


Introducing...

Three NEW Test Instruments
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New MPRT

Megger Protective Relay Test System

New Constant Power Output (CPO)
capability — delivers 200 VA current
and 150 VA voltage

Multiple VI-Gens deliver 4 voltages
and 4 currents, or 8 currents

Built-in transducer testing capability
User specified configuration

Unique TouchView Interface (TVI)
controller makes manual and
semi-automatic relay testing a breeze

Built-in preset test routines for many
popular relays

Also comes complete with easy-to-use
AVTS software for fully automatic
relay testing

For more information call:
1-800-723-2861 or 214-333-3201
See us on the web at www.megger.com

New TTR" 100

Single Phase Handheld Tester

= Tests turns ratio, phase displacement,
excitation current, vector group,
winding resistance and polarity

= Fully automatic, fast, easy-to-use
and light weight

= Measures the widest turns ratio
range in the industry (20,000:1)
with the highest accuracy of
+0.1% @ 0.8 to 2000

® Stores 200 test results and 100 user
defined transformer test settings

® RS232 for data transfer and printing

Now tests meters
with installed Turtles.

Watthour Meter Test System

= True three-phase and single-phase
testing capabilities

= Fully automatic operation

® 32 bit operating software for use
with Windows 95, 98, 2000, ME,
XT 4.0 and XP

= State-of-the-art optical sensor system
® Built-in automatic calibration routine

= Unique “bubble lens” precisely picks
up LED and edge of disk

MViegger.
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THE 2004 INTERNATIONAL CONFERENCE

OF DOBLE CLIENTS AND INDUSTRY EXPO

Welcome to Boston, Massachusetts and the 2004 International
Conference of Doble Clients and Industry Expo.

This marks the 71¢year of the Doble Conference

and we are pleased to have you be a part of this event.

26 SEED OIL-BASED DIELECTRIC COOLANT SERVES
AS A SOLUTION FOR AGING TRANSFORMERS
The importance of safe and reliable power in today’s world
was never more apparent than on August 14

30........... TRANSFORMER MAINTENANCE AND DIAGNOSTICS
USING FREQUENCY RESPONSE ANALYSIS
Motivation for Performing Frequency Response Analysis (FRA) Measurements
Many dielectric and mechancal failures in large power transformers
are preceded by mechanical changes in the winding structure.

Electric Energy Magazine is published 6 times
a year by: Jaguar Media Inc.

35 PRODUCT SHOWCASE
Read about new products available to the industry.
36........... ADVERTISERS INDEX

This index is a guide to locate specific display advertisers throughout the magazine.

Cover Page Photo: Faneuil Hall, courtesy of the Greater Boston Convention and Visitors Bureau.

High Voltage, Inc. offers the smallest, lightest, and most
economical high voliage test equipment available.

For all your testing needs ... HIGH VOLTAGE
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Transformer problems?
Ask Morgan Schaffer.

'f_r Dissolved Hydrogen and Water Monitor

Morgan Schaffer, a leader in the analysis of
insulating oil has been providing the electrical industry,
worldwide, with reliable instruments for on-site and on-line
monitoring of dissolved fault gases in oil-filled electrical equipment.

Our oil-testing lab was instrumental in the development of dissolved
gas analysis and has been providing DGA services for over 35 years.
Sophisticated analytical instruments and highly trained technicians
are your assurance of accurate and reliable results.

. . . Portable Hydrogen Analyzer
Based in Montreal, Canada, Morgan Schaffer offers its expertise throughout

the world through a network of qualified agents.

For more information visit www.morganschaffer.com

Portable Multi-Gas Analyzer

™ 5110 de Courtrai Avenue  Tel.: +514.739.1967
m MORGAN Montreal, Quebec Fax: +514.739.0434
SCHAFFER Canada H3W 1A7 E-mail: sales@morganschaffer.com
Transformers - The Inside View  VISIT OUR WEBSITE AT: www.morganschaffer.com

Copyright 1999-2003 Morgan Schaffer Systems Inc. Al rights reserved. - The MS Morgan Schaffer Transformers. - The Inside View logo and Calisto are
trademarks of Morgan Schaffer Systems Inc.
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MOBILIZE YOUR POWER

The transformation of a “portable”™ 50 MVA
unit into a truly “mobile” transformer can be a
real challenge. Weidmann-ACTI Engineers
recently met that challenge by successfully
completing an upgrade project for the Vermont
Electric Power Company (VELCO). Weight and
height restrictions, maneuverability, electrical
connections, and cooler relocation were just a few
of the major obstacles involved.

VELCO had used this portable transformer
throughout the State of Vermont as a spare to
back up its inventory of in-service power trans-
formers for 30 years. It was considered “portable”
because it could be transported over the road.
Unfortunately considerable disassembly and
reassembly was required each time it was com-
missioned, consuming precious time and money.
The crew responsible for moving it and putting it
into emergency service quite appropriately nick-
named it “The Barely Transportable.”

The goal of this project was to be able to have
the unit ready for service within hours of a failure
at any location in the area by increasing its
mobility without decreasing performance.

To eliminate the need for long waiting periods
for permits, the transformer on its new trailer had
to be within truck shipping weight and height
limitations for the VELCO service area.

The trailer was required to be as short as
possible for maneuverability and a 115 kV bus
was required to extend the connection from the
H bushings and arresters to the rear of the trailer.

Since the coolers are located on the rear
bridge, apart from the transformer on the main
deck, it was necessary to design flexibility into the
piping connections. A shipping location at the
rear of the trailer was provided for the conserva-
tor tank. While remounting of the tank is still
required, it is no longer necessary to provide
separate trucking for this component.

To enhance the portability of the transformer
and reduce the cycle time for emergency restora-
tion, the mobile transformer was equipped with
on-board station service designed according to
specific VELCO requirements. The cooling
equipment is permanently connected and the
transformer is no longer vulnerable to contami-
nation inherent with the removal of the cooling
equipment during each transport.

It is a true “mobile” transformer now, and
capable of being pressed into service at a
moments notice. VELCO estimates the installa-
tion time now to be less than twelve hours plus
travel time...and all for less than one third the
cost of new mobile transformer. B
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For more information visit:
www.weidmann-acti.com

Contact: service@weidmann-systems.com

IDEAL PlatinumPro Digital
Multimeters Deliver Accuracy,
Simple Operation & Durability

SYCAMORE, IL- IDEAL INDUSTRIES,
INC., the fastest growing company in the test and
measurement equipment market, offers its
PlatinumPro Series of digital multimeters
designed to address the operational requirements
of three unique markets.

The PlatinumPro 480 Series, targeted at the
RMS,
Capacitance, Frequency, Temperature, Backlight,
Peak Hold, Min/Max, and Relative Mode. The
PlatinumPro 490 Series meets the demands of the

commercial contractor, offers True

industrial environment, and features data acquisi-
tion and data logging capabilities up to 40,000
records, and includes the ProVision software. The

630 Series has been designed for the Electrical
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Technician and Engineer, and features numerous
testing functions, triple displays, onscreen menu,
data acquisition, extended accuracies and the
ProVision software with interface cable.

All PlatinumPro meters are UL Listed, Cat III
- 600V rated, and backed by the IDEAL Lifetime
Limited Warranty.

PlatinumPro 490 and 630 multimeters feature
an optical RS-232 interface that provides a fast,
hassle-free gateway for downloading measure-
ments to a personal computer, as well as for auto-
matic calibration via the PC. Once downloaded,
measurements can be documented for reports or
analyzed through powerful ProVision software for
statistics and evaluations.

For more information, contact [IDEAL
INDUSTRIES, INC., Phone 1-800-435-0705,
Or web, www.idealindustries.com.

IDEAL INDUSTRIES, INC. has been
serving the electrical industry since 1916. IDEAL
is one of the world’s leading manufacturers of
professional quality tools and supplies serving
installation professionals in the construction,
maintenance, data communications and original
equipment manufacturing industries.

NOTE: PlatinumPro and ProVision are registered
trademarks of IDEAL INDUSTRIES, INC. ®
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For more information contact

Dan O'Connell

dan@oconnell-com.com

HINDLEPOWER, INC. RECEIVES
NEW PATENT ALLOWANCE
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USING TODAY’S OIL... TOMORROW

Qil. It's a non-renewable resource and the lifeblood of your transformer.
So to keep things running smoothly, turn to the experts.

Since it's establishment in 1974, A.F. White Ltd.
has become a leading specialist in the transformer oil
industry, providing a wide range of quality products
and outstanding service to customers throughout
North America.

With a fleet of specialized vehicles - A.F. White is able to offer
prompt, reliable on-site services including fullers earth treatment, degasi-
fication and silicone degasification, vacuum filling and retrofilling.

A.F. White can also deliver new quality oil.
Our recycling plant processes used oil

and returns it to new quality by means

of a filtration/dechlorination system.

Call A.F. White today or visit our website
to learn how you can save money, save
your transformer oil, and help save the
environment too.

Call the specialists.
Call A.F. White.

1.877.448.5900 www.afwhite.com




SAFETY ENCLOSURE — A new addition
to it’s already outstanding AT10 & AT30 cabinet
designs.

EASTON, PA- HindlePower, Incorporated,

one of the leading manufacturers of battery

chargers and specialty power supplies, announces
the patent approval of a Safety Enclosure already
housed in their line of AT10 Group 2 and there
latest addition to their line-up of battery chargers
the AT30.

This specially designed transparent material
allows for safe viewing of the entire electrical
devise. Built of 1/8” clear plexi glass, it prevents
the exposure of live voltage. This safety enclosure
provides an added measure of safety to the opera-
tor. The installation of this safety enclosure
protects the operator by providing limited access
to the battery charger, thus, protecting the opera-
tor from harm.

The plexi-glass safety enclosure is imprinted
with a Component Layout and a Connection
Diagram, allowing for easy installation. A Quick
Operation Guide is included to allow for a fast
setup and ease of operation. Safety Instructions
and a complete set of Self-Diagnostics Error
Codes complete the information provided.

Each safety enclosure provides limited
localized access to the interior panel and to the
electrical devices positioned within the housing.
The plexi has a cutaway allowing for easy access
to the AC Input Breaker and the DC Output
Breaker. The new design qualifies the
HindlePower Chargers for the CE labeling which
continues to enhance the world class status of bat-
tery chargers manufactured by HindlePower, Inc.

Headquartered in Easton, Pennsylvania,
HindlePower

products primarily to end users in stationary and

manufactures and distributes
utility markets, throughout the United States,
Canada and Europe. The company’s products are
an excellent choice for utility, power generation,
oil and gas, transportation, mining, chemical
plant, shipboard and platform applications.
HindlePower products are certified worldwide,
meeting the Industry’s highest standards for
quality and safety.m
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Art Salander/VD, Sales & Marketing
HindlePower, Inc.

Email: batchgr@aol.com

New DualVision Remote Substation
Monitoring System is First to
Combine Infrared-Enhanced Visual
Surveillance with Thermographic
Maintenance Monitoring

Intranet/Internet-enabled system offers 32
user-defined IR regions of interest per camera
to trigger screen alarms or outputs to SCADA
systems

Intruders can't hide and remote equipment
inspections are made easier with Mikron
724  Remote

Monitoring System for substations. The system is

Infrared’s new DualVision
the first to combine visual and infrared cameras
to produce optimized, blended images for simple
quick analysis — all in a single intranet/internet-
enabled package. Utilized with Mikron's
MikroSpec™ R/T software, the system produces a
composite IR and visual image, as well as separate
images of each. The resulting composite can be
viewed in an infinitely blended percentage of
visual/IR, simply by moving a slider bar in the
software screen. Up to 32 regions of interest
(ROI's) can be defined on the thermal image in
any complex shape, enabling the system to trigger
alarms at the approach of intruders or from
temperature excursions on substation hardware.

Visual surveillance enhanced with IR imaging
makes it easy to spot intruders 24/7, without
supplementary lighting.

