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1. SCOPE

This report covers the investigation of the transformer events at VEPCO's
North Anna power station from November of 1980 through March of 1983, The
report is applicable to shor order HAM707 on which 7 units were manufactured.

Included are dielectric, fluid flow, gas evolution and processing

considerations relating to the transformer. Also included is a system
analysis relating to the event occurring on December 5, 1982.
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1I. EXECUTIVE SUMMARY

Seven transformer failures occurred at VEPCO's North Anna power station from
November of 1980 to December of 1982, This report covers the investigaticn of
these failures.

None of the failures could be renroduced in the laboratory, thus no definitive
conclusions can be reached as to the exact cause of any of the failures.

The following etatements can be made on each failure:
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FAILURE #1:
(2099)

1491E

NORTH ANNA #2 - HV LEAD TO LV COIL

Rebuilt ship: 1/77
Processed last: 2/79
Failed at N.A.: 11/80
Phase 'A'

Additional transportation involved prior to rebuild.

Unit involved in failure at Bowen and rebuilt at Muncie.
No factory test difficulties on original or rebuilt unit.
Unit did have overexcitation.

Processing of main unit was done for a considerable length of
time before the failure.

Mis-operation of inertaire system did occur.
Gas bubbles do occur in the oil under this condition.

Dielectric strength degradation of lead configuration due to gas
bubbles in the oil does occur.

Simulated lead configuration withstood 400 kV for 48 hours with
and without bubbles present -- corona was observed for large
bubbles.

No other source of bubbles found.



FAILURE #2: NORTH ANNA #2 - HV BUSHING

(2100)
Original ship: 2/74
Processed last: 2/79
Faiied at N.A,: 6/81
Phase 'C'
% No factory test problems.
. Additional transportation was involved.
. In bank at Georgia Power when 2099 failure occurred.
A Unit overexcited.
" In bank when 2099 failure occurred at N.A.

. Failure involved bushing only. .
’ Processing was done a considerable length of time before failure.

. HV bushing was not stored properly.
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FAILURE #3: NORTH ANNA #2 - HV BUSHING, LV COIL AND TANK
(2098

Original ship: 2/74
Processed last: 6/81
(Energized)

Failed at N.A.: 7/81

Phase 'B'
. No factory test difficulties
. In bank at Georgia Power when 2099 failure occurred.
’ Additional transportation was involved.
. Unit processed one wmonth prior to failure.

v In bank when 2100 and 2099 failures occurred.
. Lead configuration changed 6/81.

. HV bushing was not stored properly.
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FAILURE #4: NORTH ANNA #2 - G.P. UNIT - HV LINE COIL, LV COIL, TANK
(1527)

Original ship: 5/70
Processed last: 6/81
Energized: 7/81
Failed at N.A.: 7/81
Phase 'C'

> No factory test difficulties.

. In bank when two other transformer failures occurred at G.P.

. Dielectrically tested above rated design level at Muncie plant.
» In bank when 2098 difficulty occurred.

" Failed immediately after energizing subsequent to 2098 failure
at N.A.

Large quantities of carbon observed during failure observations.
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FAILURE #5:

NORTH ANNA #2 - HV BUSHING, CORONA SHIELD AND LV WINDING AND TANK

(2100 Repaired at Muncie)

1491E

Rebuilt ship: 10/81
Processed last: 3/82
Energized: 3/82
Failed at N.A.: 8/82
Phase 'B'

Bushing transportation.

At Muncie, lead configuration changed to present practice during
rebuild.

No factory test difficulties.

Processed five months prior to failure -- factory tested bushing
installed 1/82 == unit was final processed 3/82 -- energized at
intervals for five months.

Mechanically fatigued bolt in busuing assembly found -= failure
location in bushing correlates with physical evidence of bolt
and washers.

Possible pnysical evidence of oil electrification in coil
assembly.



FAILURE #6: NORTH ANNA #1 - HV BUSHING SHIELD AND LV COIL

(1995)
Original ship: 8/73
Processed last: 8/82
Energized: 11/82
Failed at N.A.: 11/82
Phase 'C’

No factory test difficulties.
. In service since 1978 without difficulty.

System configuration changed with addition of generator breaker
prior to problem.

5 Pumps removed and refurbished.
. Processed prior to difficulty.

Ambient temperature change of 30°C noted two days prior to
energizing.

Cooler initiation and operation in accordance with task force
report (coolers not operated prior to energization.)

To date, gas bubbles have not been produced from the lead or oil
{n laboratory experiments except under vacuum.

Bushing/lead configuration simulation withstood 400 kV for 48
hours with and without bubbles == corona observed for large
bubbles. ' )
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FAILURE #7: NORTH ANNA #1 - HV LEAD, LV COIL, TURN-TO-TURN FAILURE
(1994)

Original ship: 7/73
Processed last: 12/82
Energized: 12/82
Failed at N.A.: 12/82
Phase 'B'

. No factory test difficulties.
5 In service since 1978 without difficulty.

. System configuration changed with addition of generator breaker
prior to problem.

N Pumps removed and refurbished due to metallic contamination,
unit flushed.

. In bank during 1995 failure.

. Retrofitted with COPS.

. Removed barrel barrier,

. Partial discharge field test with waveguides installed.
’ Pumps run prior to energization per instructions.

. To date, gas bubbles have not been produced from lead experiment
except under vacuum.

Bushing/lead configuration simulation withstood 400 kV for 48
hours with and without bubbles -- corona observed for large
bubbles.

To date, lab tests have not produced high turn-to=turn stresses
in area of turn-turn failure observed for a high-low failure
mode.
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111, INTRODUCTION

Seven single phase generator step up transformers were manufactured and
delivered to Virginia Electric Power Company in 1973 and 1974 for operation at
the North Anna station. These are identified as S§.0. Ea47C7. The units are
rated 330 MVA with a 55°C rise and 369.6 MVA with a 65°C rise. The high
voltage winding is 1300 kV BIL on the line end and 150 kV BIL at the neutral.
The low voltage is 150 kV BIL. The nominal voltage is 500000 grd. Y/288675 to
22000 volts. There are de-energized taps at 303110, 295890, 281460 and 274240
volts. The cooling system is "FOA" and the oil preservation system is
“{nertaire” designed to operate between 0.5 and 8.0 psi pressure.

In addition there was involved a spare transformer that Virginia Electric

Power Company borrowed from the Georgia Power Company. It is identified as
S.0. HAM390. 1t is a single phase 277 MVA, 500000 grd. Y/288675 to 23800

volts.

The history of each of these units is detailed as follows:
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Serial 7001965 S.0. HAM707

1.

2.

Tested originaliy 7/20/73,
Operated commercially.
Installed waveguide and "COPS" system - 11/82.

Removed barrel barriers from H.V. bushing and made general internal
inspection == 11/22/82. See J. B. Templeton's trip report of 12/15/82. (1)

Field corona tests by VEPCO -- 11/30/8Z to 12/3/82. See W. J. Carter's
trip report of 12/16/82. (2)

(1) Appendix A - Item 1
(2) Appendix A - Item 2

Serial 7001993 S.0. HAM707

8.

9.

Tested originally 7/24/73.
Originally the spare for the North Amna Station.
Put in place of serial 7002099 which failed on 11/29/80.

500 kV lead changed from wire of coil and brush copper section to cable --
June, 1981. (Muncie Personnel)

500 kV lead rechecked for quality -- July, 1981. (Muncie Personnel).

500 kV bushing removed and replaced with bushing from serial 7002099.
Bushing from serial 7002099 tested 7/11/81 in Muncie and returned to VEPCO.

Pumps replaced == July, 1Y8i. New pumps were sent from Muncie. The
replaced pumps returned to Muncie were dismantled and two indicated signs
of bearing wear.

Unit fiushed to remove bearing particles -- July, 1981.

VEPCO accident -- water introduced inside unit.

10. Unit put on dry out process 7/19/8l.

11. Waveguide installed 8/26/82.
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Serial 7001994 S.0. HAM707

1.
2.

3.

Tested originally 7/26/73.
Operated commercially.
Installed "COPS" system - 11/82,

Removed barrel barriers from H.V. bushing and made general internal
inspection == 11/22/82. See J. B. Templeton's trip report of 12/15/82. (3)

Field corona tests by VEPCO -- 11/30/82 to 12/3/82. See W. J. Carter's
trip report of 12/16/82. (4)

Failed 12/5/82. See W. J. Carter's and D. White's teardown report of
1/10/83. (5)

Serial 7001995 S.0. HAM707

1'

Originally tested 8/3/79.

Operated commercially starting in 1974 in North Anna #1.
De-energized May 1982,

0il drained and refilled with new oil August 1982,

Failed 11/16/82 after three hours and six minute after energizing. See
H. R. Mcore's report of 12/3/82. (6)

(3) Appendix A - Item 1
(4) Appendix A - Item 2
(5) Appendix B = Item 1
(6) Appendix B - Item 2
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Serial 7002098 S.0. HAM707

1. Tested originally 2/20/74,

2, Stored at VEPCO.

3. Loaned to Georgia Power Company for operation at Plant Bowen == May, 1976.
4. Returned to Muncie on S.0. XDM1324 for retest -- tested 9/2/76.

5. Reshipped to VEPCO.

6. Overexcitation reported (140.92 for 42 seconds) -- 2/6/79.

7. 500 kV lead changed from wire of coil and brush copper section to cable --
June, 1982, (Muncie Personnel)

8. Failed while in service at North Anna Station == 7/3/81.

9. Remains of 500 kV bushing returned to Muncie. See bushing report, serial
6, of 8/3/81 by L. B. Wagenaar. (7)

10, Pumps returned to Muncie.
11. Scrapped in the field - 9/81.

(7) Appendix B - Item 8
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Serial 7002099 S.0. HAM707

1. Tested originally 2/22/74,
2. Stored at VEPCO.
3. Loaned to Georgia Power for operation at Plant Bowen -- May, 1976.

4. Failed while in service at Plant Bowen -- May, 1976. See Engineering Lab
Report #41-5F by Puri/Hansen - 7/30/76. (8)

5. Returned to Muncie for repair on S.0. XDM1323,
6. XDM1323 tested on 1/31/77.
7. Reshipped to VEPCO,

8. Missing hardware problem. Conclusion it was never shipped. See I. L.
Hansen's trip report of 3/24/77. (9)

9. Overexcitation reported (140.9% for 42 seconds) == 2/6/79.

10. Failed while in service at North Anna Station == 11/29/80. See trip
report by B. W. Hugon of 12/17/80 (10) and disassembly report by L. E Luke
of 6/5/81 (11).

11. Repaired on 5.0. XDM1742,

12. Retested on 7/24/81 and reshipped to VEPCO.

13. Waveguide installed - 8/26/82.
(8) Appendix B - Item 3
(9) Appendix A - Item 3

" (10) Appendix B - Item %
(11) Appendix B - Item 5
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Serial 7002100 S.0. HAM707

1.

9.
10.

11.

12.

Tested originally on 3/4/74,

Stored at VEPCO.

Loaned to Georgia Power Company for operation at Plant Bowen -- May, 1976.
Returned to Muncie on S.0. XDM1324 for retest -- tested 9/23/76.

Reshipped to VEPCO.

Overexcitation reported (140.9% for 42 seconds) == 2/6/79.

Failed while in service at North Anna Station == 6/19/81. See disassembly
report of 10/13/81 by B. W. Hugon. (12)

Rezmains of 500 kV bushing returned to Muncie. See bushing report, serial
7, of 8/3/81 by L. B. Wagenaar. (13)

Pumps returned to Muncie.
Repair order -- XDM1779. Rebuilt with new phase. Tested 10/21/81.

Failed while in service at North Anna Station - 8/22/82. See R&D report
82-7D7-MUNCI-R1, 10/6/82. (14)

Repair order - XDM1867. See teardown report of 2/23/83 by Dale White. (15)

(12) Appendix B - Item 6
(13) Appendix B - Item 9
(14) Appendix B - It'a 10
(15) Appendix B - Item 7

Serial 7001527 S.0. HAM390

1.

9.

Tested originally 5/21/70.
Operated at Georgia Power Company, Bowen Plant.

Removed from service after failure of serials 7001526 and 7001528 --
March, 1976.

Returned to Muncie for tests on $.0. XDM13lé.

Dielectric tests made at 1175, 1300, 1425, 1550 kV BIL.
Returned to Georgia Power Company, Bowen Plant, as a spare.
Shipped to VEPCO to replace Serial 7002100 == June, 1981.

Failed at VEPCO North Anna Station == 7/25/81.

Unit disassembled in the field and scrapped = 8/81.
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A summary of the failure points for each of the incidents is as follows:

FAILURE POINTS

HV HV HV To

HV Corona HV Line Series LV LV
Serial Shipped Failed Bushing Shield Lead Coils Conn. Wdg. Wdg. Tank
7002099 1/77 11/80 X X
7002100 2/74 6/81 X
7002098 2/74 7/81 X X X
7001527 5/70 7/81 X X X
7002100 10/81 8/82 X X X X
7001995 8/73 11/82 X X
7001994 7/73  12/82 X X X

7001993 7/73 w——

7001965 7/73 St
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IV, CONCLUSIONS

The investigation has not been able to simulate or duplicate the failure
mechaniss observed at the North Anna power station.

In general, the dielectric studies have indicated the following:

1.

2.

For large gas bubbles at high velocity oil flow rates, partial
discharge was experienced but 10 flashovers occurred.

The high voltage line lead configuration was stressed at 400 kV to
ground for a time equivalent to 5.7 years service at nominal
operating voltage. This time equivalent is based on a volt-time
probability function.

The effect of an improper taper joint in the taping of the high
voltage line lead did not signficantly affect the partial discharge
levels.

This combination of gas bubbles in the oil system and induced static
electrification of the oil did increase the partial discharge levels
but no flashovers occurred.

No evidence of problems with winding resonance effects could be
determined.

No evidence of high transient voltage effects could be determined.

Gas trapped in taped insulated leads did not evolve into the oil as
bubbles unless a negative pressure occurred above the oil.

No apparent system related problems have been determined.

A summary of each individual transformer is as follows:

1491E
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FAILURE #1: NORTH ANNA #2 - HV LEAD TO LV COIL

(2099)
Rebuilt ship: 1/77
Processed last: 2/79
Failed at N.A.: 11/80
Phase 'A'

. Additional transportation involved prior to rebuild.

. Unit involved in failure at Bowen and rebuilt at Muncie.

8 No factory test difficulties on original or rebuilt unit.

. Unit did have overexcitation.

. Processing of main unit was done for a considerable length of

time before the failure.
. Mis-operation of inertaire system did occur.
Gas bubbles do occur in the oil under this condition.

. Dielectric strength degradation of lead configuration due to gas
bubbles in the oil does occur.

. Simulated lead configuration withstood 400 kV for 48 hours with
and without bubbles present —-- corona was observed for large
bubbles.

. No other rource of bubbles found.
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FAILURE #2: NORTH ANNA #2 - HV BUSHING
(2100)

Original ship:

Processed last:
Failed at N.A.:
Phase 'C'

No factory test problems.

Additional transportation wae involved.

In bank at Georgia Power when 2099 failure occurred.
Unit overexcited.

In bank when 2099 failure occurred at N.A.

Failure involved bushing only.

Processing was done a considerable length of time before failure.

HV bushing was not stored properly.
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FAILURE #3: NORTH ANNA #2 - HV BUSHING, LV COIL AND TANK
(2098)

Original ship: 2/74
Processed last: 6/81
(Energized)

Failed at N.A.: 7/81

Phase 'B'
. No factory test difficulties
A In bank at Georgia Power when 2099 failure occurred.
. Additional transportation was involved.
. Unit processed one month prior to failure.

> In bank when 2100 and 2099 failures occurred.
. Lead configuration changed 6/81.

. HV bushing was not stored properly.
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FAILURE #4: NORTH ANNA #2 - G.P, UNIT - HV LINE COIL, LV COIL, TANK

(1527)
Original ship: 5/70
Processed last: 6/81
Energized: 7/81
Failed at N.A.: 7/81
Phase 'C'

. No factory test difficulties.

. In bank when two other transformer failures occurred at G.P.

. Dielectrically tested above rated design level at Muncie plant.
. In bank when 2098 difficulty occurred.

i Failed immediately after energizing subsequent to 2098 failure
at N.A,

. Large quantities of carbon observed during failure observations.
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FAILURE #5:

NORTH ANNA #2 - HV BUSHING, COROKA SHIELD AND LV WINDING AND TANK

(2100 Repaired at Muncie)

1491E

Rebuilt ship: 10/81
Processed last: 3/82
Energized: 3/82
Failed at N.A.: 8/82
Phase 'B'

Bushing transportation.

At Muncie, lead configuration changed to present practice during
rebuild.

No factory test difficulties.

Processed five months prior to failure -—- factory tested bushing
installed 1/82 == unit was final processed 3/82 -~ energized at
intervals for five months.

Mechanically fatigued bolt in bushing assembly found -- failure
location in bushing correlates with physical evidence of bolt
and washers.

Possible physical evidence of oil electrification im coil
assembly.
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FAILURE #6: NORTH ANNA #1 - HV BUSHING SHIELD AND LV COIL

(1995)
Original ship: 8/73
Processed last: 8/82
Energized: 11/82
Failed at N.A.: 11/82
Phase 'C'

. No factory test d.fficulties.
. In service since 1978 without difficulty.

. System configuration changed with addition of generator breaker
prior to problem.

» Pumps removed and refurbished.

. Processed prior to difficulty.

: Ambient temperature change of 30°C noted two days prior to
energizing.

. Cooler initiation and operation in accordance with task force

report (coclers not operated prior to energization.)

. To date, gas bubbles have not been produced from the lead or oil
in laboratory experiments except under vacuum.

. Bushing/lead configuration simulation withstood 400 kV for 48
hours with and without bubbles -- corona observed for large
bubbles. ,
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FAILURE #7: NORTH ANNA #1 - HV LEAD, LV COIL, TURN-TO-TURN FAILURE

(1994)
Original ship: 7/73
Processed last: 12/82
Energized: 12/82
Failed at N.A.: 12/82
Phase 'B'

. No factory test difficulties.
. In service since 1978 without difficulty.

. System configuration changed with addition of generator breaker
prior to problem.

. Pumps removed and refurbished due to metallic contamination,
unit flushed.

. In bank during 1995 failure.

. Retrofitted with COPS,

’ Removed barrel bairrier,

. Partial discharge field test with waveguides installed.
. Pumps run prior to energization per instructions.

. To date, gas bubbles have not been produced from lead experiment
except under vacuum.

. Bushing/lead configuration simulation withstood 400 kV for 48
hours with and without bubbles == corona observed for large

bubbles.

. To date, lab tests have not produced high turn-to-turn stresses
in area of turn-turn failure observed for a high=low failure
mode.
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V. CORRELATION STUDIES

A multidimensional correlation study has been performed on all 500 kV
generator step up transformers (GSU) manufactured by Westinghouse and
subsequently put into service. The categories selected for the cross
correlation are as follows:

1) Customer (VEPCO and Others)

2) Winding BIL (1300 kV, 1450 kV+)

3) Internal work (performed on site) (Yes, No)

4) Previous involvement (in a bank during failure) (Yes, No)
5) Bushing BIL (1300 kV, 1450 kV+)

6) High voltage lead (horizontal, vertical)

Each of the above six categories are subdivided into two classes as indicated,
thus creating 26 = 64 cells. One of the two classes in each category is
perceived to have possible adverse effects on the failure rate.

(Notes: Three phase transformers are counted as three transformers since each
phase has had a chance to fail. Failure of a three phase transformer is
counted as one failure. A rebuilt transformer is counted as a new
transformer. Internal work is defined as the situation when a transformer is
drained and actual physical work is performed inside before reprocessing and
reenergization. Initial installation and filling of the transformer on site
{s not counted as Internal work. The remaining counting rules are
self-explanatory).

