


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 thet\liﬂe\-@gk 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 imbatance 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 pipefine. 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 ocation algorithm. The pressure
measurements from each transducer along the pipeline are saved during each SCADA scan. Foliowing
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 Detecfion 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 fargely 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 aliow 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 atarm 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
faise 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/Feasibitity

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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Vendor: EnviroPipe Applications
System: LEAKTRACK 2000

= |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 pldtform. 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 ieak 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. Qil 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 instalied 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 fiow)

Cenex Pipeline 16in. 295 mi. Crude 0.4% in 5 min*
Colonial Pipeline Co. 12in. 254 mi. Lt-end 4% w/in 15 min; 1.5% in 1 hr; 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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Leak Detection Method: Internal Mass Balance

. Vendor: EnviroPipe Applications

System: LEAKTRACK 2000

GATX Pipeline 10in. 87 mi. Lt-end  1.6% w/in 15 min; 1% in 1 hr;
0.17% in 24 hr

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

** Test resuits 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 acquisition 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 i
Phone: (409) 297-8040

Fax: (409) 297-8040

Email: bligrnwd@computron.net

Web Site: www.enviropipe.com
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Leak Detection Method: Fiber Optic Chemical Sensor
_ Vendor: FC! Environmental Inc.
- System: PetroSense®
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Fiber Fiber

ECI Environmental Inc.'s PetroSense® is a continuous-monitoring leak detection system incorporating
patented fiber optic chemical sensor technology with digital electronics and a microprocessor. The chemical
coating on the fiber optic sensor has a specific affinity for hydrocarbons which makes the PetroSense
N system accurate for total petroleum hydrocarbon (T PH) measurements. The PetroSense technology is
based on the principle of a fiber optic chemical sensor and the modulation of light guided along an optical
fiber {see figure above). A light emitting diode (LED) sends light thought the chemical coated strand of
optical fiber. As the outside of the fiber comes in contact with hydrocarbons, some of the light traveling
through the optical fiber escapes. A reference detector at one end and a sense detector (PD) at the other
end of the fiber measure that loss of light. This change in the refractive index (loss of light) correlates to the
concentration of hydrocarbons present. Data from the fiber optic sensors can be communicated to the
controller via the pipeline's SCADA system.

Criteria Evaluation/Comments

Applicability/Availability PetroSense is a commercially available technology and reportedly applicable to
crude oit lines; however, the technology has never been installed on a crude oil
line and a recent API draft report indicates that the practical fimit of the sensor is
along the lines of a light heating oil (AP, 1999). The vendor indicated that the
best applications of the technology were for short fuel lines in an airport hydrant
or refinery setting.

Effectiveness Sensitivity

PetroSense has a reported sensitivity to crude of <10 ppm in the vapor phase
and 0.1 ppm in water. The reported probability of detecting a leak of 0.2
gallons/hr is 98% with a 2% false detection rate. The reported probability of
detecting a leak of 0.1 gal/hr leak is 95% with a 5% false alarm rate. Response
time to vapor is < 1 minute and water is <5 minutes. :

Accuracy

The fiber optic sensor will only respond in the direct presence of hydrocarbons;
therefore, the detection time is entirely dependent upon the spacing of the
sensors, the hydrogeologic setting, and the physical and chemical
characteristics of the product.

in the direct presence of hydrocarbons, PetroSense is reported to have a 15-
second initial response time, with an accuracy of +15% of reading for vapor and
+10% of reading in water.

Reliability

The reported average probability of false alarming for any given application is
<5%. Alarm thresholds are established during system calibration and are set
above background contamination and noise levels.

Robustness

If a fiber optic sensor fails, the ability to continue to detect leaks at that sensor is
lost. Following a leak event, all affected sensors must be excavated, cleaned,
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Leak Detection Method: Fiber Optic Chemical Sensor

System: PetroSense®

Vendor: FCI Environmental Inc.

and reinstalied.

Transferability/Feasibility

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

= |t can monitor pipelines operating under aimost any scenario (slack line,
muitiphase flow, bi-directional);

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

» Jtis unaffected by a high water table; and

= it is a continuous system that can consistently detect small leaks (typicaily
less than what would be 1 percent of flow on a crude oil transmission line).

PetroSense performs best when:

| = The pipeline is buried. This technology is not really applicable to above

ground pipelines;

= Pipelines are relatively short. The vendor indicated that the best
applications of the technology were for short fuel lines (<10 miles) in an
airport or refinery setting. *

Compatibility/System
Requirements

System Requirements

Basic instrumentation for the continuous-monitoring PetroSense system
includes the fiber optic sensors, data loggers, an AC power source, and a
communications system (typically SCADA or telephone line). A pipeline SCADA
system, if available, will also function in place of the data loggers.

Testing Frequency

The sampling time for each sensor is approximately 12 seconds; sensors may
be polled continuously.

Operator Training

FCl will train individuals to interpret field data and operate/maintain the
PetroSense equipment. Controller training is conducted in one day and may be
done at FCI headquarters in Nevada for free or at the site at a cost of $750 per
person per day.

FCl also offers a remote-monitoring program at $25 per day per probe.
Monitoring of the system is conducted by FCI at their headquarters in Nevada.
The information from the sensors is transmitted to the data logger, which is
downloaded monthly by FCI. The data are interpreted, compiled into a report,
and sent to the client.

Environmental impacts

Other than minimal excavation to place the fiber optic sensors (usually within the
pipeline right-of-way), there are no air, land, water, energy, or other system
requirements that may offset the anticipated environmental benefits of
PetroSense.

Regiona! Considerations

The PetroSense leak detection system has been installed on a short fuel
pipeline in northern Canada.

)
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Field Performance

The PetroSense leak detection system has never been installed on a crude oil
transmission pipeline.

Cost

The initial cost of the system depends on the application. Each site is unique,
requiring a certain number of sensors and a specific system layout. System
maintenance consists of annual inspection and calibration. The system has
remote diagnostics to determine if any unscheduled maintenance is required.
Upgrades are on a priority driven basis and the associated costs are relatively
small.
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Leak Detection Method: Fiber Optic Chemical Sensor
Vendor: FCI Environmental Inc.
System: PetroSense®

Vendor Information

Corporate:

FCI Environmental, Inc.
Contact: Thomas Collins
1181 Grier Drive, Building B
Las Vegas, Nevada 89119
Phone: (800) 510-3627
Fax: (702) 361-7921

30f3




TOITTITIIIIISIIIIIDDIIDDIIIDIDIIIIDIDID:

Leak Detection Method: Internal Real Time Transient Modeling (RTTM)
Vendor: LICEnergy Inc.
System: Pipeline Leak Detection System (PLDS)
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Time Time of Leak
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Voluine Balance

LICEnergy’s Pipeline Leak Detection System (PLDS) is a leak detection technology operating on the model-
compensated volume balance approach. PLDS is based on the real time simuiation of flow in the pipeline
with a rigorous transient computer model driven by SCADA data. The flow model uses mass, momentum,
energy, and equation of state algorithms to continually and accurately determine volume balance on a
defined pipeline segment by measuring flow balance and packing rate. The flow balance of a pipeline
segment is the difference between input and output flow as measured by meters. The packing rate is the
change in line pack (mass, or fluid inventory) within a segment due to changing conditions within the pipe
(i.e., temperature and pressure). Accurate volume balance measurement is a function of the quality of the
instrumentation, as well as current operational conditions. PLDS automatically and dynamically adjusts leak
alarm thresholds for the noise level of volume balance fluctuations. A leak is alarmed if the positive volume
balance on a given segment is sufficiently and persistently above the normal operating noise level.

PLDS consists of user-defined volume balance sections (VBSs) each with its own set of leak alarm
thresholds and persistence criteria. The PLDS software analyzes flow in each VBS and computes volume
using pressure-pressure boundary conditions. To enhance system, performance, PLDS allows the
configuration of multiple VBSs (i.e., a section within a section) and leak detection averaging periods
(LDAPs). By defining internal VBSs (bounded by intermediate pressure measurements) within an overall
VBS, the time to detect a leak will decrease and the accuracy of determining leak size and location will
increase. At the same time, robustness is maintained when a loss of intermediate measurements occurs
since leak detection remains enabled in the overall VBS. A range of LDAPs, designed to reduce noise and
increase sensitivity, are defined for each VBS to ensure a rapid response to large leaks, while maintaining
sensitivity in longer time periods for small leaks.

The PLDS model has the following features:

» Cold start initialization using steady state solution;

»  Warm start initialization using profiles from previous runs;

»  Navier-Stokes equations of motion with Darcy/Moody/Weisbach friction force term;

«  Rigorous energy equation;

+  Local friction factor continuously recalculated from Reynoids number and roughness;

«  Composition or batch tracking;

»  Real-fluid equation of state which is continuaily recaiculated based on local temperature, pressure, and
composition;

«  Viscosities calculated from Andrade equation at every point on the pipeline;
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Leak Detecfion Method: Internal Real Time Transient Modeling (RTTM)

Vendor: LICEnergy

Inc.

System: Pipeline Leak Detection System (PLDS)

* Reduction of friction

al pressure loss dﬁe to drag reducing agents 9DRAs) and modeling of DRA

concentration as a function of distance traveled and equipment traversed;

*  Simultaneous solution of momentum, mass, and energy equations using numerical integration algorithm
for accuracy and stability;

Pipe expansion calcu

Analysis of tuning res
Real time calculation

Offline analysis of pipeline using archived data sets;

lated from local temperature and pressure model;

Detection of slack-line flow;

Alarm criteria based on a combination of leak threshoids and persistence;
Automatic adjustment of alarm thresholds for instrument noise and transient events;
Pipeline network configuration and automatic reconfiguration; )

ulting in alarm when instrument calibration drifts beyond specified limits; and
of pipeline state based on data input from the SCADA system.

