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

System: WaveAlert®

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

System: WaveAlert®

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™

downstrzsm
1tz

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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Leak Detection Method: Internal Mass Balance Clamp-On Ultrasonic Flow Meters
Vendor: Controlotron Corporation
* System: System 990LD™

Criteria

Evaluation/Comments

Applicability/Availability

Systern 990LD is commercially available and has been successfully applied to
crude oil transmission pipelines.

Effectiveness

Sensitivity

The sensitivity of the 990LD system depends largely on the sensitivity of the
clamp-on flow meters providing data to the system. Controlotron provided the |
following chart depicting the estimated best leak detection performance
achievable on a pipeline. Current fielded systems generally support these
values (see Field Performance criteria). :

THRESHOLD SETTING AS A PERCENTAGE OF NORMAL FLOW RATE
Description 1Min. 5Min. 15Min. 60 Min.

High Precision Dual Path 3 2 1.5 1

Std. Precision Dual Path 4 .3 2 1.5
High Precision Single Path 5 4 3 2
Std. Precision Single Path 7 5 4 3

Accuracy

System 990LD relies on the clamp-on meters to estimate parameters such as
leak flow rate and volume lost; therefore, the accuracy of 990LD is only as good
as the accuracy of the instrumentation. The System 990 clamp-on transit-time
flow meters are reportedly accurate to within 0.001 ft/sec at any flow rate,
including zero.

Controlotron claims that SoniLocator is capable of placing the source of leaks to
within meters of their actual location. Field data were not available to
substantiate this claim.

Reliability

Newly installed 990LD systems undergo an “optimization” process whereby
calibration is normalized and sources of both short term and long term data
variation due to the particular characteristics of the pipeline are identified and
minimized. This results in the ability to set the leak detection threshold at the
lowest value consistent with pipeline conditions and minimize false alarms.

In order to avoid false alarms, Controlotron recommends including an
automated application control function (AppCon™). System 990LD’s AppCon™
dynamically adjusts leak detection thresholds to avoid false leak alarms due to
deteriorated or other operating conditions. However, such a condition will also
trigger the leak warning system which alerts the controller of the potential of an
as yet undeclared leak. A Realeak™ scatter plot screen shows the controller a
graphical correlation of reported leak data with current operational conditions to
help confirm ieak reality.

System 990LD reliability is also enhanced by its ability to detect and
compensate for line packing and unpacking. This is because compression of the
liquid (i.e., line pack) increases the liquid's density and its sonic propagation
velocity. By correlating the increase in flow rate with the increase in velocity,
990LD can confirm that the current segment volume imbalance is due to line
pack and not a leak, thus preventing the declaration of a faise leak alarm. Note
that during the optimization process, a determination is made as to the amount
of liquid normally packed in each pipeline segment under various flow
conditions. Using this data, 990LD can determine if the actual liquid imbalance
during line pack events is within historical limits. If it exceeds these limits, the
system will declare a leak alarm.

Robustness

System 990LD is a non-intrusive electronic device without moving parts;
therefore, it has no liquid induced wear or calibration-change mechanism as
found in conventional intrusive turbine or positive displacement flow meters.
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Leak Detection Method: internal Mass Balance Clamp-On Ultrasonic Flow Meters
Vendor: Controlotron Corporation
System: System 990LD™

However, as with any computer-based system it is not immune to failure and is
dependent upon data communication links, power supply, proper installation,
and periodic maintenance.

The clamp-on transit-time flow meter automatically detects both line pack and,
for pipelines in which temperature gradients are expected, it also determines the
effect of liquid and pipeline expansion or contraction, so as to preciude either
false atarms or failure to detect a leak.

System 990LD is intended as a source of flow data so that the controller, with
information from other sources, can make the decision as to the existence of a
leak. Confidence factors determined by current pipeline conditions are displayed
to assist the controller in evaluation of the data obtained from the 990LD
system.

A key to the performance of System 990LD is its ability to continucusly identify
the type and condition of the product in the pipeline, and thereby assure correct
system calibration at all times (System 990LD takes approximately 1000
measurements per second and identifies the product once per minute). This is
important because the characteristics of crude oils can vary substantially.
Additionally, the “wide beam” technology used in the flow meters assures that
no matter what liquid is in the pipe, the beam will cover the receiving transducer
and permit continuous operation of the system.

Transferability/Feasibility

System 990LD is transferable to crude oil transmission lines and has the
following benefits:

= It can compensate for monitoring during line packing and unpacking;
= |t can monitor bi-directional pipelines;

= |t is capable of monitoring relatively long pipeline segments (30 miles or
more);

= |t has been applied in arctic environments;

= |t does not require shutdown of operations for installation, calibration, or
maintenance;

= The non-intrusive clamp-on feature insures against the system itself being
the cause of a future pipeline leak;

= |t permits application to pipelines which are “pigged”; and

» |t can detect leaks on crude oil transmission lines of less than 1 percent of
flow.

System 990LD performs best when:

=  Product characteristics are consistent. Despite the vendor’s claim that
System 990LD is its capable of continuously identifying the type and
condition of the liquid in the pipeline, one reference indicated that system
did not recognize or respond to batch changes in the line.

= The flow rate is not highly variable;

» The clamp-on meters are not installed in an environment conducive to
corrosion (i.e., offshore platforms);

= There is no multiphase flow or slugging of water;
= There is no slack-line flow; and

» Large transients do not occur frequently. Although System 990LD is
capable of detecting and compensating for normal operating noise and
transient events, highly dynamic pipelines tend to desensitize the system.

Compatibility/System

Controlotron markets System 990LD as a completely self-contained leak
detection system including all hardware, software, and services. System 990LD
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Leak Detect|on Method: Internal Mass Balance Clamp-On Ultrasonic Flow Meters
Vendor: Confrolotron Corporatlon

System: System 990LD™

Requirements

can accommodate pipes from 1.25 to 240 inches in diameter, and of any wall
thickness of sonically conductive pipe material. Individual clamp-on site stations
can be installed in less than 2 hours.

Instrumentation

System 990 clamp-on transit-time ultrasonic flow meters are designed for
precision flow measurement. Basic System 990 functions and parameters, as
reported by Controlotron, are summarized in the list presented below.

Flow range from zero to +/-40 ft/sec flow velocity, bi-directional;

Flow sensitivity of 0.001 ft/sec, even under zero flow conditions;
Calibration stability of 0.05 to 0.1 percent;

Accurate operation for Reynolds number from 1 to 109;

10 Hz flow detection response rate;

Temperature-compensated mass/volumetric flow measurement;
Built-in datalogger with site identification and time stamp;
Incorporates 9600 baud, RS-232 /O serial data communication;
Meters operate on only 12 watts of power;

Meters are rated for pipeline temperatures ranging from -80 to 500 F
Built-in diagnostics alert user to liquid/system conditions (Liquldent product

identification, liquid interface detection, empty pipe detection, free gas and
water detection); and

*  Built-in pig detection.

