SCHEDULE OF EVENTS FOR THE 2010 INTERNATIONAL CONFERENCE OF DOBLE CLIENTS

Sunday, March 21,2010

1:30pm - 5:30pm

Guidelines for Forensic Examination and Tear-Down of Transformers
Tutorial

America Center & South

5:30pm - 7:30pm

Welcome Reception & Doble Exhibits OPEN

Monday, March 22, 2010

7:00am - 7:30am

Newcomers Orientation

Staffordshire

America Center & South

7:30am - 9:15am

Bushings, Insulators & Instrument Transformers Committee Meeting

America Center & South

7:30am —9:15am

Rotating Machinery Committee Meeting

Essex

7:30am —9:15am

Training: Power Factor Theory

America North

9:30am — 10:15am

Opening & Keynote Address - Smart Grid: A Workforce Game Changer

America Center & South

10:30am —12:00pm

Protection, Automation, Controls & Communications Technical
Presentations

Essex

10:30am —12:15am

Circuit Breaker Committee Meeting

America Center & South

10:30am —12:00pm

Training: Bushings Power Factor Testing

America North

11:30am - 1:30pm

Lunch in Doble Product Room

Staffordshire

1:30pm —4:30pm

Protection, Automation, Controls & Communications Technical
Presentations cont.

Essex

1:30pm —6:00pm

Bushings, Insulators & Instrument Transformers Technical Presentations

America Center & South

1:30pm - 4:30pm

Training: Transformer Power Factor Testing

America North

4:30pm - 6:00pm

Training: Circuit Breakers & Instrument Transformers Power Factor
Testing

America North

4:45pm - 6:15pm Protection, Automation, Controls & Communications Committee Meeting Essex
5:30pm - 7:30pm Doble Product Room & Evening Reception Staffordshire
6:00pm —7:00pm PDS100 Training St. George

6:45pm — 8:45pm

Field Processing Subcommittee Dinner Meeting (Members Onl

Tuesday, March 23, 2010

7:30am - 8:45am

Arresters, Capacitors, Cables & Accessories Committee Meeting

Turner Fisheries

America Center & South

7:30am - 9:45am

Training: DTAWeb

America North

9:00am —12:00pm

Arresters, Capacitors, Cables & Accessories Technical Presentations

America Center & South

10:00am —12:00pm

Training: SFRA

America North

12:15pm - 1:30pm

EuroDoble Committee Meeting

Newbury/Gloucester

1:30pm — 2:45pm

Asset & Maintenance Management Technical Presentations

America Center & South

1:30pm —2:30pm

SFRA Users Group

St. George

2:45pm —5:30pm

Training: Partial Discharge

America North

3:00pm —5:00pm

Insulating Materials Committee Meeting

America Center & South

5:15pm —6:30pm

Asset & Maintenance Management Committee Meeting

America Center & South

5:30pm - 7:30pm

Opening Reception Industry Expo

Wednesday, March 24, 2010

7:30am - 12:00pm

Rotating Machinery Technical Presentations

Essex & Staffordshire

America Center & South

7:30am - 12:00pm

Insulating Materials Technical Presentations

America North

11:30am - 1:30pm

Industry Expo with Lunch

Essex & Staffordshire

1:30pm - 5:30pm

Visual Inspections of Rotating Machinery Tutorial

America Center & South

1:30pm —3:00pm

PCB Regulations Discussion

St. George

1:30pm - 5:00pm

Training: Load Tap Changers Fundamentals

America North

5:15pm -6:15pm

DTA Users Group

America North

5:30pm - 7:30pm

Industry Expo & Reception

Essex & Staffordshire

6:00pm - 9:00pm

Oil Committee Meeting & Dinner (Members Onl

Thursday, March 25, 2010

7:30am - 9:30am

Transformers Committee Meeting

Turner Fisheries

America Center & South

7:30am - 12:00pm

Training: Basic Protective Relays

St. George

9:45am - 12:00pm

Circuit Breaker Technical Presentations

America Center & South

11:30am - 1:30pm

Industry Expo with Lunch

Essex & Staffordshire

12:00pm - 1:30pm

Advisory Committee Lunch & Meeting (Members Only)

Turner Fisheries

12:15pm - 1:00pm

Circuit Breaker Timing Users Group

America South

1:30pm - 5:00pm

Transformers Technical Presentations

America South

1:30pm —5:00pm

Training: Basic Protective Relays cont.

St. George

6:00pm - 9:00pm

Client Reception & Dinner

Friday, March 26, 2010

7:30am - 12:00 pm

Transformers Technical Presentations cont.

America Ballroom

America Center & South

Only Utilities & Testing company attendees (designated by a blue badge) may attend the Committee Meetings

* Note — this schedule of events is preliminary, and subject to change *




ARRESTERS, CAPACITORS, CABLES AND ACCESSORIES

TECHNICAL PRESENTATIONS
Tuesday, March 234, 9:00 am — 12:00 pm
America Center and South

ACCA-1  Analysis of Insulation System and Unbalancing of a Capacitor Bank
Long Pong; Doble

This paper contains two parts: The Insulation System Analysis and the Un-balance Calculation of the
Capacitor Banks.

Doble conference papers about CapBank test in the past have primarily focused on the internal
dielectric of a capacitor (Cd) and little on the major insulation (Cm) or ground wall. The first part of
this paper will describe both components, how they are situated in different bank configurations and
the effective test method for each insulation component. It will provide a better understanding of the
capacitor insulation system, interpreting the test results and avoiding the confusion and the hardship
in the field troubleshooting and testing.

The second part of this paper will discuss how to calculate the capacitor bank unbalancing, including
capacitance, reactance, voltage and current. A case study is provided using data from the “Doble
CapBank Analysis” spreadsheet.

