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IEEE Standards documents are developed within the Technical Com-
mittees of the IEEE Societies and the Standards Coordinating Committees
of the IEEE Standards Board. Members of the committees serve volun-
tarily and without compensation. They are not necessarily members of the
Institute. The standards developed within IEEE represent a consensus of
the broad expertise on the subject within the Institute as well as those
activities outside of IEEE which have expressed an interest in participating
in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE
Standard does not imply that there are no other ways to produce, test,
measure, purchase, market, or provide other goods and services related to
the scope of the IEEE Standard. Furthermore, the viewpoint expressed at
the time a standard is approved and issued is subject to change brought
about through developments in the state of the art and comments received
from users of the standard. Every IEEE Standard is subjected to review at
least once every five years for revision or reaffirmation. When a document
is more than five years old, and has not been reaffirmed, it is reasonable to
conclude that its contents, although still of some value, do not wholly
reflect the present state of the art. Users are cautioned to check to deter-
mine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any inter-
ested party, regardless of membership affiliation with IEEE. Suggestions
for changes in documents should be in the form of a proposed change of
text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning
of portions of standards as they relate to specific applications. When the
need for interpretations is brought to the attention of IEEE, the Institute
will initiate action to prepare appropriate responses. Since IEEE Standards
represent a consensus of all concerned interests, it is important to ensure
that any interpretation has also received the concurrence of a balance of
interests. For this reason IEEE and the members of its technical commit-
tees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal
consideration.

Comments on standards and requests for interpretations should be
addressed to:

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA

IEEE Standards documents are adopted by the Institute of Elec-
trical and Electronics Engineers without regard to whether their
adoption may involve patents on articles, materials, or processes.
Such adoption does not assume any liability to any patent owner, nor
does it assume any obligation whatever to parties adopting the
standards documents.
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Foreword

(This Foreword is not a part of IEEE C37.122-1983, IEEE Standard for Gas-Insulated Substations.)

The development of this standard began almost simultaneously with the application of SF6 gas-
insulated substations in the early 1970s. Its purpose is to assist both users and manufacturers in the
orderly design, development, and application of gas-insulated substations and gas-insulated substation

equipment,.

The standard was prepared by Working Group 70.1 on Gas-Insulated Substations of the Transmission
Substations Subcommittee of the Substations Committee of the IEEE Power Engineering Society.

In 1988 certain editorial comments were provided by the Gas-Insulated Substations Subcommittee,
R. Matulic, Chairman, of the Substations Committee of the IEEE Power Engineering Society.

At the time this standard was published it was under consideration for approval as an American

National Standard.
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P. R. Dolan A. A. Leibold R. F. Stevens
G. G. Flaig F. Lembo R. F. Swoish
M. M. Gordon K. E. Lewis E. R. Taylor
H. W. Graybill J. A. Maneatis B. A. Turpin
G. E. Heidenreich R. Matulic R. J. Wehling
L. S. Hews W. C. McCart W. J. Weston
N. G. Hingorani C. E. Zanzie

The Substations Committee of the IEEE Power Engineering Society that approved this standard had
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J. Sabath, Secretary
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J. D. Betz J. E. Holladay S. G. Patel
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P. R. Dolan P. Lolick J. Thorson
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L. J. Haycock D. C. Musgrave C. E. Zanzie

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:34:40 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.122-1983


http://www.avadocuments.com/doc/ieee-c37-122-1983
http://www.avadocuments.com/doc/ieee-c37-122-1983

The following persons were on the balloting committee that approved this document for submission to
the IEEE Standards Board.

W. J. Ackerman L. J. Haycock E. A Neal, Jr

B. Y. Afshar G. E. Heidenreich J. T. Orrell

J. D. Betz N. G. Hingorani J. Paolozzi

C. J. Blattner J. E. Holladay S. G. Patel

N. A. Bleshman M. L. Holm R. J. Perina

W. R. Block D. E. Johannson T. A. Pinkham, III

R. H. Bower A. P. Johnson E. S. Raila

G. T. Brecht, Jr D. C. Johnson W. E. Richard

R. A. Byron E. F. Jones B. D. Russell

J. B. Cannon G. Karady J. Sabath

J. W. Cheever R. P. Keil D. R. Schaefer

S. Cluts D. F. Koenig K. O. Sommer

F. A. Denbrock T. J. Kolenda R. C. St. Clair

W. K. Dick L. W. Kurtz, Jr J. G. Sverak

D. Dobbs D. N. Laird W. K. Switzer

P. R. Dolan K. P. Lau E. R. Taylor

L. N. Ferguson P. Lolich J. Thorson

D. J. Gaushell J. A. Maneatis R. J. Wehling

L. M. Gordon A. Matthey W. J. Weston

E. W. Griffin W. C. McCart R. M. Youngs

A. Haban C. Minshew C. E. Zanzie
P. R. Nannery

This standard was prepared by various task forces of Working Group 70.1. The personnel of the
working group at the time of completion were as follows:

C. E. Zanzie, Chairman W. H. Bower, Secretary

P. Barken H. W. Graybill R. Matulic

D. C. Beuttner A. P. Guaglione A. Mickevicius
N. A. Bleshman G. H. Hathaway J. P. Mieding

P. W. Bogner R. D. Hambrick P. R. Nannery
A. L. Bohlinger C. L. Hand E. A. Neal

P. C. Bolin G. E. Heidenreich D. Ostrom

D. B. Brah J. E. Holladay J. B. Posey

G. T. Brecht R. B. Jackson K. Pettersson
J. Buchsbaum A. P. Johnson M. J. Reilly

R. A. Byron D. C. Johnson A. B. Rishworth
T. F. Clark E. F. Jones E. C. Saksaug
S. L. Cluts J. G. Kern R. V. Snow

0. R. Compton H. C. Koehler H. E. Spindle
E. E. Conner J. J. Kolb W. R. Steinemann
A. G. Craig A. A Leibold J. G. Sverak

C. C. Crichton G. N. Lester N. Swerdlow

J. C. Cronin J. M. Linton A. Sweetana

F. S. Dodge P. Lolich R. F. Swoish

T. H. Dodds W. J. Lyon V. H. Tahiliani
R. Eriesson P. 0. Martin R. C. Thomas
L. M. Gordon J. A. Maneatis P. Tutein

F. F. Gray D. A. Mark W. Wilson

K. I. Gray A. Mateuchev G. S. Yarbrough

Liaison representatives were as follows:
D. J. Cash
J. K. Easley

J. M. Intrabartola
A G. Yost

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:34:40 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.122-1983


http://www.avadocuments.com/doc/ieee-c37-122-1983
http://www.avadocuments.com/doc/ieee-c37-122-1983

When the IEEE Standards Board approved this standard on March 17, 1983, it had the following

membership:
James H. Beall, Chairman Edward Chelotti, Vice Chairman
Sava I. Sherr, Secretary
J. J. Archambault Donald H. Heirman dJ. P. Riganati
John T. Boettger Irvin N. Howell, Jr Frank L. Rose
J. V. Bonucchi Joseph L. Koepfinger* Robert S. Seelbach
Rene Castenschiold Irving Kolodny Jay A. Stewart
Edward J. Cohen George Konomos Clifford O. Swanson
Len S. Corey R. F. Lawrence Robert E. Weiler
Donald C. Fleckenstein John E. May W. B. Wilkens
Jay Forster Donald T. Michael* Charles J. Wylie

*Member emeritus

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:34:40 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.122-1983


http://www.avadocuments.com/doc/ieee-c37-122-1983
http://www.avadocuments.com/doc/ieee-c37-122-1983

THIS PAGE WAS
BLANK IN THE ORIGINAL

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:34:40 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.122-1983


http://www.avadocuments.com/doc/ieee-c37-122-1983
http://www.avadocuments.com/doc/ieee-c37-122-1983

Contents

SECTION PAGE
DR 038 e Yo 11 U o« PP 11
) o)« - 11
B £ (3 =) (L=< U 11
0 07 (V19T ¢ 1= 13
1.4 Service ConditionS . ......vutittuiine ettt etiinneteeeriiainienseasensnnnanns 15

