve, to determine whether:

a. The background AE noise from the air-feed inlo the valve was low enough to
enable AE measurement to be made with the valve pressure being maintained
from the air supply system,

b. The level of the AE maxima on the valve body was high enough above the
background level to allow for reasonable prediction of leak rate.

c. The distribution of the AE mexima was indicative of a simple, single point,
leak.

6
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2. Measure the maximum AE signal, and use the VPAC spreadsheet to predict leak rate
(for comparison with direct measurements of air flow being made on the vent pipes).

3. Measure the AE signal levels at points on the vent pipes and other locations that might
be accessible when the valve is buried (to nssess whether measurement at these location
is likely to be capable of providing an indication of the AE on the valve bedy and hence

the real leak rate).

All VPAC measurements were made with the valve pressurised.

3.4 AEWIN MEASUREMENT PLAN

The aim of messurements with the VPAC system was to assess the transmissibility
chacacteristics of AE signals around the valve and into the vent pipes and gearbox flanges (to
help assess whether any AE signals being detected by the VPAC system were likely to be
transmissions from the AE signal produced at the leak point).

All AEwin measurements were made with the valve un-pressurised.

3.5 AIRBORNE NOISE MEASUREMENT

Airbome noise, of air escaping from the vent pipes, may provide o vahuble indicator of leaks
occurring, particularly if the noise has clear spectral characteristics. The aims of airborne noise
measurements were (o:

I. Determine if the noise spectrum contained tonal noise that might be characteristic of
vent pipes operating.

2. Determine if the noise spectrum contained ultrasonic noise, i.e, noise at frequencies
beyond the normal human hearing range, usually assumed io be up to 20 kHz, but may
be substantially lower than this for workers with work or age-related hearing loss,

All airbome noise mensurements were made with the valve pressurised,
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4 PRESSURE AND FLOW RATE ASSESSMENT

41 PRESSURE

The valve was pressurised up to 70 bar g (the normal working pressure of the valve when in
use) using an existing HSL high pressure air supply facility.

This facility cumpnses four high pressure air reservoirs giving a total air cnpaclty of 4m’ at 200
bar g. 'I‘Ins air is regulated and controlled to deliver a measurable flow rate of air at rates of up
to 3kg.s" and pressures of up 1o 80 bar g. The facility is instrumented and live pressure/flow
data recorded to a data logging system,

For these tests, the delivery pressure was set 10 a nominal 70 bar g and this was maintained for
the duration of testing and the measurement period. Data from the facility was recorded.

The valve itself was instrumented with two pressure transducers. One transducer was fitted to
the upstream side of the valve body using an available port located at the top of the upstream
pipe stub. The secand iransducer was fitted to the ball body of the valve, at approximately the *5
o’clock' position, using an access port available on side B. A thermocouple was also fitted at
this location, to measure the temperature of the air in the ball body.

The outputs from the pressure transducers and thermocouple were recorded by the facility data
logging system,

4.2 FLOW

Each vent pipe was instrumented to ennble the velocity of the air passing through it 10 be
measured. A hole was drilled into the side of each vent pipe at a distance of 508 mm (20 inches
or 20 x the pipe diameter) from the end that screwed into the on/off valves. Re-sealable entry
glands were filted to the holes to permit insertion of air velocity transducers.

On the downstream side of the valve, an exhaust vent was fitted to a flanged access port on the
side off the downstream pipe stub, on side B. This was similarly equipped with a re-sealable

entry gland.

Initially, it was intended to use hot wire anemometer probes to measure air velocity in the vent
pipes and a system was installed comprising five hot wire anemometers permanently located in
each vent with the signals being recorded by the data logging system.

However, it became apparent durmg the commissioning phase that these probes were bemg
overloaded and the flow rate of air through the vent pipes was greater than the maximum
capability of the probes (i.e. >10 m.s™).

Subsequently, the hot wire anemometers were replaced by a differentinf pressure measuring
system incorporating Pitot tubes, inserted through the same glands as before. However, in use,
this system gave considerable practical problems, with the Pitot tubes often becoming blocked.

Finally, a handheld hot wire anemometer was obtained and used to take measurements at sach
vent pipe in tumn. This device had a maximum operating limit of 51.0 m.s™, much higher than
the original hat wire probes,
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4.3 OBJECTIVES

National Grid wanted to investigate the self-relieving system of the 42" valve and quantify the
leakape through it.