“The declining cost of IR imaging technology
now makes it economical to provide both security
and maintenance monitoring in a single package,
on one line, to any computer,” said Jon
Chynoweth, Vice President of Sales of Mikron
Infrared. “From a security standpoint, an intruder
cannot hide from the IR camera at night. And each
IR camera effectively does 32 jobs by monitoring
that many user-defined zones, whether it be a fence
perimeter for security or a transformer for impend-
ing failure, triggering alarms at the master control
when high/low setpoints are exceeded. Up to 14
cameras can be monitored at one time from a PC,
and this system can easily be used as a component
for an enterprise-wide SCADA system.”
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The DualVision 724 system consists of separate
thermal imaging and video cameras in an environ-
mentally sealed, temperature-controlled enclosure.
Both cameras have Internet IP addresses and
password protection, allowing control from any
computer using wired or wireless Ethernet.

MikroSpec Real-Time Thermal Data
Acquisition and Analysis software blends the
thermal and IR camera feeds into a single
DualVision image with correct aspect ratio and
spatial area.

By applying an isotherm color pallet to the IR
image, hot spots are easily identified while viewing
the scene as a visual image. The composite image
can be adjusted to show any percentage of the IR
and visual. ROI's in the image can be defined using
10 different shapes, including frechand.

The MikroSpec R/T software can record up to
75 minutes of blended visual and IR video to a
hard drive when capturing every frame from a
camera set at a frame rate of 30 Hz. Total record
time can be greatly extended by capturing images
at intervals, rather than continuously. Video
capture can be triggered by a temperature alarm
from one of the ROT’s or by direct signal from the
PC. A user-selectable prebuffer of video allows
the operator to also capture what happened in a
scene before an event trigger.

The IR and visual cameras are housed in a single
enclosure that has a hinged back section containing
all the interface connections, including RJ45
Ethernet, RS170 video, connection for a high-
resolution LCD, and a power termination strip. The
front section holds the cameras and has a slanted
IR-transparent window to resist snow/dirt buildup.
Cameras are supported on an internal shelf, with
space underneath for power supplies, wiring, etc. A
remote-controlled panand-tilt head is also available.

The visual camera can be color or b/w.
Cameras can be fixed focus or have auto iris and
remote focus. The MikroScan IR camera uses
state-of-the-art uncooled UFPA microbolometer
technology, providing measurement accuracy of
+2% or 2°C. It can be set manually or automati-
cally for three different temperature ranges. Two
image update rates (30Hz/60Hz) are selectable.
Standard field of view is 28.9°(H) x 21.9°(V),
with autofocus from 30 c¢m to infinity. Telephoto
available. All
DualVision systems are fully integrated by

and wide-angle lenses are

Mikron Infrared and provided on a turnkey basis

to ensure customer satisfaction. B
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Infrastructure
FORYOUR

Infrastructure

When any portion of Canada’s
electrical capacity becomes
unavailable, the heartbeat of

a local or Provincial economy
stops. For our electrical utilities,
failure is not an option.

Infrared thermography provides the con-
dition monitoring infrastructure that
keeps the electrical power infrastructure
up and running.That's why infrared
thermography has become the core of
utility predictive maintenance programs.

ThermalAM® P60

IR thermography finds problems
before they shut you down.

Put the power of infrared to work
scanning your substations, transmission,
and distribution systems BEFORE failures
occur.FLIR can equip your organization
with our field-proven infrared cameras,
time-saving reporting software, and the
world’s leading training programs.

ThermalAMB E4

FLIR’s family of award-winning
ThermaCAM® handheld and
ThermoVision® fixed/mobile-mounted
infrared cameras are more powerful and
easier to use than ever before. Advances
in design and manufacturing make these
new infrared cameras so affordable that
~you can supply more units to more crews
1d, for the first time, deploy on fixed

ThermoVision® A20

“Infrared technology is by far the most
revealing technology we have out there.
Out of all of them, including vibration and
ultrasonics and sound level...infrared
finds probably 60 percent or better of
your anomalies.”

JOHN GIESECKE, ELECTRIC POWER
RESEARCH INSTITUTE [EPRI)

If the inspector can’t get to
the field, bring the field to
the inspector.

An IR camera can detect incipient
failures before they cascade into

a catastrophe like the U.S.”Northeast
Blackout of 2003.” The problem is that
trained thermographers can't be
everywhere all the time in a grid that
may span several provinces and thou-
sands of square kilometers.

Imagine seeing a hot disconnect in

a critical, remote substation right on your
PC screen. The A20 delivers real-time
thermal images of vital system compo-
nents via FireWire or Ethernet. Because
it'’s a smart system, the A20 can send an
e-mail or a pager message when it sees
system components that are in danger
of overheating. It can even control on-
site equipment — activating

a siren, closing a gate, opening a discon-
nect, or triggering any action you define.
No ancillary computers are needed.The
intelligence is all inside.

Put FLIR to work for you.

With over 30 years of experience and
more than 30,000 of its IR cameras in use,
FLIR Systems is the undisputed global
leader in infrared cameras and the only
ISO 9001, ASNT, and NETA certified IR
training organization in the world. As a
utility, your performance is judged by
uptime. Isn't it time you upgraded your
condition monitoring infrastructure?

~ Before things heat up, call us.

ermal no'r:nali'es are revealed by IR images (left to right) of a disconnect, a failed
lightning arrestor, and a damaged transformer (center photo: R. Strmiska, Sumter

=, aflectric Coopgrative)
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By: By:
Stanley R. Lindgren Paul Fischer
Director of Product Strategy

Product Marketing Manager

Serveron Corporation Serveron Corporation

Causal Relationships

There are approximately 100,000 power transformers in use in North
America today. Worldwide the count is close to 500,000. Power trans-
formers are an expensive asset that generally cost between $100K and $4M
each, depending on their size and application, among other factors. In the
realm of transmission and distribution they typically represent the highest
valued assets of the system. There is no doubt that power transformers are
critical components of the electrical grid and the power generation system.

The demand placed on these critical components continues to increase.
Deregulation has led to large increases in generation capacity with little
consideration given to transmission capacity. This has led to a decrease in the
reliability of power delivery and an increase in the likelihood of major black-
outs as safety margins disappear and the age of these key assets continue to
increase.

The direct cost of failure includes the cost of replacement equipment,
environmental cleanup, and replacement power purchased on the spot
market; in areas with many industrial and large commercial customers costs
can also include penalties for the unplanned outage. At the highest level of
the electrical infrastructure, reliability has been achieved through redun-
dancy. However, even when redundancy exists there are impacts due to
failure. The financial impact may be much greater to the consumer than to
the utility. Even with redundancy, switching interruptions resulting from a
failure can have a major impact on many customers. Industries based on
process controls may lose data or be forced to shutdown as a result of such
transients. The costs to industrial and financial customers, when long outages
occur, are dramatic. Such costs are now beginning to be discussed in terms of
tariffs and associated penalties for utilities not delivering reliable power.

Monitoring the state of health of power transformers, a key component
in the path of reliable power, has traditionally been performed using routine
Dissolved Gas Analysis (DGA) tests performed at annual or semi-annual
intervals. Measuring the level and rate of change of combustible gases in
transformer insulating oil is an accepted industry practice based on the fact
that the presence of combustible gases is a reliable diagnostic tool which is
used as indicator of undesirable events in the transformer, such as hot-spots
and electrical arcing; events which may portend a future of unreliable
performance by the transformer.

By closely monitoring dissolved gas levels many transformer failures can be
prevented. Prevention, however, is only possible if the reason for the presence
of gases is understood and can be either controlled or corrected by means of
repairs or prescribed usage profiles. Relating transformer gassing events to
load, temperature, and external system events can be a difficult or even impos-
sible task when only one or two DGA samples per year are available to
perform such analysis. Daily on-line monitoring of key gases provides the level
of detail required to show causal relationships between gassing and external
events in a way that traditional infrequent laboratory sampling cannot.

Correlating DGA Results
to Transformer Load

On-line DGA

Can You Trust Your DGA Results?

A 40 year old 500 kV transformer, with a history of accumulated high
levels of methane and ethylene, was selected to evaluate on-line continuous
DGA monitoring by comparing on-line measurements to laboratory DGA
measurements. Because the on-line analyzer provides six gas-in-oil measure-
ments daily it was also possible to use the on-line data to determine if and
to what extent gassing of the transformer was load dependent.

Internal examination of the transformer identified carbon deposits
between the core frame and the tank wall due to deteriorated insulating
material. Repairs were made at that time but gassing continued, leading to a
second inspection and degassing. The transformer was returned to service in
June 2003 with a Serveron® TrueGas™ analyzer monitoring eight gases every
four hours (six samples per day, seven days per week).

Simultaneously, weekly oil samples were submitted to three laboratories
over a three month period. Although absolute measurements of gas levels
varied between labs and the on-line analyzer, the general trending of the
gases were consistent between all measurement sources.

Figure 1 directly compares the on-line DGA measurements with the
laboratory measurements. Since the on-line measurements occur at a
frequency that is 50x that of the weekly laboratory measurements they
appear as continuous lines on this chart. Each color on the chart represents
a different gas, as indicated by the legend at the bottom of the chart.
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figure 1: weekly DGA results from three different laboratories
compared with TrueGas results

The weekly laboratory measurements are plotted in groups of three
(slightly offset from each other on the horizontal axis for clarity). In general,
the on-line results intersect or track very closely with the laboratory results.
Oxygen (in green) shows the least correlation due to the fact that the labo-
ratory samples are easily contaminated by the atmosphere either during the
oil sampling (extraction) process, during transport, or during injection into
the laboratory gas chromatograph apparatus.
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This Could Have Be_en
Prevented... &

MikroScan 7200V Features:

+ imetric 8-14pm (Long Wave)
Microbolometer 320x240 (UFPA WOX)

- Temperature Range -40°C to 2000°C

- NETD 0.06°C @ 30°C

- 14-Bit Image Rasolution

Circle 126 on Reader Service Card

Whslt ws &b Hhe 2004 DOBLE Comffar

Bt ¢4 ane reesive [eur FREE
Elesirieal Minh Enemy ey Videe e WD

Tal Q{E-4E7-0{80 Tal 1-B28-506-3504

Fau B6-44T-6068 E mal pofmikmgoinkamd com www. | H i magi n g rcum

Wiah Sili wiwew, Himpgi-g com

|E|| ;"» ||,< L’)r“l it vt s . e anoovss Gl 1-888-506-3900

L=



Can you trust your laboratory DGA results? Yes, other than oxygen (and

nitrogen) which can be easily skewed by atmospheric contamination, these
three labs and the on-line analyzer provided substantally similar DGA
measurements. The absolute values (levels) of the on-line analyzer and
laboratory measurements varied, but the trends and direction of the results
are consistent.

Transformer Background

The 500 kV transformer which was monitored as a part of this study has
shown hot-metal gassing (C,H,; CH,, C,H,, and traces of C,H,) since its
initial placement into service just over 40 years ago. The unit has been
degassed a number of times during its history of operation. The internal
inspection identified the gassing to be associated with deteriorated insulating
material used to electrically isolate the core and coil assembly from the tank
wall. Attempts were made by the manufacturer to minimize circulating
currents, however the problem continued, leading to a second internal
inspection and degassing and was returned to service in June of 2003 with a
Serveron TrueGas analyzer installed.

Transformer Gassing Problem

The core and coil assembly is held in place with brackets between the
core-frame and tank-wall at the four corners, top and bottom, with
insulating gaskets to provide electrical isolation. An over-heated spot was
found during the initial inspection at one of the lower brackets; indicated
by carbon deposits and thermo-vision. Repairs consisted of removing the
core-frame to tank-wall grounding strap and reinstalling it to bridge the
damaged gasket.

Unfortunately, this did not eliminate the gassing. So a second internal
inspection of this transformer was performed and revealed the following:
* It was impossible to determine whether another frame
ground is providing a path for circulating currents.
¢ The core was meggered (after lifting the core-to-frame ground)
and measured above 1000 megohms, indicating that the core is
not grounded and is isolated from the frame.
* Windings and clamping appeared to be tight.
* No carbon deposits were found.

Service Decision

Following the second inspection it was decided to return the transformer
to service on the basis that gassing is probably being caused by circulating
currents involving the core frames or another grounding structure. Most
importantly, gassing did not appear to involve the windings.

Electrical tests indicated that the transformer was okay. Lifting the core
and coil assembly inside the tank or untanking the transformer to attempt
to isolate the core-frame ground was considered not worthwhile.

