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Agenda
Part 1
08:30 Introduction & Theory
08:45 Design& Manufacturing
09:00 Testing, Operation & Maintenance
09:15 Interface to GIS
09:30 Control and Monitoring
09:45 Installation & Commissioning
10:15 Coffee Break

Part 2

13:00 GIS Applications

13:20 Life Cycle Cost

13:40 Compare AIS and GIS

14:00 Mobile GIS

14:20 GIS Specification

14:40 GIL

15:00 Future Development of HV GIS
15:45 Coffee Break
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IEEE/PES Substations Committee

K 2 of Gas Insulated KO is the home
of the GIS/GIL Tutorial

D1 — Elec Clearance 1427
D2 — Cable System 525
D3 — Bus Design 605

D4 — Seismic 693
D5 — Lightning Shield 998
D6 — Flexible Bus 1527

D7 — Grounding 80
D8 — Turnkey Sub 1267
D9 — AC/DC System P1818

E1 — Community Accpt 1127
E2 — Oil Spill 980
E3 — Fire Prot979

4 — Mobile Equip 1268 & Temp Grounds
1246

E5 — Animal Deterrents 1264

E6 — Resistivity 81
E7 — Physical Security 1402
E9 — Permanent Conn 837

11— MV Series 1585 &
MV Shunt 1623
12 — Series Caps 1534

14 — SVC Spec 1031 & Field Tests 1303
15 — STATCOM Spec P1052

18 — PEBB 1676
19 — SVC protection P1032
110 — HVDC Comssg 1378 & HVDC Reliability
1240
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2 —>) Power Elec 10 —>)
—> Gas Insulated KO —
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K1—>52kv C37.122
K3 —1-52kV C37.122.2
K4 — SF6 Handling C37.122.3

K5 — GIL Appl Guide C37.122.4
K7 — Bushings C37.017
K8 — SF6 Moist C37.122.5

K9 — GIS Equip Interface C37.122.6
K11 — User Guide C37.122.1
K12 — Spec Guide C37.123

Administrative - BO

Awards - HO

Standards - SO

Meetings - MO
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Vice Chair + TCPC

Secretary Past Chair

Transactions Editor
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K2 Gas Insulated Technology Tutorial / Panel
Active Members
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Name Affiliation Time

George Becker POWER Engineers since 2002
Arnaud Ficheux GE Grid Solutions since 2008
John Brunke POWER Engineers since 2005
Mark Etter ABB since 2002
Pat Fitzgerald AZZ CGIT since 2006
Hermann Koch Siemens since 2002
Ryan Stone Mitsubishi since 2006
Peter Grossmann Siemens since 2008
Dave Solhtalab PG&E since 2010
Richard Jones EnEngineering/SES since 2002
Pravakar Samanta ABB since 2014
Sean Parsi kinectrics since 2014
Dave Mitchell Dominion since 2014
Michael Novev Burns & McDonnell since 2014
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K2 Gas Insulated Technology Tutorial / Panel
Past Members

Name Affiliation Date

Arun Arora Consultant 2002 to 2014
Lutz Boettger ABB 2002 to 2006
Hugues Bosia AREVA 2002 to 2007
Wolfgang Degen Consultant 2002 to 2008
Mel Hopkins CGIT 2002 to 2005
Deborah Ottinger EPA 2005 to 2007
Venkatesh Minisandram National Grid 2002 to 2010
Joseph Pannunzio AREVA 2009 to 2010
Charles Hand SCE 2010 to 2015
Phil Bolin Mitsubishi 2002 to 2015
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IEEE GIS-GIL References Standards

C37.122 Standard for High Voltage Gas-Insulated Substations, rated above 52 kV
C37.122.1 GIS User Guide
C37.122.2 Guide for Application of Gas-Insulated Substations (GIS) 1 kV up to 52 kV
C37.122.3 SF6-Handling
C37.122.4 Application and User Guide for Gas-Insulated Transmission Lines (GIL), Rated
72.5 kV and Above
C37.122.5 SF6 Moisture Guide
C37.122.6 GIS Equipment Interfaces
C37.017 Revision of Standard for Bushing for High Voltage (over
1000 V AC) Circuit Breakers and Gas Insulated Switchgear
C37.123 Guide to Specification for GIS Electric Power Substation Equipment

@is e & IEEE

IEC GIS-GIL References Standards

IEC 62271-3:2015 High-voltage switchgear and controlgear - Part 3: Digital interfaces based on

IEC 61850

IEC 62271-200:2011 [High-voltage switchgear and controlgear - Part 200: AC metal-enclosed

switchgear and controlgear for rated voltages above 1 kV and up to and

including 52 kV

IEC 62271-201:2014 |High-voltage switchgear and controlgear - Part 201: AC solid-insulation

enclosed switchgear and controlgear for rated voltages above 1 kV and up

to and including 52 kV

IEC 62271-202:2014 |High-voltage switchgear and controlgear - Part 202: High-voltage/ low-

voltage prefabricated substation

IEC 62271-203:2011 [High-voltage switchgear and controlgear - Part 203: Gas-insulated metal-

enclosed switchgear for rated voltages above 52 kV

IEC 62271-204:2011 |High-voltage switchgear and controlgear - Part 204: Rigid gas-insulated

transmission lines for rated voltage above 52 kV

IEC 62271-205:2008 [High-voltage switchgear and controlgear - Part 205: Compact switchgear

assemblies for rated voltages above 52 kV

IEC 62271-206:2011 |High-voltage switchgear and controlgear - Part 206: Voltage presence
indicating systems for rated voltages above 1 kV and up to and including 52
kv

.L@’:is ammeeeeeeeeeee. ¢ IEEE



https://webstore.iec.ch/publication/21933
https://webstore.iec.ch/publication/21933
https://webstore.iec.ch/publication/21933
https://webstore.iec.ch/publication/6716
https://webstore.iec.ch/publication/6716
https://webstore.iec.ch/publication/6716
https://webstore.iec.ch/publication/6717
https://webstore.iec.ch/publication/6717
https://webstore.iec.ch/publication/6717
https://webstore.iec.ch/publication/6718
https://webstore.iec.ch/publication/6718
https://webstore.iec.ch/publication/6718
https://webstore.iec.ch/publication/6719
https://webstore.iec.ch/publication/6719
https://webstore.iec.ch/publication/6719
https://webstore.iec.ch/publication/6721
https://webstore.iec.ch/publication/6721
https://webstore.iec.ch/publication/6721
https://webstore.iec.ch/publication/6722
https://webstore.iec.ch/publication/6722
https://webstore.iec.ch/publication/6722
https://webstore.iec.ch/publication/6723
https://webstore.iec.ch/publication/6723
https://webstore.iec.ch/publication/6723
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IEC GIS-GIL References Standards