ACCA-2  Diagnosis Tools Using Damped and Resonant AC Energizing Voltages with
Respect to Preventive On-Site Partial Discharge (PD) Diagnosis Tests of
Medium Voltage Power Cables
Professor Eberhard Lemke & Matthias Boltze; Doble Lemke
Lutz Zahlke; Pfisterer Germany

To be presented by Professor Eberhard Lemke

In recent years destructive withstand tests of distribution power cables are increasingly substituted
by non-destructive methods using AC resonant frequency (ACRF) voltage as well as damped AC
(DAC) voltages for exciting the extremely high cable capacitance.

The submitted paper deals with recent experiences gained by the application of ACRF and DAC
exciting voltages for after-laying and inspection tests of distribution power cables under on-site
condition. As reported in this paper both kinds of test voltages have been proven as a cost-benefit
alternative to conventional continuous power frequency AC voltages due to the comparatively low
power demand required for exciting the extremely high cable capacitance. Based on chosen practical
examples it is shown that both the ACRF and the DAC method can be considered as a high efficient
tool for the detection and location of harmful PD defects in XLPE and PILC power cables.

ACCA-3 345 KkV Solid Dielectric Cable Installation
Luke N. Wollin & Harry Hayes, I1l; Ameren Corporation

To be presented by Luke Wollin

The presentation discusses the failure and replacement of a 345kV GIS bus duct that is located in a
power plant switchyard and is mid-span of a 30 mile line. The line was temporarily re-energized
with an overhead conductor. Permanent replacement options were evaluated, which resulted in the
selection of the 345kV XLPE cable. The presentation also discusses the project design and
construction, which were unique due to congestion at the site.
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ACCA-4  Manitoba Hydro’s Experience with ABB Type XPS Arresters
Reg Gamblin; Manitoba Hydro

Since 1999, when Manitoba Hydro began purchasing the ABB type XPS arrester, over 700 of them
have been received. These arresters voltage classes range from 4kV up to 230kV and almost 600 of
them are presently in service. In 2001, less than three months after placing a bank of 230kV XPS
arresters into service, tests on one of the units showed suspect results. Discussions with the
manufacturer lead to design modifications of the XPS arrester. Since then there have been several
other incidents which have lead to replacement of entire orders, another manufacturing
modification, an in-service operation of an XPS arrester due to moisture ingress. It has been
Manitoba Hydro's experience that all voltage classes of the XPS arrester manufactured up to January
2007 are vulnerable to moisture ingress.

ACCA-5  Lightning Arrester Industry Survey
Kate Brady & Andre Lux; Progress Energy

To be presented by Kate Brady

ACCA-6  HV Substation Surveillance using RFI: Isolator Fault Detection and
Characterization
A. Neshitt, B.G. Stewart, S.G. McMeekin, S. Conner, J.C. Gamio; School of Engineering
and Computing, Glasgow Caledonian University
L. Moodley, K. Govender; Doble
K. Liebech-Lien; Doble

A substation asset management strategy is key to ensuring that critical substation apparatus operate
reliably, meet availability requirements and provide adequate capacity for the future. This depends
heavily on predictive maintenance assessments conducted periodically on the apparatus for signs of
deterioration. Radio frequency interference (RFI) measurement offers a front line non-invasive
technique to assess the condition of individual high voltage (HV) apparatus as part of a substation
surveillance program.

This paper presents a case study that demonstrates the precautions and procedures to record and
map the RFI emissions observed within a strategically important 400kV substation switchyard and
assess for RFI disturbances that are characteristic of potential insulation degradation. The results
were recorded to allow future trending and therefore facilitate an assessment of individual HV
apparatus insulation over time. In the course of conducting the survey, three sites of potential
insulation degradation were discovered, the more serious of which was triangulated, characterized
and identified as a fault condition by analyzing and correlating the measured frequency spectrum
with the observed pulsed behavior of the RFI emissions.
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ASSET AND MAINTENANCE MANAGEMENT

TECHNICAL PRESENTATIONS
Tuesday, March 234, 1:30 pm — 2:45 pm
America Center & South

AMM-1.  Practical Condition and Risk Based Power Transformer Action Planning
Eileen Duarte, Dan Falla, John Gavin, Matthew Lawrence, Tony McGrail, David
Miller, Phillip Prout, Barry Rogan; National Grid U.S.

National Grid, as with other utilities, manages a fleet of transformers, many heavily loaded, where the
present age of many units is in excess of the expected design life. National Grid is pursuing a
practical approach to replacement based on risk: a combination of condition and criticality. The
process is an iterative three-step approach which makes best use of condition data and subject
matter expert opinion, combined with consequence of unplanned unavailability. The result is a list of
transformers targeted for action; this may include maintenance, condition monitoring, or strategic
replacement.

AMM-2.  Decline of Intellectual Capital in the Utility Industry Effects and
Consequences (Paper will be posted on the Doble Website but NOT presented)
John Stead; AltaLink

The paper will discuss the shrinking pool of intellectual capital in the utility industry and how
companies are dealing with this issue. Topics will include assessing the inventory of in-house
personnel, aging staff, training requirements, etc.

AMM-3.  Transformer Condition Assessment Concepts and Applications
Don E. Seay, Darin D. Mitton, Richard K. Ladroga; Doble

Power Transformers are a critical component in electrical power systems. Many of the medium and
large power transformers in operation today are 30 plus years old, giving rise to significant concern
over their long term reliability and performance. Compounding the concern are the long lead times
and large capital expenditures required to replace existing transformers. A comprehensive method
for assessing the condition of ageing transformers is presented which can be a valuable tool for
managing existing fleets.