The risk of not finding the problem, not being repairable if found, or of
causing further damage to the transformer outweighed the risk of the
existing gassing problem. It was decided that on-line DGA monitoring and
periodic degassing should enable the transformer to remain in service.

Daily DGA Measurements

The daily sampling associated with on-line monitoring provides a level
of detail that is simply not possible using traditional laboratory measure-
ments. With such detail it is possible to correlate DGA results with SCADA
measurements and significant events associated with the transformer, such as
loading, winding temperature, and LTC adjustments.

The logarithmic chart of on-line DGA measurements shown in figure 2
includes plots of the eight gases which are automatically measured every four
hours by the on-line analyzer and one “summation gas” (TDCG, total
dissolved combustible gas). The tenth plot, the light green and somewhat
softer line near the bottom of the chart, is drawn on a linear scale (its corre-
sponding y-axis scale is not present on the chart) and is a relative indication
of the load on the transformer. In addition to the DGA measurements, this
data is also automatically collected by the on-line analyzer via its
LoadGuide™ input six times each day.
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figure 2: 3-month on-line results (log scale)
with LoadGuide indicated in light green (linear scale)

Correlation With Load

By comparing the LoadGuide fluctuations with actual SCADA data one
can “calibrate” this relative load line with the true load on the transformer.
A plot of the SCADA data representing the load through the transformer

bank is shown in figure 3.

-

.l

SEREEEATRRE TN

figure 3: SCADA load data through the transformer being monitored

The SCADA load data in figure 3 corresponds to two weeks of on-line
DGA data collected near the beginning of the plots of figure 2. Aligning the
date information on the x-axis of both charts, one can locate within figure 2
the identical load variations near the beginning of the on-line analyzer’s
LoadGuide plot (the smooth light green line near the bottom of the chart).

One point that is immediately evident is that continuous on-line
monitoring clearly shows combustible gasses being generated by this
transformer whenever the transformer load exceeds approximately 50% of
nameplate (producing hot-metal gases including acetylene). On-line DGA

10 Electric Energy T&D Magazine — The 2004 International Conference of Doble Clients
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figure 4: sister transformer’s on-line results

(log scale) with LoadGuide (linear scale)

darta acquired from a second identical (sister) transformer in the same bank
indicates this load-dependent behavior might be an inherent weakness in the
transformer (see figure 4).

If there is a concern that operating at or above a load level that generates
gas might pose too great a risk, a simple solution to the problem would be
to limit the transformer to operating below the gas generating load level,
50% in this example. When this tactic is not practical, monitoring the
generation of gases closely and in real-time whenever the transformer is
above the gas generating load level is another approach, with the strategy of
diverting load if gassing proves excessive.

Given the well-known history of use and prior gassing levels associated
with this transformer the decision to continue to operate at or near the
gassing level, while simultaneously collecting daily DGAs using the on-line
analyzer, is a prudent choice. As is the case in this example, when it is impos-
sible or impractical to eliminate the source of combustible gases in a trans-
former, a continuous on-line DGA analyzer can be used to closely monitor
the combustible gas generation whenever the transformer must be used at or
above the gas generating load level.

Infrequent Sampling Results in Aliasing

Of additional interest is the fact that some of the gases generated as a
result of the “excess” load actually dissipate over time. When gasses dissipate
timing of the DGA test relative to the events of interest becomes even more
important. Sampling too long after an event may result in finding no trace
of the gas which was generated, because the gases are no longer present in
the oil for measurement by traditional means.

The conventional DGA samples that were taken alongside the on-line
analyzer were performed at one week intervals. In any normal scenario this
would be considered a very high rate of sampling. If we compare the results
of the conventional results with the on-line results, for just acetylene and
one of the three laboratories, we see very good correlation (see figure 5).

Without the continuous on-line results plotted alongside the manual
results it can be difficult to actually detect the real trend of the acetylene.
Certainly it would be hard to make a strong case for correlation of
transformer load to acetylene production.
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figure 5: on-line and weekly measurements for
one laboratory of acetylene (linear scale)
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figure 6: laboratory measurements of acetylene
at one month intervals (linear scale)

At a more typical (but still aggressive) laboratory sampling rate of one per
month the bias associated with the rate and timing of the sample can further
affect observations so that correlating gassing events to external events can
be impossible to determine. If there is a causal relationship between the two
it may in fact be missed due to aliasing of the data resulting from too low a
sampling rate. See figure 6 for an example of how sample timing and rate
can adversely affect one’s observation of the events.

Conclusions

The high rate of sampling associated with on-line DGA monitoring of
both combustible and non-combustible gases can be used to identify causal
relationships between transformer gassing and significant events associated
with the transformer, such as operating conditions, loading, winding
temperature, and LTC adjustments; whereas testing laboratory samples
cannot — due to variations in sampling techniques, testing methods, and
the aliasing effect that results from low sampling rates. Transformers can
escalate beyond their normal gassing level, to unacceptable levels, very
quickly (within hours). Such key events can only be tracked with high DGA
sampling rates.

When it is impossible or impractical to eliminate the cause of gases in a
transformer, continuous on-line DGA data can be used to help define
acceptable transformer operation profiles. But use of on-line DGA moni-
toring need not be limited to “problem” transformers. Transformers that
consistently show “no gassing” when operating at nameplate may, in fact, be
candidates for safe operation above nameplate ratings. In either case,
continuous on-line DGA provides the additional significant information

that can be used to extend or safely limit a transformer’s range of operation.
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Today, decisions to repair or replace power transformer equipment are
based on historical experience, not on real-time data, because much of the
information relating to the real-time operating condition of the equipment
simply does not exist or is not easily obtained. Continuous on-line DGA
data provides significant and useful real-time information regarding the
operational characteristics of expensive and critical transformer assets that,
when combined with their performance history, allow utilities to prudently
operate gassing or overloaded transformers and extend their projected
service life. ®
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2004 International

Conference of Doble

Clients and Industry Expo.

Welcome to Boston,

Massachusetts

and the 2004

International Conference

of Doble Clients

and Industry Expo.

This marks the 71st year of the Doble Conference and
we are pleased to have you be a part of this
event.Thank you for joining us at the 4th Annual Doble
Industry Expo. We are pleased to have assembled
some of the leading players in the electric power indus-
try for this year’s event. Doble’s Industry Expo focuses
not only on the newest leading-edge products and
solutions, but also on educating attendees on how to
enhance and upgrade existing equipment for maxi-
mum power delivery and efficiency.

The demonstrations given at this year's Expo serves
as the perfect compliment to the conference program.
Our Conference schedule has been developed to offer
you maximum flexibility and convenience to compare
the products you discuss in the sessions, with real-life
settings in the exhibit hall. This way, you have the
opportunity to acquire information on industry-wide
product development and services both in and out of
the meetings.

As always, Doble’s Industry Expo offers you extraordi-
nary access to the industry’s top suppliers and manu-
facturers of electric power apparatus. We urge you to
take advantage of the many opportunities available to
share you questions, ideas and concerns with all
exhibitors.

Again, we're delighted to welcome you to Boston and
to the 2004 International Conference of Doble Clients
and Industry Expo. Please take some time to walk
around, enjoy the refreshments and don’t forget to
enter into the Industry Expo Contest! Have a great
week!

Electric Energy T&D Magazine — The 2004 International Conference of Doble Clients
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2004 Hospitality Suite Holder Company Descriptions

Please see the Suite Map for Company Suite Locations and Times

ABB Inc.
940 Main Campus Drive, Suite 500

Raleigh, NC 27606

Beverly Jenkins; 919-856-2360
beverly.a.jenkins@us.abb.com
www.abb.com

- ABB Inc. serves electric, gas and water
utilities, as well as industrial and commercial
customers with a broad range of products,
systems and services for power transmission,
distribution and automation.

AREVA T&D Inc.

1510 Chester Pike, Suite 110

Eddystone, PA 19022

Customer Care; 888-AREVA-TD
customer.care.usa@areva-td.com
www.areva-td.com

- AREVA T&D offers a complete range of
reliable T&D solutions to address the different
needs of every stage in the equipment life
cycle, including high voltage switchgear, large
power fransformers, power quality solutions
(e.g. SVC, STATCOM, HVDC), and T&D services
(e.g. equipment refurbishments, retrofits and
maintenance).

Delta Star

270 Industrial Road, San Carlos, CA 94070
Kevin Anderson; 650-743-3270
kevina@deltastar.com

Medium Power Transformers and mobile
substations.

E Manufacturing Co., Inc.

7275 Industrial Park Boulevard

Mentor, OH 44060

Chris Francis; 440-951-0900
chris@emanufacturing.com
www.emanufacturing.com

- E Manufacturing is an original equipment
supplier for Air Disconnect Switches and a
replacement parts manufacturer for Load Tap
Changers, Circuit Breakers, Switchgear and
related equipment.

General Electric

4200 Wildwood Parkway, Aflanta, GA
30339

Kimberly Brennan; 770-999-7141
http://www.ge.com

- GE (NYSE:GE) is a diversified technology,
services and manufacturing company with a
commitment to achieving customer success. GE
operates in more than 100 countries and
employs approximately 315,000 people world-
wide. Our products and services range from
power generation technology, energy services
and management systems to the latest techno-
logical products used to distribute, protect and
control electrical power and equipment. GE
provides equipment, services and
management solutions across the power
generation, distributed power and utility indus-
fries.

High Voltage Inc.

31 Rt. 7A PO Box 408, Copake, NY 12516
Steven Peschel, Director of Sales & Marketing
518-329-3275

sales@hvinc.com

Very low frequency (VLF) AC hipots to 200Kv,
cable fault locators, portable AC and DC
hipots, oil dielectric testers, aerial lift testers.

LAPP Insulator
130 Gilbert Street, Leroy, NY 14482

Marlene D. Beil, Bushing Executive Assistant
585-768-5009, mbeil@lappinsulator.com

Yavuz K. Erkan, Bushing VP/GM
585-768-5144

yerkan@lappinsulator.com

Wayne Gibson, Bushing Application Engineer
585-768-5034

wdibson@lappinsulator.com

Eric Hildreth, Bushing Application Engineer
585-768-5227

ehildreth@lappinsulator.com

Chris Monoski, Supervisor QA & HV Lab
585-768-5057
cmonoski@lappinsulator.com

Mark Sommer, Bushing Marketing Director
585-768-5066

msommer@lappinsulator.com

W. A. (Bill) Young, Supervisor-Bushing
Design; 585-768-5047
wayoung@Ilappinsulator.com

Shibao Zhang, Senior Engineer
585-768-5191

szhang@lappinsulator.com

- Lapp Insulator Company was founded in
1916 and soon became a pioneer in the
design and manufacture of high voltage insu-
lators. In 1922, Lapp developed a vacuum
process for improving the strength of clay
ushering in an era of rapid development of
entirely new insulator types including line and
station posts that are now utility design stan-
dards worldwide. In 1954, Lapp began the
manufacture of high voltage bushings and
today is a leading supplier of condenser bush-
ings used for either transformers or oil circuit
breakers up through 500kV. Lapp has been
management owned since 1999 with facilities
located in Georgia, New York and Germany.
In the 21st century, our products are sfill the
highest quality and we are continuing the
tradition of leading the industry in new innova-
tions.

Morgan Schaffer

5110 Avenue de Courtrai

Montreal, Quebec H3W 1A7 Canada
Wiliam Morse; 514-739-1967
wmorse@morganschaffer.com
www.morganschaffer.com

- Morgan Schaffer, a pioneer in the develop-
ment of DGA, now has a tool to help labora-
tories verify their results, our True North DGA Oil
Standard. True North will ensure accurate and
precise Dissolved Gas Analyses. Our on-line
transformer monitor, Calisto, continuously
measures Hydrogen and Water found in power
transformers.

Nynas Transformer Oils USA Inc.

1800 West Looop South, Suite 1150
Houston, TX 77027

Jeremy Kriska ; 713-586-3832 X106
jeremy.kriska@nynas.com

WWW.Nynas.com

- Nynas is a Global Manufacturer and Marketer
of Standard and High Grade Type | and Il
Transformer Qils. We are the global leader
when it comes to Transformer Oil quality and
knowledge. Product is currently available
domestically. US production of our quality
NYTRO grade transformer oils begins June 2004.