IEC 62271-207:2012 High-voltage switchgear and controlgear - Part 207: Seismic
qualification for gas-insulated switchgear assemblies for rated voltages
above 52 kV

IEC TR 62271-208:2009 High-voltage switchgear and controlgear - Part 208: Methods to
quantify the steady state, power-frequency electromagnetic fields
generated by HV switchgear assemblies and HV/LV prefabricated
substations

IEC 62271-209:2007 High-voltage switchgear and controlgear - Part 209: Cable
connections for gas-insulated metal-enclosed switchgear for rated
\voltages above 52 kV - Fluid-filled and extruded insulation cables -
Fluid-filled and dry-type cable-terminations

IEC TS 62271-210:2013 |High-voltage switchgear and controlgear - Part 210: Seismic
qualification for metal enclosed and solid-insulation enclosed
switchgear and controlgear assemblies for rated voltages above 1 kV
and up to and including 52 kV

IEC 62271-211:2014 High-voltage switchgear and controlgear - Part 211: Direct connection
between power transformers and gas-insulated metal-enclosed
switchgear for rated voltages above 52 kV

IEC TS 62271-304:2008 High-voltage switchgear and controlgear - Part 304: Design classes for
indoor enclosed switchgear and controlgear for rated voltages above 1
( kV up to and includuing 52 kV to be used in severe climatic conditions

TEEE
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4
GIS Basic Ratings of GIS

according to IEEE C37.122 and IEC62271-203
Rated Maximum High Voltages | (U,,) [kV] | 66-72,5-100-123-145-170-245
300-362-420-550-800-1100
Rated Insulation Levels (Uy) [kV] | 140-185-230-325-375-425
460-500-650-740-900-1200

IEEE Rated Lightning Impulse | (U,) [kV] | 325-450-550-650-750-1050-1175-
Withstand Voltage Levels 1425-1550-2100

Rated Currents (1) [A] up to 170 kV: 1250 A-3150 A
above 170 kV: 3150 A-8000 A

Short Time Withstand Current | (I¢) [kA] | up to 170 kV: 16 kA-50 kA
above 170 kV: 31,5 kA-100 kA
Rated Supply Voltage (V) DC:48V, 110V, 125V
K AC: 208/130 V, 400/230 V, 230/115 V
EEE

|
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https://webstore.iec.ch/publication/6724
https://webstore.iec.ch/publication/6724
https://webstore.iec.ch/publication/6724
https://webstore.iec.ch/publication/6726
https://webstore.iec.ch/publication/6726
https://webstore.iec.ch/publication/6726
https://webstore.iec.ch/publication/6727
https://webstore.iec.ch/publication/6727
https://webstore.iec.ch/publication/6727
https://webstore.iec.ch/publication/6728
https://webstore.iec.ch/publication/6728
https://webstore.iec.ch/publication/6728
https://webstore.iec.ch/publication/6729
https://webstore.iec.ch/publication/6729
https://webstore.iec.ch/publication/6729
https://webstore.iec.ch/publication/6734
https://webstore.iec.ch/publication/6734
https://webstore.iec.ch/publication/6734
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Part 1

*Theory

*SFg Insulating Gas
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Sulfur Hexafluoride SF,

* A man-made colorless, odorless, stable gas
* Alarge octahedral non-polar molecule
¢ Collision Diameter

- N, 16.1A
— SFq 36.5A
* Molecular weight 146.05 (about 5 times the weight
of air)

* SFgis broken down by heat and arcs
— SF¢ bi-products largely reform into SF,

* lonization potential of Nitrogen 15.6 eV

* lonization potential of SFg 15.6 eV
* Pictured: SF;and N,

@Es

Power & Energy Society”
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Physics Review

* lonization, the process of removing an electron from an atom or molecule
* Excitation, the condition in which an electron moves to a higher, unstable energy
level. Relaxation results in the electron returning to a stable energy level,
releasing the excess energy as a photon
* Free electrons
— From ionization by cosmic rays, photons, friction, chemical reactions, thermal, etc.
* Mean free path
— Mean distance before a molecule or electron will impact another molecule

+ Mean Free Path °
- N, 6x108m
— SF, 2.5x10%m ¢
°

( PES
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E

Power & Energy Society”

GIS Theory

Free electrons repelled from negative rod

GIS is a more
homogeneous gap, but
e O not like a sphere gap
+
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Non-homogeneous gap
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lons Vs Electrons
lon Mobility

* Mass ratio of an electron vs. mass of SFg 1 to 125,000 (1500 Ibs. vs 95,000 tons)
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GIS Theory
Electron Avalanche by electron Impact
® —— ) )
®@ o
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GIS Theory
Many Collisions Produce Photons and Photo lonizations

On a macro level if enough space charge
is created the electric field is modified

On a micro level the
avalanche continues
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GIS Theory .
Mean Free Path N, and SF,

( PES
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E

Power & Energy Society”



R

GIS Theory
Impact of Increasing the Gas Density 6x

1 bar pressure 6 bar pressure '

('IEEEE S ‘ ‘ I I
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
Power & Energy Society™

GIS Theory
Electron Affinity

* Electro-negative

— Electron Affinity (strong affinity for electron attachment)
— Free electrons are often captured

¢ Mechanisms

— Resonance capture

e+SF, — SF,

— Dissociative attachment

e+SkK —-> Sk +F

— Energy requirements are low (0.1 eV or less)

S
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GIS Theory
Summary, why is SF6 a Good Insulating Gas?

« Moleculeis large
* Electron Affinity
* Fairly high ionization potential

*The breakdown strength of air is dramatically
increased by the addition of small quantities of SF.

In contrast, air has only a limited influence on the
breakdown strength of sulfur hexafluoride. The
addition of 10 % of air by volume reduces the
breakdown voltage of SF6 by about 3 %, the addition
of 30 % air by about 10 %.

@EES

JOPES  orsssssssessssssseees & IEEE

Introducing Gas Insulated Substation

AlS
Up to 80%
space
saving
GIS
Protected against Higher reliability Less maintenance ITonger operating
environmental . . life (> 50 years)
. Higher equipment Better safety for
influences
costs personnel
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Part 1

*Design
Modular Structure

(EEEE S
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Three phase enclosure GIS (145 kV)

Control cabinet CB operating mech. Control cabinet CB operating mech..