AMM-4. The Application of Condition Assessment Tools in Eskom’s Asset
Management Program
Areno Singh; Eskom Corporate Services Division
Luwendran Moodley, Kamendren Govender; Doble
Sunil Govender; Trans Africa Projects
Stephen Chapel; S.Chapel and Associates

The Eskom Transmission Division is responsible for the management and delivery of bulk power
from generating stations to regional distributors and key large customers. The supply infrastructure
consists of nearly 28000km of overhead transmission lines with voltages 220kV, 275kV, 400kV,
533kV and 765kV. A decision has been made by Eskom Transmission Division to move towards an
asset management organization according to the requirements of PAS 55 which is defined as the
“systematic and coordinated activities and practices through which an organization optimally
manages its assets and their associated performance, risks and expenditures over their lifecycle for
the purpose of achieving its organizational strategic plan”. This paper will focus on the asset
condition assessment process and its integration into the Asset Management plan. The condition
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assessment process will focus on data collection and validation, the integration of the information
and analysis of the information. Specific classes of equipment will be discussed in terms of diagnostic
tools and the collection, validation and storage of the data and the analysis and interpretation of the
data. The usage of this information in developing an Asset management plan will also be discussed.

An implementation of the asset management model/process shall be discussed with regards to
transmission lines.
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BUSHINGS, INSULATORS AND INSTRUMENT TRANSFORMERS

TECHNICAL PRESENTATIONS
Monday, March 22nd, 1:30 pm - 6:00 pm
America Center & South

BIIT-1 Investigation of C2 Measurement Differences in HSP Bushings
Jerry Cotter; Pacific Gas and Electric
Donald Prien, P.E.; Doble

In earlier papers the effect of bushing design on the C, field measurement has been discussed
specifically on ABB oil filled condenser bushings. This paper is an investigation into a situation found
in specific HSP Type ETF bushings rated from 69 kV to 333 kV. It describes the reasons for the
difference in C; capacitance found in these specific HSP bushings and the reasons for the difference
between the nameplate and field C; measurements.

BIIT-2 Evaluation of Bushing Thermal Transient and Overload Capabilities
Shiboa Zhang, Ph.D.; PCore Electric Company, a subsidiary of Hubbell Power Systems, Inc.

This paper will demonstrate that the bushing thermal transient can be calculated by computer
program simulation. With the frequent overload of transformers, bushings may also be overloaded.
As the temperatures of ambient air and transformer top oil, and the current through transformer
change, the bushing will go through thermal transient cycles. Because of this, the loading duration is
very important to determine whether the bushing could carry a current higher than its nameplate.
Also important are the temperatures before and after the overload.

BIIT-3 Condenser Bushing Air End Termination Issues
David Geibel; ABB

This paper will assist utility personnel in understanding the construction of the top terminals from
draw lead to high currents and how important top terminal torque values are and proper
maintenance to eliminate overheating and catastrophic failures as a result of lack of maintenance or
understanding of the design.

BIIT-4 Performing Power Factor and Capacitance Tests on Bushings without Test Taps
using Non-Conventional Methods
Norbert E. Gilbert, Doble

Bushing manufacturers have produced many designs of bushings for the electrical industry. Most
modern bushings have test or potential taps that allow measurement of the core and tap insulation.
These tests have been identified in the industry as the C1 and C2 tests.

For bushings without test or potential taps other test techniques may also be used to assess the
condition of the bushing. These test techniques are not as well known as the C1 and C2 tests because
they require a specific design of bushing or a more difficult set-up to perform the tests. In a situation
where the condition of a bushing is needed these tests can provide the tester with the knowledge
required to determine if the trouble area is within the bushing. These test techniques, where the test
or potential tap is NOT used in the test, are NOT to be considered C1 and C2 tests but provides
information about the condition of a bushing similar to the overall bushing test. This paper will
provide test procedures for these non-conventional type bushing tests.
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BIIT-5 Investigation of Failures of 230 kV OIP Copper Conductor Bushings
Arturo Del Rio & Keith Ellis; Trench Limited

The fact that copper ions from conductor surfaces are taken into solution in some mineral
transformer oils and then deposited onto paper insulation in bushings and transformers has been
well documented. These deposits have been implicated in a number of instances of equipment
failure. Corrosive sulfur in transformer oil has been suggested as the cause for both the migration
and the deposition of copper on the paper insulation in these instances even though the oil has
consistently tested as non-corrosive. The migration and deposition of copper in transformer oils has
been demonstrated to be independent of sulfur, corrosive or otherwise. The process of taking copper
into solution and then depositing the copper as a fixed, stable compound on paper insulation is
dependent upon the formation of copper-organic polar compounds in solution in the oil, attraction of
these compounds to the surface of Kraft paper, and the formation of stable copper compounds in a
pattern that decreases the dielectric strength of the paper insulation [1]. This paper presents one
case of a copper migration induced failure in three separate transformer bushings manufactured by
Trench France and oil filled with Shell Diala D mineral oil.

BIIT-5A Prepared Discussion on " Investigation of Failures of 230 kV OIP Copper
Conductor Bushings"
Paul Griffin, Doble

BIIT-6 Removal from Service of Current Transformers due to Partial Discharge Test
Results
John Stead & Evan Mitchell; AltaLink

This paper documents the experiences of AltaLink Management in the testing of current
transformers, using partial discharge detection, to determine their condition and ability to perform
in a safe, reliable manner. The catastrophic failure of high voltage current transformers can be
dangerous to workers and the public in most situations due to the flying pieces of porcelain produced
by the failure. AltaLink has experienced above average failures of our aging fleet of current
transformers. The majority of these units are about 30 to 35 years of age. Although there are
numerous test methods to assists in determining the condition of current transformers, the use of a
partial discharge detection device, while the current transformer is in service, has enabled us to test
over a 200 units in a very short time.