In this phase of the project, working on the valve above the ground (see Photograph 1), the
objectives of test programme 1 for National Grid were to:

1. Measure the pressure-time profile within the bady of the valve,

2. Determine the gir leak velocity through the venting system.

3. Characterise the behaviour of the downstream valve seal as a fimnction of pressure.

4

. Assess for any correlation between downstream seal behaviour and air leak velocity.

4.4 MEASUREMENT PLAN
The measurement plan was as follows:

With the valve in the closed position, 70 bar g of compressed air was applied 10 the upstream
side with the downstream side open to atmospheric pressure. The following was then measured
with different configurations of vent pipes open/closed:

e the flow ratc and delivery pressure at the air supply system.

o the upstream air pressure in the valve.

¢  (he pressure and tempemture vs. time profile in the valve body cavity.
» the air leak velocity through each of the vent pipes.

The following eight vent configurations were examined:
e All four vent pipes (1, 2, 3 and 4) open.

e Twao vent pipes open:
o | ond 2 open, 3 and 4 closed.
o | and 2 closed, 3 and 4 open.

¢ One vent pipe open:
© 1 open, others closed.
o 2 open, others closed.
o 3 open, others closed.
© 4 open, others closed

e Al four vent pipes (1, 2, 3 and 4) closed.

Prior to testing, the ball body pressure transducer was removed to allow any water in the valve
to escape before refitting the transducer. When not in use, caps were fitted to the vent pipes to
prevent the ingress of water.
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5 RESULTS

51 VPAC
5.1.1 Inlet AE tests

i 1 il

Hsl o

Figure 3: AE Inlet test locations and reference location

AE measurements vsing the VPAC syslem were performed in two valve states:

= Valve initially pressurised to approximately 70 bar g, and inlet supply valve closed (to
ensure no turbulent noise from air inlet). In this state, the valve pressure decreases as
the air leaks out.

* Valve pressurised to approximately 70 bar g and inlet supply maintained. In this stote
the valve pressure is maintained, but there may be some AE noise from the air inlet.

Table 1 shows the results from these tests, While there was little change in AE measurement
resulls as the valve pressure dropped, there was actually no measurable difference between the
AE results with the inlet supply valve open and those with the inlet valve closed. Since running
with the infet valve open allows for a longer period over which measurements may be made, all
subsequent measuremenis were made with the inlet valve open and the pressure in the valve
maintained at around 70 bar g. The location “Ref” (see Figure 3) was used as a monitor point to
ensure that the overall valve chameteristics were not changing throughout the test sequences,

Table 1: AE measurement results with inlet valve open and closed

Inlet supply valve Pressure drop AE (dB) Location
stifus through gt)esu (bar n 2 n Rel
Open (flow through) N/A 56 54 37 57
Closed 6 56 54 37 57, 56"

* These two values are repeat tests at start and finish of tests, i.c. repests at 70 bar and 64 bor

5.1.2 Leak detection AE tests

Measurements were made on 28* January 2015 with the vaive pressurised, vent pipes | and 2
closed and vent pipes 3 and 4 open. The sequence of measurements started immediately above
the inlet valve (valve side) and ran horizontally from the upstream to the downstream side of the
valve, On the ball part of the valve, measurements were made at 250 mm intervals. At the

10
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highest point on the horizontal line, measurements were made vertically ot 250 mm intervals to
lacate the high point on valve side B (see Figure 4).

The measurement sequence was repeated on valve side B. Since the highest values were
observed on this side of the valve, additional measurements were performed to isolate the point
with the highest AE value, The maximum value of 65 dB was obtained. This value was entered
into the VPAC leak caleulator sprendsheet (“VPAC_GAS96.x1s") for gas pipework, which gave
a leak rate estimate of 575 V/min, based on a valve pressure of 68 bar and a 42" inlet size ball
valve.

i
”- I :‘ . a1
. ‘I’-dl Il 214 L - ]
] .
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Figura 4: AE leak detection measurements 28" January 2015

The measurements on the 28" January were repeated on 6 February, afier the vent pipe
extensions were fitted and scaffolding access was available to the stem extension and vent pipe
extensions,

Yahesidea

e I“] luln Valw pita 8 "m]
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Figure 5: AE leak detection measurements 6" February 2015 (vents 3 & 4 open)

Figure 5 shows the results from the tests with vent pipes 3 and 4 open (i.c. a repeat of the lests
on 28" January). For these tests the mensured air pressure was between 70 and 73 bar g.