Busbar w. disconnect Cable sealing Busbar w. disconnect  Cable sealing
rounding switch end & grounding switch end
@EE * Module w disconnect & grounding switch
[CFs  o——m & IEEE

12



Single phase enclosure (>245 kV)

Busbar  Disconnector Cable Disconnector
Current Transformer Connection Current Transformer
Circuit Breaker Circuit Breaker

@EES

Power & Encrgy Society® IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
Modular Structure (schematic)
© Circuit breaker © Cross module © Extension © Termination © Voltage

modules modules transformers
_ © three-phase © Cables

© single-phase " © Current
@ @ © Transformers transforers
=

© Expansion joint © Splitting module © QOutdoor ", © Surge arrester
1/3-phase bushings

( PES
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Circuit Breaker Module

_____ |  Circuitbreaker
mechanism

Post insulator

Interrupter unit

Post insulator

IEEE/PES Substation Committee- GIS Subcommittee

Grounding
Contact

Disconnect
Contact

- ,_JE Air insulated

- disconnector

IEEE/PES Substation Committee- GIS Subcommittee
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Current Transformer

Secondary terminal
housing

Grading electrode

Inner electrode
Conductor / primary winding

Cores with secondary winding

Base plate

]:l Cast resin insulator

@EES
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Voltage Transformer

Iron core

Primary winding

Bushing

@'PEEES
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Outdoor Termination

Outdoor bushing

Adapter housing

Angle module

Transformer Termination

— Bl s
‘I“'"ll:rl Conductor 0 ‘, " 4
= Shield -
Coam B
Intermediate plate = ‘ l

16



Cable Termination

Plug-in type contact

v

—— Epoxy resin socket

Silicone rubber

@EES
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Surge Arrestor

Cast resin epoxy insulator

Spring contact

Access cover with pressure relief
device and filter

Grading hood
Enclosure
Metal-oxide resistors

Supporting tube

Gas pressure/density monitoring

Electrical monitoring device

(EEES
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
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Sealing Systems

O- rings and sealants to provide gas tight systems

Sealant  Flange SF6 Side AirSide

/N oS

- ’
/) \GIS / / AO Ring /]
Enclosure £/ / i
| < |
SF6 Gas Insulating
Side Spacer GIS Enclosure

The leakage rate from any single gas compartment to the atmosphere shall not exceed 0.5 % per year.*
Practical experiences to the today’s design of GIS show leakage rates as low as 0.1 % per year per gas
compartment.

("EEE *IEEE Std C37.122 - 2010, IEEE Standard for High Voltage Gas- Insulated Substations Rated Above 52 kV
k@ IEEE/PES Substation Committee- GIS Subcommittee @. I E E E
Power & Energy Society®

Content

*Testing
*Operations
*Maintenance
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7
Production (Routine) Tests
Pressure, Mechanical, Dielectric, Resistance, Thightness

g —

High-Voltage AC Testing 1000 kV test stand
Example: GIS Bay 300 kV

( PES
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4
Operations

+ Equipment thermal loading

* Reclosing philosophy

» Disconnect and ground switch position (viewports)

» Interlocking

* Remote/local operations (control/marshalling cabinet)
+ Alarms

S
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Operations
Disconnect Switch Position Indicator

v N

(—

Power & Energy Society”

IEEE/PES Substation Committee- GIS Subcommittee
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Operations

Manual Operation and Pad Lock

( PES
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4y
Operations

View Port with Endoscope/Video Camera

Disconnect switch
shown in open and
closed position through
aview port camera

A IEEE/PES Substation Committee- GIS Subcommittee
Power & Energy Society®
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Maintenance/Inspections

» Time Based Intervals
» Load Depended Intervals
« Condition Monitoring Based Intervals

( PES $
\ k/‘e . IEEE/PES Substation Committee- GIS Subcommittee 4 I E E E
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Maintenance
Progress of Maintenance/Inspection Activities

40
Inspection interval dependent on the

=35 T real years of service conditions

§30 | i
25 +
[ 20 4
c 15 4
o 10 +

T T T 1
1 2 3 4
Generations of gas-insulated switchgear
during the past 45 years

rv

t

ction in

Insp
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4
Condition-Based Maintenance

* Routine Inspection
—  External visual inspection of the GIS installation
+ Status of gas density monitors
+ Condition of gas seals and operating mechanisms
* Integrity of ground and other connections
* Number of operations
In intervals of two to five times a month, depending on
operating conditions.

» Condition-Based Maintenance

— Only required after an internal fault or if maximum number of
operations has been exceeded.

— Both are extremely rare!

EEE
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Part 1

o Control

Indications

Alarms

Operating controls
Interlocking/ Blocking

@ﬁzs
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Y -
Control

Digital bay
controller

Hardwire with
electromechanical
relays

v I
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Control - Alarms

Typical alarms:

o Supply power CB open o Voltage Transformer secondary fuse or CB
o CB spring charge time exceeded open

o CB spring discharged o Gas under/over pressure alarms

o CB trip cail failed o Gas monitoring plug disconnected

o Operating time of switch exceeded o Bay controller status( healthy, out of service,
o Switch not in end position(abnormal in programming mode, etc.)

position alarm)

( IEEEE S
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Content
Part 1

o Monitoring
« SF6 Gas Density Monitoring
 Circuit Breaker Condition Monitoring
 Partial Discharge (PD) Monitoring
* Arc Location Monitoring
» Surge Arrester Monitoring
* High Voltage Detection System

(HVDS)
G
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SF6 Gas Density Monitoring

HGIl
nG2
HG3
HG4
G5

Gé

A typical GIS bay's gas zones are shown. Some gas zones are more critical than
others; for instance a certain gas pressure/ density is critical for correct operation
of the circuit breaker.

(EEEE S
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SF6 Gas Monitoring — Pressure Monitoring

Frassus i P2 Dty kgt

'l o1
4 ] e
__ Pressure ‘f% =
switch . e o e v
Pressurized
zone .

Connects to
gas
compartment

The simplest way to monitor density is to measure pressure with a simple pressure switch and
make a conversion using a chart. Inherent issue with this method is that pressure changes
with temperature and for environments where there are large fulgurations in temperature, the
measurements can be inaccurate. Pressure monitoring in these cases may also lead to false
alarms and incorrect interlocking functions. The newer versions of the pressure monitors have

a temperature compensation function eliminate some of these issues.

@Es
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Part 1

Installation and Commissioning

A Preparation
B Installation steps
C Commissioning and on-site testing

( PES $
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4
Preparation

3 - Requirements:

EHS instructions
Qualified people
Clean environment

Drawings and diagrams

Tools and materials on-site

( PES $
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Installation steps - aligning the GIS

Check for clean floor and that
components are damage free

Determine longitudinal and lateral
axes

y | Mark GIS set up points

Assemble GIS bay by bay

@EES
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Installation steps - flange treatment

Insulators are not damaged

Flanges are scratch free

Cleanliness matters!