BIIT-7 Ratio and Saturation Curve Testing of Current Transformers in Power
Apparatus
Long Pong; Doble
Kate Brady; Progress Energy
Martin Gamache; Rio Tinto-Alcan

Ratio and saturation tests are common tests used to check the specifications and performance of a
Current Transformer (CT). The ratio test can be conducted using one of two methods: (1) Voltage
Application; or (2) Current Injection. Each method requires access to both primary and secondary
terminals. For the standalone CT, both terminals are freely accessible; however, for CT's mounted
under bushing flanges (BCT) on a power transformer, the primary terminal is internally connected in
series with the power transformer winding, which is an obstacle for the current injection method.
This paper proposes an application using the Doble Ratio test technique and an M4000 test
instrument. It describes the test procedure for different winding configurations and the appropriate
data interpretation. It also provides the test procedures for the saturation curve test and for CT’s
mounted in other apparatus such as Oil Circuit Breakers (OCB), SF6 dead tank breakers, and
generator bus bars.
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CIRCUIT BREAKERS TECHNICAL PRESENTATIONS
Thursday, March 25t, 9:45 am —12:00 pm
America Center & South

CB-1 First Trip Testing using the TDR Test Instruments
Jozef Levi; Doble

In this paper simpler monitoring of trip coil current and supply voltage is proposed for first trip
testing. The test shows that measurement of main current can not be repeated and may have
distortion produced by arc. Two approaches to testing first trip are presented. One approach is to
collect large number of test results and analyze is done after data is collected. This approach is
feasible for distribution circuit breakers. Second approach is for transmission circuit breakers with
test results analyze after first trip results are compared with results after multiple operations. Case
studies are presented and commented.

CB-2 SF6 Monitoring
Steven M. Lowder & Abel J. Pereira; Bonneville Power Administration

In 1999, Bonneville Power Administration (BPA) signed up with the Environmental Protection
Agency (EPA) as a volunteer charter partner with the commitment to track, report and reduce SFs
emissions. Since that time, BPA has voluntarily reported annual SFe emission loss to the EPA. BPA
has maintained an annual SFe emission rate of less than 1 percent from 1999 to 2008.

BPA is committed to reducing SFe emissions through accurate tracking of SFe inventory, accurate
measurement of SFe used in substation equipment, implementing processes that reduce SFeemission,
and repair of leaky equipment. BPA made leak reduction through the tracking and repair of SFe
equipment a 2009 Key Transmission Target, making it very visible to BPA management, field
employees, and customers. BPA is also committed to accurate reporting of annual SFe emission data
to the EPA and other entities that require such data.

CB-3 MCA-Automating SF6 Monitoring in Substations
Ron Hoffman, WIKA Instrument Corporation

SFe¢ Gas Management is a proactive method of acquiring real-time information about the state of SFg
gas throughout a substation and grid. When this data is accumulated and analyzed at the substation
or grid-level, strategic maintenance decisions can be made which save time, effort, and money. This
includes information about density, emission rates, total SFe¢ gas emissions to-date, and days left of
safe operation.

CB-4 EPA Compliant SF6 Handling/Management
Lukas Rothlisberger; DILO Company

With the USEPA recently having issued the final mandatory reporting of Greenhouse Gas rules, SF6
users are now reviewing their gas handling, management and reporting procedures. While Electric
Power Systems will not be required to submit mandatory reports for SF6 usage covering the calendar
year 2010 to the EPA, the need to have proper documentation and management systems for SF6
handling in place has become a high priority for Electric Utilities.

The presentation will address key issues to reduce SF6 handling losses, provide general information

about the EPA’s recordkeeping requirements using the mass/balance approach, as well as a quick
overview of EPA’s annual reporting form.
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CB-5 Update on U.S. Climate Protection Policies and Programs for SF6
Sally Rand; U.S. Environmental Protection Agency

The presentation will given an overview of state, regional, and Federal activities related to limiting
SF6 emissions from the electric power sector. In addition to long-standing voluntary programs,
climate protection activities are increasingly targeting SF6 for mandatory controls. A wide spectrum
of policies and measures are being implemented including offsets, performance standards, and cap
and trade.
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INSULATING MATERIALS TECHNICAL PRESENTATIONS
Wednesday, March 24th, 7:30 am — 12:00 pm
America North

IM-1 Case Studies Involving Insulating Liquids and Materials from the Doble
Materials Laboratories
Paul J. Griffin & Lance R. Lewand; Doble

This paper will discuss those cases involving issues with insulating materials that have resulted in
further investigation to determine the root cause of the problems being manifested. Several of the
cases will include a number of incipient fault conditions that will produce hydrogen besides partial
discharge, using ethylene to ethane ratios to aid in locations of incipient fault conditions, the use of
stray gassing analysis to elucidate the problem with contamination in new oils and the development
of elemental (free) sulfur in oils that have stable corrosive sulphur compounds but have been
exposed to very high temperatures.

IM-2  Oxidation and Oxidation Stability of Natural Ester Dielectric Liquids
Lance R. Lewand; Doble
Don Cherry & Clair Claiborne; ABB

Ever since the introduction of natural esters as insulating liquids there has been significant interest
in providing an oxidation stability test(s) that is appropriate for the fluids. The two oxidation tests
that exist in ASTM D 3487 for mineral oils are too severe. About two years ago ASTM committee D-
27 convened a task force to review different methods for the determination of oxidation stability.
Along with others, ABB and Doble are part of this task force. This paper will discuss the testing that
ABB has performed (D 2440 and Doble PFVO) to date along with the modified testing (D 2112 and D
2440/1EC 61125C) that Doble has performed to look into the oxidation characteristics of these fluids.

IM-3  Partial Discharge Measurements in Insulating Liquids
M. Pompili; University of Roma, Italy
R. Bartnikas; Institut de recherche d’'Hydro-Quebec (IREQ)

In this paper, information on simultaneous PD measurements in insulating liquids using both narrow
and ultra-wide bandwidth detectors are presented. Whilst PD detection with narrow bandwidth
instruments gives only integrated signals, the use of ultra-wide bandwidth techniques permits to
have much more precise information on PD phenomena, which appear to be in the form of pulses
(bursts) of ascending magnitude as the bubble within the liquid expands in volume. As reported in
the paper, the use of the ultra-wide bandwidth instruments permits also to distinguish the PD pulses
occurring in regular voids of oil-paper insulations and PD pulses formed directly in the liquids as
consequence of the streamer development.

