Manufacturer's Guaranteed Leak Rate
N

o Leak rate Iimit in USA-before Kyoto
e Leak rate limit in Japan
« NEMA SF6 Use Guidelines-after Kyoto

e Continuing work—to establish leak rate
limit of less than 0.1% per year as the
guaranteed and expected limit (means
at least 50 years to first alarm)
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Leak rate limit in USA Before Kzoto

Dielectric and interrupting ratings met at
moderate pressures of 30 to 70 psig

e Convenient add 10% to 20 % extra gas
to allow for leakage and ease of density
monitoring

 SF6 gas was inexpensive and readily
avallable

o Limit set at 1% overall, 2% per
compartment
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IEC Leakage Limits : Pre-Kzoto

3.2 The Iimpiications of leakage I EC ’é 3 4 - 'qq';/ P' 3!

Switchgear and controlgear containing SF; gas is designed, manufactured and tested to
ensure that losses of the gas are kept to a minimum.

Preferred maximum permissible relative leakage rates of 1 % and 3 % of the total initial
mass of SF gas per annum are specified in IEC 56, IEC 298 and IEC 517, for closed
pressure systems The lower leakage rate limit of 1 % per annum is readily accepted by
manufacturers and is easily achieved using standard materials and sealing techniques.

The gastightness of sealed pressure systems is specified in terms of the expected oper-
ating lite; preferred values are 10, 20 and 30 years. For equipment using sealed pressure
systems, manufacturers report that they are able to achieve relative leak rates of less
than 0,1 % per annum. The filling pressure of medium-voltage sealed for life equipment is
often just above atmospheric pressure and this reduces the tendency to leak. The
combined use, during cumulative leakage measurement, of electron capture detectors and
gas collectors, the latter made possible by the small size of the gas enclosures of medium-
voltage equipment, allows absolute leakage rates at room temperature, as low as 10°

atmospheric cm3/second (equivalent to 3,15 - 10~ Iitres per year) of SF. to be measured.
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Leakage was expected and tolerated in USA
|

 No impact on ozone layer, non-toxic,
colorless, odorless—so no reason to
notice the leakage

e Less costly to add gas when energized
than to take an outage to repair leak

 Difficult to find all leaks in the field (wind,
cold)

— With a 5% to 10% first alarm level, should be
2.5 to 5 years between refilling
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Adding SF6 to Energized Eﬂuiement

ADDING GAS TO AN ENERGIZED BREAKER

Utilities also take different approaches to how they
handle a breaker with reduced gas pressure. When can you add
gas to an energized breaker for example? Of the 15 utilities
responding to the questionaire, if the pressure was above
minimum operating pressure, Nine utilities would add gas to a
energized breaker as a standard practice, Four would add gas
only if recommended by manufacturer, and two utilities never
added gas to an energized breaker. If the pressure had fallen
below minimum operating pressure, three utilities would still
add gas to an energized breaker, six if only recommended by the
manufacturer, and six would never add gas to an energized
breaker. One utility commented that this was strictly a
judgement call. They felt there was no danger in adding gas if
the pressure was near the cutout value but would not add gas if
the pressure was near 0 psig.

Manufacturers response to adding gas also varied. Of those
responding, Siemens Energy would allow addition of gas if above
cutout but not if below. HVB would not recommend adding gas to
an energized breaker. W/M Power products allowed adding gas in
either case. Sprecher Energie allowed adding gas in either case
for live tank breakers but not to dead breakers. Cogenel
allowed adding gas above the cutout however below the cutout
depended on the circumstances. English Electric allowed adding
gas above the cutout but not below. Square D has a sealed
interrupter and could not add qas.
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Actual Leak Rate in USA

EE|l and EPA data—10% per year

Inadequate seal techniques—pipe threads
Quality of seal materials—"0" Rings
Corrosion—Asbestos Stop Gasket

No enforcement of guarantee

POWER PRODUCTS, INC. March 2004
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Examele of corrosion causing a leak

MITSUBISHI ELECTRIC
I’\ POWER PRODUCTS, INC. March 2004 mm

7111




Leak Checking Technigues

IEC 62271-1 © IEC:2004 - 109 - 17A/688/CD
Loak e | s wocors | e
wwwww Tl | | | s |, | | S| e
oy to leak toss | Fismetorch | condustivity | TR bl eetor
222222 % / /
5 years Any gas % / /
7
years % / %///A
,,,,,,, =l
4 BOO yes SFy % %
48000 years NH,
0000 ye 7% ’
Freen 12 SFy Any ges.
(note 1) {note 1) {note 2) (note 3}
% Applicable fhc
E Limit of applicability
NOTE 1 Sniffing in good conditions. By integrated leakage measuremen t, better sensitivity can be achieved.
NOTE 2 By integrated leakage measure ment.