Petro-Canada
385 Southdown Rd, Mississauga, ON L5J2Y3
Victoria Li; 416-364-4028
vlii@petro-canada.ca

Reinhausen Manufacturing, Inc.
2549 North Ninth Avenue

Humboldt, TN 38343 USA

John §. Gamane, Jr.; 731-784-7681
www.reinhausen.com

- On Load Tap Changers Sales and Service. In
Boston we will feature our Maintenance-Free
designs (Model "B" monitoring for RMV LTCs
and Tap Guard monitoring for MR In-Tank LTCs)
which allow for up to 500,000 operations with-
out a time limit. All new designs are retro-
fittable.

S.D. Myers, Inc.

180 South Avenue, Tallmadge, OH 44278
Becky Compton; 330-630-7000
Becky.Compton@sdmyers.com

Southwest Electric Company

6501 SE, 74th Street

Oklahoma City, OK 73135

Joe Garza; 713-849-9171
jgarza?171@aol.com

- Southwest Electric Company is an electrical
repair organization which is headquartered
in Oklahoma City, OK. We have been in
operation for over 56 years and provide
national services from five divisions: 1. Power
Transformer Division, 2. Field Service Division,
3. Rotating/Switchgear & Breaker Equipment
Division, 4. Custom Switchgear Division, and
5. Specialty Transformers Division.

Uptime Solutions

6 Dorset Place, Durham, NC 27713
George Forrest; 919-544-8191
georgeforrest@uptime-solutions.com

Velcon Filters, Inc.

4525 Centennial Blvd.

Colorado Springs, CO 80919

Linda Oppelt; 719-53-5855 or 719-531-5690
visales@velcon.com

www.velcon.com

- Turn oil handling into art with Velcon! Our
fixed, portable, and mobile filtration and
storage systems combine such features as
versatility, simplicity, and quality to purify
insulating oil using advanced SuperDri®
carfridge technology. See our website at
www.velcon.com for additional informa-
fion.

Weidmann-ACTlI, Inc

One Gordon Mills Way

St. Johnsbury, VT 05819

Lisa C. Bean; 802-751-3530
lbean@weidmann-systems.com
www.weidmann-acti.com

- The Weidmann Group specializes in
providing the transformer industry with
expertise in the fields of diagnostic testing
and engineering, as well as a wide
range of replacement parts and compo-
nents dealing with all aspects of tfrans-
former maintenance and repair.

Electric Energy T&D Magazine — The 2004 International Conference of Doble Clients
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Or you can continue to do
business as usual. Until it's unusual.

Fire. Failure. Environmental catastrophe. Since you’re

in power delivery, you know what makes headlines,
escalates costs, and breaks customer trust. But now
there’s a remarkable new asset protection product
that will help you achieve higher levels of public
and workforce safety, performance, and reliability,

while keeping costs and liability down.

It's Envirotemp® FR3™ fluid from Cooper Power Systems,
available now in new transformers or for retrofill. It is
the first dielectric coolant made from edible seed oil

to receive the Environmental Technological Verification
(ETV) from the U.S. Environmental Protection Agency
(EPA). It has the industry’s highest published flash

and fire points and the approval of Underwriters
Laboratories® and FM® Global. It is proven to extend

transformer insulating paper life by 5-8 times.

*Per OECD G.L. 203

COOPER Power Systems

You Can Count On Cooper Power Systems Down The Line.

All of which translates to immediate and sustainable
cost savings for you. It means a higher margin of fire
safety and less money spent on transformer fire
protection and substation design. It means spills that
are non-toxic*, highly biodegradable events. It means
being able to load up your equipment more and run

it longer — deferring the purchase of new equipment.

Need more proof? Visit our web site at
www.cooperpower.com/FR3. Or call your local
Cooper Power Systems office today at
1-877-CPS-INFO.

Envirotemp FR3 fluid. Now that it’s on your radar

screen, it's on your conscience.

[t
COOPER

ENVIROTEMP FR3 FLUID
™

REVOLUTIONARY. RELIABLE. RESPONSIBLE.
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American Electrical Testing Co., Inc. Booth 11

480 Neponset Street, Building 3

Canton, MA 02021

Paul M. Kelly; 781-821-0121, www.99aetco.com
- American Electrical Testing Co., Inc. maintains
a staff of highly trained NETA certified field
service engineers and fechnicians providing
power system studies and complete
engineering and testing services for
acceptance, maintenance, retrofit and repair
of electrical power distribution systems and
equipment from low voltage through 345KV.

Arbiter Systems Inc. Booth 13
1324 Vendels Circle, Suite 121

Paso Robles, CA 93446

Christine Greco; 805-237-3831
cgreco@arbitercom www.arbiter.com

- Arbiter Systems, the leader in GPS timing
products and the manufacturer of the most
accurate portable three-phase power meter
(Model 931A Power System Analyzer) is intro-
ducing the new Model 1133A Power Sentinel
The Model 1133A provides GPS synchronized
real time measurements for revenue metering,
power quality monitoring, and synchro-phasors
as per the IEEE 1344 Standard (20/s.)

AREVA T&D Inc. Booth 10
1510 Chester Pike, Suite 110

Eddystone, PA 19022

Customer Care; 888-AREVA-TD
customer.care.usa@areva-td.com
www.areva-td.com

- AREVA T&D offers a complete range of reliable
T&D solutions to address the different needs
of every stage in the equipment life cycle,
including high voltage switchgear, large power
fransformers, power quality solutions (e.g. SVC,
STATCOM, HVDC), and T&D services (e.g.
equipment refurbishments, retrofits and mainte-
nance).

Colt Atlantic Services, Inc. Booth 5

PO Box 74396, Richmond, VA 23236

James Hackett, 770-831-8135
jhackett@coltonline.com

www.colfonline.com

- Transformer oil and SF6 gas leak repairs are
what we do, Bushings, Flanges, Packings, and
Fittings to name a few. So give us a leaker, the
one that is tough, and we will show you our
customer satisfaction is enough. So please
arrive at booth number five.

Deutsch Metal Components Booth 36
14800 South Figueroa Street

Gardena, California 90248

April Schemper; 310-323-6200
customerservice@deutschco.com
www.deutschco.com

- Deutsch Power Products connect your substa-
tion with PowerLok® bus connectors, CableLok®
cable connectors and GroundLok® grounding
connectors. Our 360 swaging fechnique gives
you a superior connection. Deutsch connectors
and tooling save you time and money.

000

‘.
2004 Doble Industry Expo Exhibitors

Booth 28

Doble Engineering Company

Staffordshire Room

85 Wainut Street, Watertown, MA 02472
617-926-4900

info@doble.com

- Doble Engineering has been supplying diag-
nostic insfruments and engineering services to
the electric power industry for decades. Doble
also maintains the indusfry’s most extensive
resource library of apparatus test results and
knowledge. The company maintains close
working relationships with the world’s electric
power companies, working in partnership to
improve the performance of their systems and
operations.

Doble PowerTest LTD
5 Weyvern Park
Peasmarsh, Guildford, Surrey, GU3 1LZ

United Kingdom; Tel: 0800 783 2104

- Doble PowerTest was created in 2002 when
Doble Engineering purchased the National Grid
Company plc. The National Grid Company was
established on 31 March 1990 as the owner and
operator of the high voltage transmission system
in England and Wales. The company is a wholly
owned subsidiary of National Grid Group plc,
which is listed on the stock exchange and is one
of the UK's FTSE 100 companies. The Company
headquarters are in Coventry, England.

Doble Oil Laboratory Booth 66

85 Wainut Street, Watertown, MA 02472 USA
Lance Lewand; Tel: 617-393-2981
info@doble.com

- The Doble Materials Laboratory, established in 1933,
is staffed by dedicated, experienced chemists, and
supported by engineering personnel knowledgeable
in apparatus diagnostics. We bring fo you answers
and solutions to your problems based upon quality
data from a wide breadth of festing capabiliies and
a rich experience in apparatus diagnostics. We can
help you develop the most cost-effective testing
program for condifion assessment or fo help identify
or solve apparatus problems. All test reports include
an analysis of the data and recommendations for
remediial action when warranted.

Booth 65

Digital Inspections Booth 46
804A NW Buchanan Ave, Corvallis OR 97330
John Lane, Sales Manager; 541-752-7233 x117
jlane@diginsp.com
www.digitalinspections.com

- For over ten years, Digital Inspections has pro-
vided utilities with powerful and configurable
equipment health software for maintenance
management and inspections. CASCADE™ is
the system equipment health system of choice
for maintenance management and inspec-
tions and continues to focus exclusively on the
needs of utility maintenance, operations, and
management. From in the truck, to the field, or
in the office, CASCADE is helping utilities
increase system reliability and optimize the use
of their assets, through interfaces with industry
standard diagnostic testing software, inspec-
tions, and user-configurable equipment condi-
tion assessment.

Dynamic Ratings, Inc.

N59W 14339 Bobolink Ave.
Menomonee Falls, WI 53051
Tony Pink; 262-703-0792
Tony.pink@dynamicratings.com
www.dynamicratings.com

- Dynamic Ratings provides an economical
transformer monitoring and confrol system
to suit individual customer needs. A single
connection to the Dynamic Ratings control
provides both control and monitoring of the
complete transformer system including cooling,
LTC, and on-line monitoring and diagnostics.

ECI Booth 32
1919 Lionel Bertrand # 107

Boisbriand, Quebec J7H IN8 Canada
Sébastien Riopel; 450-430-1181
s.riopel@eci-co.com  www.eci-co.com

- ECl is a world leader in the design and manu-
facture of high voltage insulating systems for
the energy business. We manufacture superior
performance and durable polymer bushings
up to 69kV for all types of applications and insu-
lators for fransmission applications up to 765kV
and substation applications up to 161kV.

Electricity Today Magazine, Booth 56
204 - 15 Harwood Ave South Ajax

Ontario, Canada, L1S 2B9

Carol Gardner, The Canadian Electricity Forum
(905) 686-1040

Carol@electricityforum.com

- Electricity Today's mission has always been to
fulfill the needs of our readers and advertisers
with an editorial product that is unmatched in
quality and integrity. Our thorough and well-
balanced editorial coverage for more than 13
years has generated unsurpassed reader loyal-
ty and cemented the magazine as the choice
for information about Canada's utility/industrial
power engineering and maintenance indus-
tries.

Electric Energy Publications Booth 59
1160 Levis, Suite 100, Lachenaie,

QC Canada J6W 556

Tel.: (888) 332-3749 « Fax: (888) 243-4562
Steven Desrochers, Publication Mananager
steven@jaguar-media.com
www.electricenergyonline.com

- Electric Energy T&D Magazine serves the fields
of electric utilities, investor owned, rural and
other electric cooperatives, municipal elec-
tric utilities, independent power producers,
electric confractors, wholesalers and distribu-
tors of electric utility equipment, manufactu-
rers, major power consuming industries,
consulting engineers, state and federal
regulatory agencies and commissions, indus-
try associations,communication companies, oil
& gas companies, universities and libraries.
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Electric Light & Power

- PennWell Publishing Booth 60
1421 South Sheridan Rd, Tulsa, OK 74112

Shirley Wilson; 918-831-9447
shileyw@pennwell.com

- Known as the voice of the electric utility indus-
try since 1922, Elecfric Light & Power is the
authoritative source of electric industry business
news for electric utility executives and manage-
ment. Each month, Elecfric Light & Power pro-
vides insight info industry news, financial, legal
and regulatory issues, and reviews T&D, technol-
ogy. information systems, customer systems, and
electric and gas trading trends. This single source
provides a broad view of the electric utility indus-
try, with in-depth analysis of key business issues
and regular interviews with industry leaders.

Environmental Protection Service Booth 7

4 Industrial Park Drive, Wheeling, WV 26003
Brad Joseph; 304-232-1590 ext. 42 (phone)
304-232-1599 (fax)

brioseph@epsonline.com www.epsonline.com
- EPS specializes in the installation, maintenance
and disposal of electrical equipment. This
includes PCB, PCB-Contaminated and Non-PCB
disposal, energized transformer dechlorination,
energized hot oil reclamation, installation/
vacuum-filling and refrofills. EPS also sells Trans-X
oil, a reclaimed mineral oil dielectric fluid
that meets the standards of virgin but at
considerable savings.