160 tran:formers (500 kV GSU) have been manufactured and put into service and
of these 16 have failed. The failure rate is therefore 0.1 or 102 of the
population. Each of these 160 transforuners was classified into one of the 64
cells. Table I shows the nvmber of transformers in the upper left corner and
the number of failed transformers in the lower right hand corner. As had been
anticipated only a small portion of the cells, actually 11, contain any
transformers. These 11 cells are listed in Table II in descending order of
the number of transformers in each cell. '

Data analysis was carried out on these 11 cells as shown in Table III. Each
cell is divided into success and failure. Expected success (90%) and failure
(10%) is calculated and the contribution to the X2 value for each cell
calculated.

v
: 2
¥ - b & ] 0L4 - Ei3)
A 4 Ei}

where 0ij are observed and Eij are expected values. (1 designates the column
and j the row in Table III).

Eij

01§
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By definition the degrees of freedom is:
D= (1-1)(3-1)

vhich in this case is 11. X2 1s used as a measure of the deviation from a
random distribution. If the failures were truly randomly distributed there
would be only a 1% chance to obtain X2 greater than 24,7, The actual
calculated value is 83,3, Therefore the probability of the failures coming
from a pgrcly reandom distribution is extremely small. Cell 7 contributes 45
to the X* value, but even if cell 7 is disregarded, the value of X< s

still higher than expected from a random distribution,

If next the elimination of any one of th: chosen six categories is considered,
cell 7 stays intact in all cases. This can easily be seen by noting that cell
7 in Table I has no non-empty cell in the vertical or horizontal direction.
Cell 7 has the combination of all the perceived adverse effects on the failure
rate from all the six categories.

Cells 8 to 11 contain only two or one transformers and are therefore
statistically not very meaningful. They were therefore next combinaed into two
cells based on whether the transformer has a horizontal or vertical high
voltage lead. The first seven cells were kept intact. Table IV shows the
result of a similar analysis to that in Table III, Cell 8% in Trble IV is

the combination of the original cells 8 and 11, while cell 9% {s the
combination of the original cells 8 and 11, while cell 9% i{s the combination
of the original cells 9 and 10 which also results in losing the category of
C3|to|or (VEPCO, Others) in cell 9%, Cell 9% now contributes 18 to the

X value while cell 8% is relatively benign.

Similar results are obtained with two other approaches dealing with cells 8 to
11, if cells 8 to 11 are lumped into one new cell or lumped into two new cells
based on whether the customer was VEPCO or not. In both these cases one new
cell has a substantial contribution to X indicating that cell 7 is not the
only contributor to the lack of random behavior of the failure rate.

Eliminating any two of the original categories, similar results are obtained.
That is, there remains at least two cells contributing significantly to X2,
Eliminating three of the categories, cell 7 stays intact with its 100X faiiure
rate in most of the possible combinations of the remaining three perceived
adverse effects on the failure rate. One particular case gives an interesting
result and is described below:




0f the five non-empty celis, cells A and D contain only VEPCO transformers
except on ein cell D. Only ceil D has a failure rate which deviates
significantly from the average failure rate. Cell A and D are comparable in
size and both have a low winding BIL. Cell D contains nearly half the failed
transformers. However, cell 7 stays intact with 1ts 100X failure rate if the
categories of Previous involvement, Customer and Internal work are the three
categories retained. Those are the categories eliminated in cell D. Another
example resulting in a cell with 100% failure rate, actually six failures out
of six transformers, occurs when the categories of Customer, Bushing BIL and
Winding BIL are retained, in which cells 7 and 10 combine. Conversely, if the
categories Internal work, Previous involvement and H.V. lead are retiined,
cell 7 stays intact.

The e¢liminations of categories described abcve demonstrates the lack of data
for comparison in the available data base. No particular combination of the
perceived adverse effects appears to be significantly worse or better than any
other combination because cell 7 has such a small amount of neighboring data
(Table I).

Discussion -

The results of this analysis indicate that there is a significant deviation
from random behavior of the failure rate with a strong correlation to a
combination of perceived adverse effects on the failure rate. Yet no single
one of the perceived adverse effects is needed to show the strong deviation
from a truly random failure rate.

It is speculated that a physical reason or reasons for many of the failures
have occurred .n correlation with many of the perceived adverse effects, but
these physical reascns are not known or associated with any particular
combination of the initially perceived adverse effects. The extreme deviation
from random behavior of the combination of all the perceived adverse effects
(cell 7) suggests that one or more unknown adverse physical conditione might
have been associated with that group. However, such physical conditions may
or may not be associated with any or all the perceived adverse effects on the
failure rate.
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VI. AREAS OF INVESTIGATION

Suhsequent to the seventh failure of the Westinghouse transformers at the
VEPCO North Anna power generating station a comprehensive program was
{nitiated to study various aspects of the situation. The Westinghouse study
{ncluded investigations into the transformers as well as the power system into
which it was integrated.

The power system study was conducted by reviewing the data accumulated from
the recording devices on the system and through analytical calculations.
Calculations of voltages and currents for various sceaarios of operation were
completed and concentrated on the generator side of the transformer.

Along with the power system study, several investigations were made
concurrently concentrating on the internal operation of the transformer. A
study of the transformer hydraulic circuit consisted of a review of field

processing records, a hydraulic flow analysis, analysis of gas and moisture
content in oil samples, and a gas in oil equilibrium analysis. In support of

the previous tests, various electrical tests were performed with a high
voltage lead configuration as existed in the North Anna transformers. The
purpose of the electrical tests was to determine if the insulation integrity
degraded as the temperature and pressure change- of the oil produced an
equilibrium change in the dissolved gases in the oil thus producing bubbles.
Additionally, experiments were performed to determine any electrical effects
from static electrification of the oil on the integrity of the high voltage
lead insulation.

One of the failures identified in the seventh incident was a turn-to-turn
fault in coil 1 of the low voltage winding. In order to determine the
sequence as to when the fault occurred, a low voltage impulse distribution
test was done to simulate & high voltage to low voltage arc with measurer:2nts
to quantify the subsequent turn~to-turn stresses. Also, a review was ma.e of
the resonant frequency response of the transformer to determine if a low
voltage bus duct flashover could result in transient voltages in the high
voltage winding.

The transformer involved in the seventh incident had been equipped with an
acoustical waveguide inside the transformer to detect incipient electrical
problems during the operation of the transformer. A test was performed to
determine if the waveguide would have had sufficient sensitivity to detect the
turn-to-turn fault in the low voltage if the fault existed prior to the

failure of the transformer.

In reviewing the seven incidents at North Anna relative to the field
experience of other 500 kV units, the need was identified to conduct a
statistical analysis of 500 kV transformers. Thus, a statistical correlation
analysis involving multiple variables wae completed.

The analysis of the North Anna incidents has entailed a comprehensive
investigation. The details of the various studies are included in this report.
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VII. SYSTEM INVESTIGATIONS FOR VEPCO NORTH ANNA
TRANSFORMER - GENERATOR FAILURE OF DECEMBER 5, 1982

This report summarizes the results of the system investigations made by T&DSE
to determine the possible causes of the VEPCO North Anna transformer and
generator failures on December 5, 1983,

Analysis of Oscillograms and Events Records

The oscillograms for the December 5 failure as well as those from the previous
August and November failures were examined. The only quantities measured were
those from the 500 kV side of the step-up transformer with no generator or
low-side quantities monitored. From this limited data nothing unusual could
be determined. No external system disturbance wvas apparent that could have
caused the failure.

The handwritten and typed notes on the sequence of events prior to and
following the failure prepared by the VEPCO personnel was examined. Certain
{items from these noted led to the following investigations.

3 E, Bus Relay Operation

On Friday, December 3 it was noted that the 3E, bus relay operated when the
transformer was being backfed from the 500 kV system with the generator
breaker open. This relay is connected across the broken delta of a set of
potential transformers connected to the low voltage bus between the generator
breaker and the low voltage winding of the transformer. A 48 ohm resistor is
connected across the relay to stabilize the neutral of the low voltage
system. The relay was set to trip at 19 volts which represents an E; on the
system of 19/20% or approximately 10 percent.

It was originaily thought that the relay trippi-s was due to the unbalanced
reactances of the one McGraw single phase unit and the two Westinghouse units
which make up the three-phase bank. The setting of the relay was raised and
the bank reenergized.

The unbalanced reactan:es could not have caused the unbalance since there was
essentially no load current flowing through the bank. This indicated that
something else caused the unbalance, possibly indicative of a turn-to-turn
fault existing in the low voltage winding of the transformer. Since these
windings are connected in delta, it is impossible to calculate the resulting
3E, without knowing the exact loading impedances on the system. Other
possible causes were investigated.

A difference in taps on the McGraw unit compared to the Westinghouse units
could be significant. It was determined, however, that the difference in tap
settings were only .0007 percent, so thie should not cause the relay trip.

Since the only ground source on the low voltage bus is this wye-broken delta
potential transformer with only a 48 ohm resistor and relay across the broken
delta, it is probable that unequal capacitances on the bus could cause the
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unbalance. While most of the capacitances (such as that of the iso-phase bus)
are relatively equal for each phase, the capacitance of the McGraw unit {s
lover than the Westinghouse unit. The McGraw unit has a capacitance of 0,02
microfarads while the capacitance of the Westinghouse units is 0,7
microfarads. With this difference it was found that a 3E, of greater than
10X would be obtained.

Figures 1 and 2 show the calculations for this condition. Figure 1 shows that
the LV windings of the three single phase step-up units result in
phase-to-ground capacitances of 0,025, 0,025 and 0.03 microfarads on phase
"a", "b" and "c¢" respectively. Assuming 100 feet of isolated phase bus adds
another 0.002 microfarads to each phase, and the three station service
auxiliaries each have 0,005 microfarads per phase, the total would be 0,015
microfarads for each phase. Thus, the total capacitance on two of the phases
1s 0.042 microfarads with 0.047 microfarads on the third. the capacitances
represent .06315 and .0562 megohms capacitive reactance respectively. This
compares to the resistance of 0.2 megohms when the 48 ohm broken delta
resistor is expressed as R, on the primary side of the potential transformer.

Figure 2 shows the symmetrical component solution to this unbalanced
capacitance condition. Solving the circuit of Figure 2(c) gives an E, value
of 0,0366 per unit or a 3E, across the relay of 10,9 percent. This voltage
is sufficient to cause the relay to operate.

It can be concluded from this study that it is possible that the 3E° relay
operation on December 3 could have indicated a turn-to-turn fault or some

other abnormality in the transformer. If such were the case, however, one
would have expected that the ultimate failure would have occurred before
December 5. It is therefore more probable that the relay operation was caused

by the unbalanced capacitance of the low voltage bus system.

250 Potential Transformer Resonance

The above calculations clearly indicated that the 48 ohm resistor in the
broken delta of the bus potential transformers was not sufficient to stabilize
the neutral of the low voltage system with the generator breaker open. A
logical question therefore arises, "could ferroresonance have occurred to
cause the transformer failure?” A detailed ANACOM study of the North Anna
installation would have to be run to determine the actual voltages involved,
and whether ferroresonance could occur. As a substitute, the paper
"Ferroresonance of Grounded Potential Transformers on Ungrounded Power
Systems”™ by R. F. Karlicek and E. R. Taylor, Jr. (AIEE Power Apparatus &
Systems, August 1959) was reviewed for general observations pertinent to the
December 5 failure.

From this paper it could be concluded that the ohmic value of the resistor
should be considerably less than 48 ohms to absolutely prevent ferroresonance,
but the line-to-ground voltage resulting from any ferroresonance (should it
occur) would probably not produce high enough voltages to breakdown the
transformer insulation.
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Distribution Transformer Grounding Bank

The lack of adejuate grounding on the low voltage bus suggests another
possible failure mode. Assume a line-to-ground fault in the bus between the
generator breaker and the transformer. The system is well grounded through
the generator neutral resistor and after a certain time delay the relay across
this resistor will trip the generator. The ground fault now exists on a
system only grounded through the 48 ohm resistor in the potantial circuit.
This results in a fault current on the order of 0.1 ampere which creates a
very unstable arc. This arcing ground fault can cause high transient
overvoltages and could cause a failure of the transformer.

This probably did not occur on December 5, since it requires the generator
being isolated from the bus which would have protected the generator from
damage. It is a real possibility for happening at some time, however, and
most pecple using generator breakers provide a full scale grounding bank on
the low voltage bus to protect against this and any other condition where an
arcing fault could occur with the breaker open. In fact, the new ANSI
standard C37.101-1983 "Generator Ground Protection Guide” contains a section
on the relaying for such an installation.

The generally accepted rules for high resistance or distribution transformer
grounding states that the grounding resistor size should be such that the
resistor kilowatts should be equal to or greater than the capacitive charging
kVA or that the ground fault current should be equal to or greater than 5
amperes; whichever gives the lowest resistor ohms. Since with the generator
breaker open, the capacitive charging kVA of the bus is quite low, in this
case the 5 ampere requirement would hold. Figure 3 shows that fcr the North
Anna application a 1.08 ohm resistor should be used.

Note that when the generator breaker is closed, the generator neutral
groundiag system will be in parallel with the bus grounding system. Both
ground relays should see the bus fault., C€37.101 covers this condition with
two suggested tripping modes:

| Set the tripping time of the bus relay at a longer time than the
generator relay. The generator will always be tripped and if the
fault is in the generator, the integrity of the low voltage bus and
thus the station auxiliary bus will be maintained. If the fault is
on the bus side of the generator, then the high side transformer
breakers will be tripped by the bus relay at some time after the
generator breaker. Since in this case, the fault current is only 5
amperes (and no high transient overvoltages are produced) this
c4ditional time delay should not be objectionable.

2. An alternative tripping scheme suggested by C37.101 i{s to supervise
the tripping of the bus relay with the auxiliary contacts of the
generator breaker. Thus tripping by the bus relay cannot occur
unless the generator breaker is open. Note that the operation of
this scheme is the same as the one described above.

Generator Breaker

VEPCO has retained Power Technologies, Inc. to perform a detailed analysis of
generator breaker performance. The results of that study are not included as

part of this report.
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VIII., TRANSFORMERS PROCESSING RECORDS REVIEW

Processing Procedures

The tield processing procedures on Westinghouse transformer units at Nort

Anna in general and on the last failure, 7001994, in particular were revivwed
to determine any possible processing-related contributant to failure. The
following information was utilized: (1) VEPCO records and verbal information
from VEPCO personnel as to the reprocessing of 7001994 in Kovember, 1987, (2)
test results of oil samples taken from 7001965, an unfailed unit processed
similarly and at the same tin2 as 7001994, and (3) VEPCO records as to the
reprocessing of other Westinghouse units at North Anna. Available information
does not indicate that the failure of 7001994, or the Westinghouse failures in
general, are related to processing conditions or procedures.

Unit 7001994 was retrofitted with a COPS tank, reprocessed with new oil in
late November, 1982, and the transformer failed in December. Detailed "EHV
Equipment Fill Record” data for all Westinghouse North Anna uni.s were
supplied by VEPCO and can be found in Appendix C. Units 7001994 and 7001965
were evacuated for vacuum filling with oil on November 26, 1982, During this
process two pressure readings were monitored: (1) at the vacuum pump via a
Stokes gauge and (2) by a MclLeod gauge separated from the main tank cover by
approximately 25 feet of 3/8" i.d. Tygon tubing. The following schematic
illustrates the relative position cf these gauges and the average pressure
readings on both units.

‘alculation of Tank Pressure - HAM707

(2 £
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Because of the configuration of the reprocessing system and the fact that a
McLeod gauge measures only partial pressure of the non-condensables, the
pressure within the tank is different than measured by either gauge. Tank
pressure can be calculated based on the Stokes gauge reading and conductance
of the 100 feet of 4" vacuum hose.
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This calculation (Appendix D) shows that the internal tank pressure was 1.4 om
Hg which is greater than the specification limit of 1.0 mm maximum (per
Westinghouse Instruction Leaflet 48-668) prior to oil filling; although the
vacuum meets the specification for pressure during oil filling, 2 am maximum.
The 20 hours during which the vacuum pump was on prior to oil filling is
sufficient time to evacuate the tank completely and reach equilibrium,

Although the 1.4 mm absolute pressure is greater than the specification
requirement prior to oil filling, the insulation should have been effectively
impregnated and dried because of circulating hot, de-gassed oil through the
system prior to energizing. Moisture in the oil during proceseing and prior
to energization was within specification, 10 ppm maximum. There was very
little difference in processing characteristics between 7001994 and 7001965,
Unit 7001994 failed in December, 1982, and unit 7001965 did not show any
{rregular tendency during operation.

After failure of 7001994, samples of oil were taken from 7001965 and a
COPS-type McGraw-Edison transformer C-0-6459-5~1 which was processed similarly
and run on the same bank (North Anna #1) as the failed unit. These results,
shown in Appendix E, indicate that both units have very similar oil
characteristics. All tests were performed by Westinghouse in Muncie. The
results agreed well with those measured by VEPCO after the 7001994 failure.
These oil characteristics are indicative of proper processing and do not show
high nitrogen levels which would be expected if the Westinghouse COPS retrofit
procedure were not followed accurately or if the units were not processed
completely. All tested oil results are what would be expected from normally
operating power transformers of this type.
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Gas~In-0il1 Analysis

Gas-ipn-0oil analysis of the Westinghouse North Anna units were completed by
VEPCO on approximately a monthly basis. 011 samples were analyzed by both
Doble and VEPCO laboratories, but primarily by VEPCO, These data are included

in Appendix F.

It can generally be stated that abnormal transformer conditions would be
represented by: (1) total combustible gas content greater than 500 ppm, (2)
rate of combustible gas generation greater than 100 ppm for a 24 hour period
under relatively constant load or (3) acetylene in excess of 20 ppm. In all
cases the North Anna units appear normal. Total combustible gas levels seldom
exceeded 100 ppm and were never measured greater than 200 ppm. The following
data represent maximum combustib.e gas levels measured for eacn transformer
regardless of testing laboratory.

Gas-In-01il Analysis North Anna

Maxinum Ultimate
Serial TCG, ppm Test Data Failure Date
7002100 152 10/16/80 06/19/81
7002100% 28 06/11/82 08/22/82
7002098 49 11/08/79 07/03/6.
7001965 172 09/18/80 -—
7001995 147 06/12/81 11/16/82
7002099 133 11/20/80 11/29/80
7002099* 185 10/07/82 -
7001993 103 04/16/81 -
7001994 180 06/12/81 12/05/82

* Unit rebuilt after initial failure

From the recorded data there is no indication of abnormal gas pattern oI gas

generation rates. In all respects the data are typical of normally operating

units.
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IX. GAS EVOLUTION CAUSES

Gas Bubble Evolution

The possibility of gas bubble evolution within the transformers at North Anna
and within gas—space power transformers in general were i{nvestigated as to
reliability considerations. Past research has shown that under certain
circumstances gas bubbles will lead to reduced electric strength of the
{nsulation system. The extent of strength loss i{s dependent on the type
{nsulation structure, the conditicn of oil 1rself, including its degree of
contamination anéd other factors whizh may be unpredictable. The presence of
gas bubbles is hazardous where the bubbies can collect beneath collars,
{nverted channels, and other insulation pieces. Gas bubbles in large power
transformers can result from the following sources:

(1) Leak in a low pressure area allowing outside air into the unit
(2) Gaseous cavitation of supersaturated oi)
(3) Ilmproper processing

(4) Thermal degradation of oil or insulation resulting from incipient
faults.

An analysis of calculated local oil pressures at various locations in the
{nftial HAM707 design (Figure 1) show that gas space pressures less than 0.7
psig would result in negative pressures in the top cooler assembly. Under
these conditions should there be a leak in the upper valve assembly or packirg
gland, air would be sucked into the unit rather than oil being forced out.

The resulting air bubble would be circulated with the oil until it dissolved
or entered the gas space. If the oil was saturated with nitrogen such as
would be expected of a gas-space transformer, the introduced air bubble would
not dissolve. However, the probability of air entering the unit is very small
since the transformer is pressure tested at the factory and indirectly
pressure tested duriog shipment and processing. Furthermore, with the COPS
retrofit design (such as was on the December 1982 failure of 7001994), the oil
head caused by the height of the COPS tank generates sufficient static
pressure so that all locations within the transformer are under positive
pressure, preventing air from leaking into the unit.