Criteria

Evaluation/Comments

Applicability/AvaiIability

PLDSis commerciaily available and has been installed on crude oil transmission
pipelines.

Effectiveness

The PLDS model is entirely dependent on SCADA polling and input; therefore,
the performance of the technology is dependent upan the performance of the
SCADA system. For example, transient events occurring faster than the
SCADA’s scan cycle are only imperfectly tracked by the model.

Sensitivity

Leak detection sensitivity is directly affected by the data sampling capability of
the SCADA system. The response time of the PLDS system is about 5 SCADA
scans for large leaks (<5 percent of the rated flow), and about 100 SCADA
scans for small leaks (<1 percent of the rated flow). Leaks of less than 1 percent
of flow typically are detected within 15 ‘minutes. The actual performance
depends on instrument quality and controller proficiency. Some instailed

systems have sensitivities of about 0.2 percent of the rated flow (see Field
Performance criterion).

Accuracy

The PLDS model requires a large number of instruments placed at various
points along the length of the line. Calculations are made for each point,
comparing the real values against the calculated vaiues. The more nodes a
system has the more accurate it becomes.

PLDS can locate leaks to within 5 to 10 percent of the distance between
pressure transducers.

Reliability

As a result of establishing muitiple VBSs and LDAPs, muitipte leak detection
thresholds are established and false alarms are minimized. Usually, a
petsistence criterion is added to the alarm logic on a VBS so that alarms are not
triggered by temporary data fluctuations or by large transients on the pipeline.

Reliability is also enhanced when PLDS automatically adjusts the volume
balance thresholds a'ccording to local hydraulic conditions. This dynamic
adjustment screens out false alarms during times of large or rapid transients.
The adjustments are a function of several parameters including statistical
variations in flow balance, packing rate, and mass balance, and pipeline
operating parametérs such as flow rate.

Robustness

Loss of communication with an instrument for a significant amount of time can
disable modeling on that portion of the pipeline until communication is restored.
The type and duration of the failure determines the degradation in system
performance. Typically, loss of boundary condition measurements, which are
those used to drive the hydraulic model, have the greatest effect. In this
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Leak Detection Method: Internal Real Time Transient Modeling (RTTM)
Vendor: LICEnergy Inc. '

System: Pipeline Leak Detection System (PLDS)

instance, PLDS would automatically disable leak detection for the VBS unfil the
measurements are restored. At non-boundary measurement points, PLDS has
an automatic reconfiguration feature that allows continued leak detection
operation regardless of partial loss of data due to a lost sensor.

Noise appears in the leak detection system as random fluctuations in the
discrepancies between the calculated packing rate and flow balance. Typically,
the SCADA scan period is sufficient to track normal transients such as
compressor starts and stops, but high frequency fluctuations caused by
chattering valves or instruments with poorly chosen feedback constants are
more challenging. To deal with noise, the PLDS uses a high frequency filtering
method based on seventh-order Bessel functions to improve the quality of the
input SCADA data. PLDS also automatically adjusts alarm thresholds for
instrument noise and transient events based on LDAPs.

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

It can compensate for monitoring during packing and unpacking of the line:
= ltreportedly operates sufficiently under multiphase flow conditions:

«- repoftedly operates sufficiently under slack-line flow conditions;

* It can monitor bi-directional pipelines;

* It can monitor and compensate for the effects of DRA in the line;

It can continually analyze operating noise and normal transient events to
dynamically adjust alarm thresholds, minimize false alarms, and assure
accurate leak identification;

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

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

PLDS performs best when:

Large transient events do not occur frequently. Highly dynamic pipelines

tend to desensitize the system because PLDS is constantly attempting to
reestablish sensitivity and alarm thresholds.

Compatibility/System LICEnergy does not provide or install any of the instrumentation or
Requirements communication hardware associated with PLDS. They do provide the leak

detection software, as well as the following services: configuration, interfacing,
installation, initial tuning, testing, and training.

Instrumentation

PLDS operates using any high-quality electronic pressure transmitter, flow
meter, or temperature sensor normally used in the petroleum industry.

PLDS requires the placement of flow, pressure, and temperature sensors at all
supply and delivery points, and pressure and temperature sensors at upstream
and downstream ends of pump stations and pressure control valves. Additional
pressure sensors are recommended at intermediate points to increase leak

detection sensitivity. PLDS also requires instruments capable of measuring
product density and viscosity. '

Operating System/Communications

The PLDS model relies solely on the data collected by the pipeline’s SCADA
system; therefore, it is imperative that the system is properly instrumented,
calibrated, serviced, and maintained. PLDS software installation is usually
confined to a dedicated workstation that communicates with the computer
handling the SCADA data. PLDS is configurable using text files, binary files,
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Leak Detection Method: internal Real Time Transient Modeling (RTTM)
Vendor: LICEnergy Inc.

System: Pipeline Leak Detection System (PLDS)

and the OMEGA graphical user interface.
Sampling Frequency

Analog measurements should be taken at the field level several times in a
miflisecond interval. For maximum performance, the vendor recommends that
the SCADA system have the ability to scan or poll every 5 seconds.

Controller Training

Models are inherently complex and require a sophisticated user; therefore,
controller training is extensive. Models may require a full time SCADA engineer
to keep them up and running, and vendor participation to modify them.

Environmental Impacts

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

Regional Considerations

PLDS is a software-based LDS that works in conjunction with pipeline
instrumentation and a SCADA system supplied by vendors other than
LICEnergy. 1t is instalied on a computer in the control room; therefore, PLDS
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

The PLDS system has been instalied on pipelfines in arctic and underwater
environments. Relevant clients include Alyeska Pipeline Services Company
(Alaska) and Amoco Canada Petroleum Company, Ltd (Canada). The results of
tests conducted on PLDS systems for various crude oit transmission pipelines
are presented in the following table.

Company/Scenario Diam. Length Product Detected Leak
Alyeska Pipeline (TAPS) 48in. 800mi. Crude 0.12% of flow tight-line; 0.21%
in slack-line*
Amoco Canada 12in. 1900 mi. 'Light-end 4% in 20 min; 1% in 30 min.**
Koch Industries Would not give details, but indicated they were satisfied
with the system.
Texaco Trading & Trans. Would not give details.

*Original design by SSI (Houston), which was acquired by LICEnergy.
**Since testing the detection times have been reduced 40%. Location error ranged from 3
to 70 miles.

Cost

The biggest disadvantage of the LICEnergy PLDS system is the expense
associated with its implementation and maintenance. Models require extensive
instrumentation for real-time data collection and pipelines often have to
retrofitted with additional pressure transducers and flow meters. Additionally,
models are custom software which means they take some time to prepare and
bring on line, often a year or more.

Vendor Information

LICEnergy Incorporated

13831 Northwest Freeway, Suite 235

Hurst, Texas 77040
Phone: (713) 895-7722
Fax: (713) 895-8383

Email: licenergy.us@licenergy.com
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Leak Detection Method: External Liquid Sensing Cable

Vendor: Lagster Rer
System: LR-Detector

Legster Rer uses polyurethane foam as
part of the sandwich construction for their

bonded (double-walled) pipe systems. The
concept of bonded pipe elements is that the

__________________

_____ F____r_____k____g_____;r_____@_____ thermal expansion of the hot inner pipe is

---------------------- constrained by the outer pipe. Logster
Rer's LR Detection System is designed to

bbb bt L et work in conjunction with their bonded pre-

Max. 5,000 m insulated piping. The LR Detection System

uses a pulse reflectometer and copper

sensor wires embedded within the

¢ d & f polyurethane insulating layer to detect and

locate leaks. The LR-Detector records the

'171’_3 ---------- ,-:--:_-_-::[?_-:_-;3,::::::; ¥ electric conductivity of the insulation on an
T I L o | ongoing basis. When a leak occurs,
-'_El 1 ' product enters the insulation, conductivity

i a+bscidre+fig<sio0om increases, and a signal is transmitted to the

i a  <80m reflectometer. To locate the leak, the

i grd < Bxm o instrument measures the reflection time

© b+c < 80m . from the measuring point to the leak
i 2:; < hoom position. The reflection time is a function of

; f+g < 80m the propagation velocity of the liquid in the

surrounding material and the distance to the
leak position. The pulse reflectometer
shows the condition of the insulation and
the wire in graphical form as a function of
length. If the instrument is adjusted to the
correct propagation velocity for the
insulation, the distance can be read directly
from the instrument display.

A single Lagster Rer LR-Detector can
monitor approximately 6 miles of pipe;

however, signals can be transmitted via the
sensor wires from one LR-Detector to the

next, so longer pipelines may also be monitored. Up to six LR-Detectors can be monitored from a centra!
location (LR-Central). Additionally, both the LR-Detector and LR-Central can be connected via SCADA or
some other form of communication to the pipeline’s control room. Positions along the pipeline known as LR-

Terminals are the measuring points for leak location.

measuring points should not

To maximize accuracy, the distance between
exceed 2600 feet or approximately 0.5 miles.

Criteria

Evaluation/Comments

Applicability/Availability

Legster Rer's LP Detection System is commercially available and is reportedly
applicable to crude oil transmission fines; however, to date, the system has only
been installed on water pipelines. Note that existing crude lines cannot be

retrofitted with this technology. It is applicable to new installations only and the
pipe itself must be supplied by the vendor.

Effectiveness

Sensitivity

The LR Detection System sensitivity has been optimized for use in district
heating applications. Leak detection is based on a measurement of the
electrical resistance between the wire and the carrier pipe. The choice of alarm
level is based on the conductivity of the actual media. In district heating, the
chosen level corresponds to water contacting the wire and propagating 4 inches
through the pipe. In the case of crude oil, the alarm leve! will be chosen based
on experiment and the size of the leak to be detected.