IM-4  Quantification of Reactive Sulphur
David Grant; Manitoba Hydro

Current methods for evaluating oil for corrosive sulphur content tend to be pass-fail. The method
developed clearly quantifies the amount of sulphur which reacts with bare copper. In this way, oils
can be compared and ranked for the fraction of their sulphur which reacts, or ranked by ppm
reactive sulphur content. The test duration and reaction conditions evolved from those of ASTM
D1275B. The paper will describe the method in detail, and show results of a variety of permutations,
regarding time, temperature and other relevant factors. It is believed to be a significant advance in
this field.
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IM-5 Understanding the Presence of Corrosive Sulfur in Previously Non-Corrosive Oils
Following Regeneration
Mats Dahlund, ABB AB
Hakan Johansson; E.On E-S
Ulf Lager, E.On Elnat
Gordon Wilson; National Grid UK

Oil regeneration using a reactivating sorbent is a well-established technology that has long since
been proven to be very efficient for the removal of oxidation products from used transformer oil.
However, a new potential problem has come to light affecting a number of companies in Europe that
may impact on other transformer owners and regeneration service providers. There have been
reported cases of oil becoming more corrosive following regeneration than before the treatment. All
known cases where the corrosion has caused problems in a transformer have resulted from
corrosion of the silver rather than copper, but there are also some cases where the oil has a stronger
tendency to form copper sulfide after the treatment than before. This paper presents some different
cases of this phenomenon and possible explanations are discussed

IM-6 Development of Diagnostics to Estimate the Risk of Copper Sulfide Formation for
Transformers
J. Tanimura, S. Toyama, H. Kawarai, K. Mizuno, N. Hosokawa, F. Kato, T. Amimoto,
E. Nagao; Mitsubishi Electric Corporation

To provide a diagnostic method to estimate the risk of copper sulfide formation for transformers in
service, laboratory studies have been performed in detail. The sample oil was prepared by dissolving
DBDS (Dibenzyl disulfide) in commercial insulating oil to a concentration of 300 ppm. The vials
containing the sample oil and copper strip were heated at 120 to 165°C. After heating, the
concentration of DBDS and BiBZ (Bibenzyl) in the insulating oil was determined by Gas
Chromatography-Mass Spectrometry (GC-MS). The good relationship between the weight change of
copper strip and the amount of BiBZ was obtained, so it was clarified that BiBZ was a by-product of
copper sulfide formation by the reaction between copper and DBDS. The rate of copper sulfide
formation was obtained by the quantitative analysis of the by-product. The decrease in DBDS caused
by copper sulfide formation was proportional to the amount of BiBZ. The initial concentration of
DBDS can be evaluated by the decrease in DBDS and the residual amounts of DBDS. The initial
concentration of DBDS evaluated with this method was useful for the diagnostics used to estimate
the risk of copper sulfide formation for transformers in service.

IM-7  Investigation of Effect of Additive DBDS on Copper Sulfide Formation by
Corrosive Sulfur Test
Fukutaro Kato, Tsuyoshi Amimoto, Junji Tanimura, Satoru Toyama, Noboru Hosokawa
and Eiichi Nagao; Mitsubishi Electric Corporation

The additive effect of dibenzyl disulfide (DBDS) on corrosive sulfur was investigated by using IEC test
method 62535. This is a test method for the detection of potentially corrosive sulfur. A correlation
between the DBDS concentration and the degree of corrosion and tarnish of a copper strip was
obtained regardless of oil brand. However, copper sulfide was not always formed on the Kraft paper
when the oil contained DBDS. The formation rate of copper sulfide on the Kraft paper also depended
on the oil brand.
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PROTECTION, AUTOMATION, CONTROLS & COMMUNICATIONS

TECHNICAL PRESENTATIONS
Monday, March 22nd, 10:30 am — 12:00 pm & 1:30 pm — 4:45pm

Essex

PACC-1

PACC-2

PACC-3

PACC-4

PACC-5

PACC-6

Update on NERC Protection System Maintenance and Testing Standard; and
How it Will Impact You
Phil Winston; Georgia Power Company

NERC Standards for Generator-Transmission System Coordination and
Protection System Maintenance
Chuck Mozina; Beckwith Electric Company

Fundamentals of Motor Protection and Relay Selection
John K. Amoo-Otoo; Exelon Nuclear

Differences between Maintenance Practices for Numerical and
Electromechanical Relays
Glen Goldfarb; ABB

Lessons Learned from Generator Tripping Events at Power Plants and
Industrial Facilities
Chuck Mozina; Beckwith Electric Company

IEC 61850, How to Benefit from Smarter Substation Automation Technology
Lars D. Frisk; ABB, Inc.
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ROTATING MACHINERY TECHNICAL PRESENTATIONS
Wednesday, March 24th, 7:30 am — 12:00 pm
America Center & South

RM-1 Brushless Exciter Retrofit to Hydro-Generators
Jim Casey; Converteam

Converteam recently replaced the original DC exciter on a General Electric motor-generator with a
brushless exciter. This motor-generator is located at the O’'Neil Station in California and operated by
the U.S. Bureau of Reclamation. This offers an alternative to a static exciter.

RM-2 Condition Assessment of a 103 MVA Hydro-Generator during a Forced Outage
I. W. Simmonds; Doble

This paper presents the case studies of three hydro-generators of different age and manufacture.
The first unit is a Russian built (Electrosila) 103.5 MVA, 72-pole hydro-generator built in 1953 with a
rewound epoxy/mica insulation system dating from 1979. The unit was tripped due to a stator earth
fault brought on by the breakdown of the insulation in one of the slots. The next unit under
consideration is an Ansaldo 300 MVA hydro-generator. It is understood that a mechanical failure had
resulted in loose debris being present in the air gap between the stator and rotor windings. This
produced a winding-to-earth fault, which tripped the generator. It was subsequently observed that
the debris had caused severe damage to the stator core as well as to the winding. The final unit is a
Hitachi 105 MVA 28-pole hydro-generator built in 1977. The unit breaker was tripped but only two
phases pulled out. The red phase remained live and the generator began to motor unchecked for 15
minutes. High negative sequence currents induced in the rotor led to the rapid breakdown and
destruction of each of the 28 poles.