Qperating System/Communications

All leak detection algorithms are built into the Master Station with alarm and data
storage and printout facility. Data communication from the site stations to the
master station is provided independently either through the existing
communication system (i.e., dedicated phone lines, radio, satellite, optical cable,
direct wire, or SCADA system) or as a freestanding communications system
provided by Controlotron. The Master Station console provides audio/visual
warnings and alarms to signal a possible leak event. lts user interface includes
instant hot-key access to a host of graphic and numerical data screens. Using
these screens, controllers can locate, view, and analyze the data to decide
quickly if a leak alert represents a real emergency.

Sampling Frequency

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.

Controller Training

Controller training is provided by Controlotron at their training center in
Hauppauge, NY or at the user’s facility. Personnel familiar with standard
computer-based pipeline operation controls are ordinarily qualified for training in
System 990LD operation.

Environmental Impacts

There are no air, land, water, energy, or other system requirements that may
offset the anticipated environmental benefits of System 990LD.

Regional Considerations

System 890LD has been installed on pipelines in arctic environments. Relevant
clients include the U.S. Defense Fuel Supply Command (Alaska) and
Transalpine Pipeline-(Italy, Germany, and Austria).

Field Performance

The results of tests conducted on System 990LD for various crude oil
transmission pipelines (and a single jet fuel line in Alaska) are presented in the
following table.
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Leak Detection Method: Internal Mass Balance Clamp-On Ultrasonic Flow Meters
Vendor: Controlotron Corporation

System: System 990LD™

Company/Scenario Diam. Length Product Detected Leak
Sun Pipeline Co. 30in. 1 mi Crude 1% flow in 1 hour
DFSC (Elmendorf AFB, AK) 8in. 67 mi.  JetFuel 0.75% within 1 hour*
Mid-Valley Pipeline 22in. 1000 mi. Crude 0.1-0.5% in <1 hour
Transalpine Pipeline 40in. 832mi. Crude 1% of flow**

Sheilt Offshore Pipelines Various Various Crude 3% in 2 hours***
SNAM (ltaly) 32in. 120mi. Crude 1% of flow in <1 hour*
Petroleos Mexicanos 12-20in. 345mi. Crude/Mixed 1% in <1 hour*
Equilon (Texaco Co.) 6-30in. 2-4mi. Crude/Mixed 1-2% in <1 hr*
Esso (France) 26in.  24mi.  Crude/Mixed 1% in <1 hour*
Chevron (Louisiana) 12in. - Crude 1% in <1 hour*

*Best performance estimates based on pipeline operating conditions.
** Sensitivity depends on flow profile predictability.

***According to the user, this sensitivity is achieved only if the meters have been

properly maintained, flow rates are consistent, and slugging of water is not an
issue.

FEXEKEREEREIREINHEZD DN AN QR

Cost

Systemn 990LD is available in a variety of configurations so that the appropriate
combination of performance versus cost is available for any pipeline. Systems
can be provided for applicatipns involving as few as 2 site stations, monitoring
only 1 pipefine segment, or as many as 64 site stations, monitoring 63 segment,
or between 1 and 32 different pipelines. In addition, System 990LD offers
options of standard and high precision transducers in single, dual, or triple beam
configuration. This gives the user the ability to provide enhanced performance
for any pipeline segment which lies in a particularly sensitive region, while
saving costs in regions of lower sensitivity.

Based on information from users of the 990LD system, the clamp-on ultrasonic
flow meters require considerable maintenance.

Vendor Information

Local:

Engineered Equipment Company of Alaska

11900 Industry Way, #M12
Anchorage, Alaska 99515
Phone: (907) 345-3474

Fax: (907) 345-9525
Contact: Scott Engel

Email: sengel@pobox.alaska.net

Corporate:

Controlotron Corporation

155 Plant Avenue

Hauppauge, New York 11788

Phone: (616) 231-3600

Fax: (516) 231-3334

50f5

OO T PP ITIFTIIISISITISSIISID




Leak Detection Method: Internal Mass Balance Clamp-On Ultrasonic Flow Meters
Vendor: DETEX International

System: Series 2000™
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DETEX Series 2000™ detects leaks by means of compensated volume balance. Seres 2000 consists of a
number of Data Acquisition Centers (DACs) placed at intervals along the pipeline, where two DAGCs create a
pipeline section (Figure 1). Each DAC consists of an ultrasonic clamp-on flow meter, temperature sensor,
densitometer (optional), and flow computer. The clamp-on flow meters are positioned so that the upstream
and downstream signal transit times are compared to produce flow measurement. The time differential is
related to the sonic propagation velocity of the fiquid and other conditional data (temperature, product
characteristics, pipeline expansion/contraction, etc.). These data are reported by the DAC to the Data
Control Center (DCC), usually at 30-second intervals through the SCADA or other communication system.
The data are processed and analyzed at the DCC for a volume-balance computation. This is accomplished
by monitoring the volume of the liquid entering a section, applying algorithms (Buckef™ software) 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 activates alarms. Series 2000 Continuos

Integration program sets alarm thresholds automatically based on normal, historical pipeiine operating
conditions. :

Positive product identification is a critical factor for successful volume balance leak detection. Series 2000
uses the sonic propagation velocity of the product and the measured liquid temperature (densitometer is
optional) to accurately identify the liquid. The DAC monitoring the entrance to each section reports this
information to the DCC, so the system is always aware of the liquid type flowing through a section.

