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Leak Detection Method: Internal Pressure Analysis (Rarefaction Wave Monitoring)
Vendor: Acoustic Systems, inc.

System: WaveAlert®

S Time Synchvorization Transducer/Preamp Assembly
g@ @ *  Produce a dynamic pressure
signal

WaveAlert® Vii Site Processor

Assembly

= Convert pressure signals
from analog to digital;

= Compute correlation of
dynamic pressure with
leak profile;

®*  Compare correlation with
threshold;

= Perform system tests;

*  Set flags indicating acoustic
event;

=  Uses GPS receiver to
synchronize data sampling
between processors: and

*  Report to MasterComm™Vii
Node Processor when polled.

MasterComm™ VIl Node

Processor

. Integrate Information from
WaveAlert® VI Site
Processors;

*  Analyze physical data; and

*  Originate updated poiling
requests for monitor stations.

Host Computer with SCADA
Software

*  Maintain system databases;

*  Provide operator interface:

*  Produce displays, alarms,
and messages.

Acoustic Systems Incorporated's (ASI) WaveAlert®is a real-time pipeline leak detection system operating on
the rarefaction wave monitoring principle. The system consists of three major assemblies and their
associated communication links including a WaveAlert® VIl Site Processor (with  Transducer/Preamp
Assembly), a MasterComm™ VI| Node Processor, and a Host Computer with SCADA Software (see figure
above). The technology uses the acoustic signals produced by the sudden pressure drop characteristic of a

pipeline leak to detect and locate leaks. The size of the leak can also be estimated using the amplitude of
the acoustic waves.

Wall failure of a pipeline under pressure is an event that occurs when internal pressure produces a sudden
rupture in a weakened pipe wall. When the hole forms, fluid escapes in the form of a high-pressure jet.
Fluid loss produces a sudden pressure drop within the pipeline, which propagates in both directions as
acoustic signals. These acoustic signals exhibit the following characteristics:

* The pressure loss propagates over large distances within the pipeline due to low signal
absorption and because the pipe walls guide the wave fronts.

*  Wave fronts propagate with the speed of sound in the fluid.
+ Pressure loss is detectable as a low frequency acoustic signal.
*  Acoustic signal amplitude increases with leak size.

The WaveAlert® Acoustic Leak Detection System makes use of these characteristics to inform the controlier
of the existence and location of the teak, as well as the estimated size of the leak.

Ld

Criteria Evaluation/Comments

Applicability/Availability WaveAlert® is commercially available and applicable to crude oil transmission
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Leak Detection Method: Internal Pressure Analysis (Rarefaction Wave Monitoring)
Vendor: Acoustic Systems, inc.

System: WaveAlert®

lines.

Effectiveness

The sensitivity of WaveAlert® for liquid product lines is reportedly 1 fo 3 percent
of the nominal flow. The minimum detectable leak size depends upon the
operating pressure, distance of the WaveAlert® VIi from the leak, pipe diameter,
and the background noise levels of the pipeline. Detection times are typically 15
seconds to 1 minute depending upon the speed of sound in the pipeline,
distance between monitors, data communications scan rate, and computational
time.

ASI performs an initial sensitivity analysis of the line to determine the minimum
detectable theoretical leak size and optimum placement of WaveAIert@ Sensors.

Accuracy

WaveAlert® relies fargely on pipeline instrumentation to estimate parameters
such as leak rate and volume lost; therefore, the accuracy of WaveAlert® is
largely dependent upon the accuracy of the pipeline instrumentation. ASI
recommends using strain-gauge type piezoresistor transducers. The accuracy
of these transducers is not as important as the ability of the instrument to
measure small changes rapidly.

The accuracy of the leak location system depends on the separation distance of
the WaveAlert® VIi Site Processors and the operational pressure of the pipeline.
According to the vendor, the system can determine leak location (within 1
minute or less) to within +/-100 feet or better.

" Reliability
Reliability of the WaveAlert® system is ensured by requiring that more that than
one WaveAlert® Vil Site Processor records an acoustic event. Additionally, the
source of the acoustic signal must be found to originate at a location on the

protected segment of the pipeline for the system to declare a leak. The vendor
guarantees one false alarm per year or less.