NOTE 3 By sniffing.

Figure D.2 ~ Sensitivity and applicability of different leak detection methods for tightness

}‘PGWEH PRODUCTS, INC. March 2004

Thd T4D Covporabion

8/11



Laser Leak Check

 Makes leaks visible

 Efficient survey of overall equipment
 |dentifies the worst leaks quickly

« Avallable as a service

* Not sensitive enough for factory testing
and not needed for equipment that Is
not leaking

« Useful for old equipment in the USA
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Dealing with high leak rate in USA

 Manual density measurement difficult

* Microprocessor based density monitor
predicts when refilling will be needed

 Efficient scheduling of refill crews

* Repair by adding external sealants
 Repair by welding over flange seals

o Automatic refill with pressure regulators
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In'lection of Sealant to StoE SF6 Leaks
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Leak Reeair with External Sealant
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Manual Density Monitorin

MANUAL MONITORING OF SFg GAS DENSITY IN A GIS US[NG PRESSURE
GAGE AND AMBIENT TEMPERATURE THERMOMETER

WADDELL GIS GAS ZONE GM7B FILE WADDELL/950710
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Microerocessor Densitz Tracking

PRESSURE-DENSITY-TEMPERATURE
Omaha Public Power - CB1 §1281
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Microerocessor Densitz Monitoring

BPA Bell Substation A-366 GCB 15 Minute Data

[——Press —— Temp CP ——Temp —— Densiy |
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Jaean Task Force on SF6

Task Force Committee on Standardization of the Use of SF6 Gas for
ElectricaPower Equipment in Japan

The committee consists of members from major utilities, power manufactures, gas manufactures
as well as universities in Japan.

O WG 1 : Current volume of use and emission of SF6 gas in Japan. Measured the leak rate from
flanges, fittings and sealed parts for 40 GISs in service. The leak rates were below 0.1% per
year.

0 WG 2 : SF6 decomposition products and their properties were measured for operating GISs. No
significant decomposition products were detected.

0 WG 3:Standards for recycled gas quality control and recycling effectiveness.

year 1996 1997 1998
Committee held on 10/30 3/17, 10/1 3/31
O Questionnaires for |[J Measurementsina | Summary
Activity power utilities and field
manufacturers Technical Studies
O Research for technical ’ Fimal report — Inf
papers Jmterim report Japanese-249 pages
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SF6 In Electrical Equipment In Japan
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SF6 In Electrical Power Equipment in Japan By Year

March 2004
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Emission of SF6 In Jaean

Japan —=SF6 Inventory and Emissions

TISFAHOABEHEDHER I _
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) MFG. Emissions o : )
Emission Objectives are: Mfg.-- 30 metric tons / year

Utility Emissions
Utilities — 40 metric tons / year

—&- Utility
Inventory
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Sk, Gas Seal of Mitsubishi GIS

B O-RING
) GAS SEALING

Sealant Flange

Air
Side " 1LIQUID SILICONE SEALANT
@ | il
| : B GAS SEALING
e o +
NCIOSUL: B
RiNg ( PROTECTION AGAINST
SF6 Gas Insulating WATER INGRESS FROM
Side Spacer AIR SIDE
RUSTING OF ELANGE

POWER PRODUCTS, INC. March 2004 THED

19/11



Deformation of “O” Rings In Use

New O-ring  O-ring under Deformed O-ring
use in GIS after use ‘

23 x100 (%)

Deformation Rate=

Fig. 7. Definition of deformation rate of O-rings.
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Fig. 8. Deformation characteristics of O-rings.
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Aging of “O” Rings

Table 3. Hardness and tensile strength of
O-rings after six years in use,.
Tensile Strength 1
Samples Hardness (Hs) (kg / cm?)
. Kind of [Measured!| Specifica| Measured [Specifica
Equipment | 6_ting | value -tion | Vaolue | -tion

|Phase A 68.5 (97

84kV IIS;

Glg |Phose B G 290 68.5 705 — >140
Phase C 72.0 179
Phase A 67.0 155

168kV JIs-

GIS G 290 - 7015 > 140
Phase B 68.0 —_

POWER PRODUCTS, INC.
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Japan-Leak Rate Withess Test

MIlTdDUDLDIIL TRANSMISSION & DISTHIBUHUN, §HANSEUNEATIUN DTS DS womien

ELECTRIC 1-1, TSUKAGUCHIOHONMACH B-CHOME, AMAGASAKI-CITY, JAPAN
CORPORATION reierone : +81-5)-5457-8758 FACSIMILE : +81-(6]-6457-9378
DATE : Oct19,2000
REF.No. : HKT-65408

TECHNICAL CORRESPONDENCE SHEET

ject; S e alculatio versio o
{Customer: SCE SERRANO 550KV GIS 2% Lot [Bay2] Withess Test)

According to gas leakage in the e test of above GIS, the value "ppm” ,obtained by
SF6 gas leakage detector, is converted to the value “leakage %" and P with the i
criteria ” less than 0.1% per year” as foliows.