Accuracy

Leak location by means of a pulse reflectometer can be carried out accurately,
provided the wiring is known and measuring points are accessible at suitable
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Leak Detection Method: External Liquid Sensing Cable
Vendor: Lagster Rer
System: LR-Detector

intervals. The shorter the distance between the measuring point and the leak,
the greater the accuracy and the smaller the risk of faulty measuring. Using a
pulse reflectometer the accuracy is approximately 0.1 percent of the distance
between measuring points. b

Reliability

The system is not sensitive to high magnetic fields or any electrical noise from
the surrounding environment.

Robustness

The LR Detection System has an integrated function to ensure that the detection
system is intact at all imes. This means any system errors (i.e., a broken wire)
will be reported.

The LR Detection System is designed to detect leaks of products at
temperatures ranging from -328°F to 302°F. However, the existing casings of
the detection boxes can only withstand temperatures as iow as -4°F, so they
would require modifications to meet the arctic conditions.

Transferability/Feasibility | The LR Detection System is reportedly transferable to Legster Rer-installed
crude oil transmission fines and has the following benefits:

» {tis a built-in leak detection system;

*= |t can monitor pipelines operating under almost any scenario (siack line,
muitiphase flow, bi-directional);

=  The pipe jacket is 100% watertight and salt resistant; therefore, it can be
applied to submarine/underwater piping;

»  The system can be modified to handle low temperatures, so it is may be
applied to pipelines operating in the arctic;

»  Because it has a chemical-resistant outer jacket, leaks can be contained
within the pipeline; and

» |t is a continuous system that can consistently detect small leaks on water
lines. Actual performance with crude oil has yet to be verified.

The LR Detection System performs best when:

*  The pipeline can be readily divided into segments less than 6 miles long for
leak detection and less than 0.5 miles long for leak location.

Compatibility/System Instrumentation

Requi ent . . . .
equirements LR Detection System instrumentation generally includes the sensor wires, LR-

Detector(s) with pulse reflectometer(s), LR-Central, and LR-Terminal(s). Wire
and pipe connections are established for LR-Detectors and LR-Terminals by
means of pre-insulated cable take-offs. The LR-Detector and LR-Central can be
powered by battery or connection to a main system. The LR-Terminal does not
require a power supply.

Operating System/Communications

Field data from the LR-Detector(s) and/or LR-Central may be communicated to
the pipeline controlier in a number of different ways, inciuding modem, SCADA,
radio, and/or satellite.

Testing Frequency

The system continually monitors for leaks along the entire length of pipeline
equipped with sensing wires and LD-Detector(s).

Controller Trainin

Lagstrer Rer's training program features a course which explains the use and
instaflation of the components used in the LR Detfection system. The training
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Leak Detection Method: External Liquid Sensing Cable

Vendor: Legstar Rer
System: LR-Detector

course is 5 days long and can be conducted in Lagster, Denmark or on-site,
which ever is more cost effective

Environmental Impacts

Because the LR Detection System is installed with new piping, there are
excavation considerations. However, there aren't any additional air, land, water,
energy, or other system requirements specific to the leak detection component
that may offset the anticipated environmental benefits of system.

Regional Considerations

The product has been manufactured to withstand a wide range of temperatures,
climates, and environments, including arctic and submarine conditions.

Field Performance

The system has not been applied to any oil and gas projects, but has extensive
application in district heating pipelines. In 1999 and 2000, the City of Fairbanks
will be installing approximately 12 miles of Lagster Rer district water heating
pipeline with the LR Detection System.

Cost

Pricing information is available from the vendor.

Vendor Information

Local:

Environmental Management Incorporated
Contact: Larry Helgeson or Alan McArthur
206 E. Fireweed Lane, Suite 201

Anchorage, Alaska 99503

Phone: (907) 272-9336
Fax: (907) 272-4159

Email: emi@pobox.alaska.net

Corporate:
Lagster Rar A/S
Danmarksvej 11
DK-9670 Lagstar
Denmark

Phone: +4599 66 10 00

Fax: +4599 66 11 80
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Leak Detection Method: External Soil Vapor Detection

Vendor: NESCO Technology Division (formerly Arizona Instruments)
System: Soil Sentry Twelve-XP
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NESCO's Soil Sentry Twelve-XP is an aspirated vapor monitoring system designed to analyze
concentrations of vapor-phase hydrocarbons in soil surrounding a pipeline. Air samples are extracted from
monitoring wells/points along the pipeline and vapors are analyzed using a metal oxide sensor (MOS).
Results are based on measured differences in resistivity. Monitoring wells typically are positioned
horizontally along the fine, as depicted in the figure above. For remote monitoring of long pipefines, multiple
Soil Sentry Twelve-X consoles can be connected via a communications link to a personal computer at the
site, or in a separate location. One console is capable of continuously monitoring twelve horizontal wells, or
about 1500 feet of line pipe (pictured above). Soil Sentry communications software provides access to all
data and aliows complete operation of the Twelve-XP system through standard phone lines. If there is a
system alarm, the console will provide the user with analytical and leak location information. The user may

remotely acknowledge and, if necessary, reset the alarm, trouble shoot the sensor, and/or reconfigure the
system. :

Criteria Evaluation/Comments

Applicability/Availability NESCO's Soil Sentry Twelve-XP is commercially available and is reportedly

applicable to crude oil transmission lines; however, the system has only been
installed on small fuet hydrant lines.

POPSFTOISSIISIITIBIIIIBITITIIDIIDIBIDIBIGIIGE

Effectiveness Sensitivity

The system is capable of detecting leaks as small as 0.003 gallons per hour
(gph) within 12 hours. Strategic placement of the sampling points, in addition to
soil porosity dictates the speed with which the system will detect vapor.

The system does not provide true analytical resuits; rather, the MOS is a

hydrocarbon screening tool designed to detect between 50 and 3500 ppm of
hydrocarbon vapor.

Accuracy

The capability of locating leaks with Soil Sentry Twelve-XP is directly dependent
upon the spacing of the horizontal wells. Each of the twelve monitoring wells is

sampled in sequence, so the location of a leak can be isolated to between two
well points.

Reliability

The occurrence of false alarms depends on the presence of existing
hydrocarbons (i.e., from previous spillsfleaks or naturally occurring). Typically,
the Twelve-XP system is installed and operated for 7 to 14 days to determine
background hydrocarbon concentrations. The alarm levels are then set at a
point above background.

Robustness

The Twelve-XP system has automatic shutdown capabilities. Once an alarm
condition is achieved the relay is immediately triggered.
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Leak Detection Method: External Soil Vapor Detection

Vendor: NESCO Technology Division (formerly Arizona Instruments)
System: Soil Sentry Tweive-XP

Transferability/Feasibility

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

=* "It can monitor pipelines operating under almost any scenario (slack line,
muitiphase flow, bi-directional);

* It does net require shutdown of operations for installation, calibration, or
maintenance; and

= It can consistently detect leaks of what would typically be less than 1
percent of flow on a crude oil transmission line.

LEAKWARN performs best when:

= The pipeline is buried. This technology is not applicable to above ground or
underwater pipelines;

* The vadose zone is greater than 18”. There must be sufficient space to
facilitate vapor migration to each monitoring point;

=  Soil type allows 1.5 liters/minute of air to be drawn from the sampling point;
and

= Pipelines are relatively short. One Twelve-XP console is capable of
monitoring twelve horizontal wells or about 1500 feet of pipe.

Compatibility/System
Requirements

Instrumentation

The major components of the Soil Sentry Twelve-XP system include an MOS
sensor, sixteen solenoid valves, a single-directional internal air pump, power
supply, and internal modem (optional). HDPE tubing is used to transport the air
samples from the horizontal monitoring wells to the console. The console is
installed inside a building or weather-proof enclosure and powered by 115 VAC.
The transport tubing can be installed in a conduit or directly in the ground.

The Twelve-XP sensor typically is changed every 12 to 24 months depending on
the level of fuel in the ground at the site. Other individual parts such as solenoid
valves are replaced occasionally.

Operating System/Communications

The Twelve-XP typically operates with its own personal computer,
communicating directly via modem with the remote field consoles. The vendor
indicated that a pipeline’s SCADA system may be used for communication;
however, this has never been done on an installed system.

Testing Frequency

One Twelve-XP console continuously samples the 12 vapor monitoring
wells/points.

Controller Training

Pipeline controllers can be trained to read and interpret the Twelve-XP results,
but NESCO indicated they would probably stay involved with equipment
maintenance and some of data interpretation.

Environmental impacts

Other than excavation to place the horizontal monitoring welis (usually within the
pipeline right-of-way), there are no air, land, water, energy, or other system

requirements that may offset the anticipated environmental benefits of Soil
Sentry Twelve-XP.

Regional Considerations

Soil Sentry Twelve-XP has never been installed on pipelines in Alaska.
However, the system has been installed on small fuel lines in South Dakota and
on fuel storage tanks in Alaska, northern Canada, and Minnesota.

Field Performance

Soil Sentry Twelve-XP has never been installed on a crude oil transmission line.
It has been successfully instailed on small fuel hydrant lines at a U.S. Air Force
base in South Dakota. The reported sensitivity of the system on these lines is
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Leak Detection Method: External Soil Vapor Detection

Vendor: NESCO Technology Division (formerly Arizona Instruments)
System: Soil Sentry Twelve-XP

0.01 gph.

Cost The Soil Sentry Twelve-XP console system with remote communications
software and modem (which can monitor approximately 1500 feet of pipe) is

$7200. This does not include the cost of installing and connecting the horizontal
monitoring wells.

NESCO recommends annual calibration of the metal oxide sensor, which can be
accomplished in the field with a calibration kit that sells for $595.