Figure 5 shows that the high AE point value was 69 dB. Its position had changed a little from
that found on 28" January, with the high point being closer to the upstream sea! of the valve.
Unfortunately this was a position not measured on 28" January as the measurements on the
horizonta line did not suggest thot the high point would be in that area. For an AE value of

1
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69 dB and a valve pressure of between 70 bar g and 73 bar g, the leak rate estimate from the
VPAC spreadsheet was between 855 and 866 l.min".

In addition to measurements on the valve body, measurements were also made on the vent pipe
clase to the leak point (vent pipe 2) and on the fanges of the gear housing. The results from
these measurements are included in Figure 5. The AE values measured at these locations were
substantially lower than those on the valve body. However, for these tests vent pipe 2 wos

closed.

A second set of measurements was carried out on the 6" February, with all four vent pipes open.
As can be seen in Figure 6, these measurements focused on the area of highest emission on

valve side A.

Vatvs siis & Vakanidef
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Figure 6: AE leak detection measurements 8™ February 2015 (vents 1 - 4 open)

Figure 6 shows that the AE characteristics are similar to those shown in Figure 5, The maximum
AE value was 67 dB. However, the pressure hod increased to 75 bar g. The leak rate estimate
from the VPAC spreadsheet was then 689 Lmin™.

Measurements on the vent pipe were noticeably higher than when configured with vent pipe 2
. closed. This suggested that the measured AE signal along the vent pipe when open is primarily
due to air flow in the vent pipe, rather than signal transmission from the leak point.

5.2 AEWIN
5.2.1 AE transmisslon across valve body

AEwin measurements were made at locations centred on the base of vent pipe 2 on valve side
A. This vent pipe was chosen as being the closest to the AE maxima found using the VPAC

measurements.

For these measurements the AE sensor was magnetically mounted at e location close to the
valve base (See Photograph 5a and 5b). From this centre point, measurements were made, in 10
cm steps, of the AE signal click generated by breaking a 2H pencil lead (Hsu-Nielson Source).
At each location five clicks were generated and the resulting average AE magnitude at the
central location was recorded. Figure 7 illustrates the test click locations and Figure 8
summarises the results,
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Photograph 5a and 5b: AE sensor showing magnetic mount and position on
valve body

=

Figurse 7: Measurement axes and grid directions for AEwin measuraments

It can been seen from Figure 8 that the attenuation results for 0° and 90° are very similar, with
180° showing slightly greater attenuations at all distances. The sttenuation characteristic at 270°
is markedly different to the others. Measurements in this direction were not possible at 160 mm
and 200 mm due to the base of the vent pipe (see Photograph 5b). However, at greater distances
the attenuation is 10 to 15 dB more than might be predicted from measurements in the other
directions. [t is likely that the reason for the greater attenuation values at 270° is the additional
attenuation caused by both the weld seam, which runs along the central axis of the valve and is
visible in Photograph 5a and 2b, and the base of vent pipe 2.

The measurements at 180° were repeated and show consistent results. It is not clear why these
values are lower that the equivalent values at 0° and 90°. However, the substantially greater
attenuation valees at 500 mm and 600 mun may be due 1o their proximity to the downstream
valve seal and associated weld lines.

13
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Figure 8: AE atienuation results summary

5.2.2 AE transmission from valve hody to vent pipes

AEwin measurcments were made at the base of vent pipe 3 for measurements of clicks
generated along the vent pipe. Vent pipe 4 on valve side B was chosen, as this was the only pipe
that did not have anti-rust treatment on the first section of pipework. The thick, anti-rust paint
would prevent a good AE signal being injected into the pipework using the Hsu-Nielson Source.

With the AE sensor magnetically mounted as shown in Photograph 6, clicks were generated at
100 mm to the side of the sensor (for comparison with measurements on vent pipe 2 on valve
side A) and just after the first connection joints on the vent pipe and in the middle of the first

section of vent pipe.

In addition to the measurements on the vent pipe, tests were also performed on the upper and
lower flanges of the stem extension. It was noted that the bolts on these flanges were not all
present and those that were present may not have been fully tightened.