@EES
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Commissioning and on-site testing

High voltage impulse testing

Voltage divider

Impulse generator

Lightning impulse test
additional to power
frequency test for > 245
kv GIS

Alternative if no partial
discharge measurement
possible

Detects peaks on
conductors and loose
particles

e
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Part 2

*Specification
Documentation

¥ IEEE
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Major Specification Content Areas

* Detailed One-Line Diagram

*  General Arrangement of Equipment
e Primary Equipment Data and Ratings
*  Gas Zone Configuration

* Secondary Equipment Data

*  Engineering Studies

e Logistics Studies

e Test and Inspections

e Standards and Regulations

*  Project Deliverables

e  Other Project Specific Requirements to Consider

Detailed information and check lists for the specification of GIS can be found in IEEE C37.123 Annex A

(EEEE S
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48
Detailed One Line Diagram

One-line should show the following equipment:

*  High Voltage Circuit Breakers

¢ Current Transformers

*  Primary Disconnect Switches with Operator
Type

¢ High Speed Ground Switches with Operator
Type

¢ Grounding Switches with Operator Type

¢ Voltage Transformers

*  Main Buses and Lines

¢ Terminal Interfaces (i.e. Cable terminations,
SF6 Gas-to-Air Bushings etc.)

*  Gas Barrier Insulators

*  Surge Arresters

*  Removable Bus Links

One-line should be drawn in a semi-physical
orientation

(EEEE S
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General Arrangement of Equipment

*  Prefabricated, factory assembled, tested, and
shipped in the largest practical assemblies

«  Sufficient space and access areas for ready
removal and reinstallation of each
component

¢  Optimized arrangements to reduce
installation time, provide ease of operation,
minimize maintenance and repair costs, and
facilitate future additions

*  All gauges, viewports, and gas fill points
readily accessible and viewable by
maintenance personnel

*  Give special attention to the connections
between the GIS and other components of
the network overhead lines, transformers,
cables etc. can have major impact on the
overall layout and cost

Power & Energy Society”

— ”
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Primary Equipment Data and Ratings

‘Carcuit Sraaners

Raled maximum voliage Rineg 3% -cennne
rpose or ast ransien recovery voltage rz

fimes” per ANSIIEEE C37.05.1,
oR
XXX KV for “general purpose” par ANSUIEEE
CmE

Rated e  £yeies on 3 60 iz basls

Raled minimum eurrent. all breakers XIRKA

Raled chort-ciroull breaking current 30X A T8,

Ratea ciceing and [aning coment XX KA pEak

Rated opersling sequance

DUty Cyoie -1 CO-260
where i = 0.3 secord,
anatz - 3 mnues

Raled Capacnive SWIThing CUTents

1EC 60056 Tabie 5

Number of mesnanizal operatins

10,000 {minimr)

NumDEs of 1p o0ils

X

TRV, 210 1ime I paak @100

00K KV JOUK MIGTDSECaNDs

TRV, and time ta peak @TED

TRV, ana tine ta paak @730

2

TRV, and e ta peak @110

s

“Cibang resiior (1 reqUIres). r2EItante ang
Inertion time

3 onm; 2% mlcrasecands

Dmsconnect swifcnss

RtE MU cuent, 3l GEconnec XIHRAA
Raled Shoriine Winstand curmen: XA
Raled peak wnstand cument KX KA

Rated durafion of short ckcul

1 sesong

Meonanical enaurance.

1,000 Bycies (minimum)

Groundng Switches
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General Criteria

GIS Equipment Ratings and Service
Conditions

Enclosure Design - Single Phase or Three
Phase

Specific Equipment Requirements
Circuit Breakers

Disconnect Switches, Grounding Switches
and Operators

Gas System and Gas Zone Configurations
Current Transformers

Inductive Voltage Transformers
Metal-Enclosed Surge Arresters

SF6 Gas-to-Air Bushings

GIS to Cable Connections

GIS to GIB/GIL Connections

Power Transformer Bushing Connections
Local Control Cabinets and Marshaling
Cabinets

Ladders, Platforms, Stairs, and Walkways

IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
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Primary Equipment Data and Ratings

¢ The manufacturer should provide a breakdown of the
primary equipment specifications in the preliminary
engineering budgetary proposal and the final proposal

*  The manufacturer should provide a full set of ratings for
the primary equipment

¢ The manufacturer should provide complete fill-in data on
all specified components

*  The user and manufacturer should meet to reconcile all

user requirements with the manufacture's proposed
design

@Fﬁs

Disconnect Switch Example

User Requirsments | Supplier Proposal

Faied lFwave Valage

croes The apen gap (A7 Pak

Tower Fequency - one | ¥ ) mintie wilsand
voltage:

rozs The apen gap (0 )

TurEer o open-Case aperaions before
inspection or senvicng
Wi Gontrol vaTge (VD]

T conta woage (VX

Totor Current. Stardron (7]

TatEd pesk WRETEng Curmet (06 ()

= CarmEnt (A )

Weimum spening cun=t (&) 1 raied
voltage

TWesami dasig carrent (]

Feater poner per tres (3] pale swich (1]

e Garrent camying Coniact marenal

Tiszs waters] and specheatan

ontact

Prating rateral

Grirol daia for opersting mechanism

Dperating e &)
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Gas Zone Configuration

i

Ability to calibrate density monitors without de-

energizing the equipment

3-in-1 enclosure = three-phase gas pressure and density

monitoring; single-phase enclosure = single-phase gas

pressure and density monitoring

Leakage rate of SF6 gas from any individual gas

compartment and total leakage from GIS system not to

exceed 0.1 percent per year

Connections for a gas density relay/monitoring system,

gas handling equipment, moisture detection

instrumentation and fittings to permit the addition of

SF6 gas while GIS components are in service (energized)

Each gas zone with a switching should be furnished with

a gas density monitoring device

—  Firstalarm - Low gas density (nominally 5-10 percent below
nominal fill density) to local annunciator and to user's
SCADA RTU
—  Second alarm - Trip circuit breakers associated with the

affected gas zone before minimum gas density to achieve
equipment ratings is reached and block closing of circuit
breakers associated with the affected gas zone

e

L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
Power & Energy Society®
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Gas Zone Configuration

workzZone

Work Zone

Designed in the same manner as
dead tank SF6 puffer and arc assist
circuit breakers that are used in air
insulated substations
All gauges, counters, and position
indicators should be readable by
an operator standing near the
equipmentat floor level
Provide for onboard condition
monitoring systems and
transducers to monitor:

- Timing

- Travel

- Mechanism pressure

—  Trip and close currents

—  Auxiliary DC supply voltage

—  AC phase currents and voltages

—  Auxiliary switch positions

—  Circuit breaker bay temperature

—  SF6gas density and pressure
Cumulative 12t calculation

Mechanism charging motor to be a
universal AC/DC motor, field
selectable

@Es
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Circuit Breakers
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Inductive Current Transformers

Disconnect Switches, Grounding Switches
and Operators

Disconnect switches and grounding
switches, gang and motor-
operated, non-load break, with one
operating mechanism per three-
pole switch

Provisions for bypassing electrical
interlocking scheme between the
disconnect switch and the
grounding switch to facilitate
voltage and current testing of the
internal parts of the GIS without
removing SF6 gas or opening the
enclosure

Viewports accessible from the
floor by personnel

If not then dedicated optical
cameras at each viewport with
viewing monitor and cabling system
Furnish maintenance platforms,
ladders, and/or stairs to access all
of the viewports

@Es

Power & Energy Society”
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Current/Voltage Transformers

Inductive Voltage Transformers

Current transformer secondaries
terminated to six-point shorting
terminal blocks in the Local Control
Cabinets

Each current transformer able to
be tested without the removal of
gas

@Es

Power & Energy Society”

Inductive voltage transformers to
have an electric field shield
between the primary and
secondary windings to prevent
capacitive coupling of any transient
voltages

Voltage transformers fabricated to
mitigate the possibility of
ferroresonance during operation,
with provisions for damping
equipment

IEEE/PES Substatio ee- GIS Subcommittee
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Metal Enclosed Surge Arrester / Bushings

SF6 Gas to Air Bushings

. Provide surge arresters to protect
underground cables connected to
the GIS from impulse surges

*  Arresters connected to the SF6
cable sealing end at the junction of
the cable connection

¢ Insulation coordination studies to
ensure proper surge arrester
application

SF6 Gas to Air Bushings

¢ Internal metal shields installed in
the bushing cylinder to control
electric field distribution

*  Each gas-to-air bushing to have its
own gas zone and gas density
monitoring transducers,
transducers accessible from the
ground using a step ladder or
improvised platform

(EEEES
L IEEE/PES Substation Committ @ I E E E

- GIS Subcommittee
Power & Energy Society®

Cable Sealing End Terminations / Transformer Terminations

Cable Sealing End Terminations

*  Removable link or plug in
connector that allows current
transfer from the cable conductor
to the GIS conductor, so that it can
be disconnected from the GIS when
testing is performed on either the
GIS or the cable

¢ MOV arresters across cable to
sealing end interface

Transformer Terminations
*  Appropriate grounding
connections across the flanges of
the transformer termination
module
*  Expansion joints to compensate for
the following:
—  design tolerances of the facility, the
building and the transformer
—  one-off movements caused by differences
in the settling of the transformer and
facility foundations
—  thermal expansion of component

Power & Energy Society”

enclosures.
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Gas Insulated Bus / Walkways, Ladders and Platforms

Gas Insulated Bus

*  Expansion joints between
individual bays

*  Proper grounding across flange
and expansion joint connections

=

Walkways, Ladders and Platforms

*  Provide detailed drawings for
platforms, stairs, walkways and
ladders for safe, efficient access to
all viewports, actuator
mechanisms, switch operators, gas
density monitoring equipment,
etc., for maintenance and
operations personnel

' q
@Pes
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
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———————
Local Control (LCC) (Marshalling) Cabinets and
Secondary Equipment

*  One local LCC for each circuit
breaker bay

*  Marshaling cabinets may also be
required as intermediate
termination locations between the
GIS and LCC and LCC and the
substation control room

*  Rear access door all external
cabling terminated in the rear of
the cabinet

. Protection/Control and Monitoring
Requirements

*  Logic Diagrams for Numerical
Relays

*  SCADA Interface Points

*  Wiring Connections and
Interconnections Requirements

¢ Annunciation and Alarms

e AC Station Service

Alimic Bus Diagram ) _ o
@J’IEEEES
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
Power & Energy Society®
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Interfaces

*GIS = Air

*GIS — Cable

*GIS — Transformer
*GIS - GIS

@iﬁ AT <9 |EEE

GIS Interfaces

* GIS Interfaces are used to connect the GIS to other
components in the substation and the connecting
network. The following interfaces are available:

— GIS to air by bushings

— GIS to cable

— GIS to transformer

— Connecting new GIS to existing GIS

D)

‘
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Standards concerning GIS Interfaces

IEEE C37.017 GIS Bushing to air

IEC 62271-209 Direct connection of GIS to fluid filled or dry type cables
IEC 62271-211 Direct connection of GIS to transformers

IEEE C37.122.6 Interface of existing GIS to new GIS

CIGRE TB 605 Recommendations for plug-in, dry type cable connectionto GIS

(EEEE S
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
Power & Energy Society™

GIS to air bushing interfaces

3-phase interface 1l-phase interface

@Es

IEEE/PES Substation Committee- GIS Subcommittee
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R
SF6 to air bushing

... or on supporting frame and GIB trunking

. - : =)
@Pes
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I
GIS to cable interfaces

3-phase interface 1-phase interface

(EEEES
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
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I
GIS cable connection

‘Conus of the cable end GIS enclosure of cable interface  Cable interface principle

(EEEE S
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
Power & Energy Society™

GIS to transformer interfaces

3-phase interface 1l-phase interface

IEEE/PES Substation Committee- GIS Subcommittee

Power & Energy Society”
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GIS transformer connection
SF6 to oil bushing interface

\ ( . e )
\ \1\\\- n A \ '
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L IEEE/PES Substation Committee- GIS Subcommittee @. I E E E
Power & Energy Society™

I
GIS to GIS interfaces

Between same Between different
manufacturer manufacturers

(‘Eiss $
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GIS Evolution & Future Development
—GIS - Futher Seize Reduction
—GIS — Low Power Instrument Transformers
—GIS — Alternative Insulating Gases

)

‘
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GIS Size Reduction
Progress of GIS Development (145 kV)
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GIS size reduction over a 47 year period

Amount of SF4 has been reduced by about 70%

47 years in service State of the art
GIS 123 kV, 31.5 kA GIS 145 kV, 40 kA

¥ IEEE

Conventional and Low-Power Instrument Transformers

for High Voltage GIS

Conventional Technology Conv. inductive Conv. inductive
Current Transformer Voltage Transformer