Calculation of the section volume balance between two DACs allows Series 2000 to pinpoint a possible leak
location to a specific section. DETEX also offers a leak location option which further pinpoints a possible

leak location to an area within the specific section. This feature is based on the detection of the relative
arrival time of a leak-induced pressure wave at each DAC,

Criteria Evaluation/Comments
Applicability/Availability

Series 2000 is commercially available and the technology is applicable to crude oil
fransmission lines. However, to date, only the transit-time ultrasonic flow meters
(not the leak detection software) have been successfully installed on crude fines,

IThe Series 2000 package in its entirety has only been installed on one 10-inch, 2-
mile long gas line. :
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Leak Detection Metho

d: Internal Mass Balance Clamp-On Ultrasonic Flow Meters

Vendor: DETEX International

System: Series 2000™

Effectiveness

Sensitivity

The sensitivity of the Series 2000 system depends largely on the sensitivity of the|
clamp-on flow meters providing data to the system. DETEX provided the following

estimated best leak detection performance achievable on a pipeline with Series
2000:

Catastrophic leak within 30 seconds
5% of flow within 1 minute

2% of flow within 2 minutes

1% of flow within 5 minutes

0.5% of flow within 8 minutes
0.25% of flow within 15 minutes

Wccuracy

Series 2000 relies on the clamp-on meters to estimate parameters such as leak]
flow rate and volume lost; therefore, the accuracy of the LDS is largely dependent
upon the accuracy of the instrumentation. The Series 2000 clamp-on transit-timel

flow meters are reportedly accurate to within 0.001 ft/sec at any flow rate, including
zero.

s

DETEX claims that the optional leak location system is capable of pinpointing the
source of a leak to within 60 feet of its actual location on a 35-mile pipeline;
segment. However, this claim has never been substantiated in the field. Leak]

location software is not installed on the single pipeline presently monitored by,
Series 2000.

Reliability

With its Continuous Integration software (part of Bucket package), newly installed
Series 2000 systems undergo an initial tuning process where the system “learns’
all of the normal operating characteristics of the pipeline and its products including
flow rate changes and pump output. This feature combined with the MiniThresh
program results in the ability to automatically set the leak detection threshold at thel
lowest value consistent with pipeline conditions, thereby minimizing false alarms.

DETEX guarantees that Series 2000 will not false alarm more than twice a month.

Series 2000 can also minimize false alarms by detecting line packing and
unpacking. In essence, liquid compression or line pack increases the density and
sonic propagation velocity of the liquid. By correlating the increase in flow rate with
the increase in velocity, Series 2000 can confirm that the current volume

imbalance is due to line pack and not a leak, thus preventing the declaration of 2
false leak alarm.

Robustness

Series 2000 is a non-intrusive electronic device without moving parts; therefore, i
has no liquid-induced wear or calibration-change mechanism as found in
conventional intrusive flow meters. However, as with any computer-based system
it is not immune to failure and consistent operation and performance is dependent]

upon data communication links, power supply, proper installation, and periodid
maintenance.

A key to the robustness of Series 2000 is its ability to continuously identify the
product in the pipeline (Series 2000 takes approximately 1000 measurements pen
second and identifies the product once every 30 seconds). This is important
because the liquid characteristics of crude oils can vary substantially.

[Transferability/Feasibility

Series 2000 is reportedly transferable to crude oil transmission lines and has the
following benefits:

* It can compensate for line packing and unpacking;

= It can monitor bi-directional pipelines;

»__ It can detect the presence of free gas and “slugs” of water (but performance
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Leak Detection Metho

d: Internal Mass Balance Clamp-On Ultrasonic Flow Meters

Vendor: DETEX International

System: Series 2000™

deteriorates under true multiphase conditions);
* DACs can be used on any size pipeline and are not dedicated to one pipeline;
It is capable of monitoring relatively long pipeline segments (25 miles on
more); '
= Series 2000 flow meters have been successfully installed in both arctic and
underwater environments;
It does not require shutdown of operations for instafiation, calibration, of
maintenance;
The non-intrusive clamp-on feature insures against the system itself being the
cause of a future pipeline leak;
= ltis resistant to corrosive or abrasive liquids;
= It permits application to pipelines which are “pigged”; and

» - ltcan reportedly detect leaks on crude oil transmission lines of less than 1% of
flow.

Factors which may result in an increase in the detection threshold of Series 2000
include:

Aeration or slack line;

Multiphase flow;

Low Reynolds number;

Different liquids at adjacent DACs;
Very low flow rates (<0.5 ft/sec);
Sudden high flow rate changes (i.e., presumptive line packing) within a 30-
second integration period; and
=  Passage of a product interface.

Compatibility/System
Requirements

DETEX markets Series 2000 as a completely self-contained leak detection system
including alt hardware, software, and services. Series 2000 clamp-on design allows
it to service practically any pipeline configuration. It can accommodate pipes from 2|
to 200 inches in diameter, with wall thickness up to 3 inches. Individual clamp-on
site stations can be installed in about 2 hours. A single DCC can monitor as many
as 128 pipeline sections simuftaneously.

instrumentation

Series 2000 clamp-on transit-time ultrasonic flow meters are designed for precision|
flow measurement. Flow meters can be of single or dual path configuration
depending on the flow profile and accuracy required. Two analog inputs are|
available for densitometer and temperature data. DAC flow meters have thel
following characteristics/output data:

Accurate to within 1% of flow in most applications;

Flow range from zero to +/-40 ft/sec flow velocity, bi-directional:

Flow sensitivity of 0.001 ft/sec, even under zerc flow conditions;

Repeatability of +/-2%;

Determination of liquid sonic propagation velocity;

Reynolds number

Low operating power;

Pig detection;

Empty pipe alarm;

Built-in 43,000 point datalogger; and

Built-in diagnostics (Aufomatic Tracking Window) to alert user to liquid and
system conditions (i.e., product identification, line packing/unpacking, and
empty pipe detection).

Operating Systermn/Communications

The DCC receives the required data from the DACs and performs leak detection
analysis using the Bucket software program. The DCC comes standard with an
Intel Pentium Pro Processor, 32 megabytes RAM, 16550a UARTS, high-resolution

PCI video, 17-inch monitor, sound card, color printer, and uninterruptible power
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Leak Detection Method: Internal Mass Balance Clamp-On Ultrasonic Flow Meters
Vendor: DETEX International

System: Series 2000™

supply.

Data communication from the DACs to the DCC is provided independently either
through the existing communication system (i.e., dedicated phone lines, radio,
satellite, optical cable, direct wire, or SCADA system) or as a freestanding
communications system provided by DETEX. Communications methods arel
interfaced to Series 2000 through RS-232 serial ports.

Series 2000 Bucket software provides the leak detection algorithms. Bucket is 4
32bit multithreaded application capable of running on all platforms supported by
Widows NT, including multiprocessor systems. Using Graphical User Interfacel
(GUI), Bucket can monitor up to 128 individual pipeline sections depending on the

selected polling frequency and communications throughput. Additional software!
includes:

= Bucket Remote™, an application designed to monitor/control Bucket from 2
remote location;

= PipeSim™, a simulation program designed for controller training; and

= Historian™, a program which allows full replay of archived data enabling review|
of leaks, warnings, noted.events, and trending.

Sampling Frequency

The following data are measured or computed at each DAC 1000 times per
second: volumetric flow rate, temperature, liquid sonic propagation velocity, and
site diagnostic conditions. Every 30 seconds, the DCC collects data from all DACs|
for a volume-balance computation.