The possibility of reduced reliability in large power transformers due to
supersaturated transformer 0il and the release of nitrogen bubbles because of
gaseous cavitation has been speculated on for many years. Laboratory test
have shown that bubbles can form in gas=space transformers under special
circumstances such as after an extraordinary rapid temperature drop, failure
of periphery gas regulating equipment and improper maintenance procedures.
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Gases dissolve in all transformer oils, but the amount of gas which 1is
dissolved at equilibrium will depend on the gas, the chemical nature of the
oil (both its source and condition) and on the temperature and applied gas
pressure. Figure 2 illustrates the effect of temperature on the solubility of
nitrogen in a new transformer oil prior to aging or conditioning. At higher
temperatures the amount of nitrogen that the oil absorbs will increase. If
the gas pressure on the space over the oil is increased above atmosphere, the
equilibrium gas content rises in direct proportion to the absolute pressure
(Henry's Law) as shown in Figure 3, Thus, to deteraine the gas concentration
{n oil at any teaperature and pressure it is necessary to apply the nitrogen
solubility curve and Henry's Law.

For example, if a unit is at stable load at 6.5 psig gas—space pressure
and 80°C, the amount of gas dissolved in the oil is (9.7%) (14,7 +
6.5)/14.7 = 14,0%, This condition is the maximum theoretical gas content
at an oil temperature of 80°C because the relief device will bleed out at
pressures over 6.5 psig.

As long as equilibrium conditions are maintained, the gas content of the oil

is not a problem since only free bubbles will affect the dielectric strength
of the oil. However, when the oil temperature is reduced (e.g. decrease in
load, loss of excitation, reduced ambient), the gas pressure is also reduced.
1f the temperature drop is substantial ard it occurs over a fast rate (several’
hours or less), the gas dissolved in the oil cannot escape through the oil-gas
space interface fast enough to maintain equilibrium. The result is a
condition of supersaturation in the oil.

Using the previous example, suppose the unit is deenergized and that there
{s no oil circulation (FOA equipment) and rapid cooling to 25°C. The
pressure in the gas space would likely be in the range of 0.5 to 3 psig
(we will assume 2 psig). The maximum gas content that the oil can hold is
(8.9%) (14.7 + 2,0)/14.7 = 10.1%. However, the oil has 14,02 gas because
sufficient time was not allowed for orderly diffusion. The saturation
level then at the new equilibrium is 14.0/10.1 = 139%, and oil can be said
" to be supersaturated by a factor of 39%. ~

Supersaturated oil is not a problem in itself. However, when the local oil
pressure is reduced below the gas saturation pressure, gas bubbles will be
found. Local pressures within a transformer can be calcul ited knowing the
static and dynaric head of oil and pressure drop incurred oy circulating the
0il through the cooling equipment. Figure 1 illustrates local pressures,

Py, that may exist in the HAM707 design. The data are basec on a gas-space
pressure of one atmosphere, and the localized pressures can be adjusted for
various gas-spa:e pressures by moving up or down the X-ordinate. Low-pressure
regions could also occur by transiente such as the mechanical shock of short
circuit, electrical shock of transient voltages, and vibration.

Gas-saturation pressure (pressure of the gas-in-oil) can be calculated using a
derivation of Henry's Law:

Gas Saturation Pressure = Pg = (C/Cc8)(14.7) = 14.7
Where C = measured gas content in oil

Cs = gas content in oil at equilibrium (1002 saturation)
and C/Cs X 1002 = percent saturation
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To determine the percent gas saturation necessary for the first theoretical
indication of gas bubbling:

Pg = P
(C/C8)(14.7) = 14,7 = P
(C/Cs) = (P, + 14.7)/14.7

Table 1 shows the value of C/Cs to just begin forming bubbles at various
gas-space pressures and locations within a typical transformer tank. Values
of C/Cs greater than those presented in Table I will lead to spontaneous
generation of gas bubbles.

Table I

For the first bubble to form Pg = P Pressures and saturation levels
vwhere first bubble will format locations F, 1, m, n are indicated on

Figure 1.

Gas Space

Pressure FC 1C . - . -
psig PL Cs PL Cs PL Cs PL Cs
0.0 -1.2 92 9.0 161 - 118 0.6 104
0.5 -0,.7 95 9.5 165 3:8 122 1.1 107
1.4 0.2 101 10.4 171 4.1 128 2.0 114
6.5 . 136 33.5 204 9.2 162 X 148

Note that supersaturation is not needed to generate bubbles. Only the
criteria Pg greater than P need be satisfied. However, bubbles forming

{n undersaturated oil will quickly redissolve in the oil. Bubbles forming in
supersaturated oil cannot dissolve but will expand and rise. Should these
bubbles migrate to a high-stress region of the transformer, the dielectric
characteristics may be seriously impaired. Prior investigations have shown as
much as a 40% reduction in dielectric strength of oil (measured with VDE
electrodes, 80 mil gap) due to the presence of gas bubbles evolving from
supersaturated oil.

Gas bubbles could be found anywhere in the transformer depending on the level
of saturation and the local pressure. However, they are not likely to evolve
in a large power transformer unless:

1. The pumps are cn causing low-pressure regions.

2. The gas-saturation lev:'l is such that the gas pressure in the oil
exceeds the local pressure.

. 18 Temperature and pressure changes are rapid (1i.e. allowing no or very
little diffusion through the interface).
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Such conditions would most likely be possible ii: (1) a gas-space, FOA
transformer is deenergized after establishing equilibrium, and ambient
conditions are such that temperature drop of the oil i{s rapid, and the unit is
reenergized before a new equilibrium condition could be established or (2) the
gas-space regulation system malfunctions or the nitrogen supply is exhausted
in which case a negative pressure could develop in the gas space. The only
method found to prevent the possibility of bubble tormation due to
supersaturated oil is by using a constant pressure oil preservation system
(COPS) which essentially removes the = - space (insuring continued low gas
content in the oil) and does not allow pressure variation.

Gases may also be trapped in the {nsulation structures after draining and
refilling of the transformer with oii. Figure 4 represents a cross section of
trapped gas in an insulation structure and between layers of insulation.
Attention thus far has focused on spontaneous formation of free gas bubbles in
the bulk oil. But potential also exists for reduction of dielectric strength
of major insulation structures from bubbles which are trapped in a gas pocket
(Figure 4a) or between paper wraps +nd conductors (Figure 4b). In these
places they may be effectively prevented from escaping during draining and
filling operations. To eliminate these pockets one must rely on good vacuum
treatment, good vacuur—filling procedures, and the circulating of oil with
very low gas content through the transformer to dissolve the bubble prior to
energizing. It must also be realized that the rate of dissolution of the gas -
in the bubtie to the oil is very temperature dependent.

A high-voltage transformer is generally vacuum filled with oil after

draining. Then the oil is circulated through a degassing plant which removes
gases and moisture from the oil. Manufacturer's suggested gas content has
been 1% ¢r less, and moisture content maximum has been 10 ppm, for EHV units.
However, these parameters are measured from the average bulk oil. Insulation
areas could have high gas or moisture values yet rot be large enough to affect
the bulk oil properties. Since the solution of gas and moisture into oil is
time and temperature dependent, it is best to adjust processing (eirculation)
time for oil temperature. After a unit has been sitting deenergized for a
long period of time, the temperature of the core and coils are affected by the
ambient. Processing in winter months should as a result centinue longer, or
the temperature of the circulating oil should be increased. Hot oil is
usually obtainable from standard degassing plants, and the processing time
should take into consideration the temperature of the oil being circulated.
Figure 5 describes suggested temperature-dependent processing conditions fer
filling transformers. These new procedures have been developed primarily as a
guide for draining and f11ling in cold weather months, but they are generally
useful independent of the season.

VEPCO claims to have followed these procedures during reprocessing of the COPS
retrofit units in November, 1982. To determine whether the processing
procedures were adequate t> impregnate the insulation around the HV lead in
7001994, a full size model lead was taped, processed and visually observed in
a 350 gallon test tank equipped with an observation window. The results of
various processing condition with respect to bubble evolution are shown in the
following table.
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Lead processed using processing
{nformation supplied -- 2.4 MM Hg

Ioiernal heater was implanted
ad jacent to copper

Geometric configuration same
as HAM707

System brought to equilibrium to
simulate inertaire

Internal temperature raised in 10°

Lead processed poorly == 20
MM H; vacuum

Heated to 70°C

No bubbles observed

Gas pressure over the oil system
was reduced, but no bubbles until
pressure went regative

Number of bubbles was profuse

when generated, and continued
for a long period of time while
under vacuum

steps to 136°C

5 No bubbles were observed

. Drained oil and processed with poor
vacuum == 20 MM Hg

. Internal temperature raised in 10°C
increments to 136°C - no bubbles
observed

. Gas pressure over the oil system
was reduced, but no bubbles
observed until pressure went negative

The only cases in which bubbles evolved from the lead insulation was when the
gas space was under vacuum. Under positive or atmospheric pressura, bubbles
were not noticed at the HV lead even when the insulatien was grossly
underprocessed.

Another possible source of gas bubbles is due to an incipient fault. In
7001994 a turn-turn fault was discovered in coil #1. An analysis was made to
determine if gases generated from this fault could find there way to the HV
lead to precipitate a breakdown to coil #21. Gas bubbles will dissolve in oil
depending on their size; temperature and degree of oil saturation. It is
likely that if gas bubbles were generated at coil #1 they would not dissolve
for at least one period of circulation through the unit. Figure 5 shows the
relative position of coil #1 and the HV lead. The pumps that were operating
during the period immediately prior to failure are also noted. It would
appear that due to the flow of oil a bubble found at the fault in coil #1
would move directly up through the windings and then transverse across the top
of the coils toward the HV lead. However as shown in Figures 6 and 7, a
bridge structure compartmentalizes the top of the unit so that the bubbles
would have to creep under the bridge section supports and then come up inside
the HV lead section of the bridge structure.
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To determine the actual flow characteristics in the HAM707 design, fileld
experiments were made on 7001965 which was not energized at the time., The
Trip Report attached as Appendix G describes these tests and their results.
The following was observed:

s On turning on the pumps no bubbles were noticed in the circulating
oil.

- When bubbles were purposely injected through one of the pumps, they
vere found to progress straight up through the windings and then
straight-up threoug” the bridge structure.

. The quantity of injected bubbles were at least twice as great around
the core and coils as opposed to through the coils.

. Calculations indicate that a given volume of gas, if present, will
take seven minutes to complete one cycle through the main tank and
cooling system.

’ Reference data indicates that if the bubble size is greater than 1/4"
{n diameter, it would not dissolve ia the oil before one cycle of
circulation.

It was not likely that a bubble generated at coil #1 would approach the HV
lead uninss it was circulated through the cooling system and then come up
through the HV lead bridge section.
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X. OIL ELECTRIFICATION EFFECTS

Static Electrification

Static electrification phenomena in large power transformers has been studied
(notably by Japanese researchers) with recard to reliability of high voltage,
larger capacity units. The distribution of electrostatic charges in a
transformer is fundamentally similar to tha® produced by oil flowing through a
plain pipe. In a large power transfcrmer, positive and negative charges in
oil are separated by the flow of oil on the surface of paper insulation. The
charges, positive or negative, are accumulated when the charges generated by
oil flow exceed leakage charge to ground. The charges accumulated in the oil
(generally positive) or on the solid insulatiorn (generally negative) cause an
electric field, and if it proceeds beyond a certain level may cause
electrostatic discharge or creepage discharge in oil. Charging tendency in a
power transformer is a complex lateracticn of a number of factors some of
which follow.

Primary Factors Which Influence Flow Electrification

. 0il flow rate

’ Bulk oil properties (temperature, conductivity, etc.)
. Surface conditions and structure of solid insulation
. 01l flow paths

. Moisture content of oil and paper

. Nature of ionic zontent of oil

We have examined the charging tendency of various commercial sources of
transformer oil during various stages cf oil processing and aging. The
charging tendency is closely associated with the amount of substances such as
ions or polar material that are in the oil. These substances can come from a
number of sources such as: (1) products of thermal decomposition, (2) outside
sources of contamination, or (3) the refining operation relative to a specific
supplier. We had found that the concentration of these ions or polar
substances need not be very great to significantly increase charging

tendency. In fact the presence of such substances cannot be detected by
standard analytical chemical methods, standard transformer oil specification
tests, or any other known test other thenm by directly measuring charging
tendency via a laboratory device specifically designed for the purpose (Exxon
mini-static tester, Figure 8).
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In experiments conducted at Muncie in 1982, various commercial sources of
transformer oil where analyzed for charging tendency with the Exxon
mini-static tester. The investigation was initially to determine if
hydro-refined oil had greater charging tendency than acid refined oil.
(Texaco the last and only domestic supplier of acid refined oil is a chief
source of supply for the Muncie plant.) The results of the investigation did
not show correlation between acid or hydro-refined oil and charging tendency,
but it did show that one source of supply (Gulf Trancrest H) exhibited
significantly greater charging tendency than any other source, Figure 9.

Further investigation has shown that the higher charging tendency of the Gulf
oil is likely to be due to orgaric suifur compounds in the 2il. These
contaminates can be removed from the oil and the charging tendency reduced to
normal levels by clay filtering.

Figure 10 illustrates the trend cf Gulf Trancrest H IFT (interfacial temnsion
values) as measured by the semi-annual Doble vil survey. Although the degree
of contamination required to provide significant charging tendency may not
lower the IFT below the specification limit (40 dynes/cm), it would lower IFT
somewhat. Figure 10 shows that the IFT values of Trancrest H dropped
significantly afier changing to the hydro-refining process, and an indication
of a drop in IFT also occurs in mid-1980 through 1981. 01l produced in this .
time period was likely to have been used during factory testing or field
filling some of the North Anna units.

The above data only indicate that Trancrest H has a relatively higher static
charging tendency then most other oils. To determine whether this factor
would have a significant bearing on the reliability of power transformers
would require a great expenditure in resources. The complex interaction of
parameters which effect charge generation is not fully understood and possibly

could only be reliably reproduced in an actnal transformer.
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XI. DIELECTRIC ANALYSIS OF LINE LEAD CONFIGURATION

Purpose

The project was undertaken to provide experimental data for the investigation
of dielectric phenomenon around the HV line lead and bushing of the North Anna
transformers. The effects of gas bubbles, lead taping, and electrification of
oil were studied individually and in combination (gas bubbles/poor lead
taping, gas bubbles/electrification of oil).

Bxgcrincntal Assembly

To simulate the HV line lead assembly in the laboratory, a 500 kV bushing was
mounted in a test tank. Attached to this bushing was a simulated lead
consisting of two parts == 1) the vertical section is composed of thin copper
sheets that are soldered together at each end; this lead section is bolted to
the bottom of the bushing; 2) the horizontal portion is made of solid copper
bar; both items 1) and 2) were the same as existed in the North Anna units.
Refer to Figure 1 for side and front elevation views of the experimental
assembly. To simulate the LV coils and insulation, taped copper strap was
placed inside pressboard angles; eight coils were simulated by this assembly.
All dimensions were the same as the actual transformer. Gas bubbles were
introduced into the experimental assembly using a tygon line positioned
directly underneath the lead simulation.

Experimental Results (Standard Transformer 0il)
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For correlation purposes, tests were performed before doping at 400 kV for the
duration listed in Table 6. Three separate tests were performed == 1) no oil
flow/no bubbles; 2) oil flow/mo bubbles; and 3) oil flow with bubbles. After
doping, tests 2 and 3 were repeated. As shown in Table 7, the partial
discharge increased when the oil was flowing with bubbles flowing past the
lead. Although the extent of partial discharge increase with the combination
of bubbles and electrification was not large, a qualitative trend does exist
indicating an increase ino partial discharge with the combination. No

flashovers occurred during any of these tests.
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HV LINE CONFICURATION WITHOUT TAPE (BARE)

NO BUBBLES

TABLE 1
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HV LINE CONFIGURATION (INSULAYED)

TABLE 2
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HV LINE CONFIGURAT ION (TAPED)

EFFECT OF BUBBLES

TABLE 3
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HV LINE CONFIGURATION TAPED WITH

OVERLAPPING JOINT HAVING LESS THAN NORMAL TAPER

WITHOUT BUBBLES

TABLE 4
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HV LINE CONFIGURATION TAPED

VARYING BUBBLE SIZE

TABLE 5
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STATIC CHARGE TEST RESULTS

NO OIL FLOW/NO BUBBLES/NO AEROSOL OT

TABLE 6

66



STATIC CHARGE TEST RESULTS

TESTS WITH AEROSOL OT ADDITIVE IN THE OIL

OIL FLOW WITHOUT BUBBLES

TABLE 7
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XII. IMPULSE DISTRIBUTION AND RESONANT FREQUENCY ANALYSIS

The seventh incident at the VEPCO North Anna station involving a Westinghouse
generator step~up transformer exhibited a flashover from the high voltage line
lead to low voltage coil 21. In addition, there were multiple flashovers in
the isolated phase bus duct connecting the generator to the transformer.
Similar flashovers in the isolated phase bus duct were also evident in the
sixth incident. The seventh incident involved transformer serial number
7001994, which was also in the same three paase bank with transformer serial
7001995 which was involved in the sixth incident.

Serial 7001994 was completely disassembled and inspected at the Muncie Plant.
The evidence from the disassembly included failure points on the HV line lead
and low voltage coil 21 which were presumably the two endpoints to a flashover
aud a turn-to-turn fault in LV coil 1. Figure 1 shows a winding schematic of
the coil arrangement with the arrow signifying a flashover to coil 21 and the
“X" indicating the turn-to-turn failure in coil 1. The HV winding consists of
the series combination of coils 5-14 and 23-34, All other coils are im the LV
w.nding and are connected in four parallel paths. Coils 21 and 1 are in
different parallel paths, however, both coils are approximately at the
electrical midpoint of their respective parallel paths.

Upon finding the turn—to—-turn fault in coil 1, the objective was to
investigate as to whether the fault was a result of the high-low flashover or
1f the fault was incipient to the high-low flashover. Therefore, a test was
devised to simulate the application of a transient voltage on the last turn of
coil 21 and measure the subsequent turn-to-turn stresses in other parts of the
low voltage winding. To accomplish this, transformer serial 7002100 was

used. The transformer core and coil assembly was still intact and thus
modelling of the windings was not required. A low voltage recurrent surge
generator was used to inject a transient voltage into the LV winding with the
last turn of coil 21 being the injection point. Measurements of the resulting
turn-to-turn voltage were taken on coil 2 since the edge of coil 1 was
{naccessible. However, the voltages in coil 2 should be approximately
equivalent to the voltages in-coil 1.

The waveshape of the voltage applied to coil 21 during the seventh incident is
unknown, however, the recurrent surge generator was used to apply a full wave,
a chopped wave, and a steep front wave in three separate tests. The results
of the turn-to-turn voltages on coil 2 are as follows:

Full Wave 3.5% of applied voltage
Chopped Wave 7.5% of applied voltage
Steep Front Wave 5.5% of applied voltage

With these results and assuming the most pessimistic situation in which the
chopped wave voltage is used and that no voltage drop exists in the high-low
flashover azrc, one would calculate the crest value of the voltage on coil 21
as 424 kV (2 X 300 kV line to ground for the 500 kV system). The resulting
turn-to-turn voltage would be (.075)(424) = 32 kV.
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The turn~to-tur: nsulation for the LV consists of paper tape on the conductor
with an additional strip of pressboard located in the turn-to~turn space. One
of the observations from the disassembly was that the pressboard between turns
was shifted out of place thus leaving only the paper tape on the conductors

for insulation. The design value for the electrical strength of the specified
paper insulation on the conductors was 45 kV. Therefore, the 32 kV
turn-to-turn wvas well below the design level of the paper alone which leads to
the low probability of the turn-to-turn fault occurring as a result of the
high-low flashover.

From this analysis the probability of the turn-to-turn fault being in
existence prior to the high=low flashover is much greater than existing after
the high-low flashover. A possible mechanism for producing the turn—-to—-turn
fault involved the sixth incident with serial 7001995. As stated previously,
the isolated phase bus ducts flashed over in the sixth incident. It is
possible that when the C phase bus duct flashed over a negative impulse wave
was applied to the terminal to which the parallel path containing coil 1 was
connected. The magnitude of the wave would have been approximately equal to
the crest flashover value of the bus duct. This situation was not modelled
because it involves a complex interaction between two transformers and the
associated isolated phase bus ducts. However, the point to be made is that
serial 7001994 (seventh incident) was involved in another incident by being .
connected to another transformer which failed in a manner that transient
voltages could have been applied to serial 7001994,

In summary, it is most probable that the turn-to-turn fault in coil 1 of
serial 7001994 was the result of an event prior to the seventh incident.