B 125 (Vo B ) ' I PN 16
2.1 Equipment Ratings. . ...ttt i i i ittt e it i 16
2.1.1 Temperature Ratings ............c.oiiiiiiniiiitiiiiiiiinereirananenaneeeaens 16

2.1.2 General Ratings ........ ..ottt i i e i it s 16

2.2 Barriers, Bus, Bus Supports, Enclosures, and Expansion Joints ...................o000a0 16

D/ T €= (=) - 1 [ e 16

b ) (o] [0 11 1 ) =t S U 17
22.3 Adjacent and Supporting Structures .............ov ittt 17
2.2.4 EXpansion JOINES . ... ... ottt iiie et eiia ettt iiiiiaaneaasaaaans 18
2.2.5 Electrical Requirements . ... ....coiuiiiiuntitinrtiintiiieeerietensnrennesenananens 18

2.3 Bushings and Transition COmMPartments ..........c.c.eeiuiruerreereneiernennanneeeceeees, 18
P20 20 B €13 (=) - Y O g 18
2.3.2 Bushing Requirements ...........c.oueeeerietiniiniiniinriiinroraeeeeensesnnenons 18

2.4 Insulating Gas—Requirements ...... ...ttt ettt 18
2.5 Gas Monitoring and Instrumentation .......... ...ttt 18
2.5.1 MOMILOTING . .ottt e e ieienitaranaaeeeaannnnnnns 18
2.5.2 Monitoring Device Contacts and Calibration ................ccoiiiiiiii e, 18
DT B 1Y < V- 19
P53 S 3 (- NI 19

2.6 Factory TeSting . ..\ttt ettt ettt et ettt ettt et et e et e 19
2.68.1 GeNETaAl. . ...ttt i i e et e e 19
2.6.2 DESIGN TeSES .o vttt it iiietreteeteeeseteeeeeeeetoesnninnisssnesesereeennnns 19
2.6.3 Production TeStS ... ... .itttit ettt etie e eineteeeeaesereeeanseernnorenannennnns 20

2.7 Installation of Gas-Insulated Substations —Requirements ..................c.ciiiiienn. 21
2.7.1 Shipment and Preinstallation Storage ............c.iiiiiiiiiiiiiiiiiiiiiiin 21
2.7.2 Access During Construction ...........c.c.ciiinniiiiiiiiiiriiiieiaareiineereanesnns 21
2.7.3 Temporary Protective COVEIS . ... ....uuttriinn ettt eiiaiinienerasasasanas 21
274 SPECIAI TOOIS . . ottt eet et ee st saisasiantnenneneasasssannnannns 21
2.7.5 Installation Drawings and Instructions ........... ... ... i il 21

3. Recommended PractiCes . ......cuiitiiiitiitit ittt rneenetnetnronssnseasonesnnssnnens 21
3.1 Equipment Handling and Cleanliness ............coiiiiiiiiiiiienriiiiiiainnenereneeenns 21
B 0 B =Y (V= - S U 21
3.1.2 Design Considerations for Ease of Maintenance or Repair .....................co00 21
3.1.3 Safety During Maintenance or Repair.......... ...ttt iiiiiiiiiiieaeiennenn 22
3.1.4 Environmental Considerations . ........c..ooininiiitiiiiitiiiniieienneerarnnaenans 22
3.1.5 Equipment Necessary At the Site ....... ... .. i ittt 22
3.1.6 WOTK Procedure . . ...ttt e it i et et etsenaesssietinsnaranenneans 22

32 Gas HaNAINg . . . ..ottt i e e 23
R 302 B 1= (U= - U O PSP 23
3.2.2 Service CONAItIONS . ..o vvvi ittt it iiee ittt ne s ieeeenetonanrensnessnnaananen 23

B2 20 B = 7 T J 23
3.24 Gas-Handling Equipment . ........ .o ittt 24
3.2.5 Filling GIS APParatus . ... .vvutunintiii e netaeaaeaaaeaeiiasnerteeassoanns 24
3.2.6 Removal of SFg From GIS Apparatus ..........cviiiiiiienenereneaninmeececneseenns 25
3.2.7 General PreCautions . .......uiuiinitiieerennenesnesneenosntnaesassnesananasaneens 26

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:34:40 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.122-1983


http://www.avadocuments.com/doc/ieee-c37-122-1983
http://www.avadocuments.com/doc/ieee-c37-122-1983

SECTION PAGE

B SOty . . oot e e e 26
331 General. ... e e e 26
3.3.2  Operation Precautions .. ........ ittt it e e 26
3.3.3 Safe Operating Procedures ...............iiiiniiiitiirriiiiieeee e iiiiiinnanens 26
3.34 Safe Maintenance and Repair Procedures........... ... ..., 26

34 Field Testing . ..ottt ettt e e e s 27
341 General. ..o e e e 27
342 MechaniCal Tests . ... .i ittt ittt e et e 27
34.3 Electrical TestS . . ...ttt e e e e e 28

3.0 NaAMEDIAtES ...ttt e 29
851 GONEIAl. .o e e e 29
3.5.2 One-Line Diagram Nameplate. ... ..... ... ... . iiiiiiiiiiieereererrnerannnnnannns 29
3.5.3 GIS Ratings Nameplate ...........o ittt et eeniaaanannans 29
354 Equipment Nameplate ... .......... . iiiiiiiiiiiin et iiiiierat e iiaanaaannn 29

4. GUIAS . . ottt ettt e e e e 29

T N 4 0 (=35 (1) PRt 29
411 General. ..o e e et e e 29
412 Bus SChemes . .. ... e et 31
4.1.3 Arrangement Selection ... ... ...ttt e it 31
414 Appendix —GIS Arrangements . ...........uuiiiietiitiair it 31

4.2 High-Voltage Alternating-Current Cable Terminations ...............cooiiiiiieeeeeennnen 31
T S € (1= o O PP 31
422 RIS ..ot it e e e e e 31
4.2.3 Electrical Requirements . .. ... ... ..ttt 50
4.24 Mechanical RequUirements . .........oviniiiiininiit ittt eiiieeaianenannenns 50
425 Nameplate MarKings .. ....ovititit ittt it ittt eienatnnereraeeonns 50

4.3 Grounding . ... ...oviiiiiiiit ittt e e e 50
431 INtrodUCHION .. ottt e i i e e e e e e 50
4.3.2 General Considerations .. .....c.iuueitiretreneineeriereiaeereinernnenennanns 50
4.3.3 Ground Potential Gradients and their Control ............... ... iiiiiiienenn.. 51
4.34 Protection of Personnel Inside Substation Area ...............ccoiiiiieeinennennns 51
4.3.5 Safety Precautions for Areas Outside of Substation Fence .......................... 51
4.3.6 Use of Concrete Encased Electrodes ...........c. .. iiiiiiieiiiniiiinerenanannnns 52
4.3.7 Prevention of Unwanted Interconnections with Other Ground Systems .............. 52
4.3.8 Effect of Buried ODJects . ...ttt e it it ettt ettt e 52
4.3.9 Other ReqUiremMents . ... ...ttt ittt tie et ite i eeesniaeennareennes 53
4.3.10 Grounding of Enclosures — Continuous Enclosure Design........................... 53
4.3.11 Recommended Responsibilities for GIS Grounding—User ..................ooov... 53
4.3.12 Recommended Responsibilities for GIS Grounding—Manufacturer .................. 54
4.3.13 Appendix [—Enclosures and Circulating Currents ............c.ccciiriiieneeeeeennns 54

4.4 Seismic ReqUirements ... ...count it it it ittt i ittt i e e 54
441 IntrodUucCtion ... ...ttt it et et e e e P 54
4.4.2 SeiSMUC Criteria . ... v ittt it i it it i et it e i ettt et e tn e enaennenanns 55
4.4.3 Performance Requirements ..............ccoviniinienn.n. PN 58
444 Qualification Methods. ... ... it i i i i et i e canns 59
445 Design Philosophy . ... i i i e e e e e 66
4.4.6 Recommended Installation Provisions and Practices ............. ... ciiiviinieienns 68

4.5 InStallation . . ... e e e e e 69
5 30 =3 ¢ T Y G 69
4.5.2 Site SeleCtion . . ...ttt i e e e e et 69
453 Planning the Installation . ........... ... i i i i 69
454 Installation Crew .. ..ottt ittt ittt et e iie i teia e e 70
455 Equipment Requirements for Installation ......... .. ... ... 0 iiiiiiiiiiieernreneanns 70