Controller Training

Series 2000 training is provided by DETEX at their training center in Kings Park,
NY or at the user's facility. Training typically requires two 8-hour days.
Additionally, DETEX engineers can dial into any pipeline’'s DCC and operate]
Series 2000 remotely from Kings Park; thereby enabling direct consultation and|
troubleshooting. ‘

Environmental Impacts

There are no air, land, water, energy, or other system requirements that may offset]
the anticipated environmental benefits of Series 2000.

Regional Considerations

Series 2000 transit-time ultrasonic flow meters have been installed in arctic and

underwater environments; however, the full LDS, including Bucket software, has
not.

"”W“‘W”W‘”W"W”‘W’WWWWWWWWW@WW@@W@WWW@WWW@@@@@@@@@UU‘.Q

Field Performance

The results of a test conducted on a pipeline equipped with the Series 2000 LDS ig
presented in the following table.

Scenario Diameter Length Product Detected Leak
Refinery to Tank Farm 10 inch 2miles Gasoline 0.2% of flow in
2 minutes

Cost

Series 2000 is available in a muititude of configurations so that the appropriate]
combination of performance versus cost is available for any pipeline. A single
DCC is capable of monitoring as few as 2 DACs (1 pipeline section) or as many as
64 DACs (63 sections), and any number of different pipelines.

Vendor Information

DETEX International
16 Ellen Plaza

Kings Park, New York 11754

Phone: (516) 544-4400
Fax: (516) 544-4432
Contact: Louis Milia

Email: info@detexintl.com
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Leak Detection Method: Internal Mass Balance
Vendor: EFA Technologies
System: MassPack™ (part of LeakNet™ package)

ALARM CONTACT

OUTPUT MODULE LAN

(~Yoooog)

PROTGCOL

LEAXKNET
(HOT STAND-BY-
FAIL-OVER, OPTIONAL)

PROTOCOL
CONVERTER

25 - 30 MILES RECOMMENDED
(CAN BE UP TO 60 MILES)

Graphic obtained from EFA Technologies, Inc. (May 1999)

MassPack™ is part of EFA’s LEAKNET" package, which also includes Pressure Point Analysis™ (a pressure
analysis system described separately) and Locator” (a-leak location option). MassPack is a line-pack
compensated volume balance leak detection system based on flow into and out of a pipeline segment.
~ 7 Once each minute; the mass flow balance and the change in the fluid packed within the line are computed
and accumulated in four accumulators operating over different time periods. The first accumulator looks at
the line-pack-corrected mass balance over a user-selected interval of 1 to 99 minutes. The second
accumutator monitors the previous hour. The third accumulator watches the previous 24 hours. The fourth
accumulator can be user-set to watch either the entire proceeding month, or it can total the inflow volume
untif manually reset. When the accumulated mass flow balance indicates fluid is being lost, and when the

amount lost exceeds a warning or alarm setting, the controller is alerted. All warning and alarm limits are
user configurable.

Criteria Evaluation/Comments

Applicability/Availability MassPack is commercially available and has been used on crude ol
transmission pipelines. o

Effectiveness Sensitivity - ,

The sensitivity of the MassPack system depends directly on the sensitivity of the
flow meters and other instruments providing data to the system. Depending on

the type of metering, MassPack can detect leaks equal to or less than 1 percent
of daily oil throughput.

Note: MassPack responds to the leak oni fer-the-event-has-traveled to both

ends of the line {or line segment) and fhe measurable difference exteeds the

o

e
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Vendor: EFA Technologies
System: MassPack™ (part of LeakNet™ package)

alarm threshold. Depending on the size of the feak this may take minutes to
hours. ' '

Accuracy ——»-

MassPack relies on pipeline instrumentation to estimate parameters such as
leak flow rate and volume lost; therefore, the accuracy of MassPack is largely
dependent upon the accuracy of the pipeline instrumentation. Leaks cannot be
located using MassPack exclusively.

Reliability

SmartPoint is an intelligent alarm-processing feature which is configured by the
user to alarm only when alf specified conditions are met, potentially providing
100 percent nuisance alarm free operation. SmartPoint recognizes a leak on a
pipeline segment by the characteristic decrease in pressure and increase in flow

on the upstream segment (inlet) and a decrease in both pressure and flow on
the downstream segment (outlet).

MassPack includes an optional line pack correction feature which can be turned
on by the customer if the line has"pacKing/unpacking issues associated with it.
Pressure at each end of the pipeline segment is monitored and used to compute
the corresponding changes in line pack. These changes are used to adjust the

mass balance errors so warnings and alarms are issued only as a result of an
actual loss of fluid.

s

Robustness

All mass balance systems, including MassPack are limited by the performance
of the meters. Some meters deal with transients better than others. Positive
displacement meters are probably the most immune to transients. Pressure
sensing flow meters such as orifice meters are probably the most affected.
Also like any other mass balance system, MassPack is vulnerable to poor meter
maintenance or improper proving.

Note that by incorporating two independent methods of leak detection that use
completely different ways of evaluating the line (pressure analysis and mass

balance), LEAKNET will detect leaks by one or both methods regardless of the
transient conditions.

Transferability/Feasibifity

MassPack is transferable to crude oil transmission lines and has the following

benefits:

* It can compensate for monitoring during steady packing and unpacking of
the line;

= {t can monitor bi-directional pipelines;

* It has been successfully applied in both arctic and underwater
environments;

= For leak detection redundancy, it is readily compatible with a pressure
analysis method (PPA); and

* It can consistently detect leaks of less than 1 percent of flow, thereby
meeting ADEC criteria.

MassPack performs best when:
= Transient events do not occur frequently;
* There is no slack line flow; and

*  There is no multiphase flow.

Compatibility/System
Requirements

Instrumentation

MassPack operates using any high-quality metering system normally used in the
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Leak Detection Method: Internal Mass Balance
Vendor: EFA Technologies '
System: MassPack”™ (part of LeakNet™ package)

7

rm e
O

petroleum industry. These instruments share a similar range of accuracy and
repeatability that is suitable for leak detection. For maximum performance; flow
should be measured to custody transfer accuracy and presented to MassPack
as either mass flow rate or standard volumetric flow rate. Pressure also should
be measured to custody transfer accuracy (i.e., to the nearest 0.1 psi) using
industrial quality pressure transducers.

If MassPack is being used, the meters will require standard calibration and
proving indicated by APl metering practices.