Another aspect to the transfer of transient voltages irvolves the concept of
producing voltage transients as the result of a resonant frequency condition.

This may occur if a dynamic forcing function with a frequency component the
same as the resonant frequency of the winding was applied to the winding. In
the specific cases analyzed at North Anna in which the isolated phase bus
ducts flashed over, the objective was to determine if a low side arc could
produce potential differences between the HV and LV of sufficient magnitude to
cause the high-low flashover.

One of the North Anna units was tested to determine the resonant frequency at
which the HV line voltage is maximum when excited by a sinusoidal voltage on
the low voltage terminals. This test produced results for determining as to
whether a low side arc in the isolated phase bus duct could produce voltages
in the HV in excess of the withstand high-low. Two resonant frequencies were
{dentified for the HV line terminal; 9 kHz and 40 kHz. A flashover in the bus
duct could produce a voltage approximated by a square wave with a period
dependent on the reflection time from the fault location to the transformer

terminal. Assuming an approximate 100 feet of bus duct length with a
capacitance of 0,002 microfarads per phase, the voltage wave would be a square
wave with a frequencv ~¢ 2.5 MHz, The 2.5 MHz square wave would not contain
any frequency components at .. near the 9 kHz and 40 kHz resonant

frequencies. Therefore, the conclusion is that the low side isolated phase
bus duct flashovers did not produce the high-low flashovers in the transformer
but rather the cpposite occurred.
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APPENDIX A - ITEM 1
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TRIP REPORT TO VEPCO NORTH ANNA
POWER STATION ON 11/22/82

Mr. Joe Markins and Mr. Jim Templeton of the Muncie Westinghouse Plant and Mr.
Joe Macgregor of VEPCO removed the barrel barriers from the HV bushirg in
serials 7001994 and 7001965 on 11/22/82. The two transformers were part of
the transformer bank comnected to the North Anna #1 generator. The third
transformer in the bank was a McGraw Edison unit.

VEPCO had already prepared both transformers for inspection by draining all of
the otl but they had not broken the seal of the manhole covers. With each
unit, VEPCC placed a tent over the manhole which maintained a humidity level
of about 20-30% above the open marhole.

The phase B unit, serial 7001994, was entered first. The only personrel to
enter the transformer were J. Markins and J. Templeton of Westinghouse and J.
Macgregor of VEPCO. The first operation completed was to remove the barrel
barrier from the internal end of the HV bushing. This was accomplished rather
simply by vemoving the permali nuts and bolts connecting the barrel barrier ‘o
the bridge walls. The pressboard barrier was then slipped from around the L
bushing without any cutting or tearing of the material! required. However, as
a precautionary measure the phase was packed with cloth material in the area
where werk was keing performed.

After the barre! bLarriers vera removed a general inspection of the transformer
was ma’e. The HV line lead and bushing shicld were closely exanined. The
tape on the lead was firm with no soft spots. The bushing shield was in the
proper crientation with no evidence of any abnormalities. The top end of all

b

coils, both EV and LV, appeared acceptable.

In the HV line group four irsulation items were pounded back into place. The
{tems were the outearmost angles for coils 23-28. The items were only rzised
about 1/2" and loczted approximately at the centerline of the phase. This
condition was not identified as being eritical.

In summary, the phase B transformer was {n satisfactory condition. The total
open time for the transformer was approximately two hours.

The phase A transformer, serial 7001965, was then worked upon in order to
remove the barrel barrier and conduct a general inspection. The same
procedures were followed with the second unit as used with the first. That
is, the humidity was ~ontrolled, the phase was packed, the barrier removed
without cutting any material, and the windings inspected. Here again, the
barrier was removed with no difficulty. The HV line lead and bushing shield
were examined and were satisfactory. One point to note about the
configuration of the line 1ead 1s that the copper bar comprising the
horizontal section of the lead was positioned flat in the serial 7001994
whereas it was on edge for the serial 70019¢5. Again, there was no evidence
of any atnormalitics with the HV line lead in either unit. The top end of all
coils was satisfactory and minor corrections were made with the LV bus bhar
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connections in that about 70%Z of the bolted connections were tightened. The
connections were not excessively lcose but were tightened in order Lo fully
compress the lockwashers.

As with the phase B unit, the phase A transformer wss open for approximately
two hours. Nothing was found out of the ordinary and the VEPCO representative
was satisfied with bhoth units and subsequently instrucced the -~rew on-site to
pull vacuum on both units. At the time of leaving the power plant, both units
were being processed under vacuum with the plan to refill the units per the
instruction bock vacuum filling procedure.

T

Jf B. Teapleton, Manager
Electrical & Programs Development
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Trip Report Summary

The purpose of the trip was to observe the corona tests made on two units of
shop order HAM707.

Vepco was having problems obtaining the required oil breakdown voltage and was
not ready to make tests when I arrived. After reviewing their procedures, it
was observed that:

1. Their test set was heing operated on a low line voltage.

2. The oil samples were being tested at about 10-15°C temp. where a 20°C
minimum temperature is required by the ASTM procedure.

3. The oil sanples may have been taken using dirty fittiags.

Thes2 problers were corrected and acceptable breakdown voltages were

obtained. The moisture contents measure in serial 7001994 were 5.01 ppm in
the bottom sample, 2.44 ppm in the top sample and 10,95 ppm in the COPS tank.
The gas in oil was 1.05% in the top and 4% in the bottom. The measured .
moisture contents in serial 7001965 were 6 ppm top and bottom and 17 ppm in
the COPS tank, The gas in oil results were .437% top and .6% bottom. Since
the measurements in hoth COPS tanks were above the limit of 10 ppm, severzl
gallors cf oll was drained from the bottum of the COPS and new samples were
wers tested., These tests gave similar results. Nn frae water was ohserved in
the samples. “learance was obtained from Muncie to accept these levels.

Durirz the tesis cn unit 7001964 difficulties were encountered vwhich resulted
in high corona levels at about 50% voltage and higher. Th2 corona levels were
apprrent on tha RIV meters and on both acoustic detection systems. The
acoustic signals were characteristic of coanducted interference and not
acoustically detected corona internal to the transformer. The corona would
disappeer with time and would then reappear at higher voltages. It was then
determined that the source wvas corori observed and heard on the test set. The
accustic meter on the wavepuides measured approximately 45 during these events.

The weather during the entire test period was rainy and fogsy. The moisture
caused the problems encountered during the test. The final test results are
tabulated on the attached page. These results were accepted by all parties.
The corona levels were stable during these tects and no corona was detected by
either accustic system.

An attempt was made during the evening of 12/3 to back feed the unit. Refore
the unit was ecnergized, the waveguide detected several switching events in the
560 kV yard. These events caused a respense of about 2,000 to 20,000 on the
meter. When the transformer was energized the meter jurmped momentarily from
40 to about 45. After abovt five seconds, relaying on tte low volitage bus
caused the unit to trip off. The low voltage bus was amegnered and a problen
at the generator breaker was found and corrected. The transformer was
re-energized from the high voltage ‘side at 4:08 a.m. on 12/4/82. As the unit
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uss energized the meter {ndicated a level of about 200 units on both
vaveguides. This signal remained steady for seven minutes and then suddently
decreased to 40 on each waveguide. The 40 reading represented an ambient
level present without voltage. The waveguide meters remained steady for over
one hour after energization.

Interviews with people in the area of the transformer during the period of
energization disclosed that in the interval corresponding with the 200 unit
reading on the waveguide meter, severe extornal corona existed on the 500 kV
bus. This external corona probably caused the 200 reading.

At this point, problens with the generator breakers were discovered, and it
was decided that It would be several hours before the unit would start
carrving load.
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B. 7001994

Hl H2 Acoustic
__!__ Time . 4 . | Waveguide cP

0 0 12-14 25-30 40 -
100 - 12-14 30-35
125 - 12-14 35-40
135 0 20-25 35-40 1462 mex. voltage
135 5 20-25 35-40
120 5 20-25 30-35

10 20-25 30-35 40

20 20-25 30-35 40

30 14-18 30-35 39

40 18-22 30-35 39

50 15-18 40=45 39

55 14-16 30~35 39
135 55 14-16 4L0=45 39-42

56 18-20 35=40

57 16-18 30-35 38

58 18 30-35 38

59 16-18 30-35 38
135 60 16-18 30-35 38

120 60 20-25 30-35

ALL CORONA READINGS ARE STAELE.

Weather conditions: Fog with light rain at end ol test.

83
1281E



100
135

125

Time

w w0

10
15
20
25
30
35

45
50

55
56
57
58
59
60

Weather Conditicns:

1281E

Heavy Fog

A.

K1
-

18-20
30-32
25-30
20-25
20-25
25-30
20-25
20-25
22-27
30-35
20-25
20-25
20-25
20-25
20-25
a3=3)
20-25
20-25
20-25
20-25
20-25
20-25
20~25
20-235

7007965

K2
..

7-8
8-10
12-14
8-10
7-8
6-8
6-8
12-14
14-16
14-16
16-18
14-16
20-25
16-18
14-16
20-25
25-30
25-30
30-35
25-30
25-30
25=40
16-18
10-12

Acoustic

Uaveguidg

40
40
40
40
40
40
40
40
%)
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

4

oK

oxX

OK
0K

oK
0K
oK
OK
OK
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ITE 1 « The Engineer teparting is responsib. shie prompt delivary of his reports 1o all internste!
¢ persons o-d for 3eeing that cll puints requiring cction are cisared up without dulny,

2+For lon reparts give o summory of important points and recommendations.,

3/24/77

For Wastinghoute Representatives nnly. DATE
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DATE OF AnMINVAL AT FROPTRTY | DATE o vtlvnlo PUnrI Wt
CL2IGINAL TO IZ5UING DEPARTMENT'S FILE NO. HAM707 08 3/22/177 3/237117
=oPr T0: (FOR rtgo_gr_p_n;_v:_munoa. GUIDF « REFER TO urv"n_"' SIUE OF THIS SWEET)

D _MUHCIE PLAKT “ww. R, J, Cossaart
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0 _MUNCIL PLANT wi. G, B, Motzler B
) MU‘CIL ILANT wa, L. 1, Curris
0O MmLIE lLf nr mr. R, L. Amos o
O _MUSCIE PLATT wn_ N, M. Yovelich —
0 MU‘CLE PLANT me, C. F, Millis
0 __MUGCIE PLANT we. V. A, Holford B
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1 NAVE Virpinia Tlectric Pover Company NEG. SR
(Original S,0, HAM707)
LICATION Fredericksburg, Virpginia G.0. s.0. _XDM1323 SErR. 0. 7002093
p.sPosE of Thip_ 1o search for missing hardware used in the shipping braces,
CINFERENCE WoLD AT __ North Anna Power Station i DATE 3/23/77
vsase present Al fred Moore and "Smiley" Francis of VEPCO and C, F, Millis, V. A. Holford, and _
I. L. Hansen of Muncie.
3 MMARY
A bolt in the shipping braces was minus a nut and washer upon arrival at
the site. Several investigations by VEPCO and one by Muncie personncl
failed to locate the missing hardware. It was the conclusion of the
personnel from Mancic that the bardware was never on the bolt,
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TRIP REI'OX

Virginia Elecctric & Power Company
§.0, XDM1323 (Oripinally HAM/O7)
Serial #70020%9

when this unit was received at the North Anna Cenerating Station an internal
inspection was perforrad with no discrepancies noted, After the unit was placed
in an upright pesition and during the removal of the laydown shipping braces, a
bolt was found with no nut or washer on ic. Using the attoached portioa of
Drawing HA{707-75 as reference, the location of the missing nut and wacsher is
{ndicated. There are three bolts through this particular post and wall, and the
one without a rut or washer was located near the bottom (or ncarest the side
member)., The missing nut and washer were not discovered in the earlier inspection
because of its inaccessibility.

The crew that discovered th2 missing hardware searched for several hours, but
failed to locate it, Mr. Alfred Moore of VEPCO also spent several hours on cach
of three different cecasions searching for the haraware with no success. Mx. Moore
and the crew also searched the cank bottom by inmserting a magnet through the
cooler valves., Since it is impossible to see into the tank bottom, there are
undoubtedly large areas that werc not covered,

on 3/22/77 V. A. kolford, C. F. Millis, ¢nd I. L, Hansen from Muncie iasrccted
the shippinz bricns and havdware that were remcved from the transformer, Thers
was a0 indication cf this bolt ever baing tightened bacause n2ither the post nor
wall hzd any irdencations, All bolts were in oue large bag so there was no wiy of
Jocating and inspecting the bolt of interest to determina whether it had ever had
a nut on it, Sinze it was raining the transfowrer was not axamined internallv
until 3/23/77.. Tis inspection revealed uo loose hardware. Wedges betwaen tl.2
shielding and phose were not rémoved, but gaps in the ecinews ware examined with
a berosceope.

In the final discussion with Mr, Moore, I. L. llansen stated that he was
satisfiad that the nut and washer were nevcr placed on the bolt at runcie.
Mr. Moore asked about the possibility of cutiing into the taak bottcm to dotermine
whether anything had falien into it, Mr. Hansen acknowledged the postibility of
doing this, but attempted to discourage it. DMr. Moore said they would not cut
{nto the tank without discussing it first with Mur:ie,

j4' , f )28y

p I L. lansen
Design LEngineer

3/24/77

Page 2
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Teardown Report
VEPCO North Anna Unit
500/22 GSU S# 7001994
$.0. XDM1888 (HAM707)

1/10/83

Summary

This transformer failed on December 5, 1982 and was returned to Muncie for
teardown and inspection. Visual examination of the phase indicated that the
greatest damage occurred in the area of coil 21 located approximately below
the HV bushing flexible connector. The edge of coil 21 was burned and the
outermost layers of the coil displaced. The corners of washers 66, 67 and 68
were broken and missing. Arc burning was also found on the edge oi the EV
bushing flexible connector. Detailed inspection of the coils confirmed the
assumption that an arc had occurred between the HV bushing flexible lead and
the edge of coil 21.

The detailed inspection also uncovered an electrical failure between turns 7
and 8 of coil 1.

Detailed Inspection

Tank: The top section of the tank was distorted and ruptured in
several places.

Bridge: Nearly all fiber studs in the bridge structure were broken and
the bridge fell off the phase when the tank top section was
removed.

Core Steel: The core steel stack was straight and undamaged.

Coil Support: The coil supports were undamaged.

Phase: Coil 1 - Had 2 turn-to-turn failure between turns 7 and 8 on the HV
side 36 inches above the centerline. The tura-to-turn
pressboard fill was displaced at the point of failure.

Coil 15 - A "S" shaped piece of copper wire was found near the
start-start coannection. No damage to this coil was found.

Coil 19 - The coil insulation directly adjacent to the damaged area
of coil 21 was charred.

Coil 21 - The outer edge of the coil was burned and bare copper
pitted on the A end, HV side. The outer layer of the coil
was displaced.

Coil 22 - The insulation of the "A" end coil edge was skinned in 3
places.

Coil 38 - The insulation on the "A" end coil edge was skinned in 1

place.

1338E
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Washers 66, 67, 68 = The "A" end HV side corners of the washers were
broken off and missing.

HV Lead = There was electrical burning on the edge of this HV bushing
flexible connection at about mid-length.

Conclusion

It ie concluded that an electrical arc occurred between the HV bushing
flexibie lead and the edge of coil 21,

W. J. Carter
D. White
Engineering Operations

1338E 90
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APPENDIX B - ITEM 2

VEPCO TRANSFORMER
HAM 707, SERIAL 7001995, VEPCO PHASE C
FAILED NOVEMBER 16, 1982

KACY.CROUND DATA

- ——

Shipped 197%.
Went into service 1974 (1limited, full service 1975).

Taken off line, May 1982,

Drained, refilled with new oil, Aupust 1982.

Re-2nergized for first time on November 16, 1982.

Failed 3 hours, 6 minutes after re-energizing.

Weather reported to have been mild through the fall season until two
nights before the failure.

Failure occurred while unit was being back fed from the 500 kV system.
Pump bearing wear had occurred in pumps on other two serials (7001965
and 7001994). These units cleaned, flushed and refilled with new
oli. Harley Pump Co. report states that there was no bearing wear in

pumps from serial 7001995.

DATA FROM VEPCO RECORDS AND OBSERVATIONKS ‘

- Db - B

Fault Currents
Phase C = 16200 amperes
Phase A = 5250 amperes Normal 120° Apart
Phase B - 5250 amperes

Breakers cleared fault in three cycles.

No unusual occurrences OT observaticns prior to failure.

One stage of coolers initiated when unit was energized.

Pipes to disconnected gas relay broken and distroted on Phase A and B
tanks. Condition prior to Phase C failure thought to be normal.

No failure on HV bushing.

FATLURE DAMACE AND FAILURE PATH

1277E

1-1/2" diameter hole in lower edge of HV bushing shield. See Figure
1.

Flashover from this hole across the surface of the cylindrical
pbarrier down to the edge of L.V. coil #21 about 18" from the
centerline of the phase. The damay, 1 coil 21 was erosion ¢f the
strand surfaces for a depth of about 1/32". See Figure 1.

Smoked area on insulation around failure on coil 21 was small.
Insulation in good condition with exception of mechanical drmage
caused by broken porcelain and bridge walls.

Both upper and lower porcelains on H.V. bushing broken. No evidence

of a bushing failure.
One small arc mark on tank wall epposite the corona shield which ras

felt to be a low energy secondary fatiure.
Tank cover had some minor distortion and the welds at the ends of

gome cover bhraces were partially ruptured.
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No ruptures in tank so that there was no loss of ofl.

. Turn ratfo correct after fallure.

Meggar values in air 1000 megohms minimum {ndicating no failures to
ground within the transformer inculation system.

Flashovers reported in bus duct for phases A and C. See Figure 2.
Found flashover in Phase A bus duct 8 feet from transformer. Did not
find where Phase ¢ flashed over as of 11/18/82.

HYPOTHESIS OF FATLUPF CAUSE

The oil became saturated with nitrogen during the period between August and
November. The saturation level would be the equilibrium values for ambient
temperatures that existed. 1t appears that a maximum ambient of 30°C occurred
during the period. Ambient temperatures dropped to -3° during two nights
preceeding the re-energization. The temperature of the oil in coolers, pipinn
and pumps would decrcase rather rapidly resulting in super saturation of this
oil and possibly formation of some small gas pockets.

When the pumps were started, nitrogen buhhles were evolved in the oil. Gas
bubbles collected around the lower edge of the corora shield on the H.V.
bushing. Corona was initiated by these gas bhuhbles which ultimately resulted

in a flashover from the shield to the edge of L.V. coil #21.

The potential of the L.V. winding was elevated when the flashover from the
H.V. bushing occurred. The potential hecame high enough to cause flashovers
to ground in phases A and C bus duct. The bus duct was the weak link since it
was insulated for 110 RV BIL while the transformer LV winding and bushings
were insulated for 150 kV BIL. See Figures 1 and 2 for sketches of the

failure paths.

This failure sequence agrees with the magnitudes and phase angle relationships
of the fault currents.

: '
{1 )er >
Lo fy ) f P
H. R. Moore

12/3/82
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)

ENCINEERING LABORATORY REPORT #41-5F
DEVELOPMENT ENCINCERING

MUNCIE PLANT

TITLZ: FIELD FAILURZ IN S.0, HAM707

ABSTRACT: One of the single phase units (Ser. #7002099), built on 5.0, HAM7O7
failed in the field as a resuilt of flashovers across the ducts
between H.V. coils #31, #32 and #33. Flashovers also oceurred to
the L.V, series connections. This report describes teardown of
this unit and outlines a probable sequence of flashovers.