Vendor Information

NESCO

4720 South Ash Avenue

Tempe, AZ 85282

Phone (toll free): (877) 890-3808
Fax: (480) 897-3848

Email: BlaineN@Nesco-usa.com
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Leak Detection Method: External Acoustics Emissions
Vendor: Physical Acoustics Corporation
System: Acoustics Emissions (AE)

DECHELS DELOW NETERENC

Physical Acoustics Corporation (PAC)'s A
acoustic sensing technology to identify a
produced by the high differential pressure
pipeline and are detected by piezoele
transducers convert the energy from a sound wave into an electrical
and processed by standard acoustic emission instrumentation. Deviations from the pipeline’s baseline
acoustic profile (i.e., electronic background), which is created during system calibration, would signal an
alarm (see figure above). Once a leak is detected, the arrival times of each acoustic event are fed into an
algorithm that predicts the most likely origin of the event,

coustic Emissions (4
nd locate pipeline leaks.
at the leak orifice. The waves radi

E) leak detectiony system uses non-invasive
Acoustic emissions are stress waves
idte from the source through the
Is along the pipeline. The
signal, which is then amplified

ctric transducers placed at j

Acoustic sensing can be applied external

y to buried pipelines b
conduct the sound to a sensor mounted o

y using steel rods driven into the ground to
n the rod. The rods are

inserted at intervals along the pipeline.

Criteria Evaluation/Comments

Applicability/Availabifity AE is a commerciall
oil; however, the
transmission line.

y available technology and is reportedly applicable to crude
technology has never been installed on a crude oil

Effectiveness Sensitivity

The sensitivity of the AE s
hour, which typically is les
transmission line.

~
Accuracy //.\\\

AN
On the recommended pipeline segment len OB fe
e,

ystem for most applications is 1 to 10 gallons per
s than 1 percent of daily throughput for a crude oil

g@\of 2 et (with sensors at either
end), the AE system can locate leaks to within*2 feet.
Reliability R

The AE system reportedly has no false alarms because it uses built-
logic to differentiate a leak from other

potential leak are allowed to build ov
analyzed to determine if the acousti
signal remains consistent]
that the AE system can
transient event.

in alarm
sources of noise. The signal data from a
er ime (approximately one hour) and are
¢ pattern matches that of a Jeak (i.e., the
y high over a given time period). The vendor indicated

easily differentiate between a leak and a one time

Of more concern than false alarms are the reporting of false iocations by the AE

system. The presence of eibows and T's in a pipeline’s geometric configuration

can aiter the acoustic signals emitted during a leak event and affect the
system’s ability to accurately place the origin of the leak.

Robustness

Identification and elimination of external ambient and pipeline operating noise is

essential for an accurate acoustic assessment. External noise sources can be
effectively avoided through careful choice of measurement period and sensor
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Leak Detection Method: External Acoustics Emissions
Vendor: Physical Acoustics Corporation
System: Acoustics Emissions (AE)

location or minimized through robust data collection and signal processing.

In the event that an acoustic sensor is lost or is malfunctioning, the AE system
will send a low-level alarm to the controller. if the failed instrument is not an end
unit (i.e., there are additional sensors further down the line), the AE system will

continue to detect and locate leaks, albeit at reduced sensitivity and location
accuracy.

Transferability/Feasibility

AE leak detection is reportedly transferable to crude oil transmission lines and
has the following benefits:

= [tis non-invasive and non-destructive;

it has been applied in arctic environments (successful application depends
on the skin temperature of the pipeline; the AE sensors are rated to —40°F);

Testing indicated that it can potentially be applied to underwater/offshore
applications where maximum water depth is 100 feet;

It has the capability of detecting ¢orrosion prior to breakthrough;

* It does not require shutdown of operations for instalation, calibration, or
maintenance;

»

= The non-intrusive nature insures against the system itself being the cause
of a future pipeline leak:

» It permits application to pipelines which are “pigged”; and
* ltcanreportedly detect leaks of 1 to 10 gallons per hour.

AE leak detection performs best when:

= There is no muitiphase or slack-line flow (the presence of gas in the
pipeline interrupts the ability of the system to transport acoustic waves);

Transducers are spaced along the pipeline at intervals less than 300 feet;

= The signal velocity of the product within the pipe is known;

*  Background noise is minimized or filtered; and

* Large pressure transients do not occur frequently.

Compatibility/System
Requirements

Instrumentation

PAC’s acoustic emissions piezoelectric sensors are designed for high-
sensitivity/low-noise measurement. The sensor assembly, which consists of an
AE sensor, preamplifier, and connecting cables, is mounted to the outside
surface of the pipe at an optimal interval of one every 200 to 300 feet. Coaxial
cables are used to conduct the acoustic emissions signals from the sensor
assembly to the Acoustic Leak Monitor (ALM),

Operating System/Communications

For permanent and continuous monitoring of fiquid transmission pipelines, the
vendor recommends using a multi-channel AE leak detection system. These
computer-based systems are based around the ALM, which has the following
characteristics:

*  Modular Design;

1 to 8 Channel Expandability (a channel is required for each AE sensor
system; recommended pipeline segment length is 200 to 300 feet);

*  Continuous Monitoring;

*  User Variable Sensitivity;

*  19-Inch Rack-Mount Chassis; and

* Three Alarm Levels

The ALM uses specific software for tracking tong-term monitoring conditions

while simultaneously reflecting instantaneous results and alarm status. Data
communication from the ALM to the master computer (a stand alone PC or part

of the control room rack) is provided either through an RG58 system (limited by |
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Leak Detection Method: External Acoustics Emlssmns
Vendor: Physical Acoustics Corporation
System: Acoustics Emissions (AE)

cable length) or a newer application whereby the RMS signal from the ALM is
sent to the master computer via twisted cable pairs. The master computer
console provides audio/visual alarms to signal a possible leak event.

Sampling Frequency

The AE sensors continually transmit electrical signals indicative of the present
“noise” level on the pipeline. Data are analyzed by the ALM and can be sent to
the master computer either on an alarm or polling basis.

Controller Training

Controllers can be trained in the operation and maintenance of the AF leak
detection system in about 40 hours at approximately $900 per person.

Environmental Impacts

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

Regional Considerations

The AE system has been proven in arctic environments and has been installed
in Siberia. In cold-climate conditions, the technology is limifed by the skin
temperature of the pipeline. The acoustic sensors are rated to —40°F.

Field Performance

The AE leak detection system has hever been installed on a crude oil
transmission pipeline.

Cost

For continuous leak detection, the AE system can be installed on a single
pipeline segment of 200 to 300 feet (i.e., 2 sensor systems with a 2-channel
ALM) for $5,000 to $12,000. Each additional segment requires a channel at an
added cost of approximately $3,000.

2 9 {
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Vendor Information

Corporate:

Physical Acoustic Corporation

P.0. Box 3135

Princeton, New Jersey 08543

Phone: (609) 716-4000
Fax: (609) 716-0706

Email: sales@pacndt.com
Web Site: www.pacndt.com

30f3




-
»
@
®
»
®
®
@
?
»
®
L J
o
®
&
»
L]

Leak Detection Method: External Liquid Sensing Cable
Vendor: PermAlert

System: PAL-AT®
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PermAlert's PAL-AT® is an external leak detection system based on the hydrocarbon liquid-sensing
principle. It is a cable-type leak detection'and location system consisting of a microprocessor based
monitoring unit, jumper and hydrocarbon (TFH) sensor cables, system layout map, and auxiliary equipment.
PAL-AT operates similar to radar by sending out safe energy pulses (two thousand times a second) on the
sensor cable. The reflection generated by these energy pulses is specific to the condition of the installed
sensor cable. The cable reflections are measured, digitized, and stored in memory as a reference map. The
alarm unit continuously measures the cable reflections and compares them with the referenced values.
Liquids in sufficient quantities to “wet” the sensor cable will alter the cable’s impedance at the leak location.
This alteration will change the amplitude of the energy reflected from the cable. The monitoring unit's
microprocessor recognizes the change and provides audio and visual alarms to the controller, including a
digital output of the distance to the leak origin. After proper acknowledgement of a leak, PAL-AT is capable

of monitoring the entire sensing cable for additional leaks even if they are smaller than the leaks previously
acknowledged.

PAL-AT units can monitor eight separate hydrocarbon-sensing cables each having up to 10,000 feet of
cable length. The cables can be buried underground ‘(typical installation pictured above) or affixed to the
bottom of an aboveground line at the 6 o’clock position. Network software known as PALCOM® runs the
PAL-AT leak detection system. The software has the ability to continuously monitor the status and/or
remotely operate each PAL-AT unit. PALCOM® is available in Windows® 3.X/95/98/NT and can
simultaneously monitor up to 254 PAL-AT units (approximately 3,800 miles of sensing cable).

Criteria Evaluation/Comments

Applicability/Availability PermAlert's PAL-AT is commercially available and is applicable to crude oil
transmission lines; however, to date, the system has only been installed on
small segments of crude pipelines, typically'in highly sensitive areas such as
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Leak Detection Method: External Liquid Sensing Cable

Vendor: PermAlert
System: PAL-AT®

river crossings.

Effectiveness

Sensitivity

The system will not detect incidental liquid contact. On a 10,000-foot cable
segment, a leak generally must be sufficient to wet 20 feet of cable. The
sensitivity of the system is field adjustable to increase or decrease the amount
of wetted cable needed to cause an alarm from several inches to feet. In the
presence of a sufficient amount of hydrocarbon liquid, the response time of the
PAL-AT system is less than 5 minutes, regardless of temperature.

Accuracy

The PAL-AT system will identify the presence of a liquid at any point along its
sensing string and indicate its location within +/-1% of the distance from the last
calibration point or +/- five feet, whichever is greater.

Reliability

The false alarm rate of external leak detection systems is generally much lower
than that of statistically based internal systems. The vendor indicated that false
alarms on the PAL-AT system typically are the result of improper instaliation of

the cable connections. No false alarms*were reported during EPA third-party
testing.