Operating System/Communications

The basic LEAKNET package consists of an industrial grade, rack mountable
CPU, monitor, mouse and keyboard. If the link is via SCADA an appropriate
cable and card are included. If the system collects its own information, the
package can include the modems, analog to digital converter modules, power
supplies, etc. Standard LeakNET includes one Ethemet board with connectors
for both 5BaseT (coaxial cable) and 10BaseT (modular telephone jack). It
supports the TCP/IP and NetBEUI protocols. Other networks and protocols can
be included at additional cost. The underlying Windows NT™ operating system
includes support for simultaneous operation on multiple LANs using multiple
protocols on each LAN.

Communication needs to be at least 9,600 baud with 16-bit resolution. The data
interface is bi-directional and implemented using formatted ASCIl files. The
interface point is typically a network-accessible RAMdrive but any network-
accessible drive can be used. Raw data are provided by the host DCS or
SCADA system for LEAKNET's use in a simple format. LEAKNET provides files
containing a user-selectable collection of the processed data which may be
used by the host computer for display or other purposes.

Data interchange can also be implemented over an RS-232 link operating at
9,600 baud. The following systems have been interfaced to LEAKNET: Honeywell
SCAN 3000: Whessoe Coggings Fuels Automation System (FAS); Mass
Technologies, Inc.; ULS! Startrack; Valmet-Sentrol; Baker CAC Realfiex; Control
/Syst@ms International; Bailey System 90; and Heuristics On-Spec.

Sampling Frequency

The optimal data instrument sampling frequency for MassPack is once per
minute. EFA found no significant improvement in sensitivity with updates faster
than one minute. Additionally, placing instruments closer together than 25-35
iz\miles does not improve sensitivity, although more instruments do provide a
,.‘E\ertain level of redundancy which may be advantageous in remote areas.
lLonger pipeline segments {over 100 miles) can be monitored when reduced
sensitivity is acceptable.

Coﬁtroller Training

The LEAKNET system can be installed and operational the day it arrives on site.
Controller training takes one 8-hour day. Training for support personnel working
with the SCADA system takes two to three days.

Environmental Impacts

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

Regional Considerations

MassPack has been proven in arctic and underwater environments and has
been installed on pipelines in Alaska and Canada.

The principal limiting factor in terms of regional considerations is the field
instrumentation, which needs to be physically rugged to operate in the extreme
climactic conditions of Alaska. Qil companies in Alaska generally have already
selected the equipment that works the best under these potentially adverse
conditions.
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Leak Detecﬁon Method: Internal Mass Balance
Vendor: EFA Technologies
System: MassPack” (part of LeakNet™ package)

Field Performance

Few field test results are availabie for mass balance systems since performance
is directly related to the accuracy of the instrumentation (i.e., the better the
instrumentation, the better the leak detection performance). BP Alaska and
ARCO Alaska were contacted to discuss the performance of MassPack leak
detection on two crude oil transmission pipelines operating in Alaska. The
following data represent best performance estimates:

Company Diam. Length eter Acc. Detected Leak

ARCO Alaska (Kuparuk) 8-18in. 50mi.(" 0.1-1%  <5%in 1 min; <1%in 1 hr;
; <0.5% in 24 hr

BPXA (Endicott/Badami) 12-16 in. 50 mi. \\ 0.25% i <0.05% in 3 to 5 min

Performance of other mass balance syst\ems—ﬂ(r'i.on-MassPack) on crude oil lines
is presented in the following table:

Company Diam. Length Meter Acc. Detected Leak

Alberta Energy Co. 22in. 350mi. 0.1% <1%in 1 hr; <0.5% in 24 hr
Pembina Pipeline - 1200 mi. 0.25% <5% in 5 min; <1% in 24 hr
Pennzoil Company 14in. 82 mi. 0.5% <2%in 24 hr

Cost

Different MassPack applications will have different initial costs. A short pipeline
might only require monitoring of four field instruments or measurement points. A
longer line might require forty points or even 75 points. Because of this
variability, LEAKNET is available in standard sizes of 10 points, 25 points, 50
points, 75 points, and 100 points. Larger size systems cost more than the
smaller one. Depending on the individual needs on a particular pipeline the
owner may elect to purchase optional features such as leak Locator which will
add to the price. Beyond that, a system collecting its own field data via modems
and RTU boxes will cost more than one receiving data directly from SCADA
because of the extra hardware costs. A feature in the EFA pricing structure is
the full availability of all points within the system for no additional licensing fees
as they are brought on fine. The price initially paid for the system is the actual
cost.

L EAKNET does not result in additional maintenance costs for the owner. The
software does not require the maintenance normally associated with custom
transient model systems. The PC only needs the routine care given to any PC.

Vendor Information

EFA Technologies, Inc.
1611 Twentieth Street

Sacramento, California 95814

Phone: (916) 443-8842
Fax: (916) 443-3759
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Leak Detection Method: Internal Pressure Analysis (Rarefaction Wave Monitoring)
Vendor: EFA Technologies

System: Pressure Point Analysis™ (part of LeakNet™ package)

ALARM CONTACT
QUTPUT MODULE LAN

(HOT STAND-BY-

FROTOCOL

PROTOCOL
CONVERTER

CONVERTER

25 - 30 MILES RECOMMENDED
(CAN BE UP TO 60 MILES)

Graphic obtained from EFA Technologies, Inc. (May 1999)

Pressure Point Analysis (PPA™) is part of EFA Technologies Inc.’s LEAKNET" package, which also includes
MassPack™ (a mass balance system described separately) and Locafor” (optionai). PPA is an EPA-
approved, patented leak detection technology operating on the rarefaction wave monitoring principle. Either
pressure or flow measurements can be used with PPA, which relies on analyzing data at a single or multiple
measurement points. Additional points improve intelligence, but are not essential to the technique. The
additional points can be used to configure a SmartPoint™, an intelligent alarm-processing feature which is
configured by the user to alarm only when all specified conditions are met, thereby reducing the number and
frequency of false alarms. An instrument configuration as shown above would provide 100% nuisance
alarm free operation for the pipeline segment between the meters.

PAA detects leaks by (Farmer, 1989):

*  Extracting signals from data taken at .ieasurement points along the pipeline that are representative of
current operations and recent trends.

= Determining if the behavior of these signals contains evidence of a leak and if the evidence is the resuit
of events on the line known te PPA to produce leak-like signatures. Patented and proprietary algorithms
evaluate the manner in which each individual pressure and fiow reading changes. Pattern recognition
algorithms determine whether these specific changes show a significant movement away from recent,
normal operation. The algorithms are designed to filter out background hydraulic noise thereby making
the expansion wave associated with a leak visible.

=  Reporting the results of this procedure to the controller.