PREPARED BY:

H - s
J. L. Puri  (Date)

Development EngineeT

cﬂ\-f /‘z/owvwa 7 /7”[7 J

1. L. Hansen (Date)
-l s ) : Design Enginear

APPROVED BY: . .
/) ; -
cg{;:SL;kyl- C;1<?bt4¢21.1né33}7(;
L. S. McCormick {Date)

Supervising Engineer
Elcctrical Development

(DaLe)

B. R. Moore, sanages
Electrical Dovelopment
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NESCRIPTION OF UNIT

§.0.: Ham707

Customer: VEPCO

Type: Shell Form, Single Phase, 60 Hertz, 4 H-L Generator
Rating: 330 MVA (FOA)

H.V., - 288675 V (1300 kV BIL)

L.V. = 22000 vV (150 kV BIL)

FAILURE EVENTS

The tranasformer was brought up to full voltage level and it carried
full load only for a few Hertz and failed. Heavy flow of ground currents
was also recorded.

Various cases and events that resulted in the railure is still under
investigation.
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TEARDOWN ORSERVATIONMS '

. The phase was removed from the tank bottom July 12, 1976. No
evidence was found of a failure to the tank bottom, core, T-beam, or
corona shields.

The ‘bridge was removed; nothing unusual was noted except for the

' _obvious failure which will be described later.

Customer representatives arrived at the Muncie Plant July 13, 1976.
Dismantling of the phase began with coil 38. All items were inspected
prior to being scrapped -- no evidence of corona was found anywhere.,

W ’

Initial observations prior to dismantling were that the phase was

very dirty with carbon deposits everywhere and copper shot in most of

he A end. Chanaels were not intact in the A end of the phase over

coils 30 through 33. A fault with apparently heavy currents had
destroyed all but 1 strand of the outside turn on coil 33, burned

through the edge strip on coil 32, and completely burned open the out-
side turn in 3) plus about 807 of the second turn. Burn marks were
detected on the series connections between coils 35 - 1 and coils 38 - 4.

Coil 38

This coil had no burn warks on it; however, the series connection
betueen coils 38 - 4 did., The crepe paper over the series connection
had been burned through just above the washer line. The resulting
cavity in the copper was approximately 1/4" in diameter and approximately
1/8" deep. '

Coils 37 and 36

These coils were removed with no evidence of failure except for
heavy carbon deposits resulting from the fault in the WV,
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11 35 ' ' S

This coil had burned spots all along the outside turn at the A
end (sce sketch), There were 14 cavities approximately 1/4" in
diameter & 1/8" - 1/4" decp on Coil 36 side and 1 cavity at the 45°
on Coil 34 side. In addition one of the outside strands were burncd
through just beyond the 45°, Most of the cavitics were in the out-
side 4 layers of the turn, but two cavities were detected in the 5th
and G6th layers, The series conncction was burncd in two places just
above the washer level, The series connection split in three parts in
the turn height direction (Fig. 22,5 layers cach split); only two of
the threec parts had cavities in them corresponding to the laycrs that
had cavities on the coil, The washers above & below Coil 35 were badly
discolored but not "burned" through. The scvere discoloration occurred
wherever a cavity was formed.

The high-low insulation was dismantled with no evidence of any
arcing or corona. .

Coil 34

This HV line coil and it's associated static plate were free from

unusual markings. The washers between Coils 34 & 33 were badly
caarred, but did not indi:ate any coil to coil punctures.
‘Codl 33 5

This coil had all but 1 strand of the outside turn burped out.
This was located about 2 feet from the coil center line on the NV side
of the coil. The failure also burned open secve al strands of the
second turn on the Coil 32 side. °This coil also had two cavities on
Coil 32 side much like the cavities on Coil 35; they were locatced near
the center line. '

Coil 32

This coil had it's edge strip burned away in the arca of the foult,
In addition there were two cavities on the first laycr & one cavity on
the second layer; they were located at the 459 lince at the A end on the
LV side of the center line. Another cavity was noted on the 2nd layer
at the tie. Washers between Coils 32 & 33 were burned open at the area
of the fault,
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.

L 31 ‘ '

This coil had it's outside turn burned open plus 3 strands in
layers 1 and 2 and 1 strand in layers 3 of the second turn. The
burned out area was in the A end on the HV side of the coil. There
were four cavitics on the outside turn also. One was under the tic
on Coil 32 side; two were on Coil 30 side on the LV side 90° line;
and one was on the coil center line on Coil 32 side,

The finish-finish connection between Coils 30 - 31 was burned
nearly open. The burn was located approximately 1 foot toward the iV
gide of the braze; the burned out area was between and on the outside
of the two figure 15 parts. The paper covering this area was not
blackened as ore might ¢xpect from a heating problem; rather, it
appeared to have happened in a very short time,

The washers between Coils were burned through at the fault
location,

Coi 0

1 2 ,
@ — et . ® .

This coil did not have portione of the turn burncd open, but there
a two cavities on the outside two layers.about center line on the
Coil 31 side. There was also one cavity on the third layer about
center line on Coil 29 side. '

Coil 29

. fhic coil had one cavity on the third layer on Coil 30 side at the
edge of the tie. Another cavity was located on the Coil 30 side 1-1/2"
toward rie from center line. On Goil 30 side, third strand, 10" fronm
edge of tie another cavity was detected., A cavity was noted between
the first and second layer of the third turn at about the center ling;
this was the decpesc penctration of cavities noted, There werc no

cavities noted on Coil 28 side; however, a cavity was located on Coil 28
side of the finish-finish counection.

The remaining coils did not have any unusual marks or distorticns
evident,

. 101




wonelusion

'In the arca of the failure ac
line, Coils 31 & 33 are
the failure path from Coi
. essentially a straipht linme. The
the coil-to-coil fault apparently
The gas was distributed cover most
the faulted coils and peneral gas
provided a low impedance path for
the HV, over the high-low washers,

There were a total of 15 cavities on the LV
There were al
current flowing
est since it is difficulc

burned open strand.
connections., An estimate of the
would be marginal at b

current required to form the cavit

"elosed" and 32 is
1 31 to 33 and over the top of 32 is

ross the sccond duct from the 1V
"open''.  Consequently

heavy currents that flowed during

gencrated a great deal of gas.

of the A end due to channels over

expansion., The fonized gas then

multiple sccondary failures from
to the LV (Coil 35).

Coil 35 plus one

so three cavities in the LV series
between high and low
to estimate the

ies and impossible to know how mauy

‘paths were faulting simul incously.

N Horat

I. L. Hansen
Design Engincer

Development Engineer
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. oy b4 persons end for 10eing that ail points requiring acrion are cleared uvp without deley.

2 « For long reperts give a summary of imparrant paints and recommaendations.

Decenbier 17, 196y

For Westinghouse Aepresenterives aniy, CATE
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CRIGINAL TR 1SSUING JESARTMENT'S FILE NO. ]
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. NAME Vireinia Electric Pover Compary “EG.
(Original S.0. HAM707)

LACATION Fredericksbure, Virginia 5.9, XDM1323 szr. 0. 7002099
suspase cf T3 1o make internal inspection
cenFErENCE w2Ld AT North Anna Muclear Generating Statior cate  12/15/80

mosE pPresznt _ Messrs, W. Birckhead and R, Barker of VEPCO; R. 1. Bowmyn of Westinciouse Nichmone.

o=

and B, W. Huoon of Westinghouse Muncie I1PID

SOMMARY :

There was a flashover from H.V. line lead to L.V. coil #16. We recommend the
installation of complete new phase (coils, insulation and bridge).
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- TRIP REPORT

; Virginia Electric and Power Company
$.0. XDM 1323 (originally HAM 707)
Serial 7002099

JEPCO repor.z=d that subject unit tripped cff the line on November 29,
1980 during normal weatr«r conditious. The SPR, mechanical relief device
and cifferential reloys had operated and the fault was cleared within
3-1/2 cycles. There was also a flashover to ground in “he L.V. isolated
phase bus duct and H.V. arrester damage wnich VEPCO feels was mechanical
ralher than electrical failure. VEPCO als. veported that the unit will
ratio correctly but the P-hie readings are slightly lew.

An internal inspection was made by Messrs. W. Birckhead¢ and R. Barker of
VEPCO and B. W. Hugon of Muncie LFPTD ca 12/15/80.

The H.V. line coil wire of coil comes up vertizally through a clamp and
then turns 90° and brazes to a horizontal run of copper bar. Brush
copper bolts to the end of this bar and goes vertically cpward to the
H.V. line bushing which is located on the tank centerline.

There war a flashover from the bottom of the end of the hLorizontal run of
the H.V. line lead to the radius of L.Y. coil #16. This coil is 6"
beyend ratier than directly below the end of the horizoutal run of the
H.V. line lead. Bare copper was exposed for approximately or2 square
inch on the 1.V, line lead. 1lhe four conductors of the outside layer of
coil #16 were severely pitted for about 12" and the strand adjacent to
coil #15 was burued open. The frec end of the open strand toward the
coil centerline remained essentially in its normal position. 7he other
free end projected upwards &4 or 'S inches and then turned iownwards for
about 2 inches.

No arc pits could be seen on L.V. coil #15, however, it appeared that the
washer between coil #16 and #15 may have been ruptured, and there was
considerable carbon on the coil #15 side of this washer. In this area
the outside edge of coil #16 is approximately 5" higher than that of coil
#15 sirce #16 is a "closed" coil while #15 is an “open'" coil.

The round barriers around the H.V. line lead and the bridge walls
supporting these barriers were broken.

The hanger strzps for the lower half of the double do-nut coromna shield

on the H.V. bushing were distorted so that the side of the lower shield
toward the L.V. side of the tank was lower than its normal position.

Many of tne fiber studs in the bridge walls supporting the L.V. series
connections were broken.
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No arc to ground was observed during this inspection. It is, of course,
possible that one or more L.V. coils may have flashed to the core in a
location not visible at this time.

The amount of copper particles and carbon was fairly small for a field
failure but still of sufficient magnitude that we would recommend the
installation of complete new phase (coils, insulation and bridge). The
tank, bushings, coolers and most core steel should be reusable.

16&0 ﬁ#‘j«wv 1317/ 0

B. W. Hugon
Design Engineer
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4 APPENDIX B - ITEM 5

NPISASSEMELY REPORI

SUBJECT

Disassembly of transformer serial number 2002099, built originally on shop
order HAM707. The transformer is a single phase, 330MVA, 500kV generator
step-up translonwer and was located at the North Anna Station of Virginia
Electric and Power Company.

HISTORY

This unit failed in service on November 29, 1980. An internal inspection was
performed on December 15, 1980 by Mr. W. Birckhead and R. Barker of Virginia
Electric and Power Company and by Mr. B. Hugon of Westinghouse LPTD. This
inspection indicated there had been an arc between the HV line lead and the
center low -oltage coil group. It was determined at that time, due to the
contamination present, a new phase would be manufactured for re-assembly of
this transformer.

REPORT OF DISASSEMBLY

The transformer was untanked and the core was removed. On May 17, 1981 the
phase was dismantled by LPID personnel in the presence of Mr. W. Birclhead and
Mr. R. Barker of Virginia Electric and Power Company, Mr. J. Mechler of the
Hartford Boiler Insurance Company, and Mr. E. Luke of Westinghouse. The phase
assembly was split at the high-low space betweern coils 14 and 15. The entire
group of coils, 1 through l4, was removed intact. Low voltage coil group 33
through 22 was then dismantled coil by coil. The only coil in this group that
showed evidence of failuve was coil 16. Tne other coils and their associated
insulation wcre darened as a result of the carbon and smoke from the arc.

The HV line lcad was designed to come vertically up from coil number 34 and
then make a 90° bend. Wire of coil was then brazed to a rectangular coppet
plate which nad four holes for connection to a flexible lead which connected
to the HV bushing. The failure was an arc from the corner of the copper plate
to the edge of low voltage coil 16. The arc burned one strand of the cuter
layer of coil 16 conductor apart. The other three strands of this outside
layer were pitted but had not burned open. There were also arc marks oa the
second layer of this turn on coil 16, but it 1is believed this occurred when
the outer strand burned open. The arc had melted a small crater in the corner
of the HV copper plate connector. Particles of copper froa this arcing were
observed on the phase. Coil washers in coil 15 to 22 group and some of the
high-low washers between coils 22 and 23 were broken along the top cdge by
bridge items that collapsed as a result of the arc energy.
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Attached is a portion of drawings [IAM707-48 and 1iAM707-50 anc Page 6 of
L-HAM707-08. Drawing HAM707-50 shows that relative pyusition of the ilV lead
with respect to the coil groupings.

This unit is being re-assembled utilizing a new phase which contains all vew
coils and insulation. The H.V. line lead has been redesigned such that the
rectangular copper plate has been eliminated and the connection, from the coil
wire to the H.V. bushing, will be made with insulated cable.

<
L. E. Luke, Manager
Design Applications

04068 é/5/8:
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o i APPENDIX B - ITEM 6
D Fl - Mpur Pe -0

DISASSEMBLY REPORT

SULIECT

pisascembly of transformer, serial number 7002100, built oripfnally on shop
order HAM7G? and rotnrned to luncie for repair on shop order ¥DML779. This
transforp-r is a sfogle phasc, 330 MVA, SO00KV gencrator step-up transf{ormer
and wae locatcd at the Morth Anna Station of Virginia Clectric and Power
Company .

HISTORY

This unit failed in service on June 19, 1981. An investigntion At that time
indicated it was a high voltage line bushing tailure and did not involve the
windings.

REPORT OF DISASSTMELY

The comnlete phase was disasscabled coil by coil en October 7th and Sth, 1981-
with Mr. Joe lleGragor and iir. pobby Bridges of VLPCO prescent. There was a
very large amount of carbon deposited on both the coils ard the insvlation,
buc no failure vas feund. The termination of the tape, on tie high veoltage
linz lead from the coil to a peint just below it's borizontal run, had
essenti2lly no taper rather than she specified 7" taper. Therc was, hovever,
no evidence of tracking or any other clectrical difficulty at this points X2
other irrcgularitics vere fourd.

Prepared by:

g
52’10 /Y“"]‘)\\/ 1ehi3)
B. W. Hugon (bate)
pesign Engincer

Approved by:

\tD” nn0 S ol e
. L3/ A
Jie Eo Luke ’ (2ete)
Manager Dosipn Applications
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APPENDIX B - ITEM 7

Tearduin Report
VEPCO North Anna Unit
500/22 GSU S5k 7002100
S.0. XDM1GGY (NAM707)

2/22/83

Sunmary

This transformet fztled August 22, 1982 and returced to Huncie for tcardowu
and inspection. Visuul inspecticn of the phase indicated greatcst phase
damape occuri? {n the LY coil 22 located approximately below the HV bushin:
and next to a li=i. space. Several arc spois could bn seen on the edge of coil
22 and the outer layuers of the coil were ¢isplaced. DMany arc spots were
obeerved on th: HY bushing shicld and aluo on the HV greund pliae lecated on
the tank covcre. Detailed inspection of the phase confirmed that arciny
oecurred betwecn the 1V bushing shicld and the edpe of thc LV coil 22.

Petailed Insprction

Tanl.: The top section of the tank was distorted and ruptured in eeveral
loccotions (ai brace eadu). Several arc spete were observed on the IV busihdng
ground place.

The bottoa section Was dirty but othervisce vademagceds

Bril;e: The pridge structurc was broken juto several pleces. Necarly all
tiber tolts connceting the bridze struciuie were benkens

Corc Steecl: The cor: vas straight and und magec.
Coil Supports: The coil supports were in place ani undana;ode

Phase: Coil 22 = Tie coil outer edge wac harred aad the coprer pitted at,
geven locaticas el the A end and spaced belween the A end centerlinc ard th?
tangent berveen the HV leg and the corucr vedius. The largest burned spot
occurred at ahout the cud of the corner radius (LV sidc) on the A cnd.

A large charred area (18" x 36") was located on the face of the coil nt the
tangent between the HV leg and the A end radius. The ared includad parts of
the outer thrce turns. No turn—to-turn foilures woere fouud in the charsz:?!
arca. Thrce very small spots showing piteing of the copper vere founl on he
outer turn: One between layers 3 and 4, and tuo beiweed layers 8 and . Cuc

additional small arca showed bare copper fyee of pirtinge

Layers of the outer turn were distorted perpondicular to the plaue of the
coil. These distort lons were located in the charred area. Spacer blocks «w
washer 69 (uuder ecil 22) were fouud to be overlapping under the dlsiorted
arecas

Cotls 5, 6, 7, e 12, 23, 24, 26, 27, 29, 30, 31, 33 and 34 - Carbon deposits
10 the form of branching stroamers wWere on the B ead tight prvsster chaone 1 5.




Coils 5, 9, 23 and 26 = Carbon deposits in the form of branching slreamers
were [ound on tight pressboard channels on the IV lege.

Coils 5, 23 and 26 = Carbon deposits in the form of branching streamers were
on the tight, pressboard channcls on the LV leg.

HV and LV side sheets = Carbon deposits in the form of branching strecamers
were found originating from the strinpg ties and along the vertical presshtoard
stripse. Streumers were also found along a crack in the HV side sheect.

Coil Wishers - Several of the coil washers had carton deposits in the form of
branching strcamers. They were especially noticcable on the following:

Washer 6 hai streamers on the A end originating at the coil spacer blocks
on the side facing coil 36. The oppocite side of washer 6 (facing coil
35) was unifornly dark cutside the coil perimeter.

Vasher 7 had streamers along the A end elie originating at the edge.
Also, a very long streauwer at the B end BV corner.

Weeher 56 hoed streamers between spacer blocls on coil 23 side on both IIV
and LV legs. !

Wasiior 97 loceted botuenn tap coils 9 and 8 hud strcamers on the bottem
gide (facing coil 8) instead of the top side.

Vesler 99, betveen coils 7 and g, had strecmers on both eides.

Wosher 109 had streamcrs between §paccy Llocks on both legs on the coil %
side. .

H-L Sracc Washers — Strcaners betveen the spacer blocks and top and bottom
edges were on nll washers in the H-L space bectween coils 1% and 15, coils 22
and 23 and coile 34 aud 35.. The streancis occurved on one side with the other
gide uniformly datk.

HV Bushiung = Chips of porcclain found on top of the phase shiow gigns of arcing

on the inside curface and inside the porcelain cross-scction. These chips arc
" from the upper half of the 0il side porceluin.

f 0 2.
451214é211dﬁzzﬁﬁhyf<f:;_.
Dale \lhite
Engincering Operations
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APPENDIX B - ITEM 8

.

REPOKT ON FAILED RUSIING
August 3, 1981

Pughing 2550500, Croup 2
500 kV System Voltape, 1300 kV BIL
< i1t as JAM 707, Serial 6 in 1974

The remains of the bushing were received in Muncie on July 16, in a VEICO
shipping ciate. Parts received were the condeaser, flange, expansion cap
asscmbly, lower porcelain assembly, lower shields, flexible cable to the
trans former winding and bookea picces cf the upper porcelain. Broker piraces
of the Jower porcelain were received in a scparate shipping crate.

The burhing was disosscmbled on July 22 and the condenser was wuwound on

July 23. 1The lower 24 inclies of the stcaight portion of the condenser; i.e.,
the paper area over approzimately the lower half the ground foil layer

(No. 55), wus buracé and torn for sbout ome half the circumfcrence. Both
tapers had neehanical gouges due to broken procelain and a few singled areas.
The support sleeve had shifted upward about 2.88 inches relacive to the
condenser.  The voltiege top insulating hoard was firmly in its correct
position.

Afrer alout five layerc of paper. the burned aud Lorn paper ended. Parts of
the circurference of the cundenser paper sppearcd to have spois which were
impregroted bus voud of oii between layers of paper. Thuse ragiont wver: from
avout foil laye. 52 to foil layer 533.

The eatire condenscr was unwound to the lecad. No other damage or
icrcgulorties weve fourd.

“he 2 inch shield was still rartially attached vo the lewar poccelair

coppdrt.  Jhe lower ehield was complete distoent.d fron the suppert, both cf
the support bolt hrads liaving pulled threugh the copper material. Roth
ehields had several arc marks on their sides, some of the holes burned
completely through the material. The upper 2 inch shicld also had five 0.5 %o
1.5 inch semi-ciicles burned out on its top surface vhere it wmects up vith the
top surface of Lhe lower support. The lower support ¢lso hed pock wai ks
adjzceat to the areas.