- 1
Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:34:40 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.122-1983


http://www.avadocuments.com/doc/ieee-c37-122-1983
http://www.avadocuments.com/doc/ieee-c37-122-1983

SECTION PAGE

456 Materials Storage and Handling...............ooiiiiiiiiiiiiiiiiiiiiiiiiiiieea., 70
4.5.7 Cleanliness and Weather Conditions ............ ... i i, 70
458 GroUuNding .. ...ttt e e i 71
45,9 Foundation Requirements .. ...........iuuiiniiintininereerneaerieranenneenennes 71
4.5.10 On-Site versus Prefabricated Assembly ............ciiiiiiiiiiiiiiiiiniiiineennn, 71
5 T I T U 1 N PPt 71
4.5.12 Leak Detection, Purging, and Filling ............ .. oo, 71
ST &3 10) oY o (S Y 71
FIGURES

Fig 1 One Line Schemes (a) Single Bus (b) Double Bus Single Breaker

(¢) Double Bus Double Breaker (d) Main and Transfer Bus

(e) Ring Bus (f) Breaker and One Half (g) Breaker and One Third...................... 30
Fig 2 Double Bus Single Breaker Scheme — One-Line Diagram

(a) Single Row Arrangement Breaker Grouping

(b) Two Row Arrangement Breaker Grouping

(¢) Three Row Arrangement Phase Grouping ............ ... it 32
Fig 3 Double Bus Double Breaker Scheme — One-Line Diagram

(a) Single Row Arrangement Phase Grouping

(b) Single Row Arrangement Breaker Grouping

(c) Two Row Arrangement Breaker Grouping (Alternate A)

(d) Two Row Arrangement Breaker Grouping (Alternate B)

(e) Three Row Arrangement Phase Grouping ............ ... o i, 33
Fig 4 Main and Transfer Bus Scheme —One-Line Diagram

(a) Single Row Arrangement Breaker Grouping

(b) Two Row Arrangement Breaker Grouping

(¢) Three Row Arrangement Phase Grouping .............coiiiiiiiiiiiiiiiiiniannnnnns 35
Fig 5 Ring Bus Scheme — One-Line Diagram

(a) Single Row Arrangement Phase Grouping

(b) Single Row Arrangement Breaker Grouping (Alternate A)

(¢) Single Row Arrangement Breaker Grouping (Alternate B)

(d) Three Row Arrangement Breaker Grouping (Alternate A)

(e) Three Row Arrangement Breaker Grouping (Alternate B)

(f) Three Row Arrangement Phase Grouping (Alternate A)

(g) Three Row Arrangement Phase Grouping (Alternate B)

(h) Six Row Arrangement Phase Grouping

(i) Six Row Arrangement Breaker Grouping............cooiiiiiiiiiiiiiiiiieeenenas 37
Fig 6 Breaker One-Half Scheme — One-Line Diagram

(a) Single Row Arrangement Phase Grouping

(b) Single Row Arrangement Breaker Grouping (Alternate A)

(¢) Single Row Arrangement Breaker Grouping (Alternate B)

(d) Three Row Arrangement Breaker Grouping (Alternate A)

(e) Three Row Arrangement Breaker Grouping (Alternate B)

(f) Three Row Arrangement Phase Grouping (Alternate A)

(g) Three Row Arrangement Phase Grouping (Alternate B)

(h) Six Row Arrangement Phase Grouping

(i) Six Row Arrangement Breaker Grouping............ ..ottt 42
Fig 7 Breaker and One-Third Scheme —One-Line Diagram

(a) Single Row Arrangement Phase Grouping

(b) Single Row Arrangement Breaker Grouping (Alternate A)

(¢) Single Row Arrangement Breaker Grouping (Alternate B)

(d) Four Row Arrangement Breaker Grouping (Alternate A)

(e) Four Row Arrangement Breaker Grouping (Alternate B)

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:34:40 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.122-1983


http://www.avadocuments.com/doc/ieee-c37-122-1983
http://www.avadocuments.com/doc/ieee-c37-122-1983

FIGURES PAGE

(f) Three Row Arrangement Phase Grouping (Alternate A)
(g) Three Row Arrangement Phase Grouping (Alternate B)
(h) Six Row Arrangement Phase Grouping

(i) Eight Row Arrangement Breaker Grouping...........ccooiiiiieeiioieiiiiininneenns 45
Fig 8 ReSPONSE SPECLIA . . ..ottt ittt ittt ettt e e rieeetaaet ettt aaannaananns 56
Fig 9 Macro-Zone Map. .. ...cuuuituiiiiiiiiit ittt neiae it aaaaanaaanns 57
TABLES
Table 1 Voltage Ratings of Gas-Insulated Substations at Normal Operating Gas Pressure ......... 17
Table 2 Voltage Steps for Power Frequency Tests ......... ..., 28

I
Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 13:34:40 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.122-1983


http://www.avadocuments.com/doc/ieee-c37-122-1983
http://www.avadocuments.com/doc/ieee-c37-122-1983

IEEE Standard for
Gas-Insulated Substations

1. Introduction

1.1 Scope. This standard establishes ratings and
requirements for planning, design, testing, installa-
tion, and operation of gas-insulated substations
for alternating-current applications. Typical in-
stallations are assemblies of specialized devices
such as circuit breakers, switches, bushings, bus,
and instrumentation. It does not include certain
items that may be directly connected to the gas-
insulated substations such as power transformers
and protective relaying,

To facilitate the use of this standard, it is
divided into four sections:

Section 1, Introduction

Section 2, Standards

Section 3, Recommended Practices

Section 4, Guides

Each of the sections may be used in combina-
tion with other sections or other standards and
guides.

Additional information on gas-insulated sub-
stations may be found in bibliographies published
in [23].1

1.2 References. The following publications shall
be used in conjunction with this standard.

[1] AISC S326-78, Specification for Design, Fab-
rication, and Erection of Structural Steel for
Buildings.?

[2] ANSI C37.06-1979, American National Stan-
dard Preferred Ratings and Related Required
Capabilities for AC High-Voltage Circuit Breakers
Rated on a Symmetrical Current Basis?

1 The numbers in brackets correspond to those of the refer-
ences in 1.2.

2A18C publications can be obtained from American Insti-
tute of Steel Construction, 400 North Michigan Avenue, Chi-
cago, IL 60611.

3 ANSI publications can be obtained from the Sales Depart-
ment, American National Standards Institute, 1430 Broadway,
New York, NY 10018.

11

[3] ANSI C63.2-1987, American National Stan-
dard for Instrumentation of Electromagnetic
Noise and Field Strength, 10 kHz to 40 GHz.

[4] ANSI MC96.1-1982, American National Stan-
dard Thermocouples Temperature Measurement.

[5] ANSI/ASME B31.1-1983(SI), Power Piping.

[6] ANSI/AWS D1.1-88, Structural Welding Code
—Steel.

[7] ANSI/IEEE C37.04-1979, IEEE Standard Rat-
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1.3 Definitions. The definitions in this section
establish the meanings of words in the context of
their use in this standard. Other terms shall be
defined in accordance with ANSI/IEEE Std 100-
1984 [12].

acting stress (working stress). The maximum
applied or expected stress in a material during
operation of the apparatus of which it is a part
and including the stresses caused by gas pressure,
wind, ice, or seismic loading.

. assembly (GIS). A gas-insulated substation that
is fully constructed.

auxiliary circuits. In this standard all control,
indicating, and masuring circuits are auxiliary
circuits.

circuit-breaker grouping. The three poles of a
circuit breaker grouped in adjacent configuration
along the line of the same row.

Class A seismic component. That component or
system whose failure, malfunction, or need for
repair prevents the proper operation of the gas-
insulated substation during or after the design
earthquake.