After the detection and identification of the leak, LEAKNET determines the location at which the leak occurred
by invoking Locator, a statistically based leak location algorithm. Locator determines the location of leaks
using the same pressure measurements used by PPA and the actual speed of sound in the pipeline. With
Locator, a measurement is required at each end of a monitored line segment; therefore, a single
measurement point is not practical. Locator contains a heuristic learning module which accounts for pipeline
geometry through real world resuits from controlled test leaks.
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Leak Detection Method: Internal Pressure Analysis (Rarefaction Wave Monitoring)
Vendor: EFA Technologies

System: Pressure Point Analysis™ (part of LeakNet™ package)

Criteria

Evaluation/Comments

Applicability/Availability

PPA with Locator is commercially available and has been used successfully on
crude oil transmission pipelines.

Effectiveness

Sensitivity

The sensitivity of the PPA system depends largely on the amount of hydrayk
noise at the measurement points and where the pump or compress
operating on its curve. Essentially, the more smoothly the line runs, th
the sensitivity. A well designed application with the equipment running at high
efficiency and instruments located in hydraulically quiet iocations may be
sensitive to 0.15 percent of flow or less. For a typical crude oil application,
sensitivities are in the range of 0.5 to 1.0 percent of flow (see Field Performance
criterion).

Detection time for PPA depends on the distance between the leak and the
instruments. The leak signature travels at the speed of sound in the product.
PPA typically will detect the leak within five minutes of the event's arrival at the
instruments. [f the leak signature is above the “noise floor” (the normal peak-to-
peak variation in pressure or flow) the time will be under three minutes.

Accuracy .

PPA relies on pipeline instrumentation to evaluate how the current data differs
from operation over the past five minutes. Because the algorithms used by PPA
are relational and there are no direct comparisons of data, instrument accuracy,
unlike sensitivity and repeatability, is not a major concem. Infrequent
maintenance of pressure transmitters and flow meters will not result in degraded
leak detection or location performance by PPA.

Locator accuracy depends upon the data update rate. EFA recommends
sampling every 0.25 seconds. An update rate slower than recommended will
result in degradation of location accuracy.

Reliability

SmartPoint is an intelligent alarm-processing feature which is configured by the
user to alarm only when all specified conditions are met, potentially providing
100 percent nuisance alarm free operation. SmartPoint recognizes a leak on a
pipeline segment by the characteristic decrease in pressure and increase in flow
on the upstream segment (inlet) and a decrease in both pressure and flow on
the downstream segment (outlet).

Robustness

PPA is tuned to detect leaks approaching the noise floor. Depending on the
physical characteristics of the pipeline and how it is operated, normal peak-to-
peak values may vary widely. PPA has detected leaks under conditions where
normal operating transients ranged from 0.2 psig to >150 psig. To initiate an
alarm, a leak must generate a pressure or flow signature that creates an
excursion into a pipeline’s peak-to-peak noise floor by 1/4.

Once PPA is initiated, the system will “look” for a pattern in the excursion. If
LeakNET can separate the pattern from random events, it will alarm, if not, it will
rest itself and reestablish the system’s sensitivity. A disadvantage inherent to
this process is that a leak cannot be detected by PPA during the time it takes for
the system to reestablish itseif. The ability to detect a leak while the line is
reestablishing itself was part of the ATA/API 3rd party testing protocol. LEAKNET
reliably detected leaks under these conditions that were sufficiently above the
noise floor to be visible. In this case a change equivalent to 1/3 of the peak-to-
peak range was detected.

Note that by incorporating two independent methods of leak detection that use
completely different ways of evaluating the line (pressure analysis and mass
balance), LEAKNET will detect leaks by one or both methods regardless of the
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Leak Detection Method: Internal Pressure Analysis (Rarefaction Wave Monitoring)
Vendor: EFA Technologies

System: Pressure Point Analysis™ (part of LeakNet™ package)

transient conditions.

Transferability/Feasibility | PPA is transferable to crude oil transmission lines and has the following
benefits:

* Asdocumented in the field, PPA operates sufficiently under multiphase flow
conditions;

= It can monitor bi-directional pipelines;

= It has been successfully applied in both arctic and underwater
environments;

= Forleak detection redundancy, it is readily compatible with a mass balance
method (MassPack); and

» It can consistently detect leaks of less than 1 percent of daily throughput,
thereby meeting ADEC criteria.

PPA performs best when: N

= Large transient events do not occur frequently. Although PPA is capable of
detecting leaks under a wide range of normal peak-to-peak operating
conditions (0.2 to >150 psig), highly: dynamic pipelines tend to desensitize
the system because PPA is constantly attempting to reestablish its
sensitivity level following large normal transient events. Additionally, PPA is
not capable of detecting leaks during the reestablishment process.

*  There is no air present during slack line flow. One study indicated that PPA
performed well under slack-line conditions (0.1 percent of flow) when the
line was pulling a vacuum. This is because the effect of the expansion wave
can travel through the vacuum and be detected. However, the system did
not detect the expansion wave when air was present in the line. :

Comnpatibility/System Instrumentation
Requirements

LEAKNET operates using any high-quality electronic pressure transmitters or flow
meters normally used in the petroleum industry. These instruments share a
similar range of accuracy and repeatability that is suitable for leak detection.
Pneumatic instruments with a P/I transducer will not work.

Instrument evaluation for PPA leak detection is identical to that for normal
process control. Per API-550, instruments are checked for calibration every six
months. The leads are usually packed with a light product to prevent the crude
from freezing the capsule. Modern instruments also have an internal diagnostic

that can be run in under sixty seconds. If the instrument passes normal
maintenance checks, it is working correctly.

With PPA, the accuracy of the instrument is less important than repeatability and
absolute sensitivity. The instruments must be able to respond to small changes
and they must be able to repeatedly respond to the same small change in the
same way. Whether the absolute value is correct is not critical to the analysis.

Operating System/Communications

The basic LEAKNET package consists of an industrial grade, rack mountable
CPU, monitor, mouse and keyboard. If the link is via SCADA an appropriate
cable and card are included. If the system collects its own information, the
package can include the modems, analog to digital converter modules, power
supplies, etc. Standard LeakNET includes one Ethernet board with connectors
for both 5BaseT (coaxial cable) and 10BaseT (modular telephone jack). It
supports the TCP/IP and NetBEUI protocols. Other networks and protocols can
be included at additional cost. The underlying Windows NT™ operating system
includes support for simultaneous operation on multiple LANs using multiple
protocols on each LAN.