Low-Power Instrument
Transformer ( ) GIS integrated sensors

Technology i \ Rogowski Coil
(current measurement)

Electric Field Probe,
Capacitive Electric
Voltage sensor
(voltage measurement)

.m@’ - ®|EEE

42



Low-Power Instrument Transformer (LPIT) Technology
reduces dimensions and weight of the GIS

Conventional (inductive) Low-Power
Measurement Technology Reduces: Measurement Technology

~90% of
instrument
transformer
weight

~ 15% of
GIS height

SFg amount

i@’;‘fﬁ ammeeeeeeeeeee. ¢ IEEE

Alternative gases to SF, &

Status today t 4

SF¢ has excellent electrical characteristics
- Potent greenhouse gas with a high GWP

There are no restrictions so far on the application of SFg in HV
-> Included on the list of the fluorinated substances in the Kyoto
protocol and the EU-F-Gas-regulation 517/2014

Responsible gas-handling only with state-of-the-art equipment
-> Less preventive actions of gas handling preferable

@is e & IEEE
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Characteristics of different gases for GIS

WU
Q9 o
PR 10 o _
L » §®
/ @
Sulfur-hexafluoride Clean-Air Fluoronitrile  C5-Fluoroketone
N, + O,
Chem. formula SFg (80% / 20%) (CF3),CFCN | (CF3),CFC(O)CF3
i CO,-equivalent (GWP) 22.800 0 2.210 1
© | Bailing point -64°C <-183°C 5°C +27°C
E Dielectrical strength 1* 0.43 2.2 1.7
pure or in .
) P ] N, + O, - ~90% O, with N,
= Background gas(es) combination with (80% / 20%) 90% CO, or CO,
g N,, CF,
€ CO,-equivalent (GWP) < 22.800 0 ~ 380 <1
@
[0} Lowest operation temp. -30°C - 30°C ~-25°C 0°C to +5°C
- Hydrogen fluoride, : . . i
o Decomposition ST eI, ST If zﬂ;ﬂlﬁi:)_::esgégne Amongsép;h_zr:.;aélr);)newtf)lng?ge, carbon
. & products compounds itric oxi ioxide, hydrogen fluoride
S8 Hazard hen
é = g Toxicity of inhaﬁzzr c‘;iss;vs i No decomposition | Hazardous when inhaled, causes skin and
gs¢ decomposition products T e)’,e imitationd) products eye irritation
K’ 3§ 1 All Safety measures are defined and implemented
IEEE * Relative dielectric strength, standardization on SF,
@PEs &
SGPES >IEEE
Different gases - different gas handling procedures From

GIS Service Car

One Gas Monitoring

to
GIS Service Fleet

Multiple Gas Monitorin

EIEElE]
¥ IEEE
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Further steps to establish alternatives to SF,

Users and manufactures need to be aligned on a SF4 alternative solution
considering also gas handling procedures

Further elaborations on technical parameters within working groups

such as
rema  @oge TS, )
Electric T&D WG D1.51 Gases for Switchgear TC17 AHG 5
SF; Coalition

Experiences with pilot projects to be evaluated

W@”&S e & IEEE
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Part 2

GIS Next Step

*GIS - Clean Air Insulated
*GIS — Vaccuum Switch Technology

( PES
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
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R
SF, Alternatives —
Key Advantages Vacuum Switching

v Short circuit breaking performance equivalent to SFg

v High mechanical (M2) endurance (less drive energy required)

v Enhanced electrical endurance because of lower contact wear
-> arc voltage & arcing times of Vaccuum Circuit Breaker (VCB) are
significantly lower
-> number of possible VCB switching operations is significantly higher

SFg Self-compression CB HV VCB (with Axial magnetic field contact)

Arc-contact Contact High-speed imaging /13 ps exposure time
system system &
Culy CuCr

Diffuse arc before current 0-crossing (~ 10 kA)

o —

High-current discharge (~ 60 kA)

m@_’iﬁ ammeeeeeeeeeee. ¢ IEEE

Vacuum interrupter —
Development of product / production technology

million
pieces

one.<hotbrazig echnoiog DIDDDDD

1970 980

2000 2010

1971

2010
First serial manufacturing Introduction
BB T (G 2 More than 40 years of operational experience in the field of medium voltage S RS

applications for 725 kv

2016
Introduction of 145 kV
portiolio with

More than 5.5 million vacuum interrupters ered only from Siemens EELL) [T
for up to 72.5 kV
and up to 145 kv

( PES $
L IEEE/PES Subst: mmittee- GIS ommittee 4 IE E E
Power & Energy Society®



Vacuum interrupter technology —
Operational and environmental value

For more than 40 years successful operational experience in medium-voltage,

since 2010 in high-voltage

" High reliability

due to the hermetically tight vacuum interrupter,
eliminating any influence of decomposition products

" High performance

Perfect for frequent switching applications: Excellent interrupting performance at rated
nominal current and rated short-circuit currents throughout life-time of the vacuum

circuit-breaker, up to 30 short-circuit interruptions

" Perfect for low temperature

No liquefaction of switching medium

“ No maintenance

Maintenance free due to sealed for life technology; no spare part costs

“ No CO.,e emissions

Switching media (vacuum) with GW P=0;
no CO,e emissions during operation, maintenance or recycling

o2 NEUTRAL

(@5 &
\x/ IEEE/PES Substation Committee- GIS Subcommittee 4 IE E E
Power & Energy Society™

T
GISup to 72.5 kV / 25 kA

Technical data
[Switchgear type.

Rated voltage
Rated fraquency

BVM1

lupto

725k
s0Hz

Rated short-duration power-frequency wihstand voitage (1 min)

upto

140 kv

Rated lightning impulse withstand voitage (1.2 50 ps)

£

Rated normal current
Rated short-crout breaking current

upto
vpto

1250 A
%KA

Rated peak withstand current

upto

6akA

Rated short-tme withstand current (up to 1)

jupto

EETY

Leakage rate per year and gas companiment (type-tested)

<01%

Driving mechanism of crouitbreaker

stored-energy spring

Rated operating sequence

003 5-C0-3 min-CO
€o-155-CO

Interrupter technology
Insulation medium

Vacuum

Clean air

Weight of S, or other flourinated greenhouse gases
GWP Global Warming Potental
O equivalent

Okg
[
kg

Rated fling pressure
Bay with common pole drve

0.5 MPa abs
1050 mm

Bay hight, depth (depending on bay amangement)
Bay weight (depending on bay amangement)

2330 mm x 2600 mm
16t

Ambient temperature range

30°Cupto 445 °C

Installation
First major inspecton

Expected Ifetme
Standards.