When liquid is detected, PAL-AT sounds an alarm and displays the location of
the leak. The unit then continues to monitor the cable and will re-alarm if there
are any major changes. The system is capable of monitoring (detecting and
locating) multiple leaks or additional liquid on the sensor cable.

Robustness

Because the PAL-AT system uses reflected energy data specific to the condition
of the installed sensor cable, the reference map can include energy reflections
from wet cable. This allows the sensor cable to be installed in environments
that are not “bone dry”. With certain types of cables the system’s software can
use wet cable segments, from an acknowledged leak, in a reference map. This
allows the monitoring unit to continue providing leak surveillance while remedial
efforts are undertaken. Note that the TFH cable can not be reused after
exposure to crude oil.

In the event of a power failure, system conditions and parameters shall be
stored in nonvolatie memory allowing the unit(s) to automatically resume
monitoring, without resetting, upon restoration of power.

An improperly installed connector can limit the ability of the system to see
beyond the connector. Additionally, when a cable is pinched, cut, or broken, a
break alarm is sent to the controller, the PAL-AT system is disabled, and the
cable must be replaced prior to system restart.

The PAL-AT unit is designed to be located inside a temperature-controlled
building. The operating temperature range is 0°F to 120°F.

Transferability/Feasibility

PAL-AT is reportedly transferable to crude oil transmission lines and has the
following benefits:

= It can monitor pipelines operating under almost any scenario (slack line,
multiphase flow, bi-directional);

» It does not require shutdown of operations for installation or maintenance;

=  Other than developing an initial reference map (depicting cable location and
response patterns), the system does not require calibration;

» |t has been installed in Alaska; and

» ltis a continuous system that can consistently detect small leaks (typically
less than what would be 1 percent of flow on a crude oil transmission line).

PP
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Leak Detection Method: External Liquid Sensing Cable

Vendor: PermAlert
System: PAL-AT®

PAL-AT performs best when:

=  Sensor cables and jumper cables are not installed in locations that are
subject to frequent moisture intrusion or wetness; and

»  The burial depth of the hydrocarbon (TFH) sensing cable is less than 20
feet.

Compatibility/System
Requirements

Instrumentation

The PAL-AT unit consists of a solid state electronic alarm/location panel
connected by jumper cable to a sensor cable. There are five models of the
PAL-AT leak detection/location system available. The most applicable to crude
transmission lines is the PAL-AT AT20K. If a PAL-AT unit is direct wired, a
short haul modem (PermAlert Model SHS-1 or compatible) is provided along
with the necessary cables, power supply, and accessories to allow connection
and communication to the computer system. A phone modem (Modei PM-1) is
also provided for remotely located PAL-AT units.

In addition to the above referenced material, the contractor will provide a
dedicated phone line, communications cable, power supply, and other materials
as may be required to ensure the proper operation of the computer.

Operating System/Communications

PALCOM® is the central point monitoring system for a single or multiple PAL-AT
leak detection and location units. PALCOM® is interactive with each PAL-AT
providing bi-directional communications. It receives status information (i.e. leak,
break, short, location, etc.) from each PAL-AT and also allows remote operation
of each PAL-AT.

The minimum hardware requirements for PALCOM?® for Windows are a personal
computer 386SX 100% compatible system (486 recommended), 2M available
RAM memory, one 3 ¥2” or one 5% high density disk drive, one hard disk drive
with a minimum of 2MB available memory, one RS-232 serial port, one Parallel
printer port, one Graphics adapter and monitor (VGA or CGA), Microsoft
Windows operating system, version 3.1 or higher, and a mouse.

Testing Frequency

PAL-AT continually monitors and tests for leaks, breaks, or errors within the
system.

Controller Training

PermAlert will provide a factory-trained representative at on-site meetings for
the pre-construction and sensor/electronics installation. The installing contractor
will be responsible for coordinating training by PermAlert for the PALCOM®
controllers. Training will consist of a factory-authorized person performing a
minimum of four hours training on the system.

Environmental Impacts

Other than excavation to place the liquid-sensing cable beneath buried piping
(usually within the pipeline right-of-way), there are no air, land, water, energy, or
other system requirements that may offset the anticipated environmental
benefits of PAL-AT.

Regional Considerations

The PAL-AT system is reportedly designed for all ciimates (desert, arctic,
underwater, etc.), and has been installed on tanks and pipelines throughout
Alaska.

Field Performance

The PAL-AT leak detection system has only been installed on small segments of
crude oil transmission pipelines. The installations typically are in highly
sensitive environments such as river crossings. There are no field test results
because there is no way to simulate a real leak event without exposing the
environment to hydrocarbons. Additionally, the cable must be excavated and
replaced following contact with liquid hydrocarbons.
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Leak Detection Method: External Liquid Sensing Cable

Vendor: PermAlert
System: PAL-AT®

Cost

The approximate costs of the PAL-AT system are $10 per foot of cable plus
panel and PALCOM® software costs.

Vendor Information

Local:

Alaska Instrumei .« Conpany, Inc.
907 East Dowling Road, Suite 5

Anchorage, Alaska 99523
Phone: (807) 561-7511
Fax: (907) 561-0762

Corporate:
PermAlert®
Contact: Art Giesler

1225 Precinct Line Road, Suite Q

Hurst, Texas 76053
Phone: (817) 589-9372
Fax: (817) 284-1531
Email: palatusa@aol.com

Web Site: www.permapipe.com
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Leak Detection Method: External Liquid Sensing Cable
Vendor: Raychem Corporation
System: TraceTek
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Raychem Corporation’s TraceTek Leak Detection and Location Module (TTDM) is an external leak detection
system based on the hydrocarbon liquid-sensing principle. TraceTek’s basic Sensor interface Module
(SIM), part of the TTDM, consists of an alarm system, a leak locating system, leader/jumper cable
(nonsensing cable between module and areas monitored), sensing cable, end termination, and accessories.
Each SIM can monitor up to 5000 feet of TraceTek liquid-sensing cable. When liquid is detected, the SIM
communicates with a centralized Network Master Module (NMM) to report the alarm condition, leak focation,
time, and date. Each NMM can monitor up to 15 SiMs.

TraceTek’s TT5000 sensing cables are designed to detect the presence of liquid hydrocarbons at any point
along their length. The core of the cable is constructed of two sensing wires, an alarm signal wire, and a
continuity wire. The core is encased in a conductive polymer jacket and surrounded with a fluoropolymer
braid. A small DC voltage is applied to the sensing cable and internal resistors limit the current flow through
the sensor cable loops to approximately 75 microamps. The actual amount of flowing current is monitored
by measuring the voltage drop across an internal reference resistor. if a spilt occurs, additional current will

seek the path of least resistance and flow across the leak. The resultant increased voltage drop across the
reference resistor signals thie module to alarm.

After a leak has been detected, the circuitry in the TraceTek leak detection module is automatically
reconfigured into the locating mode. The digital location readout is generated by measuring the voltage drop
along the sensing cable between the leak and the SIM. The voltage drop is linear and proportional to the
leak location. A different scaling factor is applied for feet, meters, or zones.

Criteria Evaluation/Comments

Applicability/Availability Raychem's TraceTek is commercially available and is applicable to crude oil
transmission lines; however, to date, the system has only been installed on
small fuel pipelines and crude oil storage tanks. The vendor indicated that the
best applications of the technology were for short fuel lines in an airport or
refinery setting or in highly sensitive areas on longer lines.

Effectiveness Sensitivity

Raychem ran a bench-top sensitivity test on Alaska North Slope Crude Oit
supplied by ARCO Alaska. The results indicated that when the oil was in direct
contact with the liquid sensing cable, it took 40 minutes to alarm at 104°F, 3
hours to alarm at 68°F, and 200 hours to alarm at -40°F.

Accuracy

The TraceTek locating system reportedly pinpoints where liquid contacted the
sensing cable to within 0.1% of total cable length.

Reliability

The false alarm rate of external leak detection systems is generally much lower
than that of statistically based interal systems. False alarms on the Trace Tek

system typically are a resuit of background contamination or water infiltrating the
cable’s jacket.

When liquid is detected, TraceTek sounds an alarm and displays the location of
the leak. The unit then continues to monitor the cable and will re-alarm if there

are any major changes. Once the alarm condition has been cleared, the module
can be reset with a single keystroke.

Robustness

If the cable is broken, the current will cease to flow. The voltage across the
reference resistor decreases to zero and the internal circuitry recognizes this as
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Leak Detection Method: External Liquid Sénsing Cabié
Vendor: Raychem Corporation

System: TraceTek

a continuity fault. Any loss of system integrity, whether caused by an
interruption in power or damage to a cable are indicated by the module panel
display and relay output. An internal test feature allows the user to check
system operations.

The liquid-sensing cable must be replaced after exposure to hydrocarbons.

The operating temperature range for the TT5000 Fuel-Sensing Cable is ~4°F to
140°F. The operating temperature range for the leak detection and location
module is 32°F to 122°F.

Transferability/Feasibility

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

« It can monitor pipelines operating under almost any scenario (slack line,
muitiphase flow, bi-directional);

s It does not require shutdown of operations for installation or maintenance;

= Other than developing an initial plot plan of the site (depicting cable location
and response patterns), the system does not require calibration; and

= It is a continuous system that can consistently detect small leaks (typically
less than what would be 1 percent of flow on a crude oil transmission line).

TraceTek performs best when:

»  Pipelines are relatively short. The vendor indicated that the system is best
suited for pipelines or pipeline segments less than 7 miles long.

Compatibility/System
Requirements

Instrumentation

Every TraceTek SIM has the following basic parts: an alarm module, a locator
module, leader and/ or jumper cables (nonsensing cable between module and
areas monitored), sensing cable, end termination, and accessories such as
tags, hold-down clips, and installation tools.