L Communication needs to be at least 9,600 baud with 16-bit resolution. The data
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Leak Detection Method: Internal Pressure Analysis (Rarefaction Wave Monitoring)
Vendor: EFA Technologies
System: Pressure Point Analysis™ (part of LeakNet™ package)

interface is bi-directional and implemented using formatted ASCII files. The
interface point is typically a network-accessible RAMdrive but any network-
accessible drive can be used. Raw data are provided by the host DCS or
SCADA system for LEAKNET's use in a simple format. LEAKNET provides files
containing a user-selectable collection of the processed data which may be
used by the host computer for display or other purposes. :

Data interchange can also be implemented over an RS-232 link operating at
9,600 baud. The following systems have been interfaced to LEAKNET: Honeywell
SCAN 3000; Whessoe Coggings Fuels Automation System (FAS); Mass
Technolegies, Inc.; ULSI Startrack; Valmet-Sentrol; Baker CAC Realflex; Control
Systems International; Bailey System 90; Wunderware, Allen/Bradley and
Heuristics On-Spec.

Sampling Frequency

The optimal data instrument sampling frequency for PPA is once every 6 to 10
seconds. Performance begins to degrade at 15 seconds. EFA found no
significant improvement in sensitivity with updates faster than 6 seconds.
Additionally, placing instruments closer together than 25-35 miles does not
improve sensitivity, although more instruments do provide a level of redundancy
which may be advantageous in remote areas. Longer sections (over 100 miles)
can be monitored when reduced sensitivity is acceptable.

Leak location {Locator) requires an update rate of 0.25 seconds in liquids.
Locator analyzes the data to find the data point representing the first evidence of
the leak at each transmitter and uses those time stamps to make the location
calculation. If the update rate is slower, there is a larger error forced into the
system due to the physical speed of the event. The update rate used by Locator
was selected to be the most compatible with the largest number of SCADA and
PC-based data collection system.

Controller Trainin

The LEAKNET system can be installed and operational the day it arrives on site.
Controller training takes one 8-hour day. Training for support personne! working
with SCADA takes two to three days.

Environmental impacts

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

Regional Considerations

PPA has been proven in arctic and underwater environments, and has been
instailed on pipelines throughout Alaska and Canada. Relevant clients include
ARCO Alaska, Inc., British Petroleum (Alaska), Esso Petroleum Canada, and
Shell Products Canada Limited.

The principal limiting factor in terms of regional considerations is the field
instrumentation, 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

A

The resuits of tests conducted on PPA systems for various crude oil
transmission pipelines are presented in the following table.

Company/Scenario Diam. Length Product Detected Leak

Boeing Pefroleum Services  36in. 37 mi. Crude 0.16% of flow in 240 seconds
Bahrain Petroleum Company - 39mi. Crude 0.1% of flow in 35 seconds
Chevron (Mesa Line} 24in. 80 mi. Crude 1% in 10 minutes

Phillips Petroleum Company 10 in. 7mi. Multiphase 1.7% of fiow in 66 seconds
Offshore Pipeling..cwmss=-ginyr—-g-mir-~Multiphase.x1% of flow in 60 seconds

_1=ARCO Alaska (Kuparuk) ~ 8-18in.  50mi.  Crude  =1% of flow in#5-seconds
BPXA (Endicott/Badami)  12-16in. 50 mi. Crude Failed to alarm at ~100% ™7

loss of fluid*

*PPA went into warniné mode but never alarmed. Fortunately, MassPack did alarm. This




Leak Detection Method: internal Pressure Analysis (Rarefaction Wave Monitoring)
Vendor: EFA Technologies '

System: Pressure Point Analysis™ (part of LeakNet™ package)

emphasizes the importance of redundancy in leak detection.

Cost Different PPA applications will have different initial costs. A short pipeline might
only require monitoring of four field instruments or measurement points. A
longer line might require forty points or even 75 points. Because of this
variability, LEAKNET is available in standard sizes of 10 points, 25 points, 50
points, 75 points, and 100 points. Larger size systems cost more than the
smaller one. Depending on the individual needs on a particular pipeline the
owner may elect to purchase optional features such as leak Locator which will
add to the price. Beyond that, a system collecting its own field data via modems
and RTU boxes will cost more than one receiving data directly from SCADA
because of the extra hardware costs. An important feature in the EFA pricing
structure is the full availability of all points within the system for no additional
licensing fees as they are brought on line. The price initially paid for the system
is the actual cost.

LEAKNET does not result in additional maintenance costs for the owner. The
software does not require the maintenance and the PC only needs the routine
care given to any PC. The field instruments used by PPA do not need to be
recalibrated even as frequently as recommended by the AP! Standard Practices.

Vendor Information

EFA Technologies, Inc.

1611 Twentieth Street
Sacramento, California 95814
Phone: (316) 443-8842

Fax: (916) 443-3759
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L.eak Detection Method: Internal Mass Balance
Vendor: EnviroPipe Applications
System: LEAKTRACK 2000
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EnviroPipe Application’s (EnviroPipe) LEAKTRACK 2000 is a pipeline leak detection technology operating
on the line-pack compensated volume balance approach.  The basic premise of this technology is the
metering in and out of product while the pressure along the pipeline is used to compute an accurate line
pack. LEAKTRACK 2000 is also capable of locating leaks through pressure drop analysis.

LEAKTRACK 2000 performs volume balance on a pipeline segment by measuring the discrepancy between
the incoming and outgoing product volumes. Leak detection thresholds are set for four different alarm
intervals (instantaneous, 15 minute, 1 hour, and 24 hours). The instantaneous volume balance calculation
does not compensate for line pack; however, the 15-minute, 1-hour, and 24-hour imbalance measurements
do. Line pack is calculated for each line segment every time the data is received from the SCADA system.
The line pack for all segments is summed and compared to the alarm limits for processing. LEAKTRACK
2000 performs volume correction on each segment by either accounting for temperature and pressure, or
through interface detection/batch arrival functions. EnviroPipe prefers the latter because it is not sensitive to
poor instrument readings. Actual volume displacements within a line segment is constantly being
recalculated using interface detection {(manually or automatically) to realign product interfaces to actual

positions in the pipeline. This is done by modifying the volume between segments to accommodate more
product or reducing the volume to push the interface further up the pipeline.

When a leak has been detected, LEAKTRACK 2000 automatically runs its location algorithm. The pressure
measurements from each transducer along the pipeline are saved during each SCADA scan. Following
alarm initialization, the pressure measurements are analyzed to find the location of the first, second, and
third pressure drops. Elapsgd time among pressure drops is used to triangulate the location of the leak.

Criteria l Evaluation/Comments

Applicability/Availability LEAKTRACK 2000 is commercially available. The system has been installed on

one crude oil transmission pipeline and is presently being installed on seven
more.