Class B seismic component. That component or
system whose failure, malfunction, or need for
repair does not prevent the proper operation of
the gas-insulated substation during or after the
design earthquake. Class B components are de-
signed to either meet normal building codes and
national standards in force at the site or another
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lower-level design earthquake. Application of
further design requirements is left to the discre-
tion of the user.

compartment (GIS). Any gas section of the gas-
insulated substation assembly that can be iso-
lated from the system by internal or external
means.

conformance tests. Those tests that are specifi-
cally made to demonstrate the continuing con-
formance of the the equipment with the applicable
standard.

continuous enclosure. A bus enclosure in which
the consecutive sections of the enclosure for the
same phase conductor are electrically bonded
together to provide a continuous current path
throughout the entire enclosure length.

NOTE: Cross-connections to the other phase enclosures are

made only at the extremities of the installation and at selected
intermediate points.

continuous monitoring. The process of sampling
the state of some phenomenon either continu-
ously or at a sample interval of one second or less.

damping. A dynamic property of a vibrating
structure that indicates its ability to dissipate
mechanical energy. The phenomenon of damping
is represented by a quantity called the damping
factor, which is expressed as a percentage of crit-
ical damping. After being forced to deflect and
allowed to freely vibrate, structures with zero
damping will vibrate with a harmonic motion
indefinitely. Structures with critical damping will
creep back to their static or neutral position with
no velocity reversal.

design earthquake. The greatest earthquake
postulated during the life of the gas-insulated
substation, which the user wishes the gas insu-
lated substation to survive.

design tests. Those tests made to determine the
adequacy of the equipment comprising the gas-
insulated substation, which enables it to operate
satisfactorily under specified service conditions.

NOTE: Design tests are made on representative samples of the
same type and rating and are not intended to be used as a part
of normal production.

The applicable portions of these design tests may also be
used to evaluate modifications of a previous design and to
ensure that performance has not been adversely affected. Test
data from previous similar designs may be used for current
designs, where appropriate.
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design pressure (working pressure). The maxi-
mum gas pressure to which a gas-insulated sub-
station enclosure is subjected under normal
operating conditions.

enclosure currents. Currents that result from
the voltages induced in the metallic enclosure by
effects of currents flowing in the enclosed con-
ductors.

failure mode. A process of failure of equipment
that causes a loss of its proper function.

gas barrier insulator. A spacer insulator specifi-
cally designed to prevent passage of gas from one
side to the other.

gas density, minimum. The minimum operating
gas density at which the gas-insulated substation
and its components will meet their assigned elec-
trical ratings.

gas density, nominal. The manufacturer’s recom-
mended operating gas density (usually expressed
as pressure at 20 °C).

gas-insulated substation (GIS). A compact, mul-
ticomponent assembly, enclosed in a grounded
metallic housing in which the primary insulating
medium is a compressed gas and which normally
consists of buses, switchgear, and associated
equipment (subassemblies).

gas-insulated-substation (GIS) surge arrester.
A surge arrester specifically designed for use in a
gas-insulated substation.

gas leakage. Loss of insulating gas from the
pressurized system.

low-level testing. Mechanical testing performed
to determine natural frequencies and damping of
complete assemblies, subassemblies, or compo-
nents.

main circuit. All the conducting parts of the gas-
insulated substation assembly included in the cir-
cuits that its switching devices are designed to
close or open, or which are connected to these
circuits.

main ground bus. A conductor or system of con-
ductors that provides for connecting all desig-
nated metallic components of the gas-insulated
substation to station ground (ground grid).
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malfunction. The loss of capability to initiate or
sustain a required function, often a protective
action, or the initiation of undesired spurious
action.

NOTE: A certain degree of equipment degradation may be
acceptable in one system and not another. In such cases, an
evaluation of the equipment or device application must include
a determination that the degree of relay contact bounce,

changes in device calibration, or degradation of pressure-
retaining boundaries are within acceptable limits.

metallic enclosure. A grounded leaktight enclo-
sure that contains the compressed insulating gas
and associated electrical equipment.

mode shape. A plot of the displacements of var-
ious points in which the vibrating structure at a
particular instant in time.

NOTE: With each natural frequency of a vibrating structure
there is associated a characteristic mode shape.

noncontinuous enclosure. A bus enclosure in
which the consecutive sections of the enclosure
for the same phase conductor are electrically
insulated from each other.

NOTE: This construction prevents longitudinal currents from

flowing beyond each enclosure section. This design is no longer
in common usage.

parts per million by volume (ppmv). The volume
of water vapor in the total SF6 system at the pres-
sure the system is operated.

parts per million by weight (ppmw). The weight
of water vapor in the total SF6 system at the pres-
sure the system is operated.

periodic monitoring. The process of sampling
the state of some phenomenon at a sample inter-
val greater than one second.

phase grouping. The same phase of a number of
circuit breaker’s poles is grouped in an adjacent
configuration along the line of the same row.

production tests. Those tests made to check the
quality and uniformity of the workmanship and
materials used in the manufacture of gas-insu-
lated equipment.

qualification testing (seismic). Testing of the
complete assembly or subassemblies to determine
acceptability by applying an actual input that has
a test response spectrum equal to or larger than
the design earthquake response spectrum (either
ground or floor response spectrum).
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resonance (mechanical). A dynamic condition
that occurs when any forcing frequency of me-
chanical vibration coincides with one of the natu-
ral frequencies of the structure.

NOTE: In a plot of the response of the structure (acceleration,
velocity, displacement) versus forcing frequency for a constant
forcing input, it would be seen that as the forcing frequency
approaches one of the natural frequencies the response in-
creases until it is at a maximur at the natural frequency. The

response of the structure at resonance may be much greater
than the input, depending on the damping.

response spectrum. A plot of the maximum re-
sponse of single-degree-of-freedom bodies at a
damping value expressed as a percentage of criti-
cal damping of different natural frequencies when
these bodies are rigidly mounted on the surface of
interest (that is, on the ground for a ground
response spectrum or on the floor for the floor
response spectrum) when that surface is sub-
jected to a given earthquake’s motion as modified
by intervening structures.

row arrangement. Circuit-breaker pole units in-
stalled in a consecutive mode thus physically
forming a continuous line. The natural expansion
of the substation would normally continue in the
direction of the row. Arrangements can be two,
three, four, or more rows in parallel configuration.

station ground. A ground grid or any equivalent
system of grounding electrodes buried beneath or
adjacent to the gas-insulated substation that
determines the rise of ground voltage level rela-
tive to remote earth and controls the distribution
of voltage gradients within the gas-insulated sub-
station area during a fault.

spacer insulator. A spacer insulator as used in
a gas-insulated system is an insulator used to
support the inner conductor in the enclosure.

subassembly. One or more compartments that
comprise the gas-insulated substation assembly.

sulfur hexafluoride (SFg). A gaseous dielectric
for high-voltage power applications having char-
acteristics as specified in ASTM D2472-71 (Re-
approved 1980) [17].

time history. The trace of acceleration, velocity,
or displacement as a function of time that the
ground, the floor of a building, or a point of sup-
port experiences due to an earthquake.

transition compartment. The compartment spe-
cifically designed for joining gas-insulated-sub-
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station equipment of different design or manufac-
ture. This compartment provides the necessary
transition for the current-carrying conductor and
the gas enclosure.

water vapor (moisture) content. The amount of
water in parts per million by volume that is in the
gaseous state and mixed with the insulating gas.
Water vapor content may vary with temperature.

zero-period acceleration. The peak acceleration
experienced by a rigid, single-degree-of-freedom
oscillator when it is subjected to the design earth-
quake either directly to its base or through an
intervening structure.

NOTE: Generally, a body can be considered rigid, for seismic
excitation purposes, if its natural frequency is greater than
30 Hz. The peak acceleration for a body with a natural fre-
quency greater than 30 Hz is the same as that of a body with
an infinitely high natural frequency, or conversely, a body with
an infinitely small period (zero period). On a response

spectrum, the zero-period acceleration is also equal to the
asymptotic value of acceleration.

1.4 Service Conditions
1.4.1 Usual Service Conditions. Devices con-

forming to this standard shall meet the electrical,
mechanical, thermal, etc, requirements of the gas-
insulated substation on which it is used and be
capable of operation under the following con-
ditions.

1.4.1.1 Temperature Range. The normal am-
bient temperature range shall be -30 °C-+40 °C.

1.4.1.2 Heat Absorption Due to Solar Radi-
ation. Solar radiation shalil be considered in the
design of GIS. Draft IEEE C37.24-1986 (18] pro-
vides guidance in evaluation of the effects of solar
radiation on outdoor apparatus.