The bottowm end of the exponeion cap was deazd invard. Tae spanner mut
sceniing the spring asseully had some stripped thread: an? had crack.d. Some
of the matching thicads on the lead tule had also styripped.

L. B. Wagenanr
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APPENDIX B - ITEM ©

REPORT ON FAILILD DUSHING
August 3, 1981

Bushing 255D500, Croup 2
500 kV System Voltage, 1300 kV RIL
Built as VAN707, Serial 7 in 1974

The remaias of the bushing were received in Muncie on July 16 in o VEPCO
shipping crate. Parts roceived were the condenser, flange, expavsion cap
asseisbly, lowcr gupport asserbly, lover chicld, have teriainal and flexible
cable to the transfocruer winding; neither of the porcelains was received.
The bushing woee disassembled and the cordenser was unwound on July 22. The
exterior of the condenscr was burncd, srinkled and fluffed up on the entire
circumterence on about the bottum &1 inchies of the 56 inch long straight
_ortion. Abouvt 16 inches of the ground luyer foil (Ko. 55) betueen the top of
the support sleev: and the ground layer groove wvas cxposed. About 14 inches
ot the bottem of the foil was also expcced. About 0.144 and 0.308 inches of
paper originally covcred the ground and tap foil layer, respectively. The

vo'tage tap i-osulation boara was fimmly in its correct position.

The lowar taper of the condensaer had a eurface bucn & to 24 iuches vide
running the full iength of the taper, the burn pe.ting wider as it progressed
up the raper. ‘lhe rearinder of the taper suvicce was sinsed, but not badly
Lur.ed. Tne toj tarcy had a few singed areas, all of wiich were only on the
surface.

The suppert s£lecve has been eliifted upwerd about 1.75 inches relative to fthe
coadenzer. he outer 5.74 inches of tae coiteiser hed shiited about 0.3l
inchos vpuard relative to the lead.

The lead tuna shosed several borned marks frem clectrical zreing just below
the boctom of the eondeuser for about onc half of its circuwferapce. Soume cf
the burned marks formed 2 continuous 2 inch long crater. Some of the mavks
ware just bolow the burned area oa the conden«er taper, but most were within &
90 dcgree arc to one side of the darkest erea cn the taper.

There was also evideace of arcivg on the lower procrlaia svpport and ihe Jock
nut located on top of the forwmer. These warlks poreraily lined up with the
burncd area on the lower taper of thu coud uscr. Trere were also arcing macks
in both lower shields. DLoth shiclds had been disloc.ted from the lowver
support, thc heads of the screws attaching tnem Lo the support haviag pnlled
either off or through the copper material.

The condenser was completely unwound. Burning was found throwgh foil layer 53
(about 0.39 inches of paper thickness) and the amount of such decrcased as

this foil was approached. About 70% of the approximately 49 inch

civcumference of the lower ends of the last Lwo foi) layers (Nos. 54 and 55)
had been burncd away for 8 to 9 inches in lennth.  The avcas burned away Lrom
the foils were generally aligned and extended about 6.5 inches bencath tin
flanges dhe surface burn oun the lowee Laper had progressed to withia an inch
of the bottom end of foil layver 53, but wus only on the tapered surface bulow
this point. Ko other damige ov irregularsticy vere found beyond toxd layer 53,
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R&D REPORT 82-7D7-MUNCI-RL October 6, 1982

INVESTIGATION OF FRACTURE OF A PUWER TRANSFORMER CAP SCREW
FROM VEPCO'S NORTH ANNA NUCLEAR STATION

A. Madeyski
Materials Engineering Department

ABSTRACT

A forced outage of the main generator stepup transformer at
VEPCO's North Anna nuclear power station occurred on August 22, 1982.
One hypothesis is that this was caused by the fracture of a cap screw
supporting the insulator bushing. An investigation revealed that the
final overload fracture of the screw started from a very deep crack
‘produced by a low stress, high cycle bending fatigue. The fatigue
cracking may have occurred earlier when the bushing was transported by
truck several times. In transport to and from the factory, the bushing
laid in a horizontal position in a crate, exerting a bending moment cn
the screw. Vibratinns of the truck made the stress variable, resulting

in the fatigue cracking of the screw.
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1. INTRODUCTION

A recent forced outage of the main generator step-up transformer
at the Virginia Electric and Power Company's North Anna nuclear station
was found to have been caused by the fracture of a cap screw. The cap
screw was part of the support structure of an iasulator bushing, as
shown schematically in Figures 1 and 5" The 50C kV bushing assembly
(Drawing No. 255D500) was manufactured in 1965 by the Westinghouse
transformer plant in Sharon, Pennsylvania. The bushing was shipped to
the customer when originally built. In 1976 the bushing was sent to the
Westinghouse Power Transformer Division (PTD) plant in Muncie, Indiana,
to correct an eleccrical connection, after which it was returned to the
customer. In 19¢. the bushing made another round trip to Muncie for

electrical testing.

The broken cap scra2w was submitted by PTD to the Materials
Engineering Department of thg.HCltinghousc R&D Center for investi-
gation. It was stipulated that the method used in the iavestigation
should be non-destructive, if possible. Fortunately, we have succeeded
in determining the causes of the cracking in the screw by non-destruc=-
tive procedures, and the screw will be returned to PTD essentially as

received.

The investigation consisted of macro-examination, opticsl and
scanning electron microscope (SEM) fractography, energy-dispersive X-ray
spectrometric (EDS) analysis of the materisl, and hardness testing.

Following is a report on the methods of investigation, the

results obtained, aand the conclusions reachid.

«
This design is not used anymore in presently built transformers.
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2. EXPERIMENTAL PROCEDURES AND RESULTS

2.1 Optical Examination

The broken cap screw was carefully examined with unaided eye,
and using a low power optical microscope. Figures 3 through 6 show the
general appearance and details of the screw.

2.2 Fractography

The fracture of the SCrew was examined using an optical
microscope and an SENM. The results are shown in Figures 7 through 10,
and 13 through 21.

2:3 Encrgy-dispctlivc X-ray Spccttonetty (ED§1

While inside the SEM chamber, the fracture face on the shorter
piece of the Cap screw was analyzed using the EDS attachment. The
results are shown in Figures 11 and 12.

In irterpreting these results it must be remembered that the EDS
technique cannot detect any elements with the atomic number lower than
ll. This includes hydrogen, helium, lithium, beryllium, boron, carbon,
nitrogen, Oxygen, fluorine, and neon. However, all the other elements,
including important alloying additions such as chromi.m, nickel,
molybdenum, vanadium, etc., can be detected and measured.

2.4 Hardness Tests

The side of the shank was used for hardness testing (Figure 4).
Both Kockwell C and B scales were used. The results shown below were in
dgreement with earh other:
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RC 21-23;
RB 98-101;

The corresponding ultimate tensile strength is 112-120 ki i
approximacely.



3. DLISCUSSION

Fractography has shown that the screw cracked very deeply in
high cycle fatigue (Figure 9, areas 1 through 11), before it finally
broke completely in shear overload (Figure 9, area l14). The fatigue
crack started from multiple origins on the side of the screw marked -
in Figure 9, and gradually moved across the screw to area l4. At this
point the remaining cross-section carrying the load was very small, and
eventually some relatively minor load produced the final catastrophic
fracture. The overload fracture of this remaining ligament was of the
“dimpled rupture” type (Figure 19), indicating that the screw material
was fully ductile.

The "primary” origins of the fatigue fracture were all located
at the same side of the screw (Figure 8), but it is interesting to note
that there was also a very shallow "secondary” fatigue crack which
started from the 180° location (Figure 9). This crack propagated only
to the depth of about 0.0l in (Figure 20) before the screw finally broke

completely.

The type of fatigue in which the fracture traverses the cross-
section from one side to the other almost in a straight line is
characteristic of bending in a single plane. In a normal operation of
the transformer each cap screw acts only as a _[uice between the clamp
ring and the cylindrical flange (Figures 1 and 2). Therefore, the cap
screws are not expected to be subjected to any major bending moments.
Furthermore, there is no obvious source of cyclic loading on the bushing
support to produce fatigue cracking of the screws in normal service.
However, when the bushing is shipped to and from the factory, it is
crated in a horizontal position, and part of its weight rests on the
center portion of a cap screw. Vibrations of the truck provide the
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variability of the load necessary for fatigue. A close examination of
the broken . provided additional evidence substanciating the
hypothesis that the cracking occurred in transport. Figure 6
illustrates the wear areas in the middle of the screw. The wear area at
the 0° location shows heavy peening and burnishing of the steel,
indicating that a high transverse load acted at this poiat. This load
provided the bending moment at the screw thread. A variable bending
Stress wvas thus superimposed on the constant tensile stress due to the
tightening of the screw in the threaded hole. The resultant stress
range apparently exceeded the fatigue threshold level and initiated the
crack. The fact that this particular bushing was shipped 5 times prior
to its forced outage, makes this explanation even more plausible.

A smaller amount of peening and burnishing in the middle of the
screw ac the 180° location (Figures 4 and 6) wvas presumably caused by an
upward load due to bo 1cing of the truck on uneven roads. This load
apparently started the secondary fatigue crack.

The hardness teit indicated that the screw had a tensile
strength in the vicinity of 115 ksi which is quite acceptable for a
grade 2 screw (74 ksi min.). The EDS analysis has shown that the steel
was of plain carbon grade, presumably middle carbon. There was also no
fractographic evidence of any material or manufacturing defects which
would have started fatigue cracking at an unusually low stress level.
Thus, the quality of the screw does not seem to have been a contributive

factor in the cracking.

The second Cap screw did not break, but was severely bent,
presumably after the first screv broke. The second screw was not
subritted to the R&D Center for examination.
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4. SUMMARY OF THE OBSERVATIONS AND CONCLUSINNS

The screw cracked deeply in high cycle, low stress fatigue before it
eventually broke in shear overload at some minor load.

In normal operation of the transformer the bushing support cap
screws are not expected to be subjected to any significant bending,
or to cyclic stresses.

The evidence suggested that the screw cracked when the bushing was

being shipped in the horizontal position, with its weight bending
the screw. Bouncing of the truck on uneven roads provided the

variable load necessary for fatigue cracking. The bushing was in
transport 5 times before its forced outage.

The bushing was made in 1965. This design of the bushing suspension
system is not used in transformers currently produced by
wWestinghouse.
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Bushing
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Fig. 1 = Schematic sketch showing the
location of the two cap screws in the
bushing support assembly. Not to scale.
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Fig. 2= Schematic sketch showing the central detail from
Fig. 1. Not to scale
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Figure 3. General view of the broken cap screw.
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Figure 4.

Mag. 3.5X

Details from Fig. 3. Note the wear marks under the head and
in the middle of the screw. This side cf the screv is located
180° from the main fracture origins (see Fig. 9). The inden~-

tations visible in the bottom photograph were produced in the
hardness tests.
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Mag. 6.3X

Figure 5. Wear area under the head of the screw at a higher magnification.

Note that the wear was mainly in the form of scratches.
Location at 180° from the main fracrure origins.
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Figure 6.

Mag. 6.3X

Details of the wear areas in the middle of the screw, 180° from
the main fracture origin and 0° from the main fracture origins
(see Fig. 9) The 180° photograph (upper) shows heavy peening
and burnishing mostly in the central part of the wear area.

The 0° wear area (lower photograph) is practically all heavily
burnished.
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Mag. 6.3X

Figure 7. Fracture face on the head #?’de (upper photograph) and on the
thread side (lower photogra h). Nota the "beach marks"
~haracteristic of fatigue.
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Mag. 12.5X

20X

Mag.

The fracture

Details of the main origin areas of the fracture.

Figure 8.

had multiple origins located at the root of the thread visible

on the right hand side of the

beach marks.

Note also the

photographs.
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"igure 9.

Mag. 6.3X

Fracture face on the thread side. The area numbers refer to
the photograph numbers in the SEM fractography.
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R CAP SCRE

Mag. 100X

Figure 10. Area 1 from Fig. 9. Some of the priuary fracture origins.
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Figure 11. Energy-dispersive x-rav speccrum
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of this analysis are shown in Fig. 12

Al

i

11 i
{ffily i
111 1

the fracture area 3

Numerical

results

M-S

398



SPECTRUN  TRANSFORMER SCREW SEP. 20. 1982

FRACTUKRE NEAR OkIGIN

STANDARDLESS EDS ANALTSIS
(ZAF CORRECTIONS VIA maGIC V)

ELEMENT  VEIGHT ATORIC  PRECISIOm
§ LINE PERCENT  PERCENT 2 SIGPA  K-RATIO  ITEn

CR KA 0.24 0.26 0.06 0.0032
AN KA 1.04 1.06 0.09 0.0107
FE Ka 98.38 ¥8.37 0.39 0.9841
NI KA 0.34 0.32 0.12 0.000 e

TOTAL 100,99

NORAALIZATION FACIOR: 1,000

Figure 12. Semi-quantitative EDS analysis of the fracture fruz Fig. 11.
The analysis indicates that the cap screw was made of plain
carbon steel.
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Figure 13.

R o S
_TRANSFORMER CapP
A T o M

-

SCRE M
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e YK O
. TRANSFORMER CAP SCREMW., o~

-

Mag. 1050X

One of the primary origins
magnifications (area 4 fro
topography characteristic o
beginning.

the fracture, shown at two
m Fig. 10). Note the fracture
f fatigue from the very
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RANSFORMER +CAP SCRE WS

Mag. 2100X

Figure 14. Bottom of the thread groove at the primary crack origins.
Note the spalling of the oxide due to metal strain, and
a number of small cracks, marked with arrows. The lower
photograph (No. 7) shows one of the cracks at a higher
magnification.
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Figure 15. The first major beach mark of the fracture (marked No. 8
in Fig. 10). The crack probably stopped here for some
time, and then resumed the propagation.
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Figure 16. Fracture areas 9 and 10 from Figs. 9 and 10. Note the

topography characteristic of fatigye at a moderately
high stress intensicy range.
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e

Mag. 15X

CAP SCREW - P
A - T “r >

Figure 17. Fracture area 1l from Figs. 9 and 10.
cracking characteristic o higl
fatigue fracture.
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Figure 18. Fracture area 13 from Fig. 17.
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Figure 19.

- po ol
P TRANSFORTER CAP_SCREW
\‘ v - ’ . . :

Mag. 5000X
Fracture area 14 from Figs. 9 and 17. Note the typical
"dimpled rupture' topography, characteristic of an
overload fracture in a ductile material. Since the
dimples are e2ll oriented in the same direction, there
must have been a strong shear component in the final
load.
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Figure 20.

S we N g
TRANSF ORMER CAP SCREL
S A < y

Mag. 2100X

Fracture area 16 from Fig. 9. When the cap screw broke in the
final overload, the area marked "A" was rubbed and smeared.
However, small portions of this area, such as "B" in the
photograph 1€, which were left undamaged, show that this wvas
originally a fatigue crack that scarted from the "180°" side
(Fig. 9), but did not propagite as far as the crack which
started from the "0*" side. The rubbing of area "A" must havae
produced enough h2at to create oxide "C",
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P TRANSFORMER CAP STREWM

2 I
N

Appearance of the bottom of the thread when viewed in the
directicn of the arrow 18 in Fig. 20 Note the spalling of the
oxide, indicating strain, and some small original fatigue
cracks marked with arrows.



APPENDIX C

TRANSFORMER REPORT ON EVENTS AT N. ANNA POWEk STATION

169



041

EHV EQUINZNT FILL RECORD

.

Substation M {.,“'”\ 2 Readings to be taken every ha'f hour.
Equipment Z2Z -7 > 0P * i '
Manufacturer VW5 7 0TS Probe # 0il In L. .
G-3- 3| Serial Nunber _ /oo /5 2 > Probe # 0il Out 2-7 2 )
. . ‘Trans. Strcaml ine | OQIL OUT | ‘Flow Probe : 1
Vacuum Vacuum . | Temp. Meter Temp. | Probe |, Dew . .
Date | Time | mn hg mm  hg Oc KV | Reading | Remarks oc Reading | Point B Ps Cs PAM
- v Pl 2otV T SEANT|IN .
b 3& - ‘b L J : "."' r‘ V“c- OUT " ' o
» / .l’o ’ z > lN ‘
| ). 3 " |24 o0 | [
o - ¢ - i |
EIs Y g
AF ') Vv ouT
/. ~ x Y In I
J: 5 N {l CuT | !
L] T o o |
. . CuT | | %5
. - a l:l m
1&?,3‘ |.S" 3] auT i | Eé
‘ ” 'YL N | I $ »
7’ a‘ » D ‘ , OUT ' E o
7 ) e ] | Y
e 71 louT | |
T oy N I L | !
( ;{0 07/ Ut | [ l l |
ok L NCaC T i ] ! | i
[ e ,/7() ) 1 idJT 1 ! | | |
B R A M - l
1279 )i lorT J
.- 4 )d I !
: ) .
| <) (‘75 . QuT |
' ) in
7{ 28 ouT 1>
: o I - -
k. 0 A5 oUT | )
C = PFoisture foncentration in sample in PPM. C -'C, .LZL
Cs =_ 1003 saturation of moisture in samole at tempe (’s{

P = _Vater vapor pressuse measured b
P. = Saturated wate- J2DPOr pressura

Yy prob

wiimn =l CLiaas

rature of measurement.




EHV Equ-"t?r FILL RECORD

-

-

Ll

Substation p! .. L, Recadings to be taken every half hour.
:g:‘u‘a‘f’::::rer '\;,‘. ¥ Saa T.x o Probe # 0il .In |
Serial Nunber Q00757 7 . Probe # 0il Out b & F 1
. . “Trans. Strecaml ine QIL OUT XF’::;;) 2 Probe | .
Vacuum Vacuum ! Temp. MoXer Temp. Probe |, Dew .
Date | Time | mm hg mn  hg o¢ KV ad¥ng | Remarks e Reading | Point Ps Cs PaM
1”" o5 . | RS ’cl):r - .!
- 'y s 7y’ T — ' ! —
% s " 0T ' | i :
14110 24 20 Ll 0T .
! 197 .65 .M* c':u:r > i I i
I 23 o 73 & | l i |
| L aS 7.° BT : i [ :
730 L 60 7/° Ut ! } b
[£:%0] , 59 71° 0T ; : =
il .5 71° louT : | : : :
.57 729 o —
N5l 5c 7177 v oy :
31| | s e G L f——y
=T /0 TIE - '
(l.’t . 5. &4 537 i -
C = Poisture foncentration in samplc in PPM, C -'C‘ ..Q.L
1005 saturaction of moisture in smplc at temperature of measurement, (Pg)

Cg ™.
-

Tabaw

. msasenrr mananirad L.

-




ransesw JO dunjeavdwoy .

Ve W BINIIDTIO Yoo

i04d Aq peunsesw ®un..a.d Jodea 41N " =

AWM PRININIES w ‘g

¢

-

0¥023y 1114 »mwi_ AH3
\ .