ESB International Booth 1

10 New England Business Center Drive Suite 107
Andover, MA 01810

Stacie Hamner; 617-835-6888

stacie _esbi@hotmail.com www.esbi.ie

- ESB Infernational is one of the worlds most
successful confracting and engineering consul-
tancy organizations. Through its staff of knowl-
edgeable specialists in power equipment
design and operation, expertise of current and
advanced test techniques, wide range of indus-
try project experience, and in-depth under-
standing of the utility philosophy, ESBI is perfectly
positioned to provide tfotal asset management
solutions to the power delivery sector.

Filmax Filtration, Inc. Booth 47-48
6775 Corporate Park Dr., Loudon, TN 37774
David M. Butler; 800-321-3895
sales@filmaxinc.com

- Filmax is the industry leader in manufacturing
switch-gear filtration equipment for the power
industry. Filmax offers high flow (20 gpm. to
50 gpm.) portable filtration equipment and
stationary equipment for load tap changers.
Now infroducing our new FBR-310 three
machine in one design manufactured specifi-
cally for three-tank oil circuit breakers, single
phase voltage regulators and three-tank
diverter switches. Allow Filmax the opportunity
of providing you with the highest quality equip-
ment and customer service in the industry.

FISO Technologies Inc. Booth 34
500, ave. St-Jean-Baptiste, Suite 195

Quebec, PQ G2E 5R? CANADA

Sharon Walsh; 418-688-8065

sales@fiso.com

http://www.fiso.com

- FISO Technologies is a leading supplier of fiber
optic solutions for direct monitoring of substation
assets. Products are EMI immune and designed
for long-term reliability.

Flakt Coiltech, Inc. Booth 43
455 Holder Road, Cedar Grove, TN 38321

Mike Martin ; 731-987-2228
mike.w.martin@flaktwoods.com

- Replacement FOA coolers for (W), GE, ABB,
M-E, PA, and A/C large power transformers and
most mobile transformers. Hydro generator
cleanable coolers (new and replacement).
Diesel generator air blast coolers (new and
replacement).

FLIR Systems Booth 58

16 Esquire Road, N. Billerica, MA 01862

Tom O'Toole ; 978.901.8000

info@flircom www.flirthermography.com

- FLIR Systems, the global leader in infrared
cameras, will exhibit two new handheld
ThermaCAM IR cameras that are ideal for
predictive maintenance: the ulfra-lightweight
E4 and the high-performance P&60. Both are
revolutionizing the management of electrical
and mechanical equipment by finding faults
before failures, outages or even fires occur.

Flowserve Booth 7
P.O. Box 643, Baxley, GA 31515

Steve Baxley; 800-673-7385
sbaxley@flowserve.com www.flowserve.com
- Service Company that provides leak repairs on

transformer oil and SFé Gas.

General Electric Booth 44-45
4200 Wildwood Parkway, Atflanta, GA 30339
Kimberly Brennan; 770-999-7141 « www.ge.com
- GE (NYSE:GE) is a diversified technology,
services and manufacturing company with a
commitment to achieving customer success.
GE operates in more than 100 countries and
employs approximately 315,000 people world-
wide. Our products and services range from
power generation technology, energy services
and management systems to the latest techno-
logical products used to distribute, protect and
control electrical power and equipment. GE
provides equipment, services and manage-
ment solutions across the power generation,
distributed power and utility industries.

High Voltage Inc. Booth 26

31 Rt. 7A PO Box 408, Copake, NY 12516
Steven Peschel, Director of Sales & Marketing
518-329-3275

sales@hvinc.com

- Very low frequency (VLF) AC hipots to 200Kv,
cable fault locators, portable AC and DC
hipots, oil dielectric testers, aerial lift testers.

Mechanical Dynamics & Analysis, LLC

Booth 22

29 British American Blvd., Latham, NY 12110
Sean MclLenithan, MBA; 518-399-3616
www.MDAturbines.com

- MD&A provides engineering services and
expertise for overhauling steam and gas tur-
bines and generators. Our capabilities range
from diagnosing problems to turnkey overhauls
of turbine-generator sets up fo 1100 MW.

Megger Booth 20
4271 Bronze Way, Dallas, TX 75237

214-330-3245

- Megger is a leading manufacturer and mar-
keter of a wide variety of electrical test and

measuring instruments for power applications.

Midsun Group Inc. Booth 19
135 Redstone Street, Southington, CT 06489 USA
860-378-0100

info@midsungroup.com
www.midsungroup.com

- Midsun Group Inc. is a manufacturing compa-
ny that helps utility professionals worldwide solve
their flashover and animal outage problems.
Specializing in silicone products such as silicone
coatings for insulating structures, insulator con-
tamination protection and corrosion protection,
self-amalgamating silicone insulating tapes, sili-
cone insulating line hoses, and bushing and bus
support covers. Midsun also carries a line of U.V.
resistive polycarbonate barriers, and will design
custom silicone or polycarbonate products to
meet your specific needs.

Midsun Group Inc. offers service work by trained
Midsun employees, allowing us to offer war-
ranties on labor and materials. In addition,
Midsun technical supervisors can train your
employees allowing us to offer the same war-
ranties on labor and materials as if performed
by our technicians.

Mikron Infrared Booth 55
1101 N Elevation, Suite 3, Hancock, Ml 49930
John Chynoweth; 906-487-6060
kinn@mikroninfrared.com

www.mikroninst.com/

- Mikron has been an innovative leader in the
field of infrared non-contact temperature
measurement since 1969. Today, the company
provides industry and research with a broad
range of instruments with exceptional accuracy
and capability, from lightweight, convenient,
portable units to process and laboratory instru-
ments, to sophisticated, computer compatible
thermal imaging systems.

Morgan Schaffer Booth 27
5110 Avenue de Courtrai,

Montreal, Quebec H3W 1A7 Canada

William Morse; 514-739-1967
wmorse@morganschaffer.com
www.morganschaffer.com

-Morgan Schaffer, a pioneer in the develop-
ment of DGA, now has a tool to help laborato-
ries verify their results, our True North DGA Oil
Standard. True North will ensure accurate and
precise Dissolved Gas Analyses. Our on-line
fransformer monitor, Calisto, continuously
measures Hydrogen and Water found in power
transformers.

National Electric Coil Booth 2

800 King Ave., Columbus, OH 43212

Steve Jeney; 614-488-1151
sieney@national-electric-coil.com
www.national-electric-coil.com

- National Electric Coil, world's largest inde-
pendent high voltage coil manufacturer,
produces a full range of generator stator and
field windings for units of all makes and ratings.
Also complete services for testing, evaluations,
repairs and winding installation at our facility or
at customer site. Customers include utilities, IPPs,
industry, OEMs.

Normandy Machine Co.

250 Industrial Drive, Troy, MO 63379
Gerry Woodruff; 800-526-6740
jerry@normandymachine.com
www.normandymachine.com

- Normandy Machine Co., Inc. is a manufacture
of electrical contacts for LTC, OCB and related
switchgear along with porcelain transformer
bushings and connectors. NMC DESIGN 1 con-
tacts exceed OEM design. Varies remanufac-
tured LTCs in stock for exchange. Customized
consulting and training for your substation
requirements available.

Booth 24

Nynas Transformer Oils USA Inc. Booth 3
1800 West Looop South, Suite 1150

Houston, TX 77027

Jeremy Kriska ; 713-586-3832 X106
jeremy.kriska@nynas.com

WWwWw.nynas.com

- Nynas is a Global Manufacturer and Marketer
of Standard and High Grade Type | and Il
Transformer Oils. We are the global leader when
it comes to Transformer Oil quality and
knowledge. Product is currently available
domestically. US production of our quality
NYTRO grade fransformer oils begins June 2004.

Passoni Villa North America Inc Booth &
10555 Northwest Freeway, Suite 242

Houston, TX 77092, Randy Rensi; 713-864-5550
randy.rensi@pv-na.com
www.passoni-villa.com/flash/country/

usa_gen.html
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Phenix Technologies, Inc Booth 25
116 Industrial Drive, Accident, MD 21520

Joe Thomas; 301-746-8118
info@phenixtech.com www.phenixtech.com
- Phenix Technologies manufactures electrical
test equipment ranging from portable test instru-
ments to large, fully-automated test systems.
Equipment is available for testing transformers,
rotating electric machinery, cables, circuit
breakers, reclosers, switchgear, field/mainte-
nance testing, and more. New Products: Single-
Phase Transformer Turns Ratio Tester, 100-Amp
Micro-Ohmmeter and Frequency Response
Analyzer for testing transformers.

Predictive Power, Inc. Booth ¢
600 West Cummings Park, Suite 6650

Woburn, MA 01801

Tim Cargol, 781-376-1444 x28
tcargol@predictivepower.com
www.predictivepower.com

- Predictive Power provides real time condition
assessment and predictive monitoring
products and services for improving reliability
and reducing substation transformer failures.
Our solutions include electrical partial dis-
charge detection monitoring and services and
LTC condition monitoring.

Qualitrol Corporation Booth 23
1385 Fairport Road, Fairport, NY 14450

Dave Billings; 585-586-1515
dave.billings@qualitrolcorp.com
www.qualitrolcorp.com

- As a leading supplier of substation instrumenta-
tion and automation equipment, Qualitrol can
provide intelligent electronic devices, remote
terminal units, substation information servers and
software packages for making intelligent load-
ing decisions and extending transformer life.

Reinhausen Manufacturing, Inc. Booth 57
2549 North Ninth Avenue

Humboldt, TN 38343 USA

John S. Gamane, Jr.; 731-784-7681
www.reinhausen.com

- On Load Tap Changers Sales and Service. In
Boston we will feature our Maintenance-free
designs (Model "B" monitoring for RMV LTCs and
Tap Guard monitoring for MR In-Tank LTCs) which
allow for up to 500,000 operations without a time
limit. All new designs are retrofittable.

Satin American Booth 51

40 Oliver Terrace, Shelton, CT 06484

Leo Disorbo; 203-929-6363 satincorpl@aol.com
- Since 1920, Satin American an engineering
based company, has contfinuously supplied
the international industry and utilities with
products and services for life extension
programs and modernization of electrical
power equipment.

S.D. Myers, Inc. Booth 54
180 South Avenue, Tallmadge, OH 44278
Becky Compton; 330-630-7000
Becky.Compton@sdmyers.com

Serveron Corporation Booth 35
3305 NW Aloclek Drive, Hillsboro, OR 97124-7101
Phone: 503-924-3200

info@serveron.com www.serveron.com
- Serveron provides technology and services to
continually monitor the performance of elec-
tric utility assets. Our monitoring equipment
and web-based data tools are designed to
improve reliability and improve maintenance
efficiency. Serveron offers battery monitoring
and management systems (BCM 200), TrueGas
on-site dissolved gas analyzers, and remote on-
line monitoring services.

Siemens Power

Transmission & Distribution, Inc. Booth 21
4700 Falls of Neuse Road, Raleigh, NC 27609
Jeff Phelan; 919-365-2329
jeff.phelan@siemens.com
www.usa.siemens.com/energy

- Siemens serves Doble clients with advanced
power products and innovative equipment
repair and life extension service solutions. Its
products and systems are sued to increase
power system capacity and improve the relia-
bility, stability and flexibility of power delivery
and network control systems. Its service opera-
tions are located in Wendell, NC, Jackson, MS,
and Stoney Creek, Canada.

Southern States, LLC Booth 41-42

30 Georgia Avenue, Hampton, GA 30228

Tom Speas; 770-946-4562
psdsales@southernstateslic.com
www.southernstateslic.com

- Southern States, LLC is a world leader in the
design and manufacture of high voltage
switching devices. The company offers a full
line of circuit switchers, load and line switches,
capacitor switches, and disconnect switches.

Team Industrial Services Booth 38
200 Hermann Drive, Alvin, Texas 77511

W. R. McAfee; 800-662-8326
rmcafee@teamindustrialservices.com
www.teamindustrialservices.com

- Team Industrial Services performs onsite,
inplace, nondestructive repairs to fransformers
leaking oil and circuit breakers leaking SF6 gas
and/or oil. Other services include onstream
leak sealing, hot taps, line stops, freeze stops,
field machining, bolt tensioning and torquing,
onsite and inline valve repairs, fugitive emis-
sions control (LDAR), plus non-destructive
testing.