1.4.1.3 Internal Pressure. The internal pres-
sure range shall be from 0.1 mm of mercury to the
maximum operating pressure specified by the
manufacturer.

1.4.1.4 Wind and Ice. Wind and ice condi-
tions shall correspond to ANSI/NFPA 70-1987
[15] for heavy loading on structures.

1.4.1.5 Electromagnetic Interference. The
equipment shall not operate falsely or fail to
operate because of induced transient or steady-
state fields.

1.4.1.6 Power Frequency. The standard
power frequency shall be 50 Hz or 60 Hz.

1.4.1.7 Vibration and Shock. The equipment
shall withstand for its service life the vibration of
any directly connected equipment such as trans-
formers and the shock caused by the operation or
maintenance of the equipment.
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1.4.1.8 Altitude. The normal installation al-
titude shall not exceed 3300 ft (1000 m).

1.4.2 Unusual Service Conditions. The appli-

cation of this equipment at other than the usual

IEEE STANDARD FOR

Rated Continuous Current
Amperes rms

1200 3000
service conditions shall be considered as special. 1600 4000
Standard assemblies may be applied at unusual 2000 5000

service conditions but performance may be af-
fected, and special consideration should be given
to these applications.

1.4.3 Other Conditions that May Affect Design
and Application. Where other conditions exist,
they should be brought to the attention of those
responsible for the design and application of
these assemblies. Among such conditions are:

(1) Exposure to damaging fumes or vapors,
steam, salt air, oil vapors, hot humid climate,
excessive dust, abrasive dust, dripping water, fall-
ing dirt, explosive mixtures of dust or gases,
extrme high or low temperatures.

(2) Unusual insulation requirements, space or
ventilation limitations, special duty, frequency or
other operating requirements, difficulty of main-
tenance, nonstandard or unstable control voltage,
abnormal vibration.

2.1.2.3 Load Current-Carrying Capability
Under Various Conditions of Ambient Tempera-
ture. The variation of rated continuous current
with ambient temperature shall be as per ANSI/
IEEE C37.010-1979 [9] and ANSI/IEEE C37.30-
1971 [10].

2.1.2.4 Short-Time Load Current Capability.
The short-time load current capability shall be
per ANSI/IEEE C37.010-1979 [9].

2.1.2.5 Rated Momentary Current. The rms
and peak value of the rated momentary current
shall b 1.6 and 2.7 (respectively) times the rated
short-time current-carrying capability.

2.1.2.6 Short-Time Current-Carrying Capa-
bility. The value for the short-time current-carry-
ing capability shall be selected from the following
table:

Short-Time
Current-Carrying

2. Standards Capability kA rms
2.1 Equipment Ratings ;g 50
2.1.1 Temperature Limitations 95 63
Maximum Allowable 315 80
Total Temperature 40 100

(1) Silvered joint 105 °C

(2) Extermal surfaces — 70 °C The standard duration for the short-time cur-
accessible rent shall be three seconds. For durations greater

(3) External surfaces — 110 °C than three seconds, the relation between current
inaccessible and time, unless otherwise specified by the manu-

(4) External surfaces— 50 °C facturer, shall be in accordance with the formula

normally handled by an operator

All other conditions regarding temperature limi-
tations are as noted in ANSI/IEEE C37.010-1979
(9], Table 1 and ANSI/IEEE C37.30-1971 [10},
Table 3.

2.1.2 General Ratings. The general ratings
that all components of the station shall meet or
exceed are as follows:

2.1.2.1 Voltage Ratings of Gas-Insulated
Substations. See Table 1.

2.1.2.2 Rated Continuous Current (Am-
peres rms) at Ambient Temperature. The value
of rated continuous current shall be selected from
the following table:

16

12t = constant.

NOTE: The duration is for single-phase GIS. For three-phase
GIS, the duration is under study.

2.1.2.7 Voltage Rise of Metallic Enclosure.
Excessive voltage on the metallic enclosure shall
be prevented as specified in 4.3.

2.1.2.8 Gas. Insulating-gas requirements,
gas-leakage limitations, gas-water vapor content,
and gas-density levels are as specified in 2.4.

2.2 Barriers, Bus, Bus Supports, Enclosures,
and Expansion Joints

2.2.1 General. This section establishes the
requirements for barriers, bus, bus supports,
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Table 1
Voltage Ratings of Gas-Insulated Substations
At Normal Operating Gas Pressure

Column Column  Column Column Column Column Column Column Column Column Column
0 1 2 3 4 5 6 7 8 9 10
Substation Test Values Disconnect Switch Open Gap Interrupter Open Gap
Rated
Rated Sw Field Tests Sw Sw
Max Rated Low Freq Impulse Low Freq Impulse Low Freq Impulse Impulse Low Freq Impulse
Voltage BIL kV  Withstand Withstand Withstand Withstand Withstand Withstand Withstand Withstand Withstand
kV rms Crest kV rms kV Crest kV rms kV Crest kV rms kV Crest  kV Crest kV rms kV Crest
725 300 140 * 105 330 154 - 300 140 —
725 350 160 * 120 385 176 — 350 160 —
121 450 215 * 160 495 236 — 450 215 —
121 550 260 * 195 605 286 — 550 260 —
145 550 260 * 195 605 286 - 550 260 —
145 650 310 * 230 715 341 — 650 310 —
169 650 310 * 230 715 341 — 650 310 —
169 750 365 * 270 825 401 - 750 365 —
242 750 365 * 270 825 401 — 750 365 —
242 900 425 * 320 990 467 — 900 425 —
362 900 425 720 320 990 467 800 900 425 800
362 1050 500 825 375 1155 550 900 1050 500 900
550 1300 615 1050 460 1430 676 1175 1300 615 1175
550 1550 740 1175 550 1705 814 1300 1550 740 1300
800 1800 860 1425 645 1980 946 1550 1800 860 1550

*For rated maximum voltage 72.5 kV to 242 kV, impulse shall be at least the crest value of those given in column 2.

NOTES: (1) Reference Columns 5, 6, and 7. For certain switches energized at normal voltage on one terminal and subject to
impulse or switching surges on the other side, such as line switches in a ring bus, higher open gap withstand voltages may be
desirable. However, it must be remembered that an open gap flashover in a gas-insulated switch must promptly initiate a flashover
to ground at all gas pressures from atmosphere to maximum rated, which then would clear the circuit in approximately 4 cycles,

depending on relaying, breaker speeds, etc.

(2) Routine low-frequency 1 min withstand tests are conducted prior to shipment from the factory at the rated withstand

voltage shown in Column 2.

(3) The values given in Columns 5 through 10 are provided for design criteria.

enclosures, and expansion joints used in gas-
insulated substations.

2.2.2 Enclosures
NOTE: Working Group K-3 of the GIS Subcommittee is prepar-

ing a standard for GIS pressurized electrical enclosures, which
when approved and published will supersede 2.2.2.

The ASME Boiler and Pressure Vessel Code [16],
Section VIII, Division 1, and the American National
Standards Institute Standard Code for Pressure
Piping, ANSI B31.1-1973 [5], and local and state
ordinances shall be used as a guide for design and
construction of the enclosures. The material speci-
fication shall be consistent with requirements for
conductivity, corrosion resistance, and mechani-
cal strength.

The enclosure shall be designed to withstand an
external pressure of one atmosphere (with a 1.5
safety factor) with zero internal pressure absolute
and be designed and tested to withstand an
internal test pressure of 1.5 times the design
pressure.

The enclosure shall be divided into several
compartments or sections separated by gastight
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barriers permitting removal of a section or sec-
tions from service for maintenance without affect-
ing adjacent sections. The gas system shall be
designed to permit sections to be isolated. The
volume of each gas compartment should be lim-
ited so that gas processing and storage can be
accomplished with available equipment within a
reasonable time.

The enclosure shall be designed so that over-
pressures caused by internal faults are limited by
using pressure relief devices, gas barrier insula-
tors designed to rupture and increase the volume
of the affected section, enclosure burn through, or
other suitable means. Pressure relief devices, if
supplied, shall be located so that they do not pose
a hazard to operating personnel.