1. Calculation of total SF6 gas volume of GIS

In the aftached drawing "H1L6183", SF6 gas weight of GIS is indicated.
In the case of 2™, Lot [Bay2), total gas weight is calculated,

(Phase A) B9+23+120423+147 = 402kg

{Phase B) 89+23+120:23+152 = 407kg

{Phase C) 89+23+120+23+157 = 412kg
Among three phases, phase A is the most sever phase because of its minimum gas velume.
Total gas volume of phase A s calculated,

{Phase C) 402 X 10° g} / €.14 [g/l) = 65400 [}

» Where .14 (g/]} is SFE gas density at aimospheric pressure.

2. Calculation of SFE leakage % per year
Average vinyl-sheet voiume of leakage measuring point : 10 ()
Leakage measuring point numbers per one phase : 50 {points}
Leaving period for the leakage measurement : 12 {hr}

I it is assumed that the SF8 densily inside of every vinyl sheet is *0.5ppm”, detective sensitivity of SF6
gas leakage detector, SF6 leakage % per year is calculated as foliows. -

{SF& leakage % per year}

05 x 10% X 10 () X 50 {points) 24 % 365(h) - -
X 100{%) = 0.0003 (%/yea)
65400 () 12 {hr)
That satisties C 7's specification " less than 0.1 %fyear *

Switchgear Quality Conlrol Section
Switchgear Depariment

Approved by ?j%’égﬁ/&;
Checked by % . mm

bty | F F ol
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Routine Factorz Test for Leakage

Average vinyl-sheet volume of leakage measuring point : 10 ()
Leakage measuring point numbers per one phase 50 (points)
Leaving period for the leakage measurement c12/(hn)

It it is assumed that the SF6 density inside of every vinyl sheet is “0.5ppm", detective sensitivity of SFG
gas ieakage detector, SF6 leakage % per year is calculated as follows.

(SF6 leakage % per year)
05 X 10% X 10 () X 50 (points) 24 X 365 (hr)

X 100(%) = 0.0003 (%/year)
65400 () 12 (hr)

That satisfies Customer’s specification " less than 0.1 %/year "
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Enclosure Mounted Temperature

Comgensated Pressure Switch

Functional drawing

15 __,Q _________ _ L_u_f c
I | T
N—" ' i ' 15
10— 1 1] .
6—1 1l = ||5 4
S § g :
5| A
| =1
g | :
—
| 3 SFg gas circuit breaker 8 Plugable screw terminals
L J/ S Reference chamber 9 Cable gland
J ; Metal bellows 10 Cast aluminium cover
1 4 | Metal bellows 1 Microswitch cover
l Bar coupling 12 Base plate
Microswitch 13 Pressure connection
Circuit board 14 Pressure connection
15 outdoor cover
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Enclosure Mounted Gas Densitz Monitor
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Continuing Work

®* As a manufacturer, back up guarantee of less than
0.1% annual leak rate by effective action—fix any
detected leak

e Continue to emphasize best practices for
containment of SF6

o Support tighter leak rate limits in standards (IEEE,
IEC) and user specifications

» Cooperate with US EPA in reductions in SF6
emissions from electric power equipment

MITSUBISHI ELECTRIC e
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IEC SF6 Leakage Limits : Post-Kzoto

5.15.2 Closed pressure systems for gas I Ec 6 2 27,’ "2004 P ‘;j

The tightness characteristic of a closed pressure system and the time between replenishment under
normal service condition shall be stated by the manufacturer and shall be consistent with a
minimum maintenance and inspection philosophy.

The value for the time between replenishmen't is at least 10 years and should be consistent with the
tightness values.

The tightness of closed pressure systems for gas is specified by the relative leakage rate Fig Of
each compartment; standardised values are:

- For SFg and SFg-mixtures the standardised values are 0.5 % and 1% per year.

- For other gases the standardised values are 0,5%. 1 % and 3 % per year.