“To lower the incidence of false alarms from events outside a pipeline segment,
the WaveAlert® system establishes a “muting zone” on each side of a
transducer. The length of the muting zone largely depends on the spacing of the
transducers and the proximity to pumps, valves, etc. The disadvantage of this
feature is that leaks originating within a muting zone cannot be detected. To
further reduced false alarms, dual transducer filters are installed at pipeline
ends.

Robustness

The WaveAlert® system can distinguish between acoustic waves caused by
background noise and acoustic waves characteristic of a leak. !t does so by
comparing the recorded event to a “leak mask”, which is based on an actual
teak event purposefully initiated during system installation. Note, there is only
one chance for the sensors to detect the leak. If the rarefaction wave passes
the sensor and it doesn’t alarm, the ability of that sensor to detect the leak is
lost.

When an instrument (i.e., a WaveAlert® VIi Site Processor) is lost, other online
processors will continue to detect leaks, but at lower overall sensitivity.

White not commonly done, WaveAlert® can be installed with mass balance
algorithms for leak detection redundancy.

Transferability/Feasibility

WaveAlert® is transferable to crude oil transmission lines and has the following
benefits:

= Itreportedly operates sufficiently under muitiphase flow conditions, albeit at

reduced sensitivities:
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= [thas been successfully applied in arctic environments; and

= It can consistently detect leaks equal to or less than 1 percent of daily
throughput.

WaveAlert® performs best when:

* Transducers are spaced less than 200 feet apart; —*
* Large transient events do not occur frequently; and
-» There is no slack-line flow.

Compatibility/System
Requirements

Instrumentation

WaveAlert® operates using any high-quality electronic pressure transducers
normally used in the petroleum industry; however, the vendor indicated that
strain-gauge piezoresistors were the instruments best suited for use with their
system. The Transducer/Preamp Assembly is mounted directly on the pipeline
and is contained in a NEMA-7 (explosion proof) enclosure, suitable for use in
Class |, Group D gases, as classified by the National Electrical Code.

Operating System/Communications

The WaveAlert® VIl Site Processor monitors inputs from one or more
Transducer/Preamp Assemblies using a standard 4-20 mA current loop. The
processors are enclosed in standard 18-inch rack-mounted electronics cabinets

sited either in an equipment shelter or in a NEMA-3R (rain tight) enclosure along
the pipeline.

The MasterComm™ VII Node Processor serves as the central processing unit
for the LDS. It polls WaveAlert® VI Site Processors in turn. During each poli
cycle, it stores digital and analog values including the time of any acoustic event
registered. By comparing arrival times of an acoustic event at two WaveAlert®
Vi Site Processors, it verifies that a leak has occurred. The leak is then located
and appropriate messages are issued to the Host Computer. The

MasterComm™ VIi enclosure is physically identical to the WaveAlert® Vil
enclosure.

The communication link between WaveAlert® VIl Site Processors and the
MasterComm™ VIl Node Processor is a dedicated two-way half-duplex link,
which may include radio, hardwire land line, and/or fiber optic sections.

The Host Computer with SCADA software communicates with one or more
MasterComm™ VI! Node Processors and provides controller interface with the
LDS via video displays and audio alarms. The SCADA software residing in the
Host computer provides communications management instructions for transfer
of data between the Host Computer and MasterComm™ Vil Node Processor(s),
database management information and instructions, historical operating
information, and instructions concerning organization and content of printed
reports and graphic displays.

Sampling Frequency

The WaveAlert® Vi Site Processors sample the pressure transducers every 10
milliseconds. The recommended SCADA polling rate of the MasterComm™ Vi
Node Processor(s) is <15 times per second.

Controller Training

Controller and support training is performed onsite during system installation.
The duration of training is about one day.

Environmenta! Impacts

There are no air, land, water, energy, or other system requirements that may
offset the anticipated environmental benefits of WaveAlert®.

Regional Considerations

WaveAlert® has been proven in arctic environments.
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The principal limiting factor in terms of regional considerations is the field
instrumentation (i.e., pressure transducers) which needs to be physically rugged
to operate in the extreme climactic conditions of Alaska. Oil companies in
Alaska generally have already selected the equipment that works the best under
these potentially adverse conditions.

Field Performance The results of tests conducted on WaveAlert® systems for two crude oil
transmission pipelines are presented in the following table.