2.2.3 Adjacent and Supporting Structures.
Most bus systems are of the continuous enclosure
design, which provides adequate shielding to elim-
inate induced magnetic heating and to permit
grounding as necessary (See 4.4.3 regarding
grounding enclosures). For high-current noncon-
tinuous bus designs, consideration shall be given
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to induced magnetic heating and induced circu-
lating current in nearby metallic members such as
support beams, reinforcing rods, and transformer
tanks. Suitable insulated gaps in the metallic
framework to eliminate closed loops and amortis-
seur bands around steel members, etc, may be
used to limit the circulating current. The struc-
ture shall be designed so that the temperature
rise in any of its members or in any adjacent
members does not exceed the limits specified in
2.1.1.

2.2.4 Expansion Joints. Expansion and instal-
lation alignment shall be considered in the design
of the bus and enclosure, and expansion joints
shall be provided, if required. When bellows
are provided in the enclosure for installation
alignment, means shall be provided to prevent
movement after alignment is complete. Bellows
provided to permit movement caused by expan-
sion and contraction or foundation settlement
shall have specially designed means to preserve
the mechanical strength of the bus and enclosure
as well as contact alignment and penetration.
Joints provided for direct connection to trans-
formers shall be designed to inhibit transfer of
audible vibration from the transformer to the bus
and bus enclosure.

2.2.5 Electrical Requirements. When three
single-phase enclosures terminate in a single
metallic enclosure (or three single enclosures,
metallic-connected) the three single-phase enclo-
sures must be electrically isolated from the single
metallic enclosure unless the single metallic en-
closure is designed to carry the circulating cur-
rents associated with the three single-phase
enclosures.

2.3 Bushings and Transition Compartments

2.3.1 General. This section covers bushings
and transition compartments for use with gas-
insulated substations (GIS). Typical uses are as
follows:

2.3.1.1 Bushings

(1) Air Entrance — Conventional overhead cir-
cuits to GIS

(2) Equipment Entrance —(a) Separation of
different insulation media, such as at transformers
or circuit breakers.

(b) Separation based on use of different
pressures of the same insulation media, such as at
gas-insulated circuit breakers.

2.3.1.2 Transition Compartments. Transi-
tion compartments may be required when joining
GIS equipment of different design or manufacture.
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2.3.2 Bushing Requirements. Characteristics
for GIS bushings are under review for inclusion in
ANSI/IEEE Std 24-1984 [11].

2.4 Insulating Gas — Requirements. Sulfur hex-
afluoride (SFg) for use as an electrical insulation
material shall conform to the requirements pre-
scribed in ASTM D2472-71 (Reapproved 1980)
[17].

2.5 Gas Monitoring and Instrumentation
2.5.1 Monitoring

2.5.1.1 Gas Density. The gas density in each
compartment shall be continuously monitored.
The monitoring device shall be capable of operat-
ing a relay contact upon descending gas density
at each of two different density levels. Gas density
level settings and functional operating require-
ments (alarm, trip, etc) at each level below
normal shall be agreed upon between the manu-
facturer and user. If the device has a visual
indicator, it shall be readable from the ground.

2.5.1.2 Gas Temperature. Gas temperature
provides for periodically monitoring a representa-
tive temperature.

2.5.1.3 Gas Pressure. Gas pressure provides
for periodically monitoring the gas pressure.

2.5.1.4 Water Vapor Level. The water vapor
level and temperature of each gas compartment
should be determined at filling, upon addition of
any gas, after two weeks and then once a month
until it has stabilized. After the water vapor level
has stabilized, it should be periodically monitored
every six months to a year. The water vapor level
should not exceed levels agreed upon between the
manufacturer and user. Depending upon the
method used during filling, the water vapor con-
tent may increase from two to six times the initial
gas filling level.

2.5.1.5 Other Gases. Since each gas com-
partment is evacuated before being filled with SFy
the probability of filling with something other
than SF is very low. No testing for other gases is
suggested.

2.5.2 Monitoring Device Contacts and Cali-

bration

2.5.2.1 Contacts. Gas density monitors shall
have at least two electrically separate contacts,
convertible from a to b, at each specified density
level. Contact voltage and current rating shall be
specified by the user. The manufacturer shall
supply contact resetting data, that is, differential
levels at which contacts will return to normal
position on increasing gas density.
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2.5.2.2 Calibration. Gas density monitors
shall be capable of being calibrated with the sta-
tion in service.

2.5.3 Leakage. The leakage rate from any sin-
gle gas section of the substation shall not exceed
2% per year, with the total leakage from the sub-
station not exceeding one percent per year.

2.5.4 Piping. If gas monitoring piping and
connections are subject to being stepped on dur-
ing normal operation or maintenance, they shall
be provided with protective covers. The gas moni-
toring piping shall be isolated so that it does not
carry electric currents.

2.6 Factory Testing

2.6.1 General. This section establishes require-
ments for factory testing of components of gas-
insulated substations; however, it does not cover
all accessory devices used in the substation. It
does not preclude the use of other equivalent or
more effective methods of demonstrating ratings.
These tests are divided into two categories: (1)
Design Tests and (2) Production Tests.

Test requirements in this section are not appli-
cable to power transformers, surge arresters, or
voltage transformers, that may be connected to
gas-insulated equipment but are applicable to
gas-insulated compartments and connections
furnished as an integral part of such equipment.

The purposes of the test procedures are:

(1) To verify that all components of the GIS
can perform satisfactorily both electrically and
mechanically at the ratings assigned.

(2) To establish that production sections have
been adequately tested during manufacture and
after assembly and that they have characteristics
essentially the same as those subjected to design
tests.

2.6.2 Design Tests. The design tests provide
a method of demonstrating that the apparatus
meets the specifications.

2.6.2.1 Rated Continuous Current Tests.
Rated continuous current tests demonstrate that
the gas-insulated substation components can
carry rated continuous current at rated frequency
without exceeding any of the temperature limita-
tions in 2.1.1. The effect of solar radiation should
be considered in assigning the temperature rise
to the equipment. Draft IEEE C37.24-1986 [18]
governs how this factor is to be applied.

2.6.2.2 Conditions of Test. (1) The ambient
temperature shall be between 10 °C and 40 °C
inclusive, so that no correction factors need be
applied.

(2) The equipment shall be in a new condition.
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2.6.2.3 Duration of Rated Continuous Cur-
rent Tests. The rated continuous current test
shall be continued until the temperatures of all
components that carry continuous current in
normal operation are substantially constant as
indicated by three successive readings at thirty-
minute intervals. Temperature-rise tests shall be
conducted on a three-phase bus sample having a
minimum length of 19.7 ft (6 m). The sample shall
have at least one joint per conductor and enclo-
sure (sliding, bolted, clamped, or welded). Return
current in the single-phase test should be equal to
the conductor current. All joints not similar to
this one design should be similarly tested.

2.6.2.4 Temperature Measurements. Tem-
peratures shall be measured by the following
methods (see IEEE Std 119-1974 [20] and ANSI
MC96.1-1982 [4]):

(1) Thermocouple

(2) Thermometer (preferred method for am-
bient temperatures)

(3) Resistance

The measuring device shall be located at the
hottest spot even though it may involve drilling
holes that destroy some parts on a design test.
This will require the use of thermocouples in loca-
tions that are inaccessible to thermometers so as
to obtain the hottest-spot measurement. It is rec-
ognized that thermocouples cannot be located in
the actual contact point of line or point contacts.

Measurements shall be made at junction points
of insulation and conducting parts to ensure
against exceeding temperature limits of the insu-
lation.

The bulbs of thermometers used for taking
apparatus temperatures shall be covered by felt
pads cemented to the apparatus or by oil putty.
Dimensions of felt pads for use with large appa-
ratus shall be 1% in X 8 in X % in (38 mm X
203 mm X 3 mm). The use of smaller pads is per-
missible on small apparatus.

2.6.2.5 Ambient Temperature. The ambient
temperature shall be taken as that of the sur-
rounding air. The ambient shall be between 10 °C
and 40 °C, inclusive, so that no correction factors
need be applied. The ambient temperature shall
be determined by taking the average of the read-
ings of three thermometers placed in locations
unaffected by drafts, horizontally 12 in (305 mm)
from the projected periphery of the enclosure,
and approximately on a vertical line as follows:

(1) One approximately 12 in (305 mm) above
the enclosure.