Operating System/Communications

Each SIM monitors up to 5000 feet of sensing cable. When the cable detects a
liquid, the SIM communicates with an NMM to report the alarm condition, leak
Jocation, time, and date. Field data from the NMM, if it is remotely located (i.e.,
not in the contro! room), may be communicated to the pipeline controller in a
number of different ways, including modem, SCADA, radio, and/or satellite.

Testing Frequency

The TraceTek system continually monitors for leaks along the entire length of
the liquid-sensing cable.

Controller Training

Raychem will train individuals to interpret field data and operate/maintain the
TraceTek equipment. Controller training may be done at a Raychem office or
onsite.

Environmental Impacts

Other than excavation to place the liquid-sensing cable (usually within the
pipeline right-of-way), there are no air, land, water, energy, or other system
requirements that may offset the anticipated environmental benefits of
TraceTek.

Regional Considerations

The TraceTek system is reportedly designed for all climates (desert, arctic,
underwater, etc.); however, the system's response time is degraded under
extreme cold temperatures (see Applicability/Availability criterion).

Field Performance

The TraceTek leak detection system has never been instalied on a crude oil
transmission pipeline.

Cost

The cost of the TraceTek leak detection system depends on the customer's
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Leak Detection Method: External Liquid Sensing Cable
Vendor: Raychem Corporation
System: TraceTek

needs and pipeline configuration. In general, TraceTek can be installed on
pipelines less than 1000-feet long for about $15-16 per linear foot. On longer
lines, the price drops to about $8-9 per foot.

Vendor Information

Raychem Corporation

300 Constitution Drive

Menlo Park, California 94025-1164
Phone: (800) 545-6258

Fax: (800) 611-2323

Web Site: www.raychem.com
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Leak Detectién Method: External Sensing Tube
Vendor: Siemens AG
System: LEOS®

Siemens LEOS® is an external leak detection system which detects leaks by means of a low-density
polyethylene (LDPE) sensor tube. The tube is highly permeable to the substances to be detected, which
must come into contact with the tube in the form of vapor, gas, or dissolved in water. In accordance with the
Water Resources Act, LEOS® is capable of detecting several different hydrocarbons and is ideally suited for

. pipeline sections that cross highly sensitive water environments.

In the event of a leak, a portion of the leaking product diffuses into the sensor tube due to the concentration
gradient (i.e., product moving from areas of high concentration to areas of low concentration). Following a
given time period, the detector unit within the tube produces an accurate image of the detected product,
regardless of whether the tube was installed in air, water, or in the ground.

The detector unit consists of semi-conductor gas sensors which measure the concentration of the product
and produce a corresponding “leak peak”. The height of the peak is proportional to the concentration of the
substance, which in turn is an indication of the size of the leak. The concentration distribution present within
the sensor tube is analyzed by forcing a column of air past a detection unit at a constant speed and

measuring the concentration as a function of the pumping time. The concentration profile is not affected by
the pumping action.

Prior to each pumping action, an electrolytic cell at the end of the tube injects a specific volume of test gas
into the tube. When the test gas passes the detector unit it generates a marking or end peak, which serves
as a control marker indicating that the entire air column contained in the tube has passed through the

detector unit. Based on the ratio of the travel time of the leak peak to that of the end peak, the leak location
can be calculated.

Two different LEOS® systems are available — LEOS® Detection System and LEOS® PC System. The
LEOS® Detection System consists of an analog component, which performs the analyses, and a
microprocessor, which processes the signals and issues alarms when necessary. This system is strictly an
alarm system and does not include and extensive. analysis feature. In the event of a leak alarm, analysis is
performed using a mobile testing system which connects to the sensor tubes. The LEOS® PC System is a

multi-channel, PC-controlled leak analysis and location system, which is used for more complex monitoring.
The PC System has the following advantages:

» The last 100 measurements are stored in data memory and can be called up as a pre-event
history in the event of an alarm (trend analysis).

* Leak data are automatically logged and output in the event of an alarm.

» Each measurement resuit for the concentration profile of LEOS® can be displayed on the monitor
as a function of the tube length.

ADDITIONAL INFORMATION FOR THE SIEMENS LEOS SYSTEM IS FORTHCOMING.
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Leak Detection Method: Internal Real Time Transient Modeling (RTTM)
Vendor: Simulutions Inc.
System: LEAKWARN

Simulutions Inc.'s LEAKWARN is a pipeline leak detection technology operating on the model-compensated
volume balance approach. LEAKWARN is based on the real time simulation of flow in the pipeline with a
rigorous transient computer model driven by SCADA data. The flow model continually and accurately
determines volume balance on a defined section by measuring volume exchange and packing rate. The
volume exchange of a pipeline segment is the difference between input and output flow as measured by
meters. The packing rate is the change in line pack within a segment as measured by pressure boundary
conditions. Unique to the LEAKWARN model is the use of actual (vs. modeled) pressure measurements to
calculate line pack. The relationship between change in line pack and volume exchange is graphically
represented by LEAKWARN as a Signature Plot. For added leak detection performance, LEAKWARN is

. also capable of continually characterizing and recording the composition of the product in the line.

Accurate volume balance measurement through LEAKWARN is a function of the quality of the
instrumentation, as well as current operational conditions. Volumes through each meter and change in line
pack on each segment are integrated over various time intervals called Windows. Imbalance is computed
from the appropriate set of accumulated meter and pipe segment volumes and displayed on a Signature Plot
(pictured above). These imbalances are constantly monitored and compared against Window thresholds.
Short time-frame thresholds are established to detect rupture size leaks while avoiding false alarms due to
operating transients and instrument repeatability error. Longer-term thresholds are sized to detect small
leaks while avoiding false alarms due to flow measurement bias. When accumulated imbalance in any
Window exceeds its threshold, a warning or alarm is issued by LEAKWARN. The controller can then use
the Signature Plot for that window to confirm the leak alarm.

Criteria Evaluation/Comments

Applicability/Availability LEAKWARN is commercially available and has been installed on crude oil
transmission pipelines.

Effectiveness The LEAKWARN model is entirely dependent on SCADA polling and input;
therefore, the performance of the technology is limited by the performance of the
SCADA system. For example, transient events occurring faster than the
SCADA's scan cycle are only imperfectly tracked by the model.

1of4
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Leak Detection Method: Internal Real Time Transient Modeling (RTTM)
Vendor: Simulutions Inc.

System: LEAKWARN

Sensitivity

Leak detection sensitivity is directly affected by the data sampling capability of
the SCADA system. It also depends on instrument quality and controller

proficiency. Based on field performance, LEAKWARN can detect leaks of less
than 1 percent of flow.

Accuracy

The LEAKWARN model requires a large number of instruments placed at
various points along the length of the line. Calculations are made for each point,
comparing the real values against the calculated values. The more nodes a
system has the more accurate it becomes. :

LEAKWARN can typically locate leaks to within 10% of the pipe length between
pressure transducers.

Reliability

For a given. pipeline segment, LEAKWARN establishes leak detection
thresholds for a variety of time frames (windows). This allows leaks to be
detected while minimizing false alarms due to operating transients, instrument
repeatability error, and flow measurement bias. Additionally, in the event of a
potential leak warning, the Signature Plot feature provides the controlier with a
tool to determine the exact cause of a pipeline anomaly (leak or other) relatively
quickly. The references contacted to verify the performance of the LEAKWARN
system were especially pleased with this feature.

Reliability is enhanced by LEAKWARN's ability to automatically adjust the leak
detection thresholds according to local hydraulic conditions. This dynamic
adjustment screens out false atarms during times of large or rapid transients by
peak shaving or clipping.

Robustness

In the event of a loss of communication with an instrument, LEAKWARN will tag
the instrument and, rather than disarm leak detection for that pipeline segment,
will add an uncertainty value to the line pack calculation and continue to operate
in “degraded” leak detection mode. When the instrument comes back online
LEAKWARN immediately starts operating at former sensitivity levels (the model
does not have to be restarted).

To compensate for normal operating noise, LEAKWARN undergoes an initial
adjustment to “tune out” long-term fixed errors associated with product and
pipeline characteristics, and instrument noise. LEAKWARN is also capable of
automatically adjusting alarm thresholds to compensate for pipeline transients.

Transferability/Feasibility

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

= Itcan compensate for monitoring during packing and unpacking of the line;
* It operates sufficiently under slack-line flow conditions:

= It can monitor bi-directional pipelines;

= It can monitor and compensate for the effects of DRA in the line;

= It can continually analyze pipeline noise to dynamically adjust alarm
thresholds, minimize false alarms, and assure accurate leak identification;

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

= ltcan consistently detect leaks of less than 1 percent of flow.
LEAKWARN performs best when:
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Leak Detection Method: Internal Real Time Transient Modeling (RTTM)
Vendor: Simulutions Inc.

System: LEAKWARN

= There is no multiphase fiow;

» Large transient events do not occur frequently. Highly dynamic pipelines
tend to desensitize the system because LEAKWARN is constantly adjusting
alarm thresholds.

Compatibility/System
Requirements

Simulutions does not provide or install any of the instrumentation  or
communication hardware associated with LEAKWARN. They do provide the
leak detection software, as well as the following services: configuration,
interfacing, installation, initial tuning, testing, and training.

Instrumentation

LEAKWARN operates using any high-quality electronic pressure transmitter,
flow meter, or temperature sensor normaily used in the petroleum industry.
LEAKWARN requires the placement of flow, pressure, and temperature sensors
at all supply and delivery points, and pressure and temperature sensors at
upstream and downstream ends of pump stations and pressure control valves.