Company/Scenaric Diameter Length Product Detected Leak

Quiliano Sea Lines 32&36in. - Crude 1% of flow*
Exxon - 270 mi. Crude/Mixed 1% of flow w/in 1 min. (location
w/in 300 feet)

* Required installation specification; unable to verify actual performance

Cost The initial cost of the WaveAlert® system will depend on the length and diameter

of the pipeline and the desired sensitivity of the system. A longer line or larger
diameter pipeline will require more points incurring a greater cost.

Upgrades range from minor firmware upgrade at a minimal cost to upgrading of
the WaveAlert® monitors. In the past the WaveAlert® monitors have been

redesigned every 5 to 7 years. The cutrent version of the WaveAlert® monitor
was completed in 1998.

o

Vendor Information

Acoustic Systems Incorporated
9803 Whithorn Drive

Houston, Texas 77095

Phone: (281) 345-9995

Fax: (281) 345-9998

Email: sales@wavealert.com
Web Site: www.wavealert.com
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Leak Detection Method: Internal Mass Balance Clamp-On Ultrasonic Flow Meters
Vendor: Controlotron Corporation

' System: System 990LD™
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Figure 1. Controlotron Corporation’s System 990LD

Figure 2. Ultrasonic Flow Meter
Wide Beam Technology

Controlotron Corporation’s System 990LD™ detects leaks by means of compensated volume balance.
System 990LD consists of a PC-based Master Station linked to a series of clamp-on transit-time Site
Stations (Figure 1). The system operates by separating the pipeline into a series of segments. Each
segment is bounded by two Site Stations so that the monitored liquid theoretically travels through only one
entrance and one exit. Each Site Station consists of a clamp-on flow meter, temperature sensor, and
computer. A patented thermal model (CompuTemp™ computes and corrects for liquid expansion due to
pipeline temperature or pressure changes. The following data are measured or computed at each Site
Station 10 times per second: volumetric flow rate, liquid and ambient air temperature, liquid sonic
propagation velocity (“sonic signature™), and site diagnostic conditions. Every sixty seconds the Master
Station collects data from all Site Stations for a volume-balance computation. It accomplishes this by
monitoring the volume of the liquid entering a segment, applying software models that reflect the physical
and environmental conditions influencing the liquid, then comparing results with the volume leaving the
segment. Volume unbalance on any pipeline segment exceeding preset alarm thresholds of any of four
integration time periods (1, 5, 15, or 60 minutes) activates audible and visible alarms. A short integration
period will show a large leak quickly. The longer integration periods detect smaller leaks.

Calculation of the segment volume balance allows System 990LD to locate a possible leak to a specific
segment. The Sonilocator™ option further pinpoints a possible leak location to an area within the specific

segment. This feature is based on the detection of the relative arrival time of a leak-induced pressure drop at
each Site Station.

Positive product identification is a critical factor for successful volume balance leak detection. System
990LD’s Liquident™ uses the sonic propagation velocity of the liquid and the measured liquid temperature to
compute a unique “sonic signature” for that product. The Site Station monitoring the entrance to each pipe
segment reports the product’s sonic signature to the Master Station, so the system is always aware of the
liquid type flowing through a segment.

The basis for the benefits of the 990LD leak detection system lie in the performance and operating
parameters of the ultrasonic flow meter itself. System 990 Clamp-On Transit-Time Ultrasonic Flow Meters
use patented wide beam technology to induce an axial sonic wave in the pipe wall (Figure 2). As the wave
travels along the pipe a collimated beam of sonic energy “rains” across the liquid. This beam arrives at the
far wall and travels toward the receiving transducer. The wide beam completely covers the receiving
transducer assuring continucus operation of the system regardless of bubbles or changes in the refraction
angle of the liquid. System 890 transmits alternately upstream and downstream. Proportional to the actual
flow velocity, the upstream transit time takes slightly longer than the downstream. Thus the meter’s ability to
measure flow is based on measurement of this time difference. Since there is no energy taken from the
stream, flow is rangeable (0 to +/-40 ft/sec), sensitive (0.001 ft/sec), and bi-directional.

System 990LD's clamp-on design allows it to service practically any pipeline architecture. A single Master
Station can monitor as many as 32 Site Stations. Optional system configurations can increase this capacity.
Controlotron supplies System 990LD on a turnkey basis only.
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