TJ/H2b Analytical Services Booth 16
1000 Riverbend, Suite O, St. Rose, LA 70087
David Burns; 504-468-8837

sales@tjh2b.com www.tjh2b.com

- TJ/H2b Analytical Services is an independent
laboratory and consulting firm that specializes
in the testing of insulating materials used in
high-voltage electrical equipment. TJ/H2b has
pioneered diagnostic programs for the condi-
tion assessment of transformers, load tap
changers, oil-filled circuit breakers, and SFé
breakers.

TransiNor Booth 63-64
+47 73 82 53 50 www.fransinor.no

- Now a part of Doble Engineering Company,
TransiNor was established in 1986 as a spin off
from The Norwegian Electric Power Research
Institute (EFl), which is now called SINTEF
Energy Research. TransiNor offers diagnostic
monitoring systems and services, electromag-
netic transient studies and failure investigations.
TransiNor's distribution network spans the globe
in some 40 countries.

Unifin International, Inc. Booth 33
1030 Clarke Road Box 5395, Station B
London, ONT NéA 4P4 Canada

Tom Yu; 519-451-0310

yut@kochind.com www.unifin.com

US Transformer Booth 37
1000 Syndicate Street, Jordon, MN 55352

Tel: 800-328-5894 Markh@ustransformer.com
www.ustransformer.com

- UST has been supplying transformers and
repair services to utilities and industrial cus-
tomers for more than 30 years. Our engineering
and production departments are well versed
and experienced with power transformers from
virtually all original manufacturers. Our strong
emphasis on quality control, testing, service,
competitive pricing, fast turnaround and the
best warranty in the business has earned us a
respected name in the industry. It is a reputa-
tion that we are proud to offer you.

Velcon Filters, Inc. Booth 18
4525 Centennial Blvd.

Colorado Springs, CO 80919

Linda Oppelt; 719-53-5855 or 719-531-5690
vfsales@velcon.com www.velcon.com

- Turn oil handling into art with Velcon! Our
fixed, portable, and mobile filtration and stor-
age systems combine such features as versatil-
ity, simplicity, and quality to purify insulating oil
using advanced SuperDri® cartridge techno-
logy. See our website at www.velcon.com for
additional information.

VTCU Corp. Booth 29
3770 Pole Line Rd., Pocatello, ID 83201

Janet Moore; 208-238-0720
sales@vtcucorp.com

Transformer Repair and Reconditioning.
Wavukesha Electric Systems -

High Voltage Supply Booth 39-40
400 S. Prairie Ave., Waukesha, WI 53186
800-835-2732
wesinfo@waukeshaelectric.spx.com
www.waukeshaelectric.com

- Waukesha Electric Systems, Inc. (the largest
manufacturer of medium-power fransformers),
along with its subsidiary, High Voltage Supply
(Dallas, TX), will present an extensive range
of products and capabilities, including
Transformers and Accessories, Load Tap
Changers, Modular Substations, Substation
Transformer Condition Assessment Services,
Reverse-Engineered LTC and Circuit Breaker
Components, and complete Substation Repair
and Maintenance Services nationwide. The
company also provides systems-engineered
EPC solutions through its subsidiary, PSD, Inc.
(Canton, OH), including engineered switch-
yards, substations, overhead and underground
transmission lines, and Wind Energy projects.

Weidmann-ACTl, Inc Booth 30-31
One Gordon Mills Way, St. Johnsbury, VT 05819
Lisa C. Bean; 802-751-3530
lbean@weidmann-systems.com
www.weidmann-acticom

- The Weidmann Group specializes in providing
the transformer industry with expertise in the
fields of diagnostic testing and engineering, as
well as a wide range of replacement parts
and components dealing with all aspects of
transformer maintenance and repair.

Wood Group Generator

Services, Inc. Booth 17
1113 Camina Entrada, Farmington, NM 87401
David Y. Robinson; 505-327-6363
davidr@irscoil.com

Wood Group Generator Services, Inc. is a
manufacturer of high and medium voltage
coils and Roebel bars. Our service facility
specializes in inspection, in-plant and field
service, coil installation, repair and rewinding of
generators and high voltage motors.
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Introduction

The importance of safe

and reliable power in
today’s world was never
more apparent than on
August 14. Beginning in
late afternoon and last-
ing mere minutes, the
largest blackout ever on
the North American
continent rolled across
the northeastern and
north central United
States and into Canada.
Upwards of 50 million
people lost power,
including all of

New York City, with
estimated economic

losses hovering

at $6 billion.

Seed QOil-Based Dielectric
Coolant Serves as
a Solution for
Aging Transformers

By: P McShane, Product Line Manager for Dielectric Fluids, Cooper Power Systems.

The blackout of 2003 is an extreme illustra-
tion of reliability issues electric utilities face
everyday. The media is filled with examples of
these more common, but still troublesome,
events. Last summer, a distribution transformer
serving the St. Louis Arch caught fire and forced
the evacuation of 8,000 visitors. A substation fire
in San Francisco caused a power outage for
120,000

Christmas. Both incidents translated energy com-

customers the Saturday before

pany dollars into damage, restoration, and labor
fees. In St. Louis, vacation days were ruined, and
Bay Area retailers lost essential revenue during
one of the busiest shopping days of the year.

The reliable distribution of power, what many
of us take for granted, is performed through a
complex choreograph of generation, transmission
and distribution sectors of the industry. Though
the blackout of 2003 shed serious media and
regulatory light on the transmission component
of this delivery system, many industry experts
believe strengthening the distribution system will
better ensure a higher level of reliable power.
Transformers play a key role in making it happen.

In St. Louis and San Francisco, transformer
malfunction was either directly responsible, or
part of the larger problem, that caused these
events.

Current Transformer Concerns

The economic boom created to feed the
World War II war machine continued into the
1950’ and 1960’s. Power was needed to drive the
strong national manufacturing base and fulfill the
demands of suburban development. Power
delivery systems were constructed, and substation
and distribution transformers were a part of each
and every one. The transformers, which adhered
to fire safety and environmental codes and stan-
dards on the books at that time, were built to last
with a life expectancy of up to 40 years. They
were installed and often forgotten about.

The country’s reliance on power grew as it
expanded. Populations increased and power tools
and appliances replaced equipment that didn’t
require electricity. Recent electric utility deregula-
tion further taxed the grid. More has been asked
of the installed equipment than it was designed to
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handle. Much of the older installed equipment, including transformers, is
now coming to its useful end.

The number of aging transformers still active has concerned many in the
industry. Factory Mutual (FM), a major insurance group, recently reported
that the number of substation transformer failures is expected to rise by 500
percent within the next 10 years due to aging systems. The small amount of
construction of new power systems and increasing loads on old systems is
especially worrisome.

A survey reported by Hartford Steam Boiler, another insurance group,
shows that most current failures occur in transformers with an average age
of 18 years. As a result of failure incidents, utility companies have reported
significant profit losses due to downtime and equipment replacement. One
Northeastern power company recently estimated that 50 transformer
incidents occur per year at a rate of approximately $10,000 per incident,
costing the company $500,000 annually. The majority of these costs are
directly related to the actual incident — taking the transformer offline, main-
tenance or equipment replacement, and getting the new or fixed transformer
back online.

With aging transformers, the real risks to utilities and their customers are
the potential ancillary costs in case of an eventful transformer failure. Many
of these costs are related to the conventional petroleum-based mineral oil
used in these older transformers. Mineral oil’s relatively low fire point and
negative environmental profile place utilities at greater risk for property
damage claims, extensive cleanup, casualties, environmental liability, and
negative publicity should a transformer fail.

Shrinking capital expenditure budgets make it difficult for utilities to
replace aging, and potentially dangerous, transformers with newer units.
Fortunately, utilities have new options.
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Changing the Standards
Short of costly equipment replacement, solutions to aging transformers
must incorporate the following:

¢ Adhere to stricter current environmental
and fire safety codes and standards

* Maintain or improve transformer performance to
better deal with the slow but steady rise in load

* Extend the useful life of the transformer
to forestall any capital purchases

Years ago, industry and regulatory bodies tried to address some of these
issues by creating a demand to produce a power delivery system focused on
safety, equipment efficiency, and environmental protection. This movement
included transformers. The focus was on transformer oils.

In 1978, a group of less-flammable transformer fluids were developed
and approved by the National Electric Code® (NEC). The NEC created an
industry standard that required a minimum open-cup fire of 300°C to be
considered safer than conventional transformer oil. In 1984, the
Underwriters Laboratories® (UL) collaborated with transformer manufac-
turers to combine fire resistant fluids with other methods of transformer
protection. In the 90’s, Factory Mutual Engineering and Research produced
the first Occupational Safety & Health Administration (OSHA)-recognized
standard for liquid-filled transformers, suitable for indoor and outdoor
installation, with greatly reduced fire safeguard requirements.

Since the late 1970%, thousands of less-flammable liquid-filled trans-
formers have been in service, and 10 less-flammable dielectric coolants have
been approved as an alternative to mineral oil. Approved coolants include
high molecular weight hydrocarbons (HMWH), dimethylsiloxanes
(silicone), synthetic polyol esters (POE), and polyalphaolefins (PAO).

Despite their success and improvement in many ways over traditional
transformer mineral oil, none of these fluids provide the total solution
udilities require in the 21* century to deal with aging transformers.

The Ester-Based Solution

The most beneficial transformer fluids must provide a better balance of
performance internally and better degradability externally than most of the
newer transformer coolants can provide. New fluids to the market look
beyond the fire safety improvements of the coolants manufactured in the
70’s and 80’s to better fulfill today’s utility needs — regulatory adherence, life
extension, and improved performance. The search for this solution led
manufacturers to investigate ester-based fluids.

Synthetic ester dielectric fluids have excellent dielectric properties and
are considerably more biodegradable than mineral oil-based fluids. Yet, the
high cost of synthetic ester dielectric fluids restricts its mainstream usage.
Synthetic esters are used mainly for traction and mobile transformers and
specialty applications.

Natural esters such as seed (vegetable) oil-based fluids were historically
known to be unsuitable in transformers. This changed after the development
of environmentally safe performance improvement additives and stabilizers.
These products, combined with modern transformer design practices, limit
fluid exposure to moisture and oxygen. In addition, beneficial properties of
the natural esters were identified that were not provided by other dielectric

fluids.
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In 1997 a transformer containing the world’s
first seed oil-based dielectric coolant was intro-
duced. The transformer fluid had the highest fire
and flash points in the industry and was quickly
and completely biodegradable. The use of a food
grade natural ester base — in this case soy oil —
enabled the manufacturer to produce a trans-
former coolant that met or exceeded current
industry environmental and fire safety standards
and codes.

Since the time of this introduction, seed oil-
based dielectric coolants have continued to meet
the needs of the marketplace, including fire safe-
ty and environmental compliance.

At least one natural ester fluid has the highest
published flash and fire points, at 333°C and
360°C, respectively. FM and UL list some natural
ester fluids as a less-flammable dielectric liquid
for use in complying with NEC and insurance
requirements. Both FM and UL list natural esters
for indoor and outdoor installations, typically
without fire extinguishing provisions or firewall
requirements.

More importantly for utilities with an
installed base of mineral-oil transformers, the fire
point and flash point properties of natural esters
are transferable in retrofill applications. One
natural ester manufacturer states that up to 7.5
percent mixture of mineral oil has little impact on
the fire point of their product.

When it comes to the environmental protec-
tion, food grade seed oil-based dielectric coolants
have significant advantages. One seed oil-
based transformer fluid is the first transformer
material to receive the U.S. Environmental
Protection Agency (EPA) ETV (Environmental
Technologies Verification) status confirming its
published environmental claims.

Life Extension and
Improved Performance

Transformer performance typically relates
directly to the condition of its paper insulation. As
the insulation paper begins to age and weaken, so
does the transformer. Water generation and reten-
tion is one of the primary causes of accelerating
paper insulation degradation an lowering the
dielectric performance of the insulation system.
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Traditional mineral oil transformer fluids
allow the insulation paper to gather water in its
fiber. Seed oil-based coolants actually help draw
existing moisture out of the paper and prevent
water generation from the paper. Accelerated
insulation life testing has shown that with seed
oil-based coolants paper life can be extended 5 to
8 times, in comparison to aging in mineral oil.
Dielectric performance retention also remains
high.