(2) One approximately 12 in (305 mm) below
the enclosure.
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For floor-mounted equipment, it shall be 12 in
(305 mm) above floor or mounting base.

(3) One approximately midway between the

above two positions.

2.6.2.6 Short-Circuit Current Rating. The
short-circuit current tests demonstrate the rated
short-circuit current and the related required
capabilities when used on grounded and un-
grounded systems, and the values shall be as
described in 2.1.

Tests to demonstrate the required capabilities
shall be made in accordance with the conditions
specified in ANSI/IEEE C37.09-1979 [8], 4.54,
under specified testing conditions in ANSI/IEEE
C37.09-1979 (8], 4.5.5 and 4.5.6.

These tests shall be made on single shipping
sections and various other configurations of
bolted, welded, plug-in, or otherwise jointed sec-
tions to verify the integrity of the GIS components
as joined together.

2.6.2.7 Dielectric Withstand Tests

(1) Power frequency voltage at the rated with-
stand value shall be applied for one minute
between the main bus and ground and across all
isolating gaps. Tests shall be made at minimum
gas density specified by the manufacturer.

(2) Lightning impulse voltage at the rated with-
stand value shall be applied between the main bus
and ground and across all isolating gaps. Both
positive and negative 1.2/50 us impulses are to be
used. See ANSI/IEEE C37.09-1979 [8], 2.3.2.

(3) Switching surge impulse voltage at the
rated withstand value shall be applied between
the main bus and ground and across all isolating
gaps. Both positive and negative 250/2500 us
impulses are to be used. See ANSI/IEEE C37.04-
1979 [7], ANSI C37.06-1979 [2], and ANSI/IEEE
C37.09-1979 (8].

(4) Dielectric strength versus gas density over
minimum/maximum allowable density range.

(5) All internal portions of the gas-insulated
system shall be free of partial discharge voltage at
150% of rated maximum voltage. This condition
must be satisfied on the downward excursion of
voltage from a test voltage that is twice the line-
to-ground voltage or equal to the low-frequency
withstand voltage of Table 1, except that systems
for rated maximum voltage of 800 kV and above
use low-frequency withstand, Table 1, Column 2.

Extinction of the partial discharge voltage must
occur above the 150% point. Partial discharge
tests shall be made in accordance with ANSI
C63.2-1987 (3].

2.6.2.8 Switching Tests. These may be de-
fined as
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(1) Load current

(2) Capacitive current

(3) Reactive current

(4) Line charging current

(5) Excitation current

(6) Switching parallel transformers

(7) Out-of-phase switching

(8) Close and latch, momentary, and short
time where applicable

(9) Loop switching

2.6.2.9 Insulator Tests. The thermal per-
formance of each insulator design shall be verified
by subjecting five insulators to ten thermal cycles
each. A thermal cycle is defined as:

(1) Four hours at an ambient temperature of
-40 °C

(2) Two hours at room temperature

(3) Four hours at an ambient temperature of
+125 °C

(4) Two hours at room temperature

If the test insulator fails, a batch of five from
the same lot shall be tested without additional
failures. If more than one insulator fails in the
initial batch, the design is unacceptable. Different
test facilities may give different rate of change of
temperature between the specified test temper-
atures, therefore the time between the test tem-
peratures is not specified. )

2.6.2.10 Mechanical Life Test on All As-
sorted Mechanisms. Considerations should be
given to dielectric degrading of insulation after all
life tests.

2.6.2.11 Mechanical Bushing Test for Canti-
lever Loading. See 2.3.2.

2.6.2.12 Pressure Tests. Pressure tests shall
be performed on one of each assembly or compo-
nent making up the substation at 1.5 times max-
imum working pressure. This test does not include
pressurized porcelains, which may require tests
for higher values (See ANSI/IEEE C37.04-1979
[7) and ANSI/IEEE C37.09-1979 [8]).

2.6.3 Production Tests

2.6.3.1 Types of Tests (Checks). Produc-
tion tests are normally made by the manufacturer
at the factory.

Production tests or checks shall include, but
not be limited to, the following tests or checks
as appropriate or as deemed necessary between
manufacturer and user. See ANSI/IEEE C37.09-
1979 [8], Section 5.

(1) Current transformer and linear coupler
transformer tests per ANSI C57

(2) Gas receiver tests

(3) Pressure tests of enclosures

(4) Nameplate checks
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(b) Leakage tests
(6) Resistors, heaters, and coils check tests
(control mechanism)
(7) Control and secondary wiring check tests
and continuity tests
(8) Clearance and mechanical adjustment
check
(9) Mechanical tests on operational assemblies
(10) Timing tests on operational assemblies
(11) Stored energy system tests
(12) Conductivity of current path test
(13) Rated-frequency withstand voltage tests on
major insulation
(a) Bushings
(b) Shipping assemblies components

NOTE: See 2.1, Table 1, Column 2 — Low-frequency withstand,
kV rms.

(14) Rated-frequency withstand voltage tests on
control and secondary wiring

(15) Gas monitoring systems alarms contacts

(16) Color

(17) Inspection windows for clarity if they exist
Component tests are acceptable if GIS cannot
conveniently be tested as a complete unit at
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open market are required for installation and
maintenance of the equipment, one set shall be
furnished.

2.7.5 Installation Drawings and Instructions.
Installation drawings, instructions, and data shall
be furnished but not limited to the information
noted below. Dimensions and weights shall be in
English or metric, or both, as specified by the user.

(1) Instruction and procedures sequenced for
storage, assembly, maintenance, and disassembly

(2) Assembled shipping component identifica-
tion

(3) Assembly and maintenance clearance re-
quirements

(4) Component outline dimensions and weights

(56) Method of lifting components

(6) Item or subassembly identification, or both

(7) Torque specifications

(8) Equipment adjustment and preparation

(9) Calculated point to point resistance for
each assembled shipping component, or shipping
section, or both

(10) Gas system installation procedures, gas
handling procedures, and schematic diagrams

factory. (11) Specifications and procedures for cleanli-
i ness
1:\(/)3‘1151:5'8% 2.1, Table 1, Column 2 — Low-frequency withstand, ( 1 2) FoundaFion and. anchor bolt requirements
(13) Grounding requirements
2.6.3.2 Dielectric Tests. The dielectric tests (14) Logic, control, flow, and wiring diagrams

for shipping sections shall be made at the min-
imum operating pressure unless otherwise stated.

2.7 Installation of Gas-Insulated Substations —
Requirements

2.7.1 Shipment and Preinstallation Storage.
Equipment shall be factory assembled and shipped
in preassembled sections as large as practicable
to facilitate onsite installation. The equipment
shall be prepared for shipment and preinstallation
storage in a manner that will prevent the ingress
of moisture and other contaminants.

2.7.2 Access During Construction. Structural
supports, access platforms, ladders, stairs, cable
raceway, conduit, and other auxiliary equipment
required for operation and maintenance shall be
incorporated, if practical, into the design. Such
equipment shall be coordinated with the substa-
tion components to ensure availability for access
during installation of the substation.

2.7.3 Temporary Protective Covers. Covers
and other suitable provisions for protecting the
equipment from damage or contamination during
shipping and installation shall be furnished.

2.7.4 Special Tools. When special tools and
alignment templates not readily available on the
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(15) Operating instructions and procedures
(16) Nameplate(s) indicating equipment ratings
(17) Identification of component and assembly

thermal expansion limits
(18) List of recommended spare parts
(19) List of components that may require re-

placement during a major overhaul
(20) Resistance values referred to in 3.4.3.2.2.

3. Recommended Practices

3.1 Equipment Handling and Cleanliness

3.1.1 General. This is a recommended proce-
dure for equipment handling and cleanliness, dur-
ing maintenance or repair work on gas-insulated
substations.

3.1.2 Design Considerations for Ease of Main-
tenance or Repair

(1) It is desirable to be able to repair and
maintain major elements (such as breakers and
switches) without removing them from the sys-
tem. However, this may not always be possible,
and it is recommended that station components
be installed and arranged so that devices that
might have to be removed for repair or mainte-
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nance can be removed with a minimum amount
of disturbance to other equipment in the system.
This will require sectionalizing components or
sections with gas barrier insulators. In some cases,
specially designed temporary protective covers
that can withstand the same electrical and
mechanical stresses as the other GIS components
may be required.