RM-3 Stator Endwinding Vibration Detection
Clyde Maughan; Maughan Engineering Consultants

Stator end-winding vibration has been a major deterioration concern on large turbine-generator
windings for almost 50 years. The capability of end-winding support systems has evolved upward
during this period, but still there remain periodic failures due to high general vibration and/or local
resonant vibration conditions. The ongoing end-winding problems relate in part to the lack of a safe,
convenient and reliable method for measuring vibration in the high voltages which exist in the end-
windings.

An early primitive method of measuring this vibration involved using inertial vibration instruments
reading on the end of an insulating rod, but for obvious reasons, this was not a viable method of
measurement. In more recent years, resonant-reed vibration pickups were used on some suspect
machines, but these pickups did not give quantitative information. Fortunately, there are now
devices available that can measure local vibration magnitudes and safely transmit accurate
guantitative signals via fiber optics to instrumentation outside the generator casing.

This paper will discuss industry experience relating to generator vibration problems on stator end-
windings, evolution of stator end-winding support systems, historic efforts for measurement of end-
winding vibration, and finally, experience with the modern fiber-optics vibration monitoring
equipment.
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RM-4 Calibration Experience with On-Line Partial Discharge Measurements
Igor Blokhintsev; Eaton Corporation

This document will NOT be provided

Recently on-line partial discharge measurements have seen an upsurge in medium and high voltage
electrical maintenance programs. Along with this we are seeing several new companies entering the
market bringing advanced technology with varied knowledge and experience.

Recently the PD community is beginning to understand and accept the principle differences between
traditional test floor PD measurements and field on-line test measurements. As a result, designers
and users of on-line PD analyzers are trying to build bridges between off-line test floor
measurements and on-line field measurements. Comparative calibration of traditional test floor low
frequency PD analyzers and high frequency field PD analyzers from various vendors and
technologies is necessary to bring understanding and acceptance of the differences.

Authors summarize their experience in calibration of both sensors and analyzers. Authors will also
discuss how multiple sensors and signal attenuation affect calibration and how these calibrations can
be related to traditional low frequency PD tests.

RM-5 Grand Coulee Generator No. 19 Stator Winding Failure and De-Rated Return to
Service
Eric Eastment; U.S. Bureau of Reclamation

The 707 MVA rated Generator No. 19 at Grand Coulee's third power plant experienced an in-service
stator winding failure in February 2009 when the unit tripped offline via a stator ground relay. The
single-phase conductor-to-ground failure occurred at the 5th coil from the line-end in one of the ten
parallel circuits of Phase A; each parallel circuit contains 25 series-connected single-turn coils. The
1975 Westinghouse winding was 34-years old at the time of failure. The failure did not cause major
damage due to the fault current limiting of the neutral grounding transformer. Personnel from the
Hydropower Technical Services Group were called out to assist with evaluation, diagnostics, repair,
and temporary return to service of the unit. The paper will cover the failure, stator winding
modifications necessary to return the unit to service at a de-rated capacity (540 MW), final repair to
full-rated capacity, and the failed coil dissection information.

The 1975 Westinghouse winding was 34-years old at the time of failure. The failure did not cause
major damage due to the fault current limiting of the neutral grounding transformer. Personnel from
the Hydropower Technical Services Group were called out to assist with evaluation, diagnostics,
repair, and temporary return to service of the unit. The paper will cover the failure, stator winding
modifications necessary to return the unit to service at a de-rated capacity (540 MW), final repair to
full-rated capacity, and the failed coil dissection information.
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RM-6 Test Set-Up, Logistics and Testing of 1600+ Spare Stator Bars for Grand Coulee
Generator No. 19
Benjamin Few; U.S. Bureau of Reclamation

Following the stator winding failure of Generator No. 19 in February 2009, the Bureau of
Reclamation began the process of testing the on-hand spare winding for potential installation. The
spare winding has been in storage for 26-years since its manufacture by NEC in 1983.

This is the only spare winding on hand which could be installed in G19, 20, or 21 (707 MVA units
placed in service 1975 - 1976). Each of these units contains 750 stator slots for a total requirement
of 1500 bars to complete the winding. Due to concerns that surfaced with the original Westinghouse
winding in the early 1980's, a spare winding was procured and placed in storage. The spare has
resided in supposedly undisturbed storage until July of 2009 when the testing commenced.

This paper will detail the need for testing and how the Bureau of Reclamation approached
examining/testing 1600+ bars over a period of approximately six weeks (including down time for
equipment failure). Electrical tests performed include: AC and DC High-Potential, Polarization Index
(PI), and Doble Power Factor. Additionally, visual inspections and checks for bar warping and other
damage will be detailed along with the electrical test setup used to batch process the enormous
amount of stator bars.

RM-7 Manitoba Hydro’s Experience with Suspicious Brazed Connections at Kelsey
Generating Station
Reg Gamblin; Manitoba Hydro

In 2007, at Manitoba Hydro's Kelsey Generating Station, refurbishment on the first of seven
hydrogenerators was nearing completion, which included uprating the generators from 35MVA to
50MVA. However, during installation of the new stator winding, Inspectors voiced concerns over the
quality of the brazed coil connections. To investigate this, Kelvin Bridge measurements were done as
well as several other atypical tests such as DC current injection and infra red thermography, all of
which showed anomalies. The test data lead to buy-in from the manufacturer/installer and suspect
connections were redone during the one year warranty outage. During these repairs it was shown
that Manitoba Hydro’s concerns were legitimate as the connections had brittle tape and lacked
solder. Additionally, for subsequent units, the manufacturer agreed to amend the contract so as to
specify tolerances on Kelvin Bridge measurements, which included a method of investigating such
anomalies.
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TRANSFORMERS TECHNICAL PRESENTATIONS

Thursday, March 25t, 1:30 pm —5:00 pm
America Center & South

NEW CONCEPTS

TX-1 De-Energized Tap Changer Use in Transformers
Richard K. Ladroga; Doble
David Harris, Waukesha Electric Systems

A de-energized tap changer (DETC) is often specified by purchasers of new power transformers. This
paper will seek to identify the logic used to determine the actual need of a DETC in various
applications. The paper will also present survey results that identify historical use, operations,
maintenance, and trouble/failure issues. The paper will also present recommendations for
consideration when specifying a new transformer with regards to the actual need, economic
justification and reliability aspects of purchasing a power transformer with a DETC.