Because of this, transformers filled with seed
oil-based fluid can 1) be run within their standard
operating parameters longer, doubling or better
the life of the transformer, or 2) be operated
beyond the faceplate ratings without loss of insu-
lation life. (It is important that other transformer
components be assessed to determine if they can
support the higher operating temperatures.) In
either case, using seed oil-based transformer
coolant offers utilities a competitive dollar per
KVA capacity, while reducing fire and environ-
mental risks.

For utilities operating transformers within
standard parameters, the benefit is obvious; they
can delay the eventual replacement of the trans-
former, significantly improving the cash flow of
the udlity. As even medium power substation
transformers can cost upwards of $500,000 to $1
million, this is a major benefit to organizations
managing ever-shrinking capital expenditure
budgets.

However, some utilities find themselves in the
second scenario. Using seed oil-based coolant
allows them to provide up to 15 percent more
power to their consumers with equipment already
in operation. This also provides savings, as they
may not have to upgrade transformers to accom-
modate a larger demand.

Other potential functional benefits of the seed
oil dielectric coolants include: reduced minimum
clearance insurance requirement to equipment
and buildings, elimination of water vapor forma-
tion under sudden overload conditions, elimina-
tion of detectable sludge, lower gassing tendency,
and potentially an improved internal voltage
stress distribution.

Field Test

Alliant Energy initiated a study in 2001 to
determine the feasibility of changing to a seed oil-
based dielectric coolant in a traditional substation
transformer. Alliant reviewed test data on the
extension of the life of the transformer, fire safety
characteristics, and the environmental profile
with hopes to bring financial benefits to the
company. The study included replacing mineral
oil in a 50-MVA transformer at a substation in
Cedar Rapids, Towa with a seed oil dielectric
fluid. The step-up transformer was manufactured
by Pennsylvania Transformer in 1957, having a
primary voltage of 69 kV and 350 kV BIL rating.
The unit was retrofilled on October 28, 2001 and
is currently functioning as anticipated.

The study completed by Alliant Energy was
the first of its kind in the United States to test
seed oil fluid in a medium power transformer.
Based on positive results generated through the
prototype retrofill (see table), Alliant Energy has
recently initiated a systematic program of mineral
oil replacement in power transformers.

Conclusion

Transformers play a critical role in the delivery
of safe and reliable power essential to the nation’s
economic growth, security, and our overall quali-
ty of life. Transformers installed during the
heyday of electrical infrastructure growth, the
50’s and 60’s, are coming to the end of their life-
cycle at a time when shrinking capital expendi-
ture budgets and the uncertain ROI brought on
by deregulation has made it difficult for utilities
to invest money purchasing new transformers.

Electric utilities can now purchase distribu-
tion and power transformers and retrofill existing
mineral oil filled transformers with tested seed
oil-based coolants. These natural esters provide
reduced fire and environmental impact risks and
improved insulation life. The new coolants will
help ensure a higher-level of overall performance
from the power delivery system. o
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Motivation for Performing Frequency Response
Analysis (FRA) Measurements

Many dielectric and mechanical failures in large power transformers are
preceded by mechanical changes in the winding structure. These changes, or
displacements in the winding structure, may be the result of transportation
damage occurring between the manufacturer and the service location, short
circuit forces imposed on the windings resulting from a low impedance fault
occurring close to the transformer, or natural effects of aging on the
insulating structures used to support the windings. Detection of these
displacements in advance of a dielectric failure can reduce unplanned
maintenance costs, and provide the possibility to improve system reliability
by preventing outages. Additionally, when damage is discovered, repairs may
be targeted to a specific phase winding.
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Transformer Maintenance and Diagnostics
Using Frequency Response Analysis

By: Jeffrey A. Britton, Chief Engineer, Phenix Technologies, Inc.

440 MVA Three PHaseAuto'GSU Transformer Being Prepared for an FRA Test

Background of Frequency Response Analysis Used
in Transformer Diagnostics

The idea of using frequency response analysis to monitor the condition
of critical power transformers running in the transmission and distribution
network is not a new one. The knowledge that the AC impedance (or
admittance) of any RLC network is a function of frequency is almost as old
as the discipline of electrical power engineering itself. The realization that
the impedance (admittance) versus frequency characteristic of certain criti-
cal power system equipment might be used as a diagnostic tool to assess the
electrical and mechanical condition of the equipment is a somewhat newer
development. Over the past approximately 30 years, much work has been
done to try to understand how to first obtain and then to use the powerful
information contained in what electrical engineers refer to as the “Transfer
Function”.

Transfer function is a generic term defined by the IEEE Standard
Dictionary as “a complex frequency response function that defines the
dynamic characteristics of a constant parameter linear system. For an ideal
system, the transfer function is the ratio of the Fourier transform of the
output to that of a given input.”

In general, an engineer may define a transfer function based on inputs
and outputs that he or she selects. In order for this notion to have value
when assessing the condition of large power transformers, the input and
output used to calculate the transfer function must be practically measura-
ble, and the chosen inputs and outputs must exhibit some change when the
parameter of interest, such as the geometric structure of the windings,
changes. As it turns out, the traditional electrical engineering interpretation
of AC impedance (or admittance) as a function of frequency, especially at
relatively high frequencies in the range of 100 kHz to 5 MHz, has been
shown to be highly sensitive to even minor displacements in the geometric
structure of large power transformer windings. In fact, even changes in the
dielectric parameters of the insulation system, such as those affected by the
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temperature and moisture content of the insulating oil and cellulose paper,
have the possibility of being revealed through relatively inexpensive FRA

measurements.

The Objectives for FRA Measurements

Large power transformers represent a complex RLC network. For such a
fixed electromechanical system, the frequency response represents a unique
characteristic or fingerprint that may be used to assess the electrical and
mechanical condition of the unit. From a theoretical standpoint, the above
statement is straightforward. In practice however, the realization of a tech-
nique that can produce meaningful results is more complex, especially at
frequencies above 2 MHz. The objective of FRA measurement is therefore
twofold, and is stated in the following questions:

1)  How can a repeatable transfer function be obtained
through practical measurement techniques?

2)  Once the FRA result is obtained, how can it
be interpreted to explain what it means for
the transformer?

The remainder of this article will actempt to answer these questions, with

emphasis on newly developed techniques for improving the repeatability,
sensitivity, and interpretation of results.
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Traditional Methods of Obtaining Transfer
Functions Through Measurement

There have been two basic methods used in the past to measure the low
voltage frequency response on power transformers:

Swept Frequency Method

The first method, known as the swept frequency method, makes use of
the simple truth that the sinusoidal AC impedance (or admittance) of a
transformer winding varies with frequency.

Electrie
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Traditionally, a network analyzer is used to
apply a sinusoidal AC voltage to one terminal of
a transformer winding, while the resulting
response current is measured via conversion to a
voltage at the 50 ohm input to the network ana-
lyzer. The frequency is then swept over the range
of interest, and a transfer function is directly
measured when the admittance (magnitude and
phase angle) of the winding is plotted as a func-
tion of frequency.

This method is, from an intuitive point of
view, the most straightforward means of
measuring a transfer function, which may be
considered a benefit of this technique. There are
however some serious practical difficulties
associated with this technique when it is applied
to large power transformers. These measurements
have traditionally been made using a network
analyzer that applies a low amplitude AC voltage
(10 volts for example), to the test object. At very
low frequencies (in the range of some hundreds of
Hz to low kHz), these instruments tend to lack
sufficient power to appreciably excite a large
power transformer, due to the heavy inductive
load presented by the steel core. At very high
frequencies (in the range of 2 MHz to 5 MHz),
sufficient power may be lacking due to the heavy
capacitive load presented by the high capacitance
of the winding insulation system. The resulting
low signal levels in the response voltage may
result in high measurement error, and poor
repeatability. This problem is especially trouble-
some on transformer windings with low series
inductive impedance, as commonly encountered
on high current windings.

An additional limitation associated with the
use of the network analyzer is that the response
current must flow over the length of the measure-
ment cable (usually 50 feet or more when
connecting to large power transformer bushings)
back to the network analyzer, where it is convert-
ed to a voltage via the 50 ohm input impedance
of the instrument. This technique by design
inserts the current measuring cable impedance in
series with the transformer winding under test,
thereby making the result highly dependent on
the particular length and characteristics of the
cable. In addition, the relatively high 50 ohm
impedance significantly damps the high frequen-
cy portion of the FRA response. The result is poor
sensitivity in the upper frequency ranges, and
poor repeatability whenever the test is repeated
with different measuring cables. In some cases,
the true frequency response of the transformer
above 2 MHz may be completely attenuated by
the limitations associated with the measurement

technique.

Traditional Impulse Method

The second method of measuring a transfer

function, the traditional low voltage impulse
method, makes use of Fourier analysis to arrive at
a transfer function through the results of a low
voltage impulse test.
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In this technique, an impulse is applied to one
terminal of the winding under test, and the
resulting current is measured immediately at the
transformer by means of a voltage developing,
low inductance impulse shunt connected in series
with a second terminal of the winding under test.
The value of the shunt may be selected to pro-
duce much less damping of the high frequency
response than is possible with the 50 ohm input
impedance of a network analyzer. The impulse
amplitude is typically some tens of volts to several
hundred volts, with a maximum rise time that
corresponds to 1 divided by the highest frequency
to be considered in the FRA. This means that for
a frequency response up to 5 MHz, the exciting
impulse must have a rise time of less than 200 ns.
Test circuit ground is considered to be the tank of
the transformer under test.

The traditional technique is to measure and
record the exciting impulse and the resulting
response current using a digitizer with sufficient
amplitude resolution (generally accepted as at
least 9 bit, or 1 part in 512 resolution), and suffi-
cient sampling rate to preserve the highest
frequency to be included in the transfer function
result. Once the time domain record of the
voltage (input) and current (output) are recorded,
the transfer function is calculated as the Fast
Fourier Transform (FFT) of the output divided
by the FFT of the input.

One great strength of this technique is that
the applied voltage and resulting response current
are physically measured at the transformer.
Unlike the swept frequency method, this method
is minimally intrusive as far as the impact that the
measuring cables have on the true impulse
response of the transformer, as
long as a proper, repeatable,
low inductance connection is
placed from the response
current measuring terminal to
ground.

Although this method has
the potential to produce a
much better representation of
the transformer’s true frequen-
cy response, there are again
several practical problems with
the application of this tech-
nique which make it difficult
to achieve repeatable results.

Chief among these is the sensi-
tivity to noise influences that

may have a drastic effect on the

transfer function result. In
order to reduce the influence of noise, the tradi-
tional approach has been to average the results of a
series of applied impulses (for example ten impuls-
es) in the time domain, and then perform the FFT
on the time domain averaged results. It turns out
however that the resulting frequency response
produced by this method of time domain
averaging is very sensitive to even minor time
domain differences in the impulse wave shapes.
Achieving repeatable results using this technique
has therefore necessitated the use of expensive
impulse source equipment, capable of producing a
series of precisely repeatable impulses, both with
regard to wave shape and time between applica-
tions. This traditional low voltage impulse method
therefore, while having some distinct advantages
over swept frequency, is not easy to apply in a way
that repeatable results can be achieved, especially
in noisy field environments.

A New FRA Measurement
Technique

Modern computational methods and high
speed, high resolution, low cost digitizers have
made sensitive, high quality FRA measurement
much more achievable than in the past. A
patented new technique developed by the
National Electrical Energy Testing Research and
Applications Center (NEETRAC), a center of
Georgia Institute of Technology, promises both
the possibility of a highly repeatable FRA result,
as well as an objective software evaluation
package to assist in interpreting the data gathered.
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The new technique is based on the low voltage
impulse method, which overall can be shown to
best preserve the frequency response of the trans-
former itself, with minimal dependence on lead
characteristics when compared to the swept
frequency method. Although the test voltage type
(impulse) and the test connections are the same as
those used in the traditional impulse method, the
method of calculating the transfer function is
completely different when compared to the tradi-
tional ratio of the FFT of the output to the FFT
of the input. The quality and repeatability of the
results show great improvements over past
techniques. Key points of the new method are
listed below:

* Individual impulses are applied, with each
impulse and its resulting response current
recorded as a time domain signal, for a series
of ten impulses per winding connection.