Insulation medium Clean Air

Vacuum circuit breaker

m@iﬁ ammeeeeeeeeeee. ¢ IEEE
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Blue GIS 145 kV /-
Example with Low-Power Instrument Transformer

1 integrated local control cubicle

2 Circuit-breaker with vacuum interrupter

3 Spring-stored-energy operating with circuit-breaker control
unit (common drive)

4 Busbar I with disconnector and earthing switch

5 Busbar il with disconnector and earthing switch R
6 Low-Power Instrument Transformers (LPIT) 1

7 outgoing module with disconnector and earthing switch =

8 Make-proof earthing switch (high speed) Opf

9 Cable sealing end

The design is modular using SF6 platform components ensuring all substation grid configurations.
i igher than that of SF6 145 kV GIS.

The gas pressure amount to 6.9 bar, which is onl

( PES
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E

Power & Energy Society”

References Blue Products
15 bays in operation, 284 bays ordered

$48K\Blue Circuit Breakers, DT
Soiered

Status 10.11.2018

¥ IEEE

ttee- GIS Subcommittee
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T
Next steps of

Blue Products and Vacuum Switching Technology

Vacuum switching technology up to 420/550kV, nominal currents
4000A, short circuit currents 63 kA for 50/60 Hz in foreseeable future:

First successful high-power & dielectric tests on single-break prototype VI for next SF6-free products for 245 kV & higheras series connection of
Vis

VI170 kV /50 kA and 245kV/ 63 kA 170 kV VCB: Diffuse AMF vacuum arc at 20 kA peak

@is e & IEEE

Next steps - Blue Products Roadmap

AlIS- AIS- $
Instrument Live-Tank ‘:’
Transformers  Circuit Breakers Gas-insulated switchgear
CO, NEUTRAL
l[ 245 kV blue AIS & GIS
[ —

SAS blue > i 420 kV blue AIS & GIS

SVS blue Live Tank

SVAS blue blue

2017 2018 2019...
@ 72,5kV AIS 3AV1, EU (2010) @ 72,5kV GIS 8VM1 blue Windtower, DK
4@ 145KV AIS 3AV1 & SVAS blue, DE (‘18) @ 145KV GIS 8VN1 (119)
245 KV Instrument Transformer, blue, DE (‘18) @ @ 245kV CB ('22) & GIS blue ('23)

@ 420 kV Current Transformer, optical, DE 420 kV Instrument Transformer, blue ('20) @ 420 kV CT, optical (20)
4@ 420 kV CB ('24) & GIS blue ('25)

@*“Es & IEEE

Power & Energy Society”
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Gas Insulated transmission Lines
(GIL)

Introduction

Design Features

Development and Manufacturing
Typical GIL Layout

Installation and Commissioning
Monitoring

mmooOw >

@Es
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Introduction to GIL

Length 17 km — PP9 Saudia Arabia System Length 1 km - Palexpo, Switzerland
Longest 420 kV GIL installed in the world Underground Part of a GIL/Overhead Line

= | xiluodu, Sichuan, China | Jinping, China |
FEEE
e

IEEE/PES Substation Committee- GIS Subcommittee
Power & Energy Society®
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Technical Data GIL

Rated voltage 245 kV ... 550 kV
Impulse voltage .. 1.675 kV
Rated current 2.000 ... 5.000 A
Rated short time current 62kA/3s
Rated Power up to 4.700 MVA
Capacitance per length 55 nF/km
Overload capability 100 %
Insulating gas 0-80 % N, / 100-20 % SF,

IEC 62271-204 High-voltage switchgear and controlgear —
Part 204: Rigid gas-insulated transmission lines for rated voltage above 52 kV

|IEEE C37.122.4 Application and User Guide for Gas-insulated Transmission Lines (GIL),
Rated 72.5 kV and Above

(EEEE S
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
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GIL Principle Structure

 Standardized Modules

* Flexible Technical Solutions
* Fast Assembly and Laying

@Es

Power & Energy Society”

¥ IEEE

IEEE/PES Substation Committee- GIS Subcommittee

51



Straight Unit

* Typical length of 120 m
* Bending radius down to 400 m

enclosure

inner conductor
conical insulator
support insulator

5a male sliding contact
5b female sliding contact

A WN P

5b 5a 3 4 1 2

(EEEE S
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
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Angle Unit

* For directional changes
* Flexible angle from 4° to 90°

S

1 enclosure

2 inner conductor

3a male sliding contact
3b female sliding contact
4 conicalinsulator

5  supportinsulator

I Length: 10 x 12 m =120 m_'l

%—\\
o

3b 32 4 1 2 5

@Es
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Disconnector Unit

* Separation of gas compartments

* Connection point for sectional
1 enclosure

commissioning of the GIL 2 inner conductor

* Location of the decentralized monitoring i

4 conical insulator

units 5  supportinsulator

Lenght: 120 m

— l-rr“ _________ S

30 32 T e — e— 0152 — e— w— D —

(EEEE S
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Compensation Unit

* Compensation for the thermal expansion

enclosure
of the enclosure

inner conductor

male sliding contact
female sliding contact
conical insulator
flexible connector
compensator bellow

r | 7

* Flexible connectors are leading the current

oOUAWWN P
T o

@Es
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High Quality Automated Arc Welding

(‘E“Es
\x/ IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
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Tunnel Laying Process

- i

I ! . - : . 1

JHE o (T
Singl_e line 1 Delivery and supply of
drawing prefabricated elements

2 Mounting and welding
3 Threading of the GIL in the

tunnel
4 High voltage test

- 3
@)
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Directly Buried Laying Process

@ﬁzs
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Shipping and Transportation

Delivery
Transport Units

( PES
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Installation and Commissioning

Shaft Welding Tent in the Tunnel

7

|
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\x/ IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
Power & Energy Society™

Application of GIL in a Cavern

* Schluchsee, Germany

* Ratings
U, 420 kV
I 2500 A
U 1640 kV
I 53 kA

* Single line, physical arrangement
GIL laid in a tunnel through a mountain
Connection of cavern power plant to the overhead line

@EES
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Applications of GIL in a Cavern

600 MVA Transformer
Encapsulated Surge Arrestors
Transfer Switching units

GIL Connection
Open Air Surge Arrestor
Overheadline

1
2.
3.
4.
5.
6.