(2) At points where disconnection or removal
is likely, the following suggestions should be con-
sidered:

(a) Suitable terminals should be provided
for the connecton of the control wiring.

(b) Provisions for disconnecting gas pipelines
should be incorporated.

(c) Cutting of metal should be avoided if
possible. Where it is required, design should be
such that contaminants to the system are mini-
mized. Particular attention must be given to verti-
cal runs, where contamination could fall into the
equipment.

(3) A 100 um or smaller particle filter suitable
for pressures involved may be installed at the gas
service connection. This filter does not replace the
filters associated with the gas handling equip-
ment system but serves as an additional safety
feature.

3.1.3 Safety During Maintenance or Repair.
Before maintenance work is performed on the
gas-insulated substation, see 3.3 and follow nor-
mal utility safety precautions.

3.1.4 Environmental Considerations. All work
should be done during favorable weather condi-
tions and in a clean environment. When it is
necessary to work during inclement weather, a
temporary protective shelter should be provided,
with adequate room and heat when necessary.

3.1.5 Equipment Necessary at the Site. The
following materials should be on hand before the
bus is opened:

(1) A gas-processing trailer with adequate stor-
age capacity

(2) Electrolytic or electronic hygrometer or
comparable equipment for measuring moisture
levels down to 20 ppmw (162 ppmv) or less.

(3) Insulating gas leak detector suitable for the
detection of the insulating gas. Where double “O”
rings are used, a manometer can sometimes be
connected at the sensing hole to measure any
increase in pressure between the “O” rings. Com-
mercial high-viscosity noncorrosive solutions may
be used to locate larger leaks either at a sensing
hole, at welds, or at bolted flanges.

(4) Dry Nitrogen (See 2.4 on gas standards and
3.2 on gas handling)
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(5) Clean plastic gloves and work uniforms

(6) Lint-free cloths and recommended solvents

(7) Temporary plastic bags or covers for seal-
ing openings after components have been removed

(8) Commercial-type vacuum cleaner with fil-
ters and nonmetallic accessories

(9) Tools supplied and recommended by the
manufacturer

(10) Ventilating equipment
(11) Handling and lifting equipment
(12) Maintenance manual and erection drawings
(13) Ladders and platforms as required
3.1.6 Work Procedure
3.1.6.1 Opening the Equipment

(1) All items in 3.3 should be followed.

(2) The area around the junction to be opened,
including supporting steel and other parts from
which dirt or contaminants could fall or be blown
into the enclosures, should be cleaned with a
vacuum cleaner and wiped with cloths.

(3) Evacuate the gas from the section on which
work is to be performed to at least 5 mm of mer-
cury (666.6 Pa), then fill with dry air or nitrogen
to a gage pressure of O psi (1 atmosphere).

(4) Open the junction between components or
sections in accordance with the manufacturer’s
recommendations, using temporary caps or cov-
ers as required. In some circumstances, it may be
advantageous while working on the equipment to
maintain a slight flow of dry, clean air across the
area being maintained so that the probability of
dirt or moisture entering the equipment will be
minimized.

When a compartment containing sulfur hexa-
fluoride (SFg) gas arc byproducts is opened, the
byproducts, which are usually in the form of a
white to tan powder, should be removed at once
in accordance with 3.34.

(5) All work should be completed as quickly as
possible, but when delays are encountered any
open sections should be covered with temporary
shipping covers or other suitable seals. It may also
be necessary to add heat to prevent condensation.
When any section must be left overnight or longer,
it should be pressurized with dry nitrogen to a
gage pressure of approximately 5 psi (1.34 atmo-
sphere) to avoid condensation or entrance of
moist air.

3.1.6.2 Closing the Equipment

(1) Inspect the conductor and sheath for nicks,
burrs, or scratches and repair according to the
manufacturer’s instructions. Reclean as required.

(2) Thoroughly clean the enclosure. Wipe and
vacuum clean the inside of the sheath and con-
ductor using lint-free tissues and gloves. The
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insulators should be cleaned according to the
manufacturer’s instructions.

(3) Reassemble and be careful not to introduce
any foreign particles. Dry air flow should be con-
tinued until this step is completed. However, it
will be necessary to discontinue air flow when
welding is being done so as to prevent the inert
shielding gas from being blown away.

(4) Refill with dry nitrogen with at least 5% of a
suitable tracer gas such as Freon 12 or SFg. Check
for leaks. When the system meets tightness re-
quirements agreed to by the manufacturer and
user, evacuate and hold for the time period stated
in the manufacturer’s instructions; then fill with
insulating gas to specified pressure at ambient
temperature. Check water vapor (moisture) con-
tent immediately, and several days later recheck
pressure and moisture content. See 2.5 on gas
monitoring for further monitoring requirements.
When major repairs or modifications have been
made, it may be necessary to make a dielectric
test on the equipment to verify the insulation
integrity. This decision should be made between
the customer and manufacturer. See 3.4 on field
testing for recommended procedures.

3.2 Gas Handling

3.2.1 General. This recommended practice is
intended to outline those points that should be
considered in the handling of SFy gas used in GIS
apparatus. The handling of the gas relates to the
storage, transfer, purifying, and reclaiming of the
gas and also the evacuation and filling of the gas
compartments of the GIS apparatus.

Gas-insulated substations require substantial
amounts of SFy gas for proper insulation and
interrupting functions. Because the performance
of the GIS apparatus is directly related to the
quality of the SFg gas dielectric, appropriate
attention is required in the handling and process-
ing of the gas. The specific requirements for gas
purity, handling, processing, filling and refilling,
which are provided by the equipment manufac-
turer, should be strictly adhered to for proper
equipment operation.

This recommended practice is not intended as
a substitute for instructions or procedures pro-
vided by the manufacturer of the electrical appa-
ratus or the gas handling equipment.

3.2.2 Service Conditions. Service conditions
to be encountered during the handling of SFy
gas are as stated in 1.3. It should be noted, how-
ever, that manufacturers’ recommendations and
handling equipment limitations may restrict gas
handling to temperatures above the minimum
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operating temperatures specified for GIS appa-
ratus.

3.2.3 New Gas

3.2.3.1 Shipment. SFy is shipped as a liqui-
fied gas in steel cylinders from the manufacturer.
Bulk quantities are available for large installa-
tions in tube trailers.

3.2.3.2 Storage. SFg containers should be
stored away from direct sunlight and sources of
heat. The storage area should be free of explosives
or flammable material.

Cylinders should be secured to support so that
they will not fall and should be protected against
physcial damage.

Cylinders should not be stored on damp ground
or in contact with moisture.

Valve caps should always be in place when cylin-
ders are not in use or when they are being moved.

Precautions to be observed in cylinder handling
are as follows:

(1) Do not drop cylinders

(2) Do not allow cylinders to slam together

(3) Do not apply heat to cylinders!!

(4) Do not allow cylinders to be chilled below
-29 °C (-20 °F)

(5) Do not add gas to the cylinder!!

(6) Do not tamper with the valve or safety
devices

3.2.3.3 Withdrawing the Gas. SF; gas may
be withdrawn from the cylinder in either the
gaseous or liquid phase. When the cylinder is up-
right, the SFg gas will discharge as a gas. When the
cylinder is inverted, the SFy gas will discharge as
a liquid.

Withdrawing SFg as a liquid when filling equip-
ment requires less time; however, the SFg should
be vaporized before it enters the equipment or
otherwise the equipment may be overpressurized.
Damage to gas compressors will occur if liquid
SFg is drawn into the compressor.

For the initial filling of new equipment, it is
recommended that new SFg should be used and
drawn directly from cylinders provided by the gas
supplier.

In other cases, the SFg may be withdrawn from
the cylinders into a gas transfer device, also re-
ferred to as gas transfer cart, before it is used for
filling GIS apparatus.

The use of a transfer system facilitates the re-
moval of SFg from cylinders after the pressure has
become equal to that within the GIS equipment.

In such a procedure, caution should be used to
avoid overfilling the GIS apparatus, and the man-

“Except as recommended by the gas supplier.
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