The possible leakages between sub-assemblies having different pressures are also to be taken into
account. In the particular case of maintenance in a compartment when adjacent compartments
contain gas under pressure, the permissible gas leakage rate across partitions should also be
stated by the manufacturer, and the time between replenishments shall be not less than one month.

Means shall be provided to enable gas systems to be safely replenished whilst the equipment is in

service.
MITSUBISHI ELECTRIC I mﬁ D
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NEMA SF6 Management Guidelines

o

-
Setting Standards for Excellence

Management of SF; Gas for Use in Electrical Power Equipment

SFy is a powerful greenhouse gas so it should never be deliberately released to the atmosphere. However, it is
not an ozone depletion gas. Maintain control of SF by an inventory program that tracks:

a) SF, purchased

b) 5F, received inside of and with electrical equipment

c) SF in service in electrical equipment

d) SF in storage

¢) 8F, in gas handling equipment

f) SF returned to SF, supplier or equipment manufacturer

Use gas checking and handling equi to h the following target levels:

1) Evacuate air to 1 mbar (100 Pa or 0.8 mmHg) from equipment, hoses and fittings that are to  be filled with
SFy. This keeps air ination of SF6 to ptable levels (less than 0.02% per filling to a typical pressure
of 5 bar (500 kPa or 60 psig), and is important since air cannot be removed by ordinary filters and separation is
difficult and does not recover all the SF,.

2) R SF; from equi being tested, produced or maintained to a vacuum of 1.3 mbar (130 Pa or 1
mmHg). This will keep handling losses for electrical equipment (typically filled at 5 bar or more (500 kPa or 60
psig) to below 0.02% per handling cycle. It will also, through subsequent dilution of any toxic SFy
d position products in the equip with the backfilled air, ensure that personnel are not exposed above
tolerable limits.

3) Filter SF; being handled to remove moi , d ition prod and other possible filterable
i using melecular sieve, acti d alumina and 1 micron or smaller particle filters. This will keep

the SF; in good condition and also help ensure that | | are never exposed to toxic d positi

products in SF.

4) Check quality of SF intended for re-use in electrical Juif using:

a) percentage SF, instrument (2% air limit)
b} hygrometer or dew point instrument for moisture (120 ppmv limit)
¢) chemical reagent tube for decomposition products (50 ppmv total or 12 ppmv SO, limit).

5) Leak check all equipment containing SF, with special attention to gas fittings, moving seals, gas handling
equipment and storage facilities. Eliminate leaks to keep overall SF, emission rate from leakage below 0.1% per
year,

Over a 50 year service life the emission of SF, gas due to its use in electrical equipment will
not exceed 10% (5% equi) leakage, 2% ing and d issioning, 1% mai
checking, filtering and storage losses plus a 2% all for accid For detailed infi ion on the
technical reasons for the above target levels see CIGRE Report #117, “8F; Recyeling Guide - Re-use of 5F;
Gas in Electrical Equipment and Final Disposal”, August, 1997.

Switchgear Section (8-5G) 48
Ad Hoe Task Group on SF, February 23, 1998
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NEMA Leakage Limit : Post-Kzoto

5) Leak check all equipment containing SF4 with special attention to gas fittings, moving seals, gas handling
equipment and storage facilities. Eliminate leaks to keep overall SF emission rate from leakage below 0.1% per
year. -

Over a 50 year service life the emission of SF gas due to its use in electrical equipment will
not exceed 10% (5% equipment leakage, 2% manufacturing and decommissioning, 1% maintenance,
checking, filtering and storage losses plus a 2% allowance for accidents). For detailed information on the
technical reasons for the above target levels see CIGRE Report #117, “SF, Recycling Guide - Re-use of SFy
Gas in Electrical Equipment and Final Disposal”, August, 1997.

Switchgear Section (8-SG) N E m A

Ad Hoc Task Group on SF, February 23, 1998
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ABB World Leak Rate Data

8F, INFO ENVIRONMENTAL GHCRG V3 1987
Local loss rates
SF; quantity mlr:::ge
balance region year !Inst[?]lln-d ﬂ[ltlr; [;.Ul;] source, comments
World 95 26 000 CAPIEL 3897
3 200 12 SF6 producers 3/97
us a5 2700 ABB sstimate
350 13 NEMA / EEI
3250 120 | Ausimont tart (?)
aermany 95 1000 9 0.9 Umweltministerium
Brasilia 93 207 1.8 0.9 SNPTEE
RWE (D) 97 120.5 0.63 0.55 | ABB internal
NOK (CH) 90-95 7 0,014 0.2 NOK (Guerig)

Aversge leakage rate = fill-up/ installed

—_—-- A
Transmission & Distribution Segment Recd { fpr 1996 iy
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