IEEE/PES Substation Committee- GIS Subcommittee
Power & Energy Society®
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Application of N,/SF, Gasmixture GIL

in a Tunnel
PALEXPO, Swiss

Commisioned: 2001

The GlL s laid in a tunnel of 500m lenght
using 700 m bending radius.
It is part of overhead line
at the airport of Geneva.

u, 300 kV
, 2000 A
Ugy 850 kV
I, 50 ka

@Es
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Applications of Direct Buried GIL

Joshua Falls
installed in 1978
Length 1640m

U, 145 kV
l, 2000 A
Upy. 650 kV
I 63 KA/3 s

To minimize the overall visual impact of a new station, GIS was
chosen for the switchgear and two GIL line exits were direct buried to
overhead line access points away from the main GIS equipment.

(EEEE S
L IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
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Application of GIL Above Ground

PP9 1200 MW Combined Cycle Plant in Saudi Arabia, near Riyadh

total length of about 17 km

U, 420 kv
I 1200 Aat 55 °C
U 1425 kV
2 Upr 630 kV
/’ %% R I, 63 KA
IEEE AT
N@‘éﬂg\r&i' IEEE/PES Substation Committee- GIS Subcommittee @ I E E E
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Applications of GIL in Hydropower Station

Huanghe Laxiwa

U, 800 kV
I, 4000 A
Ugy. 2100 kV
Us. 1550 kV
I, 63 kA

4

b =
@Pes &
L IEEE/PES Substation Committee- GIS Subcommittee 4 I E E E
Power & Energy Society™

T
Application of GIL in a Hydro Dam

; Rated Voltage 550 kV Rated Current 4500 A
Xil IL :
n Ogggi%nc;nce 2013 |Rated Impulse- Rated Short-Time-
withstand Voltage 1675 kV withstand Current 63 kA, 3 s
Single phase length app. 12.750m; 480m vertical shaft in each circuit

59



In operation sinc

2013

U, 420 kV

I 3150 A ;/;1:1‘,1:(’ m?:\::r::?;delnfrzgn the connection
Ug,. | 1425 kV

U, 420 kV

-

radius of GIL.

@J’EEES &
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/—' View into the tunnel with 400 m bending Transition section GIL to overhead line.
|

== Application of GIL Direct Burid with Gasmixture

420 kV Kelsterbach Transmission Line

Customer: Amprion GmbH Amprion
| ocation: Airport Frankfurt am Main
Type: Buried Installation

Single phase length: 5.400 m
Date of operation: 2011

max. Power Rating: 2 x 2000 MVA

Operational power: 2 x 1800 MVA

Rated voltage: 420 kV

Rated current: 2750 A

Short time current: 63 kA, 1s

Rated impulse

ithstand voltage: 1425 kV

ey buying factor:  Buried installationtechnology,
smalltrench width,
transmission capacity

Challenges: World’sfirst buried GIL using N2/SF6
and on-site assembly process
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Hermann Koch
IEEE Fellow

Dr. Koch's first professional association was with research on particle discharge measurement
methods for non-destructive testing at Technical University Darmstadt, Germany which he
concluded with his Ph.D. degree in 1990. In 1991 he joined Siemens Germany, as high voltage
switchgear engineer for gas-insulated substations (GIS). In 1994 he became the responsibility
to design and develop the gas-insulated transmission technology (GIL) at Siemens. In 2001 he
was responsible for the installation of the world wide first GIL with N,/SF¢ gas-mixture at
PALEXPO in Geneva, Swiss. Since 2001 Dr. Koch has managed several GIL project installations
worldwide and is now engaged in developing the next step of this transmission technology for

DC voltages. In 2010 Dr. Koch received his IEEE Fellow in this technical field.

Dr. Koch is active in international standardization since 1992 in IEC as SC 17C Secretary , in
IEEE various chairmen in KO GIS Subcommittee, Substations chairman and member of the
IEEE-SA Board, in CIGRE member of B3 Substations and in Germany DKE related national

committees.

Dr. Koch has contributed with more than 30 patents and over 130 publications in the technical

field of gas-insulated technology. He has published IEEE books on GIL, GIS and soon on
International Standardization published by www.wiely.com

Dr. Koch’s research has opened new technical solutions for the applications worldwide of long

distance bulk power underground transmission.
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Attendees on the tutorial until today

Conference Location Year Attend
Substations Cc i Meeting Sun Valley, USA April 2003 20
T&D Conference and Exhibition Dallas, USA Sept. 2003 50
Substations Committee Meeting New Orleans, USA April 2004 20
PES General Meeting Denver, USA July 2004 10
Switchgear Committee Meeting Tucson, USA Sept. 2004 40
Substations Cc Meeting Tampa, uSA April 2005 20
PES General Meeting San Francisco (Panel), USA June 2005 30
|EEE Distinguished Lecturer Program | Dehli, Kolkata, Cheney, India August 2005 50
Substations Cc i Meeting Scottsdale, USA April 2006 15
PES General Meeting Montreal, Canada (Panel), USA June 2006 20
Substations Committee Meeting Bellevue, USA April 2007 15
PES General Meeting Tampa (Panel), USA June 2007 15
Substations Committee Meeting San Francisco, USA April 2008 20
T&D Conference and Exhibition Chicago (Panel), USA April 2008 100
PES General Meeting Pittsburgh (Panel), USA July 2008 20
IEEE DLP Lima, Peru and La Paz, Bolivia August 2008 50
|EEE DLP Pune, Kolkata and Kanpur, India | Sept. 2008 70
Substations Committee Meeting Kansas City, USA May 2009 15
PES General Meeting Calgary, Canada July 2009 10
UHV Test Base State Grid Beijing, China March 2010 40
T&D Conference and Exhibition New Orleans, USA April 2010 30
PES General Meeting Detroit, USA July 2011 10
T&D Conference and Exhibition Chicago, USA July 2012 50
ISGT Conference Berlin, Germany August 2012 15
IEEE PES ICPEN Arunachal Pradesh, India December 2012 | 45
|EEE PES Austrian Chapter Graz, Austria March 2013 45
|EEE PES Costa Rica Chapter San Jose, Costa Rica June 2013 55
|EEE PES El Salvador Chapter San Salvador, El Salvador June 2013 65
|IEEE PES GM Vancouver, Canada July 2013 10
IEEE PES CATON Kolkata, India December 2013 | 75
T&D Conference and Exhibition Chicago April 2014 65
Total | 1095
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Attendees on the tutorial until today

Conference Location Year Attend

Takeover 1095

T&D Conference and Exhibition Dallas, Tx, USA April, 2016 50
5 Total 1145
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Thank you for your attention!
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Thank you for your attention, are
there any questions?

m@’:ffm ammeeeeeeeeeee. ¢ IEEE

2\