The results of these AEwin measurements on valve side B are summarised in Table 2. The
measurements 100 mm to the right of the AE sensor are consistent with those found on valve

14
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side A. Attenuation measurements on both the vent pipe and the flanges showed very large
attenuntion values,

Photograph 6: AE sensor mountad for measurements on vent pipe 4

Table 2: Results of AEwin measurements on valva side B

Location Normalised Average Std. deviation
Attenvation (dB) (dRB)

100 mm to right of sensor =52 1.7

Just afier first 90° angle welded joint -37.2 1.1

Midpoint of first vent pipe section -36.0 22

Lower face of lower flange -48 11

Upper face of lower flange 40 22

Upper face of upper flange -52.8 12

5.3 AIRBORNE NOISE

Airbome noise measurements were made with just one vent pipe open. It was assumed that
operating with one vent pipe was maost likely to produce tonal airbome noise, as the flow rate
would be expected to be greatest. Vent pipe 2 was selected for this test, as the vent pipe most
likely to give the highest values, since it was the pipe venting from the area closest to the valve
leak.

Measurements were made with a Brilel & Kjer (B&K) type 2250 Handheld Analyser to obtain
1/3™ Octave-band spectra and 20 Hz to 20 kHz land-limited values adjacent to the end of the
vent pipe (approximately 100 mm) to the side of the pipe.

The frequency spectra as measured by the B&K 2250 are shown in Figure 9. The spectra shows
a broad-band noise signal with no sirong tonal elements. For comparison, the single tone 1 kHz
celibration signal at 94dB is also shown in Figure 9,

15
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The broad-band noise measurements of the airbome noise are given in Table 3 as £, and Lcpey
values. These values are those that might be used to assess noise risk of those working close to
the vent pipes {the Lag being the A-weighted average value during the measurement period and
is used for assessing likely daily noise exposures; the Lepes being the C-weighted peak value,
used for nssessing risk from individual noise events). In practice the measurements to the side of
the pipes are more representative of what a worker would be exposed to, rather than those
adjacent to the top of the vent pipe, which would normally be well above head height.

«"==V/alve 4 open - top of vent pipe —="=Valva 3 opan - top of vent pipe
-0~V alve 3 open - {o side of venl pipe ===\/alve 2 opan - iop of vent pipe
—a—Valve 2 open - to side of vent pipa —~Valva 1 and 2 apen - top of vant pipe
—0—984 dB 100Hz calibration

100 e e sttt - e S S ——3

20

80 -

70

60

S0

40

30 -

20 -

Z-welghted Sound pressure level (dB)

10 4

125 Hz -—

113rd Octave band centre frequency

Figure 9: Broadband spectra of airbome nolsa at vent pipes
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Table 3: Summary of broadband airborne noise measurements

Configuration d;‘;:) ;’;'('E")
94 dB 100Hz calibration 93.9 99.1
Vaive 4 open - tap of vent pipe 88.3 100.9
Valve 3 apen - top of vent pipe 89.7 103.4
Valve 3 open - lo side of vent pipe 79.1 93.3
Valve 2 apen - top of vent pipe 92.9 107.6
Valve 2 open - to side of vent pipe 85.7 99.6
Valve | and 2 open - top of vent pipe 894 104.3

54 PRESSURE AND FLOW

Pressure measurements and leak rate measurements at the vent pipes were taken on the 25" of
February 2015.

The flow rate, reservoir pressure and delivery pressure data from the air supply system, obtained
throughout the course of the leak rale measurements, are shown in Figure 10.

The upstream pressure and bell body pressure at the valve, also obtained throughout the course
of the leak rate measurements, are shown in Figure 11.

Data for the air temperature throughout the measurement period were also obtained (not shown
graphically) and indicated a consistent air temperature of +1.0 = 0.5 °C.,

The air leak rate (velocity) data obtained using the handheld hot wire probe is shown below in
Table 4 for each vent pipe configuration examined, The time index in the table corresponds to

the x-axis times on the graphs.
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Flgure 10: Air supply system data
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Figure 11: Data collected from pressure sensors at the valve
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Table 4: Vant pipa leak rate data

Time Vent Vent pipe leak rate (velocity, m.s™)
Index Configuration

{Seconds)

1 2 3 4 Exhaust

3240 All open 2.1 3.0 38.6 17.6 2.1
3660 3,4 open 0.0 0.0 51.0* 25.0 3.5
6840 1, 2 open n/a* 47.2 0 0 4.5
4260 4 open 0 0 0 50.5 8.4
4980 J open 0 0 51.0* 0 5.7
5580 2 open 0 51.0* 0 0 6.1
5880 1 open n/a* 0 0 0 n/s
7260 All closed 0 0 0 0 17.9

* When changing the vent configuration to I and 2 apen, a significant quantity of water was observed fo exit from
vent pipe 1. This comined for a long periad, appearing as a plume of mist. Examination of the entry gland for the
probe showed significant quamities of grease also present. Thus, this was considered not to be a suliable
environment for taking velocity measurements.