.ma.: " *) 2|dues Uy 3umisiow jo vojlesnies $00| = 5
@ I=) ‘Hdd v| 9|dwes u) VUOI1RJIUIDUO0 UNISIO = )
| i 1 5 ﬂhD : - o
: " - = O 21 ~h O
] | | *|1ro ! 5 A "
__ | | NI L4 _ h al \
]
) + hno ¢ ‘ »
“ 1 - i 9L o ¢. o
1 1no| ChH'® .
] { . il s . h f«. ol
S | ! | J ing Qby f
i ' ] _ . oY . o h Tu....:
| | | 1 J 1NG; =
1 | | | 1 o e Ch i 1] ’
. | | | | 1ne s % Y o
] I I | : o h ol M
! ' | ] 100 & 1 . .
] | | I NI M d i _..o.a\ o~
| | ing 5 G b -~
. . i i o / ahlag b
i | | 119 ‘ ’ |
| | . z._ 2 .Ifkr ‘Q m~
L ] - < 1n9 " Che-
: [ Il . -kl M
| { 1n0 i el .
] | _ I v Ja e ¥
. “i | 1N0 <) o .
| B I | N L 55" oL
' | ! 100 g oS .
J s NI b lenl| .
. I - 1NG /] : . o e -gb e~
|- NI : : —5 .m_*: TF
wed $) sd d 1ulog | buipeay do sy eway | QULpeRy | AN %0 by ww by ww | 3wy | 9eg
. . : mM3Q ' | 2qos4 | "dway 43191 ‘Cway wnndep | wnndep |
. 2q0.4 ~Moid. | 100 110 | surjweass | “suesy. | A
‘ € il
727 N0 110 # 33024 L Z T/ v oL asquay |epaas
. . . Ui 110 # 23044 . =l 20 a3anmidejnuey
. . : L0 el e Juaudindy
*anoy jley Aiaad uexwel 2q ¢3 sbuipeoy L R .Q??Q\M uoilelsqng :
o3 ‘ . o -
o g



mimeeisve gv walIZ€J B ¢ wungsosd JodEA JRiem n.uos:ucn ~ &

p : ’ . ‘9q: Aq paunteaw sinssosd sodea J9ICA " - ¢
' s «vowainsesw J0 Sunlessdusy te 2|duwes ui 3umsiou jo voraesmes %00; “m 53
A,mlnlv. au.l b | 4 ‘Ndd U e_a_r: Ul vojlesiuaduoy Msiof = )
_ ; B W Belhe I o L s D7, T1n ) © g g é
[T T srony o L — Ll b el ] s .S g
SR A G0 S0 £l PN T B § L S R T ) Cod| o (1.2 4
| \ T / T ~ .n . ’
A P |7 L L7, -_ " hHh' s 1n0 g \N ' a”y’
~l a7 b ol 22 __ U Y .N\. “\~ i o A\ | ns Aw \-1\% -....\
T AR ; =771 _ AN [ 30 KB LA VAT B 4 X E_w. 10l ¢S Shi LD B (TN
I | o :
- zol lﬂﬂ r.::.u '\ Ih” T 9h o9t 19 pocdeyS [IILH Bhl | 0% 05 e[
! i i ! RLLY A - ‘
<o .m I: 800" 1 Ih-) Th ™ 1.9 100 LO2KH Zh 0% | o5 |.. ¢
| ! | | I | . . ; - 4 '
V. -t B T ST Th I8RO 1 9k -1 I le=z |inc 00T 357 5 os” [.-
: i | . i - - —i
6" ' ONY ShVBRICZZ7" Thol 1= 3¢ 100 CohC 8k (F Q5" |~ ¥
. : . _ ST . — e
€T | Bl | FTE 33T I2orTy L1 LX* i «YH 1 1ng [9A 1 ] |N»l .5 dT oa...\m.
. . — ~ P o G o
T IO NG AT IR I T | 169 GGl il e —h s.m...:
i | g I NI ’ . —
e | ., 12 - etV 8- [ C - Fly* o ;o_\:ﬂ.~ ..v. Y T " e o
] | | @7 1l .... 21
I | inof *.. . 0%.'f
] | 77 - : U
—— | 1N1G P2 . 5
| i | ] NI _ . .
. . ] | ! 1N0 ¢ Sh A .
] . | NI - 3 e
. - 1NG ) Q’ i \wr Y4 N gm.\ /.
) . NI :
wid s sd d Julog | buipeay auo syJewdy Lhuipeay [ Ay .a.wn& M&H Maunﬂ swi) | aleq
. . : M2 ' 3qouy *dway <A213W oy 2 . . . i
d .- : " | 2qouy a.ﬂbfk..h AN0 116 | suyweasas | sues).
N 1 <Z7Z 3ng 110 ¢ 2q0.)y4 " e G A p L, 43qunN |e|ias
. . © Ul 110 # 29049 . o~ ..L..u. cflk.p\(\\. ..u;“_“w.mu._,nnu
‘ . ; uojlelsqn
*Jnoy jiey »..w>o uxel 2q ¢31 sbujipeay | & rdps \¢ ! S
A . : NZIN03 AN _ , 7 _
m,/ . : 0%033¥ 1714 N»I . ﬁ: o

173



174

Substation
Equipment
Manufacturer
Serial Nunber

//./Jr;

“ o |

-

EHV EQU!NJ?T FILL RECORD

g/d?

Fa sl B

-

41«/?4'7"

202/ 52—

y—

Rea” gs to be taken every half hour.

F

oc # 0il

Jbe ¥ 0i

1

I'Out

In

) b!.‘

L

Date

Time

‘Trans.
Vacuum
mm hg

Strcaml ine
Vacuum

mn  hg

QiL ouT

Temp.
¢

KV

‘Flow
Meter
Reading

Remarks

Pre
Te

‘Probe

Reading

. Dew
Point

)4

P

e
o270

Tanvsrs

ouT |

IN

7

» K Y

o L

7"\ '0

3
e
b

‘l q 4”

o 77

<9

-

-~ ’ V-

1

=
A

I

)1 e

/432

wuUT

|1.3¢

I

CuTt

8 A

IN

cuTt

| — — —

JuT

IN |

nuT

-d

e

[ouT

IN

ouT

I N

0UT

— o | ] ] a f e | o | — —

{12

- — — — — | ——
-

jouT

(e

ouT

IH

ouT | .

(]

{ouT |

C « Foisture foncentration in sample in PPH.

Cs =_ 1003 saturagion of moisturc in sample at temperature of measuremant,
P = _Water vapor ~- -ssure measu

Pg =_Saturated .

red by probe, '

Vapor pressure at temperature of measurement.

€=

(P

(Pe)




o o li| L | €] 7l

NI )
1o D,/ Tk €1° Yor!
i N L’ n M R,
1o | 0 GL® ci\' s J/
‘mm—\ oPl_._nn.l.k .
.00 | 24/ £&° VI »Q \\

Vel

XZ |~ _ e e
QJ\J“\ ‘¥ ' Qﬁ_
|2s2 \\ @90
o
Jujpuoy 9 T |eqavway | JUIPUO | AX R} 7q | 34 ww
-t - dud
2qoag sduway | . 29319 L wnndep unnaep
aqoag |- “moTd 1n0 110 | pupyueazas | *suely

~ 3711

omyL

¥ SId_-LZ 1Ty 30 110 # °9°1d 5 Ve, ABETOG]  1PqunN 101338
ulp 1710 § 2901d Lo v 7 = 2/)) 191n30eJNUCH
. BT p s 2 [ juaudynbi

.

— W}\\\\ uojieIeqng

«anoy 3rey A19a2 uarel aq o3 sdujpray

= 401 ) A4HS, TU00dW T113 INAWAINDA AHZ

4T




: NUG =F viemee ey m—ga e @
100 L) , . a2t
J » .
N1 INMAUBA“MH’ - m‘ O ¢O ANE
—:o - . o
T "3 ze ¢
e >, L/ TLT M P
g:«wl . . d .
ot o
.00 . 9 .
z_;, EriS ~I t —ﬂpv Lot
Y . B . .
e P OL" |+l |-
"1 0»:91.“7
N0 . Tl . . EIT
e e .%zdm.uap..ﬂ OL Rl Rt
i 1.N0. .d & .
LT %MWB 0 S "
LNo oI ’ .
" i ol oL vl
= ald 0Jl* el 1i.
NI ST JNIAN
1N0 S]] . O PR
NL mWﬂ.Z«.. A QN. P -
410} el ‘ o
I3 L oL 1 X1
1.0 . h L . I
ZO—I e?.u-..“.] d R\ ) H \ . 2
N0 BT A . .
.Mm -Nu\_m&.. lﬁ ~s 9 ‘ G224
Lno e{NM—- NNIQ m‘ - ‘WN.\\
z— - -
. s s d ujed ujpeay o) s)aeway ucuveuz M ) 3q vl | 94 ®W | gm
l.dd J d o cdud 11
maq 2qoag | *dway | . SERE oL wnna®p unnoey, .
20014 “moTd 1N0 7110 | supqweaays | *sueal
24 -bLA 21ty 30 170 § P01 P . " 1aquny TeTias
ul 170 § 29014 ’ ' aa1n3ydeynuel
IS M quawanby
*anoy jrey K12Ad uarnel aq o3 sdujpeay . uojieIsqng
O
r~

Mi0D3ad 117~ "NAW4A1103 AHA

C a9z 122N



X . i Se%y thEN ‘ ol
) | =% L0 | ST 3R Q%) S1
E : n| W = - ——
| - ] bb.ﬁ.&omwn 2bAb N2 Q9) o A
: NI 3 2y | - - i
ulw__.IIQ.ﬂql.-uﬂqunHt s | o8- | 3% wo!l 258 | GALR 921 | - QY uumunéd “u.
ni . # 1
ri—gzr R T | e | ST TSR R e el || $2)| O | VO
| : BRLES for a1 L L -
N.,,..TIMM_‘ —REITL [0S | 9%- | 8% | S L0 219 <21 a9 RQ*
-~ BT | & ) [OST|— 0% | 8% — 2% |no Q92 Q' | o9 V9 .
B . N .
P I 2 LI A2 B R S Ok m_mpuomm%n. ORIV A o)’ XRQ° |9
; _ N EpGgM M
RV | RESS | OSIT79%- | A% b uo - Ul 27\ 35 b9’
‘ AN S _~| .
— ST | e | T RES | ST | T2 Jino| QO%S 20| Q9" | \vQ
N | S
Z| A0S IS - L S S L S T LUy 221 Q9
TITTSE WINPT U= | OIS 0% o | ISt | 271 ~CE
| : NL . ; :
RIXVE [P0 (O- | 1% O% Lo QI . | 22| I
NI . .
P L |0 | STez WO =t
AUV :
ujog | dugpew . M 5 .wﬁ:Eo.WM Juyproy AX o Y ww | dy .
’ "t : u:w ! u.”wua._ .._w.w | .v= 1939 Ll wnnNdeA unnoep
? 2 osou.ﬂ—.r . L MoT4 1IN0 110 | pujweaarrs | *sueas
ﬂN: anp 170 ¢ aacuh : ._...ﬁ. g 4 33quny Tryads
B b T ul 170 § °qoag - 0 1 Mgy uou”““”w_”“..”_““
; . *anoy :a__.augu. uajel 29 03 am_.::::_ . . = uoyleIsqns
~ _ ’ .._ ] . . e ) . ”
: GiodFH TIiA INGWdinba MW . T M
S IR nag | o Wl o S B T ik AR



£ 2o LIING

099 Q7

0% b1
Q% A
aQog L
<0291
WASTAST
D K
OO I
W 21
QLI
Q1LY
SZLRR
Q2%
OYLY)

AN S

O™y
QR2%
992

O LS|

Y2134 T4

hl
L
v
&
19
QY]

5%

< RS

S
(S

(S

ZLS

D

.-

SS

—

sS

LS
WS

W
: | O
b2 2 syl <
A2 ZA oIy @
U2 9% 0SS\ ¢
. S
0)'s2 3L TR
S2 — L —— 9921
wl SL Qo 4
<2 ¥ wSAR 2
22 2L Qs Ol N
12 QL ©9Q | ﬂm
12 oL osLo ?
Q2 —\9) ——QNLO—
bl L7 OSRQ
%\ <97 C9%0
19 19 OsLA ¥
\ "o \°1 o9LO
\ "1\ \7) opgo ©
9N \<) O R
) LY %99
. : o O,
S 7
JO h._a Ni—\a\
™ "WQ 2 BLTMN



il I g9 LS Qa\
TELLS ; 220 21 P.Pn. | ool
05 9R¢ - NIL 19y L'Ls Q0
SZILS S S| NI LN
L279% UL Wl oy L
0035 oL g
0% K S Yb) LS| g &)
O0oS ¢ 22 S S Ny
Q23222 287 91 5t <o
SLAREN LLm <) S < S
O"s O¢ L) S Y Wb
Okt H2 A S B TS %°SE Sh
LOLLY 7% 25 L'2€ I
@YADY ) " 99) 1S P A + Ob
el 199 'S 225 ob
OIS Z 99 | S DIS LR
oor\Z <SS9 oS | < 2R
Q22 | _._.Q.W Qb | b2 -
-
d»uu.ru.f Moy :.anw..:ﬂ:Ho q/dh.n J.m:..UO

07 LudNg (2¢-3) Ys =D




Cnos §

CSL/ S

P3L0O5
obLbY
a2 8y
osgly

0ts Ny

SUkShiy
O ir
O 2% it
SS2 iy
)3y

€ 29 sznmi V4

Bhe
A AL
gL
Ls L
bse
‘Tl
L-sl
vel
< TL
el
el
o

AU

A7/

A9 |

A0\
Ha)|

7))
sa
SN

N
b
el

o4

1OQ M

LWy 90/
\6* So/
_.C4 S0/
9 bz vedl
4¢ +a/
b <0l
128 53 10|
RS 101
LS e
L'LS Qq|
LS Qi
Jo 4do
N J.G



 ——

(7t Q e

W g -ﬁa,nﬂN. 19741 9

C

Rk il d ¥ 5 ?L .

ot w3 .u...m“d *loc t

_r\awwslwv 72 CEH

eI R T Al LAt B

WY \\ﬂu_-l_(..ﬂwu.ﬂ.- 0917

f:.,.m. :?_Jw\wmd!dﬂﬂnlllll

- ﬂuN\_ T T |0

7= b % IS JWN
\ ‘.“vm \\/I

in0| w2amd

| NI| w™#7

. Lno
A NI| 42¢L5 -
.8 4 Jujog | Bujpeady 0 ~ |syaeway ujpeed | A > m w90 (@] smpy | ore
. nae aqoaq .._l.w.—. ;. . 1919y |||||._.-|.M_r wnnoep wnnaep .
eqoag {° . motd 1n0 110 | supyweaass | *sueal
W.—ﬂ..-; | ~ = oy S~ —a
anp 170 # °qoag - ' % G Ih7 70,  a3quoN .—o,—uomA%\Q o B|

*anoy Jrey K1eae uaxel 9q o1 sBujpeay uojIeISqNg
: ;

up 170 § ®q03d - .. ¢ %I a9anjdenuey
: . i 7 4 juawdynb3 “\V ,
., Ry . .. ) A : » / r {
| | | e, ‘
quod3d 1114 INGHdinDd ANd . i




it 27! 4 L
.—.:mvl. . v s. 30
» Wil 22! : s Y BE
: o g —TEs
- — | nn 9, 9 Y/ N
— ey D 9. ww c 7 |02 u
v ‘Zl.-..-ﬁ U.“\ D MN . _
,T : L0 D T . r
- [ 2/ v AL .
._.M._n.. V.. h \ : —_ | ¥ €h~\
o | .o, £/ S RT‘MM.
NI \umu\‘.\m k\ﬁ.m
, ..n.an. \.\ N.\ ik 3 | f\k
..“A—ur UQ\.W\ Sl — _,.ﬂ
mo| 2, §I » ﬂ\\{\mdl..gWNﬂ
\ NI
T8t 2,8/ _ vl | Yvse®
mo| > , ¥/ . Sy A a0
e N1 p
; imo| J,bl : ot Rl hamd
N1 o , b
ino| 59| —
NI :
: —— ] 7,0 o Gl i
- .8 d ujog uypeay Pujpee e
o) d . 0 _ |syawway peed | AX ) 3y am | 9y  wu .
naq aqoad .._sm.w .g : . 19391 ...l..er wnndep wneoep ul.:. - 9
8qo021 v motd 100 110 | supqweasas | *sueay _
s s g-ie-1]
ng 170 § Pq0xg - ;- o SWN.\ S 2k Pz a3quny 1e113§
up 150 ¢ @902 1 ¢ 4. 19an3oejnuey -
canoy jrey K1ea? uaxyel 9q o3 83 ' : &) s 455« ;
, : | q o3 sSuyppeay . T \\x\-&\QTu}w‘ \~\ uojIvISqNs
. | L o o
e K~ . ESES:% | ko3 - 14 HAE .
5y 3y = \‘ b . ot
N N . .t . S’ .0\...
e . . " .. |- o v..o«ndl. \.\.-\n~ . 02.¢C . :




T 801 | T b7 9%0- OF ) Hh z e ' L
W& ml 3o/ | 6% = . I nL] S °b S S ) p—
182 L2 L7Lg fnc| 3 . . me
- | —hREF0H 9518 N [*. |os:u!
| kay b {1397 | kE- | Th | Z£:-Z% o} Basg/ a9 Ll 1" oo
. , :.—. - o
_ " N1 - " :
1_be t & |[vou |8e— | A |L 28 fio 09,9 09 | LT |s59 a0:3f|
o LLLY B .
o7 | T F |lssi- | Le- | 74 | 'L72¢€ o) lﬂw A R AT
Jdi - n Q@77 00 ) =
- Tor T 7 [feqT* | g — | S77° | £L¢E .,_.._c.. LS 9h oeh N.\ | |e0si
1ol | B3¢ | tdg | Ct—| 99
\
—
| er/ Y | 15 l< - Sh- ol
_ 225 v
= ° o2/ s 79 | 1% €-]1 c2H° ¥ <2
. ° '
O T I A I A2 2.l O 2 Tl IR (365 o9% e Lol
o8l | ool
(@onebe) . | >-98 | 27 | YN
- 57 leaof
*e F!QN
" 55 O 4 | aujog | Sujpeay syaveay | Surpead | AX 50 | Sq  wa |94 W | myy
naq aqoag . 19134 . h.mL. wnndep wnndep .
’ moTd 1NO 110 | suyquwear’s | *sueal
N 5.0 S | z8-L7-1
nQ 170 § waoag - .t . T 83LT5 7L aauny [vIIIS
up 130 § °qoad ;.0 . _F=00PONEIcamMm asan3dejnuey
3 AR R 152 L » quawdynbz
- *anoy jiey K1eAd uayel @q 03 sSugpuay - o ‘ T o vVt ia\ ucyiIvlsqng
L

@i003d T11d INAHAINDA Aud



| = | 1] I it 8. A
_ OIS | P ine \N‘w\a\z M.U..ﬂd w :\cwwa CRT
W e - N1 . L “ s 4
_ " SoZ | F Lo | swoeq wﬂm. IZNS 50D 3 SThY
- | - o ' N LS WS L R . - -
il ‘ sas [Tl ney . . |50%6 [LHP 07| T 8" | Jeest
| - N
$ ‘ B 1 , -
- 084 | T/ ol — yxxd 5,00 WgQy-: y o557
S UL S .
O s %m. G - °\\- th I'Igc wl 8.Q
— -— - —— O-N - ®» . !
T9A7|F307ino|. — |O8b \—
s el = == b= _F Nl
. 335 |7, 39T Lo \.rmu.u o 0o iy
— =1 — | —— | —— 1npe’"" .
= = — [ — pee[ TIJ -
r: E S o TN X
I, et LY. S - PN < I 291
IO T Sece— e ~— N . -
1LNG. N s s i — |%et
— ML .
=" - ool —— I — || 2Tk Fo%0i | —— |7 G T | —— %t
A ool 1 Pl T SN B NI | ~rwi :
2l s o |y o5y
- ﬂ w;\l — uui -
2, - 3 _.mx\ r\.ﬂkﬁn@. o7 o/ A
PO | 5. P | 27 Nﬁnuﬂﬂ_um._hﬁu \..UMNH x T Ol g4y
‘ |
-.8q 4 | uroa | Wugpeou| o, | . [swdvwey |[IurPCM T e T U e | myy,
naq aqoay sdway |1 . . 19134 -~ * du wnnoep wandep
2qo01 v . MoT4 g 1o(LN0 110 | sujquweaias | “eveay :
2847/l Fyorns wd 9 = $¥0oH 02 - x AE
ng 170 § °qoag - e - dQNi~ DAL aaquny [eI1dsg
up 110 § @qoag - . 19anj3deInuey
quawdynby
canoy jrey A19a2 uanel 9q o3 sdujproy ot uoyleIsqns
3 = 2

S QIOIRL_T11L INAH4I0bA Ad
e SO . & i \g-ﬂ .s.