TX-2 The Use of Fiber Optics Temperature Sensors to Control Transformer Cooling
B.L. Broweleit; Grant Count PUD
J.N. Bérubé; Neoptix, Inc.
J. Aubin; Consultant

Cooling control of power transformers is traditionally provided by a winding temperature indicator
(WTI) that is based on a measurement of the top-oil temperature and a simulation of the winding
hottest spot temperature. This method has some drawbacks and utilities are now considering the
application of fiber optic temperature sensors for this critical function. Assessing the winding
temperature from directly measured top oil temperature can lead to significant errors depending on
the cooling mode and the shape of load profile. This situation is reflected in the current revision of
the IEEE Loading Guide. The industry consensus leans toward a method based on the bottom oil
temperature and a proper representation of the temperature evolution in the cooling duct. The
various hot spot temperature calculation methods are reviewed for the actual case of a 240MVA
transformer where fiber optic sensors have been selected for the control of the cooling banks. It is
shown that in case of rapid load change, the methods used by classic WTI can indicate a lower
temperature by more than 10°C even if they are properly adjusted for the steady state conditions. It
appears that with the dependability of modern fiber optic sensors, the long-term performance of
transformer cooling can be better achieved with these more accurate monitoring devices.

MANUFACTURING CONCERNS

TX-3 Transformer Design Reviews and Factory Inspections
Bill Griesacker, Dom Corsi, Richard K. Ladroga; Doble

Power transformers are a significant capital investment for any utility or industrial company. The
total transformer owning expense can be significantly more than the first costs when the overall
sums involved in the procurement, installation, commissioning, maintenance, and operation are
tallied.

When something goes wrong with a transformer either during the project phase or in operation
significant budget over-runs or revenue loss can result. It is for this reason that the significant
majority of critical transformers receive some sort of additional surveillance by the end user, often in
the form of design reviews and in-factory inspections. These reviews and inspections are intended to
provide oversight of the manufacturer’s processes to help ensure that the purchaser’s requirements
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are met. There are many interpretation and decision points during the design and production of a
large power transformer; a representative of the purchaser present with the manufacturer not only
can help expedite these often critical process points but can help act as a spokesman and
intermediary for the purchaser.

Approaching the procurement of a large power transformer in two steps, first by establishing the
best design and then ensuring that the agreed upon design is built as documented provides several
advantages. Reviewing the design with the manufacturer not only provides assurance that the
manufacturer is meeting the agreed upon requirements, but also helps provide resolution to many
unforeseen issues well before production starts, which can have a significant positive impact on the
trouble free production process that is an objective for all parties involved. When the purchaser
assigns an inspector to oversee the manufacturing process a near real-time feedback channel is
established that can give meaningful progress reporting and expedite the resolution of
manufacturing issues. An inspector can help identify and/or resolve these issues so that they have a
minimal impact on both the quality of the transformer and on the delivery.

The benefits from factory inspections are difficult to quantify into tangible dollars, but generally the
avoided costs associated with the mitigation of potential problems that will surface during factory
testing, installation, or operation are far greater than the relative minor expense incurred for the
factory inspections.

The Benefits of Factory Inspections

Transformers are designed and constructed to meet specific performance requirements defined by
the purchaser. These requirements are most commonly in the form of product specific technical
specifications, or by reference to applicable standards. Factory inspections are performed to
demonstrate the transformer is constructed as expected and the quality of the workmanship and
material used in the construction are suitable to provide a trouble free transformer.

Ensuring that a good quality product is received is difficult but the process begins early in the
procurement process by the proper selection of the manufacturer and is continued through the
acquisition by maintaining proper vigilance during the construction phase. Many refer to this as
driving the quality process from the outside. Factory inspections play a significant role in
encouraging manufacturers to maintain high quality standards in their design and manufacturing
processes.

Factory inspections are designed to augment the manufacturer’s existing Quality Assurance or
Quality Control processes at the factory. Factory inspections are not performed to replace or
circumvent the internal processes established by the manufacturer, but rather these inspections are
inserted into the normal and expected quality program to provide an independent verification and to
establish that the supplier’'s quality system is functioning as designed. There should be no
misunderstanding between the customer and the manufacturer in this regard.

Additionally, the specific requirements of the technical specification can also be confirmed during the
factory inspections. For example, the prohibition on the use of solid wood support structure for high
voltage leads or the use of specific metallic hardware for connections that carry high currents. These
special requirements can more easily be verified during the construction process. An inspection
after the transformer is completely assembled will be less revealing.

There are a significant number of customer or external inspections that are also commonly
performed at the manufacturer’s factory. The more commonly performed inspections are:

Factory Evaluation/Vendor Qualification Inspection
. Comprehensive Factory Audit Inspection
. Quality Audit Inspection
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Transformer Design Review
Coils and Core Inspection
Post-Processing Inspection
Pre-Tanking Inspection
Acceptance Testing

CONDITION ASSESSMENT

TX-4 Vischer Ferry T1 34.5KV/2.4 KV 6 MVA GSU In-Service Condition Assessment and
Tear Down Findings
Corey Kelkenberg & Robert Schwabe; New York Power Authority

The correlation between dissolved gas analysis, acoustical monitoring and load profiling were
instrumental in allowing a generator step-up transformer at a small hydro plant to remain in-service
until the analysis indicated that there was a significant risk of a failure. Utilizing two monitoring
technologies, oil sampling and continuous acoustical recording, the New York Power Authority
(NYPA) was able to assess potential risk of failure and follow changes in behavioral patterns to
identify operational constraints. Following removal from in-service operations, the transformer was
shipped to the manufacturer, disassembled and examined to locate and identify the cause for
combustible gas generation. Teardown findings supported the acoustical analysis signifying that the
non-intrusive technique can be a useful tool in pointing to the location of problem in transformers
and beneficial when performing internal inspections to help guide the investigator to the proper
location. In some instances, the knowledge obtained by acoustical profiling would allow a more
directed approach when performing an internal inspection to locate the source of the problem in the
field.