* This is the upper measurement limit of the instrumentiprobe. Thus acinal velocliles are likelp to exceed this figure.
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6 DISCUSSION

6.1 VPAC MEASUREMENTS

The VPAC system showed 2 clcar peak AE mcasurcment and the VPAC spreadsheet predicted
leak rates from around 700 Lmin™ to 900 Lmin™. This compares to the leak mie measured from
the air flow rates in the vent pipes and outlet vent of up to 2791 L.min™'.

Measurements with the VPAC on the vent pipes appeared to show that the AE signal on the
pipes is primarily due to the transmission of vented air through the pipe, mther than AE signal
transmitted from the leak point.

6.2 AEWIN MEASUREMENTS

The AEwin measurements supported the measurements with the VPAC, The altenuation is
dependent upon distance from the source and the presence of valve features, such as weld lines
and vent pipe outlets. The attenuation from the valve (o the vent pipes is around 36 dB (an
attenuation factor of 1/4000).

6.3 AIRBORNE NOISE MEASUREMENTS

The airbomne noise assessment shows that the noise spectnum from the top of the vent pipes has
no clear tonal components.

6.4 PRESSURE AND FLOW

The data obtained for the air supply system (Figure 10) demonstrates that the system functioned
correctly. Once set, the delivery pressure remained stable and consistent throughout the
measurement period, at 68.3 + 0.2 bar from time index 3240 onwards. After the initial valve
chm'gingl period, the pressure in the air reservoir was released at a consistent linear rate of 0.4
bar.min™,

The mass flow data for the air supply system indicated no mass flow, remaining at 0.000 kg.s™
throughout the measurement period. The only observed increase from zero occurred during the
charging phase.

At the valve, the upstream pressure remained steady at the same level as the delivery pressure.
However, there were Iwo steps in the pressure rending, between 68.8 and 67.8 bar g, with a time
index corresponding to when the vent configuration was being changed.

The ball body pressure remained at © bar g except for the configuration where all four vents
were closed. Here, the pressure rose to an average of 0.575 bar g.

The volumetric leak rate from the valve/vents (Table 5) can be derived from the air leak rate
(velecity) dota in Table 4, by calculating the swept volume from the leak velocity and cross-
sectional area of the vent pipe, assuming that the velocity is uniform across the internal dismeter
of the vent pipe.
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Cansidering the volumeltric leak rates and pressures within the body, it can be seen that, with the
valve in the closed position, both the upstream seal and the downstream seal leak; the latter
being enough to prevent buiid-up of pressure in the ball body. Given that the ball body pressure
remains at zero, it is reasonable to expect that the maximum leak rate through the upstream seal
is equal to that where all four venis are open, i.e. 2971 Lmin"', and where the flow through the
valve is not being restricted by the vent pipe arrangement,

When fewer vent pipes are open, i.e. two open and two closed, the flow through the exhaust
increases as the flow through the vent pipes decreases; behaviour that is continued when the
number of open vent pipes is reduced further to one. For configurations with reduced open vent
pipes, there is insufficient resistance to flow (no pressure in the ball body) so it would be
expected that the total flow through the vents would equal thot of the four open vent pipes (2971
L.min™). This generally seems to be the case although confirmation is obscured given that, with
reduced vent pipes open, some of the readings have exceeded the maximum measurable vatue.
Only when sall four vent pipes are closed does this expectation seem not to hold. Here, the slight
build-up of pressure in the ball body may serve to reinforce the upstream seal, reducing the leak
rate through it.

It can also be seen that the individual vent pipes do not have the same flow characteristics,
which is likely due to the relative positions of the connection points on the valve body. This
would explain the difficulties encountered with vent pipe 1, which has the lowest connection
point and thus becomes the exit point for any water, dirt and debris cotlected in the valve.