Operating System/Communications

The LEAKWARN model relies solely on data collected by the pipeline’s SCADA
system for model inputs; therefore, it i$ imperative that the SCADA system is
properly instrumented, calibrated, serviced, and maintained. The LEAKWARN
software installation is usually confined to a dedicated workstation that
communicates with the computer handling the SCADA data.

Sampling Frequency

Field instruments should be sampled several times in a millisecond interval. The
vendor recommends that the SCADA system have the ability to scan or poll at
least every 30 seconds.

Controller Training

Models are inherently complex and require a sophisticated user; therefore,
controller training is relatively extensive. Simulutions indicates they can tune
their model and provide controller training within two weeks; however, most
model users indicated that it takes significantly longer (months to years) to
optimize the system.

Environmental Impacts

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

Regional Considerations

LEAKWARN is a software-based LDS that works in conjunction with
instrumentation and a SCADA system supplied by vendors other than
Simulutions. It is installed on a computer in the control room; therefore,
LEAKWARN 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

The LEAKWARN system has been installed on pipelines in arctic and
underwater environments. Relevant clients include Federated Pipelines Ltd.
(Canada). The results of tests conducted on LEAKWARN systems for various
crude oil transmission pipelines are presented in the following table.

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

Pennzoil Company (Bonito) 14 in. 87 mi. Crude Cat. in <3 min; 4% in 30 min;
1% in 4 hr*

Buckeye Pipeline Co. - 120 mi.  Mixed <10% in 6 min; <1% in 24**

Exxon Pipeline Co. Presently only using for line pack calcs; will be upgrading to

full system soon.

*Based on simulated pipeline leaks.
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Leak Detection Method: Internal Real Time Transient Modeling (RTTM)
Vendor: Simulutions Inc.

System: LEAKWARN

**Buckeye is very satisfied with the LEAKWARN system.- They are especially pleased with
the Signature Plot feature, which aliows the controller to easily and accurately evaluate the

cause of an anomaly. In one instance, the controlier could see a 12 bbi change on the
Signature Plot.

Cost

The biggest disadvantage of the LEAKWARN system is the expense associated
with its implementation and maintenance. Models require extensive
instrumentation for real-time data collection and pipelines often have to
retrofitted with additional pressure transducers and flow meters. Additionally,
models are custom software which means they take some time to prepare and
bring on line, often a year or more.

Vendor information

Simulutions incorporated
940 6™ Avenue SW, #600

Calgary, Alberta, Canada T2P 3T+

Phone: (403) 266-2922
Fax: (403) 266-2620
Contact: Bruce Warren

Email: bwarren@simulutions.com
Web Site: www.simulutions.com
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Leak Detection Method: Internal Real Time Transient Modeling (RTTM)
Vendor: Stoner Associates, Inc.
System: SPS/Leakfinder
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Stoner Associates, Inc. (Stoner) supplies software with two independent leak detection algorithms; a modei-
compensated volume balance system (VBS) and a pressure-based leak analysis system (LAS). Stoner calls
its leak detection software SPS/Leakfinder. The VBS uses mass, momentum, energy, and equation of state
algorithms to determine the flow rates into and out of a pipefine segment with line pack corrections. A leak is
alarmed when the corrected difference exceeds an established threshold. By comparison, the LAS is a
more sophisticated software tool that operates in close cooperation with SPS/Statefinder. When a release
occurs on the “real” pipeline, its effects will be shown by the real-time SCADA data being presented to
SPS/Statefinder, which has no equivalent release in the model. In order to match the SCADA data,
SPS/Statefinder allows fluid to enter or leave the model at key locations. The LAS constantly analyzes the
magnitude of these artificially induced injections or deliveries looking for a leak signature in the pressure
profile. SPS/Leakfinder also provides an estimate of the leak size and location milepost.

SPS/Leakfinder continually analyzes the calculated state of the pipeline searching for anomalies which
suggest a leak. The system filters reported data from the SCADA system addressing known sources of
uncertainty including instrument repeatability, deadband filtering, timestamp error, fluid properties, and the
physical characteristics of the pipeline itself. The combined effects of data uncertainties define a threshold
between detectable and undetectable leaks. SPS/Leakfinder constantly compares the filtered pipeline data
to known hydraulic principles. When a hydraulic anomaly is present which exceeds the leak detection
threshold (LDT), a potential leak is signaled (as pictured above). SPS/Leakfinder uses multiple LDTs for

each pipeline segment and thresholds are adjusted every timestep, usually every few seconds, to minimize
the number of false alarms.

Criteria Evaluation/Comments

Applicability/Availability SPS/Leakfinder is commercially available and has been installed on crude ol
transmission pipelines.

FP TSI IOOPIPOPODOPDTITIIIIIIDIIIIIIIIINI

Effectiveness Sensitivity

Leak detection sensitivity is directly affected by the data sampling capability of
the SCADA system, the quality of the pipeline’s instrumentation, and the
operating conditions. The SPS/Leakfinder system is capable of detecting leaks
equal to or less than 1 percent of flow.

Accuracy

SPS/Leakfinder relies largely on pipeline instrumentation to estimate parameters
such as leak flow rate and volume lost. The model requires a large number of
instruments placed at various points along the length of the line. Calculations
are made for each point, comparing the real values against the calculated
values. The more points a system has the more accurate it becomes.

Reliability

SPS/Leakfinder applies multiple leak detection thresholds to each pipeline
segment. Thresholds are dynamically adjusted every timestep to minimize the
number of false alarms. The adjustments are a function of several parameters
including statistical variations in flow balance, packing rate, and mass balance,
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Leak Detection Method: Internal Real Time Transient Modeling (RTTM)
Vendor: Stoner Associates, Inc.
System: SPS/Leakfinder

and pipeline operating parameters such as flow rate.
Robustness

in the event of a loss of communication with an instrument, SPS/Leakfinder will
tag the instrument and, rather than disarm leak detection for that pipeline
segment, will estimate the measurement for continued [eak detection
performance. Extended instrument loss will eventually result in degraded
system sensitivity.

Additionally, SPS/Leakfinder is continually analyzing noise, normal transient
events, and other operating parameters, and dynamically adjusting alarm
thresholds to minimize false alarms and assure accurate leak identification.

Transferability/Feasibility

SPS/Leakfinder is transferable to crude oil transmission lines and has the
following benefits:

= |t can compensate for monitoring dufing packing and unpacking of the line;
= It operates sufficiently under slack-line flow conditions;

= |t can monitor bi-directional pipelines;

= |t can monitor and compensate for the effects of DRA in the line;

» |t can minimize false alarms by adjusting alarm- thresholds according to
current operating conditions;

= |t has been successfully applied in both cold climate and underwater
environments;

= For leak detection redundancy, it has two readily compatible methods of
leak detection (VBS and LAS); and

= |t can detect leaks of less than 1 percent of flow.
SPS/Leakfinder performs best when:
= There is no multiphase flow; and

*» Large transient events do not occur frequently. Highly dynamic pipelines
tend to desensitize the SPS/Leakfinder system because it is constantly
attempting to account for transients by reestablishing alarm thresholds.

Compatibility/System
Requirements

Stoner does not provide or install any of the instrumentation or communication
hardware associated with SPS/Leakiinder. They do provide the leak detection
software, as well as the following services: configuration, interfacing, installation,
initial tuning, testing, and training.

Instrumentation

SPS/Leakfinder operates using any high-quality electronic pressure transmitter,
flow meter, or temperature sensor normaily used in the petroleum industry.
SPS/Leakfinder requires the placement of flow, pressure, and temperature
sensors at all supply and delivery points, and composition information at all
supplies. Pressure and temperature sensors are required at upstream and
downstream ends of pump stations and pressure control valves. Additional
pressure sensors are recommended at intermediate points to increase leak
detection sensitivity.

Operating System/Communications

The SPS/Leakfinder model relies solely on the data collected by the pipeline’s
SCADA system; therefore, it is imperative that the system is properly
instrumented, calibrated, serviced, and maintained. The SPS/Leakfinder
software installation is usually confined to a dedicated workstation that
communicates with the computer handling the SCADA data.
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Leak Detection Method: Internal Real Time Transient Modeling (RTTM)
Vendor: Stoner Associates, Inc.

System: SPS/Leakfinder

Sampling Frequency

Field instruments should be sampled several times in a millisecond interval. For

maximum performance, the vendor recommends that the SCADA system have
the ability to scan or poll every 5 seconds.

Controller Training

Models are inherently complex and require a sophisticated user; therefore,
controller training is relatively extensive. Models may require a fuil time SCADA
engineer to keep them up and running, and vendor participation to modify them.

Environmental Impacts

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

Regional Considerations

SPS/Leakfinder is a software-based LDS that works in conjunction with pipeline
instrumentation and a SCADA system supplied by vendors other than Stoner.
The software is installed on a computer in the control room; therefore,
SPS/L.eakfinder 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

SPS/Leakfinder has been installed on pipelines in cold climate and underwater
environments. The results of tests conducted on SPS/eakfinder systems for
various crude oil transmission pipelines are presented in the following table.

Company/Scenario Diam. Length Product Detected Leak

Trans Mountain Pipeline 24 in. ~700 mi. Crude/Mixed 10% of flow within 15 minutes*
Enbridge Pipeline 12-48 in. <1100 mi. Crude 1-9% within 1 hr**

(operates 15 crude lines: all

with Stoner SPS/Leakfinder)

*The user indicated that the slightly degraded performance is a result of the dated
instrumentation installed on the pipeline (i.e., lower accuracy/sensitivity) and the complex
operating conditions (i.e., slack line and multiple products including crude batches with

greatly varying characteristics). Overalt they were very satisfied with their leak detection
system.

**Sensitivity depends upon pipeline operating conditions. Shorter, quieter lines have lower
thresholds; longer, more transient pipelines tend to have higher thresholds. Enbridge is
very satisfied with the performance of SPS/Leakfinder and Stoner’s customer service.