Effectiveness Sensitivity

Leak detection sensitivity is directly affected by the data sampling capability of
the SCADA system. Performance also depends on instrument quality and
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Leak Detection Method: Internal Mass Balance
Vendor: EnviroPipe Applications
System: LEAKTRACK 2000

controller proficiency. The sensitivity of LEAKTRACK 2000 as reported by the
vendor is as follows:

= 1 percent of flow within 15 minutes
* 0.5 percent of flow within 1 hour
= 0.3 percent of flow within 24 hours

These values correlate well with the actual performance of fielded systems (see
Field Performance Criteria).

Accuracy

LEAKTRACK 2000 largely relies on the accuracy of pipeline instrumentation to
estimate parameters such as leak flow rate and volume lost. Leak location
accuracy depends upon the spacing of the pressure transducers. LEAKTRACK
2000 was able to locate a leak to within 75 miles of a transducer on a 295-mile
pipeline equipped with only 3 transducers.

Reliability

To minimize false alarms, LEAKTRACK 2000 can automatically adjust leak
detection thresholds for a period of time while it determines if the source of the

alarm is due to a leak or normal operating transients. It does so by the process
described below.

When an operating change occurs (i.e., pump start/stop), LEAKTRACK 2000
automatically raises the alarm limits with an upset timer algorithm. This “new”
alarm limit is used for leak detection for a period of time to allow the system to
return to normal. After the upset timer has been active for 2 minutes, the
existing line pack and meter over/short calculation is compared to see if these
values are less than 25% of the unadjusted alarm limits. If they are, the reset
timer is turned off and the limits are returned to normal. Additionally, limits are
returned to normal if the upset timer has been active for 5 minutes and the line
pack and meter over/short values have not exceeded 75% of the unadjusted
alarm limits.

In a 2-week field test at Colonial Pipeline, LEAKTRACK 2000 experienced no
false alarms. '

Robustness

All mass balance systems, including LEAKTRACK 2000 are limited by the
performance of the meters. Some meters deal with transients better than
others. Positive displacement meters are probably the most immune to
transients. Pressure sensing flow meters, such as orifice meters, are probably
the most affected. Also like any other mass balance system, LEAKTRACK 2000
is vuinerable to poor meter maintenance or improper proving.

LEAKTRACK 2000 continues to operate during the loss of an instrument, or
when missing values are encountered. The calculation for line pack and
milepost extrapolation are minimally affected if the remaining transducers are
fairly close (within 50-80 miles). At longer distances, the amplitude of the
pressure wave can flatten and reduce the exactness of the calculations.
Distance form pressure points and size of pressure drop are factors which affect
the detectability in any configuration on any leak detection system.
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Transferability/Feasibility

LEAKTRACK 2000 is transferable to crude oil transmission lines and has the
following benefits:

* It can compensate for line pack;
* it can monitor bi-directional pipelines;

= It can continually analyze operating noise and normal transient events to
automatically adjust alarm thresholds; and
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= I}t can consistently detect leaks of less than 1 percent of flow.
LEAKTRACK 2000 performs best when:

= There is no multiphase flow;

= There is no slack-line flow;

= large transient events do not occur frequently. Highly dynamic pipelines
tend to desensitize LEAKTRACK 2000 because the system is constantly
adjusting alarm thresholds.

Compatibility/System Instrumentation

Requirements LEAKTRACK 2000 operates using any high-quality electronic pressure

transmitter, flow meter, or temperature sensor normally used in the petroleum
industry. These instruments share a similar range of accuracy and repeatability
that is suitable for leak detection.

Operating System/Communications

LEAKTRACK 2000 relies solely on the data coliected by the pipeline’s SCADA
system; therefore, it is imperative that the system is properly instrumented,
calibrated, serviced, and maintained. The LEAKTRACK 2000 software
installation is usually confined to a dedicated workstation that only
communicates with the computer handling the SCADA data.

LEAKTRACK 2000 is fully compatible with Windows NT and for optimal
performance should be run on this pidtform. System hardware requirements
include a standard computer with Pentium 300 or faster, 1 gig disk, 48
megabytes of RAM, CD-ROM, VGA monitor, LAN card, and 56K baud modem.

Sampling Frequency

Instruments should be sampled at the field level several times in a millisecond
interval. The vendor recommends that the SCADA system have the ability to
scan or poll every second to ensure accurate leak location.

Controller Training

EnviroPipe indicated that the LEAKTRACK 2000 system can be installed and
tuned in approximately one week. An additional couple of days is required to
train engineering personnel and pipeline controllers.

Environmental Impacts There are no air, land, water, energy, or other system requirements that may
offset the anticipated environmental benefits of the LEAKTRACK 2000 system.

Regional Considerations LEAKTRACK 2000 is a software-based LDS that works in conjunction with
instrumentation and a SCADA system supplied by vendors other than
EnviroPipe. it is installed on a computer in the control room; therefore,
LEAKTRACK 2000 can be applied to systems in any environment.

The principal limiting factor in terms of regional considerations is the field
instrumentation, 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 To date, the LEAKTRACK 2000 system has been installed on one crude ol
pipeline (Cenex) and is scheduled to be installed on seven more (Diamond
Shamrock). The results of tests conducted on LEAKTRACK 2000 systems for
the Cenex crude line and other mixed-product pipelines are presented in the
following table.

Company/Scenario Diam. Length Product Detected Leak (as % of flow)

Cenex Pipeline 16in. 295 mi. Crude 0.4% in 5 min*
Colonial Pipeline Co. 12in. 254 mi. Lt-end 4% w/in15min; 1.5%in1hr; 0.2%
in 24 hr**
GATX Pipeline 16in. 108 mi. Lt-end 1.5% w/in 15 min; 0.3% w/in 24 hr.
- 3of4
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GATX Pipeline 10in. 87 mi. Lt-end 1.6% w/in 15 min; 1% in 1 hr;
0.17% in24 hr

* The most conservative test results are presented. Other results were 0.06% in 5 min.;
0.12% in 8 min.

** Test results only. LEAKTRACK 2000 is not installed on this pipeline.

Lt.-end = Light-end (refined petroleum products)

Cost

Similar to transient models, LEAKTRACK 2000 is a software-only system relying
on the existing pipeline instrumentation and SCADA system for operating data
(i.,e., no costs associated with remote data acquisiion and extra
instrumentation). Unlike models, LEAKTRACK 2000 does not rely on detailed
pipeline simulation which typically requires numerous hours of tuning and
extensive controller training. LEAKTRACK 2000 typically can be installed for
less than $100,000.
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Vendor Information

EnviroPipe Applications Inc.
P.O. Box 641

Lake Jackson, Texas 77566
Phone: (409) 297-8040
Fax: (409) 297-8040

Email: bligrmwd@computron.net
Web Site: www.enviropipe.com
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