TX-5 Transformer Maintenance and Replacement Strategy based on Expected
Lifetime
Atsushi Eto, Toshiaki Taira & Dr. Takayuki Kobayashi; Tokyo Electric Power Company

It is important to make the long-term transformer maintenance and replacement strategy clear for a
practical replacement schedule, which realizes efficient investment and allows the engineers and
technicians to maintain the reliability of the equipment. In this paper, the expected lifetime of
transformers based on operation/maintenance data in Tokyo Electric Power Company (TEPCO) and
some of typical deterioration phenomena, which shorten the expected lifetime of transformers, are
introduced.
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Friday, March 26th, 7:30 am — 12:00 pm
America Center & South

MOISTURE ASSESSMENT

TX-6 Assessing Moisture in Transformers — A Practical Comparison of Methods
John Lapworth; Doble

The assessment of the dryness of transformers has been a topic of much interest and debate for a
long time because of the serious effects of moisture and uncertainties about the accuracy of the
different assessment techniques in use. This paper reviews the main techniques used, including the
latest ‘dielectric response’ techniques which claim to be able to derive the moisture content in the
solid insulation from special electrical measurements. The paper concludes with a practical example
comparing the use of different techniques for an important transformer: a 30 year old 400 kV 800
MVA generator transformer.

TRANSPORTATION EXPERIENCES

TX-7 Transformer Transportation Damage, A Case Presentation of a Low Impact
Event
Bill Griesacker; Doble

This paper shall provide case studies which examine transformer shipping damage.

DIAGNOSTIC METHODS

TX-8 Dissolved Gas Analysis of Load Tap Changer Field Guide and Subcommittee
Report
Rick G. Asche, Subcommittee Chairman; Portland General Electric

The Doble Client Committee on Transformers formed a subcommittee in 2004 to prepare a guide for
analyzing DGA results from Load Tap Changers. The resulting guide is the compilation of DGA test
results for several major load tap changer designs used mostly in the United States and Canada. The
guide establishes normal gassing tendencies.

TX-9 The Benefits of High Voltage Exciting Current and High Voltage TTR Field Tests
Randy Thumm; Tucson Electric Power
Norbert Gilbert; Doble

The transformer single phase exciting current test and transformer turns ratio (TTR) test have been
valuable tools for many years in assessing the condition of transformers. This paper provides two
case studies where high voltage single phase exciting testing and high voltage TTR testing were
important factors in helping to identify a serious problem.

TX-10 Diagnostic Method of Deformation of Winding using SFRA
Hiromichi Okumo; Tokyo Electric Power Company, Japan

Tokyo Electric Power Company (TEPCO) carried out a study on the diagnostic method of deformed
windings in a transformer using SFRA. Since the SFRA trace changes according to the part of the
winding that is deformed and the amount of deformation, the internal state of transformers can be
determined by comparing to the SFRA trace that was measured in normal. However, there are
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various types of problems that can occur in winding and core; therefore it is important to obtain
basic data that characterizes the different types of deformation.

TEPCO studied the effects on SFRA traces for changes made in the transformer windings under
controlled laboratory conditions. The windings of a 66kV, 20MVA distribution transformer were
used for the measurements under axial, radial and buckling displacement. This paper reports
TEPCO's study on the measurements and the analysis of SFRA characteristic in these deformed
winding states.

TX-11 Frequency Response Analysis of Transformers and Influence of Magnetic
Viscosity
Mark F. Lachman, Vadim Fomichev, Vadim Rashkovski & AbdulMajid Shaikh;
Delta Star, Inc.

In analyzing the data influenced by the transformer magnetic circuit, it is often assumed that the core
would remain indefinitely in the state it occupied at the end of the previous test, unless modified by
electrical excitation. This assumption was challenged when changes in the low-frequency range of
the frequency response were observed with no electrical excitation applied between the
measurements. The empirical data were obtained in the factory environment, following removal of
dc and ac excitation, core demagnetization and oil filling. This data and the review of relevant physics
are presented, along with discussion of diagnostic analysis.

TX-12 Field Experiences with SFRA
Marshall Turley; Doble
Yogesh Patel; Portland General Electric

As more tools become available to us in the world of maintenance, it sometimes becomes difficult to
understand the need for all of them. We are very familiar with basic tests like the turns ratio and (DC)
insulation resistance tests, but what about newer tests, such as Leakage Reactance, SFRA, and even
Partial Discharge detection? This paper will concentrate on SFRA testing, how it relates to and can
confirm the results of other tests performed and how it may reveal issues that no other test will
detect. The case in this paper took place in 2009 involving a mobile transformer where serious
problems were discovered before the transformer could fail violently.

TX-13 Research and Application of Transformer Condition Based Maintenance
Strategy
Gao Jun; Huazhong University of Science and Technology
He Peng, Gao Shuguo, Liu Hongliang, Du Daquan, Liu Wei; Electric Power Research
Institute of Hebei Province

This paper will be added on the Doble website but not presented.

The transformer condition-based maintenance is an effective way to solve the shortage of
maintenance personnel and equipment, to improve maintenance efficiency and quality, and to reduce
maintenance costs and operational risks. The paper presents the methods of condition based
maintenance (CBM) for power transformers of Hebei Power Company in three aspects: test,
condition assessment and maintenance strategy. It also analyzes the field application of CBM at
Hebei Power Company. The field application indicates that the CBM methods are feasible, which have
distinct safety benefits and economic efficiency.
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