Cost

The biggest disadvantage of the LEAKWARN system is the expense associated
with its implementation and maintenance. Models require extensive
instrumentation for real-time data collection and pipelines often have to
retrofitted with additional pressure transducers and flow meters. Additionaily,
models are custom software which means they take some time to prepare and

bring on fine, often a year or more.

Vendor information

Stoner Associates

5177 Richmond Avenue, Suite 900

Houston, Texas 77056-6736

Phone: (713) 626-1600
Fax: (713) 622-7832
Contact: Andrew Wilke

Email: andrew.wilke@stoner.com

Web Site: www.stoner.com
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Leak Detection Method: Internal Pressure Analysis (Rarefaction Wave Monitoring)
Vendor: Tracer Research Corporation

System: LeakLoc®
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LeakLoc® is a self-contained leak detection and location system operating on the rarefaction wave
monitoring principle. A single segment installation can reportedly monitor up to 60 miles of pipeline. Existing
pipeline access points can be utilized for sensor installation thereby minimizing excavation. Leakloc uses
computer technology combined with signal processing and acoustical modeling to locate a leak. Leakloc
systems are reportedly capable of detecting and locating leaks within 3 minutes of the initiation of the leak.
LeaklLoc detects leaks by the methodology presented below.

When a leak occurs the resuiting drop in pressure will cause a rarefaction wave to
travel both upstream and downstream of the leak location at the acoustic velocity of
the fluid constrained within the pipeline. The wave will travel past downstream and
upstream pressure sensors, which will detect the wave. A LeakLoc data acquisition
system (DAS) located at each sensor location continually searches the data stream
from the sensors for events exceeding a predetermined threshold. The exact time
that the wave passes the sensor is also recorded. Based on the calculated time
difference between sensors and the acoustic velocity (wave speed) of the fluid, the
location of the leak may be determined. Once an event is detected and located, the
results, which include rise times, maximum wave amplitude, onset times, and noise
levels, are communicated to the central data system (CDS) in the control room for

comparison with data from other sites. if this coincidence analysis meets leak
criteria, an alarm is declared.
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LeakLoc uses the following equation to calculate the location of the leak:

i

Where: L+ = Location of Leak from Sensor 1 (feet)
D = Length of Pipeline Segment
T+ = Time of Wave Detection at Sensor 1
T2 = Time of Wave Detection at Sensor 2
A = Wave Speed (feet per second)

Criteria Evaluation/Comments

Applicability/Availability Although it is still in the test phase, LeakLoc is commercially available and
according to Tracer is applicable to most liquid pipelines, including crude oil.
However, to date, LEAaKLOC has not been installed on a crude oil transmission
line. Additionally, the system is only recommended for use on static (vs.
flowing) lines; therefore, it does not meet the ADEC criteria of “continuous” leak
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Leak Detection Method: Internal Pressure Analysis (Rarefaction Wave Monitoring)
Vendor: Tracer Research Corporation

System: Leakl.oc®

detection.

Effectiveness

Sensitivity

Tracer claims LeakLoc can achieve a leak detection threshold of 10 to 15
gallons per hour (gph) regardiess of pressure, flow, or pipeline geometry.
However, these performance figures are based on short fuel lines operating
under low pressures and flow rates, and tested under static flow conditions (see
Field Performance criteria for details). These conditions are not typically found
on crude oil transmission lines. The leak detection capability of Leaxloc for oil
pipelines is unknown, but is expected to be greater than 4 percent of daily
throughput, which exceeds ADEC criteria of 1 percent of flow.

The sensitivity of the Leakloc system is a function of the amount of normal
hydraulic noise on the pipeline, pipeline pressure, and the distance between the
leak and the sensor. The opening and closing of valves and normal pump
operation produces either compression or rarefaction waves which may trigger
the LeakLoc sensors. In particular, positive displacement pumps with check
valves that operate at a frequency near 1Hz produce noise that is difficult to
eliminate. L EaxLoc compensates for these normal excursions by zeroing them
out. In the process, system sensitivity is reduced.

Detection time for LeakLoc depends on the distance between the leak and the
instruments. The leak signature travels at the speed of sound in the product.
The vendor claims Leaxloc typically will detect the leak within 3 minutes of the
event's arrival at the instruments.

Accuracy

LeakLoc relies on pipeline instrumentation to estimate parameters such as leak
rate and volume lost; therefore, the accuracy of LeakLoc is largely dependent
upon the accuracy of the instrumentation. Tracer recommends using their
proprietary dynamic pressure sensors, which can reportedly detect a 0.001-psi
{(pounds per square inch) change over an operating pressure from 10 to 2,000
psi.

On the two static fuel lines where LEAkLOC has been commissioned, it was
capable of locating a leak to within 0.05 percent of the total pipeline length or +/-
40 feet of actual location. Keep in mind that these lines are only about 3,000-
feet long. Performance on longer dynamic pipelines would depend on the
spacing of instruments along the line and the frequency of data uptake.

Reliability

Under static-line conditions, LeakLoc's false alarm rate is relatively low (1 per
week or less). The false alarm rate for flowing/dynamic pipelines is unknown.

Robustness

LeakLoc’s dynamic pressure sensor allows slow pressure changes (i.e., a 20-
psi change over a 24-hour period) to be zeroed out, so that the sensor does not
respond to pressure changes caused by normal pipeline operations. However, it
is not expected to perform well under dynamic flow conditions.

Note that Lzaxloc employs only one method of leak detection; therefore, there
is no system redundancy. Additionally, 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.

Transferability/Feasibility

LeakLoc is reportedly transferable to crude oil transmission lines and performs
best when:

* The pipeline is static or operates in steady state mode (Note that the
system has never been installed on a flowing line). Additionally, LeakLoc
cannot account for normal transient events where peak-to-peak operating

conditions exceed approximately 20 psi in a 24-hour period;
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« There is no multiphase flow. LeakLoc has never been used on pipelines
operating under multiphase flow conditions. Performance is expected to be
compromised under these conditions because the rarefaction wave cannot
propagate through vapor-phase product;

* There is no slack-line flow. LeakLoc has never been used on slack-line
segments. However, the Tracer representative felt the system would
continue to operate under slack-line conditions because the rarefaction
w .ve could still travel through the pipe; and

*  The characteristics of the product (viscosity, density) are consistent. This is
critical because the wave speed of the product, a parameter which is used
in both the leak detection and location calculations, is calculated only once
during initial system calibration. Any change in the characteristics of the
product during normal pipeline operations is not accounted for by the leak
detection system and performance may be compromised.

Compatibitity/System
Requirements

With Leakloc, a data acquisition station (DAS) is placed at each end of the
pipeline segment to be monitored. Each DAS consists of a pressure sensor, a
global-positioning system (GPS)-based clock, a power supply, and a computer
with analog to digital converter, modem communications, and data acquisition
software. Data from each DAS are transmitted to RTUs to the control center via
cable, FM, satellite, or existing SCADA system.

Instrumentation

Tracer does not recommend using conventional pressure transducers with
LeakLoc. ltis their position that conventional equipment cannot be sampled at
the same rate as the LeakLoc sensor (1000 times per second); therefore, it is
not capable of detecting a leak event which typically lasts a fraction of a second.

LeakLoc’s dynamic pressure sensor is a solid-state, piezoelectric transducer
producing an output proportional to the pressure change. The pressure change
is continually differentiated so that the output is the total pressure change over
the time constant (decay time) of the sensor. Its sensitivity is independent of the
operating pressure over a large range, with a sensitivity of 0.001-psi change
over an operating pressure range of 0 to 2,000 psi.

Operating System/Communications

The DAS consists of a high-capacity industrial personal computer (PC), data
acquisition board, GPS clock, and communications system.

The data acquisition board performs the analog-to-digital (A/D) conversion of the
sensor signal and is mounted in an expansion slot on the DAS computer. The

board includes a programmable sampling system with the ability to write directly
to the computer's memory.

The time clock is a separate GPS-based system consisting of a plug-in card
located in the computer and a small antenna. The GPS system allows the

multiple computers used for data acquisition to be synchronized to within less
than a millisecond.

There are several communications options: telephone modem, the pipeline’s
SCADA system, or a custom communications system.

Sampling Frequency

The dynamic pressure sensors are sampled at a minimum rate of one thousand
times per second. Tracer contends that sampling at greater intervals could

potentially result in missing the leak event, which occurs within a fraction of a
second.

Controller Training

The LEakLoC system can be installed and operational the day it arrives at the
site. _Cantroller training takes a couple of days and can be done at the user's
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facility.

Environmental Impacts

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

Regional Considerations

LeakLoc has not been used or proven on pipelines in either arctic or underwater
environments. it is not known how the LeakLoc system would operate in these
conditions.

Field Performance

The LeakLoc system has been installed and tested on two small jet-fuel
transmission pipelines. These lines, located at Kelly Air Force Base in Texas
and Moffet Field in Califomia, are 8 to 10 inches in diameter, approximately
3,000-feet long, and operate at low pressures and flow rates. Under static line
conditions, LeakLoc was able to detect leaks on the order of 5 gph in less than
10 seconds, and report the location of the leak to within 10 feet.

LeakLoc has never been installed or tested on flowing, dynamic transmission
pipelines.

Cost

Different LeakLoc applications will have different initial costs. A short pipeline
might only require monitoring of two data acquisition stations, longer lines wili
require more. Additional costs may be incurred because Tracer recommends
using their dynamic pressure sensors instead of conventional transducers which
may already be installed on the pipeline.

Vendor Information

Tracer Research Corporation
3755 North Business Center Drive

Tucson, AZ 85705
Phone: (520) 888-8400
Fax: (520) 293-1306

Email: sales@tracerresearch.com
Web Site: www.tracerresearch.com
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