* An auto spectral density estimate (SDE) is
computed separately in software for each of
the ten voltage and current pulse pairs
recorded. In addition a cross SDE is com-
puted for each voltage / current pulse pair.
These SDE’s may be thought of as a repre-
sentation of the power present in the meas-
ured impulses, as a function of frequency.

*  Once ten pulse pairs have been acquired
and their respective auto and cross spectra
computed, an average frequency domain
SDE is computed over the ten pulses
acquired.

e The transfer function is calculated as the
ratio of the average cross spectra to the
average auto spectra.

In this technique, averaging is still employed
to reduce the influence to noise and random
error, however applying the averaging after the
transformation to the frequency domain effec-
tively removes the sensitivity to slight variations
in the time domain impulse records. This was the
greatest limitation in the traditional low voltage
impulse method.

The possibility to vary the impulse shape
without introducing serious time domain
averaging errors into the transfer function result
means that impulses with different power levels at
different frequencies may be applied. Using the
new technique, the impulse shape is intentionally
varied over the application of the ten impulses per
winding connection. This eliminates the need for
an expensive impulse source, while at the same
time improving the repeatability. The overall
transfer function result is improved by averaging
the response of the test object to a number of
applied impulses having varying amounts of

power residing in the different frequencies. The
result is that the repeatability of the final transfer
function calculated using SDE’s is enhanced if the
ten applied impulses are different in the time
domain.

Interpretation of
FRA Test Results

In general, FRA relies on the principle that the
impedance (or admittance) versus frequency
characteristic exhibits resonances, or peaks, at
locations in the frequency domain where certain
inductive and capacitive reactances that make up
the equivalent circuit for the transformer are
numerically equal in ohms, or alternatively their
admittances are numerically equal in Siemens (or
“mhos” as engineers in North America might
recognize).

Since the true transfer function of a large
power transformer is not known, analysis of FRA
test results always involves comparing two or
more measured FRA responses. Traditionally, this
has been the comparison of two FRA results
obtained at different times on the same trans-
former, or perhaps FRA results obtained from
sister units — transformers of the same design
whose frequency response characteristics are
expected to be similar.

Following a brief summary of traditional
interpretation techniques, a new method will be
discussed that quantifies the FRA result. Of
greatest significance is the possibility this new
interpretation technique offers to make a conclu-
sion as to the condition of a transformer, even
without historical data or the availability of a
sister unit for comparison.
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Traditional Interpretation
of FRA Results

Traditional methods of interpretation have

been purely subjective, with a high degree of
expertise required to judge whether a difference
in FRA results is detrimental to the transformer.
There is little to say on this subject since little
progress has been made on the interpretation
question until very recently. When comparing
two transfer functions, the general approach has
been to look at the location (frequency) of the
resonant peaks in the transfer function magnitude
plot. Shifts in frequency of a particular resonant
peak, or the appearance or disappearance of peaks
in the transfer function at a particular frequency
represent cause for concern. In the past, it has
really required the experience of an engineer in
interpreting FRA test records to make a judgment
as to whether a difference is significant enough to
merit further testing and inspection of the
transformer prior to energization in the network.

A New Approach to
Interpretation of FRA Results

The lack of any objective comparison between
two transfer functions has traditionally been one
of the primary limitations associated with all
diagnostic FRA techniques. A method of
evaluating the difference between transfer func-
tions has been developed at NEETRAC that
provides a single condition number or Weighted
Normalized Difference (WND) to quantify the
difference between any two transfer functions
being compared.
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Example of FRA Analysis Using Modern Software to Perform Objective Analysis Techniques
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The key points of the WND calculation are as
follows:

e The arithmetic difference between transfer
function magnitudes is computed at each
frequency.

* Each data point is normalized.

* Each data point is weighted according to an
error function at that frequency.

*  WND = a constant times the average of the
weighted values.

The error function is based on a coherence
function calculation that estimates the linearity of
the transfer function result at each frequency.
This information is used to devalue the contribu-
tion to the total WND number in frequencies
where a poor input to output coherence is
recognized.

The WND numbers have been divided into

three ranges as follows:

26-75 Some Change

These ranges were determined based on exten-
sive development testing, and have proven to be
good reference values for use in both field and
laboratory tests, to indicate the significance of
the winding deformation existing within the
transformer.

The Concept of Objective
Winding Asymmetry (OWA)

Perhaps the most significant outcome of this
technology is the ability to perform an objective
comparison between transfer functions obtained
from different phases of three phase transformers.
This technique, also patented, has proven
successful in detecting damages in three-phase
transformers when no historical data is available.
Geometric symmetries that exist in typical three-
phase core form transformer designs can be used
to draw conclusions when comparing transfer
functions across phases. Comparison of WND
numbers across phases has been shown to have
the ability to identify individual windings that
have shifted, even when no past FRA fingerprint
is available for comparison.

The OWA technique has also been shown to
have significant value when comparing to
historical data. In many cases, differences in the
condition of the oil, or even differences in
temperature can lead to differences in the transfer
function that may be difficult to distinguish from
differences resulting from mechanical changes. In

proven to be considerably less sensitive to
variables such as oil condition and temperature,
owing to the fact that such changes affect the
phase to phase comparisons equally, and therefore
the overall effect of the variable change is some-
what cancelled out in the OWA analysis.

In OWA analysis, the WND numbers are
calculated in the same manner as presented earlier
in this article. The difference is that instead of
comparing results taken on different dates or
from sister units, each high voltage winding is
compared to the other two high voltage windings
on the same transformer, and similarly, each low
voltage winding is compared to the other two low
voltage windings. The OWA is given in percent
and is defined by the average of the highest two
WND numbers divided by the lowest WND
number for the 3 separate winding phase
comparisons. Then subtract one from the result
and convert to percent.

Through extensive development testing, the
following ranges of acceptability have been estab-
lished for three phase core form type transformers.

Low Voltage (X) Windings

50 — 100% Some Change

High Voltage (H) Windings

100 — 200% Some Change

These ranges have been developed through

analysis of field testing results on transformers
ranging from a few MVA up to approximately
500 MVA.

The Future of FRA Testing

The power of frequency response analysis to
look into large power transformers and detect
mechanical damages is evident. The future of this
technology looks positive, with significant new
developments that hold the promise of greater
sensitivity and repeatability than were previously
thought possible. Constant advancements in
high speed low cost digitizer technology will aid
the improvement of this method of predictive
maintenance.

In addition, new evaluation techniques that
make use of powerful computational software
packages will lead to increased opportunities to
provide objective comparison of results. Over time,
these objective comparison techniques will replace
the old subjective methods of comparison that rely
heavily on expert analysis. New technologies that

Hl:rﬂr.:urp@vuncurp.mm this instance, the phase to phase characteristics  offer these improved techniques will set the course
W, VONCOrp.com that are highlighted by the OWA analysis have  for the future of FRA as a viable testing tool. ®
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THE COLT GROUP

If you have leaks
we have answers!

The Power Services Division of

Colt Atlantic Services, Inc. is the
industry leader when it comes to
repairing transformer oil and SF6 gas
leaks throughout the electrical arena.

Our proven injection
method allows us to
§ make quality repairs
.h without draining or de-
--%-‘ pressurizing the unit
and in many cases can
- # be completed with the
unit energized.
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The sealant material has been tested
and proven to have excellent dielectric
properties and all repairs are guaran-
teed for an industry leading two-years.

Colt Atlantic Services, Inc.

Tel.: (804) 674-0031/Fax: (804) 674-1107
E-mail: sales@ coltonline.com
Web Site: www.coltonline.com
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Master-slave Paralleling

New Cooper Regulators in dual
feed closed-loop scheme preventing
Circulating Currents by placing
tapchangers in “LOCKED-STEP”
ODNP 3.0 Level 2 ACS Certified. (2001)
0CD Rom Programs. RS-232, 485, Fib Opt.
OUpgradeable on-the-fly in the field.
[0”Sound Investment, User Friendly”
05 YR Limited Warranty
[JANSI-IEEE Certified to 2002 standards
by AEP-Dolan Tech Center

www.|ICMlinc.com
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513-752-4731
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WURTT: 1-5000-58 -0 050
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Microwave Data Systems
MDS entraNET 900™

Microwave Data Systems, Inc. (MDS)
provides electric utilities with wireless
solutions to assist in monitoring and
controlling vital processes in the
development and transmission of electricity.

The MDS entraNET S00™ is a long-range,
wireless IP/Ethernet solution. It allows
customers to bring business information
from fixed and mobile assets over Ethernet
or a serial gateway and onto IP-based
networks. The MDS entraNET’s extended
range also enables mobile network access
empowering field-service teams with real-
time information.

industrial/wirelessfperformance

Contact Information
Microwave Data Systems, Inc.
175 Science Pkwy., Rochester, NY 14620
Tel: 585.242.9600 Fax: 585.242.9620
Web Site: www.microwavedata.com

Available from Hunt Technologies
Remote Service Switch™

The Remote Service Switch™ enables
disconnection and reconnection of
residential electric services from the
utility office. The Remote Service Switch
consists of a 200 Amp magnetic
latching relay enclosed within a meter
socket adapter. The switch makes use
of Hunt Technologies’ bi-directional
power line carrier technology to enable
confrol and monitoring of the electric
service remotely within a matter of
minutes. The switch works indepen-
dently of the meter allowing use with
any residential electro-mechanical or
solid state meter.

@-Hunl

Tel.: (218) 562-5525 « 800-828-4055
Fax: (218) 562-4878
E-mail: sales@turtletech.com
Web: www.turtletech.com
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Solid Brass Padlocks

Assembled and Keyed
to Your Specifications

HERCULES INDUSTRIES, INC.
Manufacturer of Herculock Padlocks
P.O. Box 197 « Prospect, Ohio 43342

Phone: (740) 494-2628
Toll Free: 1-800-345-2590
Fax: (740) 494-2274

www.herculock.com
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HDW TECHNOLOGY

* Fault Location, Secondary & Primary
Radars, Thumpers, Pinpointers, Cable Tracers
* Cable Testing & Diagnostics
VLF, AC & DC Hipots, Partial Discharge,
IRC & RV Methods

89 S Commerce Way, Suite 940 Bethlehem, PA 18017 U.S.A.

“In'rm Office (610) 861-8862 Fax (610) 861-8864
e E-mail: sales@hdwelectronics.com
2 Web site: www.hdwelectronics.com
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Are you

conducting
business
by a roll
of the dice?

You are if you aren’t protecting your

mission critical information. @
. BN BN BN BN BN BN BN BN BE BN BN BN BN BN BN )

Managing risk is an important part of running a successful enterprise. Add the
challenges of content management, business procass automation, application
integration, requlatory compliance, records management, and disaster recovery
planning, and the risks increasea,

DIS technology leaves nothing to chance. DIS "Best of Breed" solution,
e-DMS ~Workflow, combines leading-edge software technology with

your current infrastructure of hardware, software and communications to
develop a customized system that stores, manages and distributes data and
document-based information.

* Save time » Save money * Improve member service

* Recover mission critical documents fast

* Maintain a detailed audit history of all pre and post-disaster processes
* Adhere to regulatory compliance and industry quality standards

Find out more about Electronic Document Management and Business Process
Automation solutions, at www.DISolutions.com, or call 614-575-9521 today.

Document
Imaging -

Solutions, . '—

Document Imaging Solutions, Inc. « BOD Cross Polnte Road, Sulte E » Gahanna, OH 43230 » 614-575-9521
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* Power Quality - Harmonics

» Smart /O

» SCADA | e-mail | Web Access
* Installation at a Fraction of the Money & Time
* Minimum Disruption of Operation - Low
Investment Costs
* Enhancement / BackUp of Existing Electromechanical

SBSATEC

Powerful Solutions

SATEC Inc. 10 Milltown Court, Union, NJ 07083
Tel: (908) 686-9510 Fax: (908) 686-9520 E-mail: sales@oksatec.com www.oksatec.com
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