Table 5: Vent pipae volumelric leak rate data

Vent Vent pipe leak rate — (volume, l.min')
Configuration ;
1 2 3 4 | Exhaust Total Total
{excluding {including
Exhaust) Exhaust)
All open 64 | 943 1174 | 535 255 2715 2971
3, 4 open 0 0 =1551 | 760 426 22311 >2737
1, 2 open N/o| 1435 0 0 547 >1435 >1982
4 open 0 0 0 1536 | 1022 1536 2557
3 open 0 0 |=zI551] 0O 693 21551 >2244
2 open 0 | =1551 0 a 742 >1551 22293
1 open N/a 0 0 0 Nia N/a N/a
All closed 0 0 0 0 2177 0 2177
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7 CONCLUSIONS AND RECOMMENDATIONS

Acoustic emissions:

. The VPAC system and associated spreadsheet for predicting leak rates are unlikely to
be effactive on the vent pipes of a buried valve, The AE signal from the leak point
maxima is attenuated before it gets to the outlet to the nearest vent pipe by an amount
that is dependent not just on the dislance from the leak lo the vent pipe but also on the
presence of any structural discontinuities (such as weld seams and pipe outlets). Further,
the AE signal is heavily attenvated as it is transmitted into the vent pipe.

2. The AE signal in an open vent pipe appears to be dominated by AE signal generated
within the vent pipe itself. Clearly this signal will be dependent on the leak rate, but
may also be dependent on the physical characteristics of the pipework itself. Factors
such as bend angles, radii, vent pipe valve sizes and whether these are fully or only
partially apen may all affect the vent pipe AE signal.

3. On an on-surface asset or valve, the VPAC system appears to provide a reasonable
indication of the location of a leak and the true leak rate,

4. The lack of any tonal component to the aithome noise at the top of the vent pipe
suggests that noise measurements cannot be used as indicators of leaks, particularly in
the presence of other background noise.

Self-relieving behaviour:

5. No self-relieving behaviour of the downstream seal/valve was observed because the
downstream seal was too far damaged to enable the valve body to become pressurised
and operate the self-relieving system.

6. There is some correlation between the lesk rate past the downstream seal and the
number of vent pipes open.

7. The maximum volumetric leak rate through the valve was 2791 Lmin"' with all four
vents open.

B. The maximum velocities of the ait leaks were in excess of 51 m.s™” for configurations
where only one or two vent pipes were open.

Recommendations

The ability to see any self-relieving behaviour depends on the sealing ability of the downstream
seal and, in its present state, jt leaks regardless of the selected vent pipe configuration. It may
still be possible to see self-relieving behaviour but this will depend on being able to effect a
repair to the downstream seal. Therefore, it is suggested that methods for repairing the seal be
investigated, possibly this could be by high-pressure injection of sealant/grease, combined with
partial operation of the valve to effect sealing and indexing of the sealing ring.

e
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APPENDIXA  INSTRUMENTATION

A1 VPAC SYSTEM
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Calibration Procedure: 5131CP.DOC

Equipment Condition.
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A2 VPAC TYPE D9203-IS SENSOR

AH SENSOR CALIBRATION CERTIFICATE

Sensor Name:  D9z0v48 Maz. Value (dB):  .8035 Test Oate: 1321201
Sensor BIH:  AFT) Pesk Fraq.{kHz) 23387 TosledBy: Ln
Commant:  WITMa FT CARE

T
000 0 02 03 040
Sensitivity dB ref 1 wuur
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A4 AIRBORNE NOISE MEASUREMENTS

Sound level meter Brilel & Kjer type 2260 serial number 3000672:
o Calibration date 13/11/13, due 13/11/2015.

Sound calibrator Brilel & Kjeer type 4231 serial number 3001532:

e Calibration date 18/11/13, due 18/11/2015.

A5 PRESSURE AND FLOW
Table 8: Calibration records
Measurement Description HSL Last Calibration
Calibration Calibration | Due
Ld./serinl no.
Upstream 4-20mA Pressure P0295 14/10/2014 13/10/2015
Pressure transmitter, 0 to 100
bar g,
Ball Body 4-20mA Pressure P0296 14/10/2014 13/10/2014
Pressure transmitter, 0 to 100
bar g,
Ball Body Type K thermocouple | T1459 and T1484 | 09/1022014 | 0B8/10/2015
Temperature with temperature
transmitter
Leak rale TSI hat wire S/n 96120154 25/04/2014 | 24/04/2015
velocity ansmometer, model
8388-M
Data logging Microlink 3000 series | D0037 06/01/2015 | 05/01/2017
System frame
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