AA - — - - A-“W-\H =3 s 0 7 W o s 2
. 195 CNN.- .—.:m.s | C\M,\h ‘N Qﬂ % . =] «\N QU
v A—ml—I . ' . i ) . il
: | TR 3T o | TR AR ARG S .\w 05780
) | ul 4
[ ¥ . Uz | Zededincy . | BIRGIG RS LT v 98| \~ ol
! N s | NY B il
" §Zxh | T.0% o SOTS I|7,hY 2 b7 Wi 0g- Lw L
_ | BLLLY B .
" —_T8A | P o | Tszhil= ke
|~ . oul_n..V . ® .
._ STA™| F 2o ITET]
= NI
1 N1 =
_ £Z5"| F.%%no ANAA L il
. =3 NL L
% Wk - FLh | 3,27 |ino | 4150l
: N1 :
= " 3TA | T2 o vl E: b
S 213 Cleac]
o] 2L A T ISEE :
: N1 :
» 1L LM E/ T _,ww r13%3 T._a
: R 7 /%24 1) | arzs
= NI ZohL
s — == 13752 S
: Ni ,
.8 d aujog | Sujpeau | o4 ~leyavaey | SUTPTOU | DH, ) ¥y wu |9y ww | pmyy
*2 o3 naq aqoag .._..w.w.—. o " . o ERE T ° l,l..ahm.h wnndep wnnoep 23
aqoag | ° Moty | LNO 110 | sujqwearss | *sveal 'l
.”........ - \-.‘ n‘-wnl”~
il N0 170 § 04038 -+ e E A5 T3 aZ  13quny 1198
ul 130 § @qoag -~ ;.0 . 121n3deJnuey
A quawdjnby
*anoy jrey K1aaa uayel 9q o3 sduypray P uoyIuISYNS .
gl . mis ¥ 8
Guoodu 114 INZRdinba And 1% o h b

P
. . . ‘J
' . e
. . . Vo Vg e
. . ¢ h .5
¢ ' 5 .
> b . ; ‘



o

BNV EQUIPMENT FILL RECORD

¥ Substation | Readings to be taken every half hour.
- Equipment e,V [ SFer-mErt g
Manufacturer _ WEST|fs HLd 7€ :°" 7. Probe #§ 0il In
Serial Number 700 jALS © + Probe 0 011 Out

Jig | Trans. | screanline | orL out) 2u

rine | e%, | e, [ ] massine o
0930 ' S mm | 7! |8750 4¢3
1o:00 \ & mn| 7/ ol 975

0:3 } - & Am 75 A027% | %70
“.:oo é g ram | 72 - 2”'./01_ ;53—
H:30 S | 2.6 68
12:00 \ - Fem 73 2265, T\ 700 B7T
1280 [ g am | 735 23450 i 10 7| 475
13:00| / f e | 79 |2 #2572 | 731
J:3e .Fam | 745 | 369|2-5290 | Joa | 420
4:00 Gmm | 75 |3 |2 591 | [ovi| Zeo | —4ss
14:30 ‘% nm| 7L " (ol 705 | g0
I5:00 -EnmM | b 2 7533 - - VounT7op | deo]
psise| [ | Emm| 76 2 309 i| 97 | 763
eces| | gnn | 77 |32929075 —55

¥ »a % .. - -/




acel
%€ |
| of, 2 |

m. - 0027 |

,. .n..:_

Ld — 1 Zh® T, 70 .m..nm..n.m - N‘NWPM W. u..nWm,z.V eHuN = NUM“ e oe

, NI :

e 2 ¢ z— . .

- TdAS™| 3 L Msmo@.l - WQI&;IM‘A ,VIOHJH : ou HN. gédﬁdv o \\.\ oo:ol

g : N1

—sTE I e | | ZRIRE BRSO TS| T e
5 i _ [ N1 . .
o715 |l ino| . — |FLLTFThE S 03| T, — |y
u Hi | . —
e ok | Z, nau_._.x;.c. | ZTCTEPoAs| B3 2L~ 08 or i8I
: . NI | . -
L3R gL30Mino} —— EITCEPoRe| S, 2L | T 08| Tu._ _
, NI . .

_ 35h - Ao/ N0 — | ~wtig|oss| L2 | VY X \ |esti
= N NL &151¢ |
|»|—. SAA- do/ijho| - 0o5909¢ o ff M\N s B oo — ool
£ e NIL Jujpeeny ) ay wal | 94 ww | gmypy
14 59 qujog | duypedy do |- mxoums Pt >y «dwd] SRNOUA BORIPA :

oy ity ...._Mw._. . Mot | 1% 100 110 | sujqwesass | “suveay T.S‘a
L .. mALTool( aaquny [e1ads
o 1710 § ©°q014 fe s %2 -
ul 110 g 29qoad - ¢ ) . T z 4.NWJ uau:uucw_:nﬂz ¥
N SR HINTFILVVIAL OV FD Juawdy :m %
*anoy jrey K1aAd uaxel aq o3 sdujpuvay RTI. : \Q td T»#"N Q\\\. uoylelsqng I
! ’ ) g . .
2 .
0034 1114 INIHAINDE A
v’ : iy o;-\.
( { .



S5 -oee S
. N ftLgeinests
MBS T T \ﬂ
. \“Ml .m.° 1ac e ¢ > o J U.QN gtq ’ !
- N N1 . 2izceh|’ A L .ﬁ
1 ZeAh | d 00 lino| — |T¢ATA 3STE"S 0TJ ﬂ Rt
. NI : L
s iC ujoq | dugpean | o, syavway | JurTpEol | Do 0 | 94 ww | Ty ww | gmyy
4 . . naq aqoag .._lw._. . K . 19319 Km.m .._!w._. wnndep DONIPA h
aqoag | v moTd .hp..ac 110 | supqweanss | *suveay
. L |
- .“....ﬂ...,.. . v\k rﬂ\ —
ng 170 ¢ °qoag - ;.. o o S 9 Mv\ I TA Jaquny [eyaas \n\b
ul 130 § 29014 : : s FNT\7z37  29anidvjnuey
. . YAWI I ICIL 05 D) Juawdynby
= anoy jrey K193 uayed 9q o3 sdugpray - -, A 7 77 waﬁ uoyILISQNS 5
Sy &
) @i0oFd T11d INAHAinbd ANd
A. 9 = ...k.



e ———
Qo0 1114 INSWAINOA AHS

N1 & m
o |~ OA’ - ] .v
NL /1) & \ N\
nilg . :
it A =\
o | XL s\
!ZI—. J\u’h—v —r" —o —
ino [S30R ol 11
HI| =™ nel L
100 [~ Bhelrals
NI [~2aVY
O O a | 3usod | Juipmdi | o, swavway |Suipeed | AX | 99 ~Wq ww |94 | gmyy | ®aeq
naq eqoag | *dway . SERLT] L wnndep mnnoep
2qo1 , ‘mo1d 1N0 110 | spujmeazys | *sueay
F Ao / LTINS
HMMB\\ AT /7 N0 110 § °q014 - e = “SLyl 9V L 19quny [ej1eg
4 ul 170 § 29024 : i o 19:n31d8JNUeY
F g XL 1 S D e juamdynb3
«anoy jrey K1aA? uaxel aq o3 s3uypeay TS =t 7 A uoyieIsqng -
0



{ ’

:l, Y |Te-
e 30' ko2l
NI
1.NO 2° .
LS ¢ et
110 | * oo |
- [0 [
J.00 | L9 |°L 0|
- NI -
0 (o' |e00]
NI - :
LNO | PQ ' lae- mw
N1
100 w "let:}
N1 5
_l_.p mQ ; on '
NL :
i3 80" |ogiL
_m.l. r 5
AL 2,
NT VA% L
1.N0 5 5
N1 4
Lo 6C° |99.9)
!
. BO7 S fua).
. s b d jujod “Bujpeoy 0 s)1emwdy ujpeay ’m b+ | (7] | 34 e | pmyl 21°Q
4d 9 . naq aqoig .asw.—. . aorel .alm.—- UELTY wnnJoep )
aqoag | ° “mo1d 1n0 110 | suyqmeasag | *sueal
o/ 2° L II/S
MN...NNNNV& 170 § °901d e \ TS L4/ om/  ddquny (91338
N ul 170 # @9qoxd LS 21) 1aanjoejnuey
il m\'U XL .\iv,.W 7 quawdj b3
«anoy jiey K19as uayel 2q o3 sdujpeay S A &\\,\ uo}31e19qNS
\I -
00T TI14 INTA4LNDA AWE -
.



W~y

i = i\VxN| - @ B
7y 4 - A0 g
Z o oo PR Mg | : R & [ |l
= . 7,00 X A W VA W o gs QJFN N,u4 \A— fo
: A =40 : b .
o, -1/ 1 [ 2LA T 2T L i oL $ L | ST |<4
¥, - A NAE =2 Fh | T | o
5 . - gz |io] ~Ik Iy (S ™
A Lo | L 2|32 uUMN! o T ‘ i R T8 T
' I KA I =4 % X e a2 soa gl 1O, - \: =
H (g 22| 2D | = 2= LS00 oL Ih1 L T or
e e . N ML W S
o 8L N i
Ty | Tk | 0L \\W:II\IIA,.,H._.% o1l \:\J\ \i s
- W 4 X WSS I S\ § B 7% = 5, S 3 T SIS P . M«. 8”m
: (1IN0 o B d | ' .
7 S w2 o s w1 i e i e A 0 U YRR h e
110 .
00 80 |ooi 2
_Mia_vi 30" ||
o B0 GBS
NI - ~um | 3y ow 11| *3cq
< d Jujo.] : dujpray Do . |snaeway .u_unwz y A .nwmk u::u.; wnndep -
ad ) d n2q aqoag | *dway . s 100 110 | ouyymeasas | *sueay
2qo1
7
5w 5. \\\om\ S FRLETEE S Sh N
S 2B A% Mool v - AR T35 JA_ asanejnuey
P o v s A
*anoy jrey K12A2 uayel aq 03 s3uyppeay \V hm Y \< m
quod3d T 4



0 . .
! Qo
i P < K-
puw 8¢+ | °80
1.N0 CC - |o0.AZ
N1 AL
v 1oy S - |08
! | NL
g 1.00 | AL o £
1 NL
| _:_.f ¢ - <tT
1n0 g [99isT
Nl -
|0} ¢ |*ETT
| R
P _wﬂl, _Se jalt
i SRl
1n0 ' A
N1
_.m._w S et
110 s - |leeZ|
N1
o o<
i _tmmm %)\ v
4 ) Sa d jJujeg | dujpedy do s)yIewdy ugpeay | AX .aww q wE | 8y oW | amyy air,
raq 2qoag | *dway . avey ' L wnnaep wnnoep
2qo14 “moTd 1n0 110 | supqweaals | *sueal
7 =0 / LDINS .5- 2
" 28775
i Ye BT /4> 30 170 § 29014 & F L5 Ve0l  adquny 17235 Vuiv\
ul 110 § 29014 TSI AN 121n3dejnury
TS D Pel XL juawdynb3
sanoy jrey A13A2 udjel 3q oy s3ujpeay N‘I S el YN nojieisqns
‘io
K @003 1114 .—.zm:ﬁbmm AHZ
. A ap m J

~

|



< et
NI * . @
1No & 00,
1 [ D
1N0 . o¢ L
LS ¥
LY - |l
1 e
1.00 - |19¢:
e aoh "
oy SC-ee9
AL
1o { S¢ |Phs
NI 2
1noy X £ S
N1
LNO S§ - |t
= L - )
110 LI
NL
1.0 | BIAE L% *
NE L
ne ¢ | o
N1 A1 -
100 . 73
W £ & o 4
Lho Cg- |92
N1 -
L.NO ' ef -l A%
NI r A e
wid s, s, F] jujog | Bujpeay % syaemoy |Surpeod | AX 99 g wa | 9y ®w | amyy | @arg
' mag aqoag | +dway . 1230 *dudy mnnoep unnsep .
| u.—o.:—w 4 - mo14 1IN0 110 | supymeaas | ‘sueay
A vo 2 LTINS .
e NN Nu ang 110 § 29014 . . pbL 190/ 1aquuy (113§
ul 170 § 29014 SigVy | aeanjdejnuey
MM ™S I |\ <1 auamdynb3
sanoy jrey A1sAa vayel @2q 03 s8ujpeay TAaUN uoyIeIsqns

a——————————————————

(i Lokt |

Tiid INAA4LIN0A AHA

193



L 5

O [0 _ t.J-
- LIS
lLNO |
_._‘z_. | QNN\T @ 5|
2550 AT 7% o . (G -[°t M
i s - 23 [SF| o ] | Se |
; 100 ’ A
ST oS [T [ AL AR | fino sl | SR e \tm e
e e e e (NN )| B A N M D150 e
e B o= e | N (53] 21 U LN
Te [599 % A1 - 8h° cﬂdw.\_m..w. 02@G| 3¢l ah | Q' LE 37
, , Lo |, . T
A 3| D2 | A2~ | 5. Am.ﬂq_iulm. CoLE .m.n hhl o.\ .Wx.ﬁ”...
L 3 5 0% I S B Sl N4 71T ooot|ot| hhl g w. 4T
— NI . 2 Y
Y 1§ I K2 5152 9,750 A = W 6/ 0’/ $. e
e e e R VAW e
Hmm L5 °2 7, TV | AZ o] 7O . + s,
et K I S— LT FEL7ES b B TR T
(100 | e .
.mﬂ—ul o ﬁ~ x”? “.
NI Hag
o s d Jujoa | Sujpeay % syIewy .u-w.u.““n . AX - mwm.r u.:.uu”l -u:..uﬂu smyy | @3eq
2 d maq aqoag | *duay . . 255 130 | eugravesty | sowesy
aqoigd . MoTa
B L PINS .
od N\m - 0 ALTT a0 L aaquny 1e1138
é gy Jray. ' FFW b T\ 10N 1o yNUEY
ul 170 # 2903d < RTI T YL e
«anoy jrey AI9A® uayel oq 03 s3uypeay M.,A.. Y vuIrIegng £
9003 T114 INGRAINDA AHA
( . 5



i .._l. =
| N0 She %l
NI ! > 27
| i T L B
H_w...f \w\ o
Z<
i hio Rz
! | :
_ 110 | A L2 b /A
< | ~ f .
10 At wa“ e
NI
00 Vs AL %
N1 i
100 ¢ o/ V
;L8 " A >
— ino : PRl o LV/
s _ ” " .
ino P AR AL
N1 Z.
: ino . S o
wm ' )\: —.
10 : 9] e
| M ' L
—_hwol7h2 7 \Q.. ofpr/
..:.—i\ A QQM;\ \NW&..
ol 24
/. N nhm\\\.\ " —gq | 94 ¥ |emjl ane
s d Jujoq | duipeay Y0 syawdY JHNWMMM—_ A .._wl.oﬁ. wnndTA wnnoep .
LA OU - d naq 2qo014d «duol 1 . 3Od.-n 1no 110 Uﬂﬁd-ﬂﬂhum sguell
aqoag | ° : 28-1-Z
i 4 n N NNBF“ aaquny T®7133S
&Nﬁ anro 130 # oauww— * uouauucw_zcmz
GH ﬂﬂo . 0‘ < " ' u:oa M’ u .
N\nu\ 7 9 = uo}I0184nS :
«anoy ey Kxeae uael o9 o3 sduppray - : . .\ \ / \ / \ m
H ‘ &
quod3d .u.:h INAWAIN noa Al
)
]
. )
0 .-’\.

pr———— T



“ m.,_mmv e m\m\ 1ot
| - ¢ ch\\
| . - 7
| e ¢ [of
—— - - 7
! 10O X P ’
110 .
! . m\ Q m
o '&' 4
_._.__;_n A’ Q\§
m— T i M WM 23 7%
NI - g \k\ B \V\l Qv\u\\
N0 L e / /< L\t\\
N0, '
O o , H' | el
.00 Th O.QMN
N1 il
1o AR 3 5%
Hi w\
N0 . i
100 5
ni \ OS
- Lo '
“gup = FOT1 . Iull.lﬂ..lnﬂ%l\. Qa
< ' F] Juj04 uypeay 9 gy 1eWay urpedd | AX wad q y o )gmpr| 3¢
ée ’ ‘ nag 2qo1g - . 39191 dudy| wnnoep wonsep | -
aqoag | - mo1d 100 110 | sujyuesads | *sueil
. 77 ang 170 § ©903d m......” . o7 207 YW 1271198
/ ur 130 § °q0xd ¢ r & P 29an32eJnUCH
Nk\ Q\s \M Lt 2 = - v ) jusadyndl
canoy jrey K13A? uajwd oq 03 s3uppray - - \\v\ \y\ uojieIsqng
P quod3yd 1114 u.znxmgﬂ A3 s Wy -4 <




o - SEE S - s S .

-

2
I

———

..r-\.

/
( / T)S
" . o130, - ElV QUI?HBNT FILL RECORD Sl =
~ . ’
Substation //f i / ,ff > B Readings to be taken every half hkour.
Equi t (o
)h:u';:::uror ﬁf? 5= . " probe # 01l In 7 G Sl ~ PR
Serial Number _ 2D 2790 * 1 i+ Probe gotl out /7C N 2 =
Trans. | Streamline | oIL OUT Flow .’ . —Frobe
+ | Vacuum Vacuum  |'Tcmp. , Meter . " Temp. | Probe Dew 2 :
Date |Time |mm hg| wm bR 6¢ Reading | Remarks| °c | Reading | Point | P Py s '
| STrcT. | I
L 15| [ p o fui — .
T : ' | 3°< =77 (/o3[ |5 e85 | 33 |
739 .»(a o2 |128F @00 _?gl 230"{ ,2;5' =% g_ S0241 294 33;
i L BT L Jo5°F 1340 G| 30%C | s €l | —f 555 %% 2 G\
—‘/) - B ,2' !"_ » ? 07I -’II /e ? /0 3 iy
T3 | o | 77 |for°F| 2270 o 32 | 40| =db |- 0318|350k L
il el .2 =0 |2.9596./° & |
Yot 2. 77 | /06°F 3040 ou 3%.;,_ 8 -%31.037 §’§ %%5 ~$ |
: Wl e : = . 785 2 gi =
\\/ b:3%| ). L7 120°F 4000 L e qec - 'tjﬂg:;_ "fo‘%—ﬁoﬂ‘fb;g?: 27 :
N [700| .ss| .75 |ugE| (4720 A L i (o P 2 oz !
oo s N _18%5-_» 92 | -/6_|/.950 .zol |
—7\ 7233 Lo 75— |ug’~|__|s55° wii| 38°C| .40 | =48 |.037 £1.¢1< _73-}
: I o - 2.1 /0 _
gl Leq | .77 |17 __|e382 I A e | =sg | g:s_@i_&jz
30/, /) 76 V| 2350 toil | T |8 TYTA 2L
. 4 / il ,
909 AN\ . flq 123¢ S{'{o o 3| .34 — 7 e |9 | [0k
’ 2 N
43°1| .| 19 20 ?‘1{0 1o 33 —g | T o 21N
, ‘ i S3— _
e e e s o TR T 2L
' i s y N
ouT




W\W‘.P 1535 4| o201 7z D ey
AN .
=5 Tyl I A L7 ol L ¥ Al 09 e |SH -
- v -~ N - v 4 ‘v‘ 1 - - -
&N\P & 7 _.4.3— )-.Q \a §Q\ r 0 ) CO q 7
= N[ Ao Q .
r%%l| A (7| os 3 n
|t . : - ]
o) /r Z BT N
NI . . '
00 A / ez
N —
fusion 100 \\ %\ oo,/ //
NL | \N X
N0, .  —20 ARS
LR ﬁu&%\“ﬂ& W o0, )
1.00 o t
|z 27 PRI =7
100 mewumn onvw
: Hi DA
i ino IS 3o, b Al
N | e sl
100
. _..._..v.kw..s -
- ol —5-o 1 LR
ni| _tuele .
wem | 94 o
S F jujod | suipedy % uxun__.-ux d“wwwﬂm . AX .._wwl.r e, usaua> os.uu. 21eQ
e — MMMNW ' - moTd 100 110 | puyqueaal§ | ‘Suell
o R 7S 28-92-¢
(s
= no 110 § °q01a - G2l 202Z_ 32N 101398
‘Nﬂ\.lf\thw\cu 110 § °q01d 2] ua._:uuaw_:_.mz
> fle D e juawdyndl
uo}ILISqns

sanoy ey K19A9 usyeld aq 03 s3ujpray

"l\
Toa TIid INARALnba Ana

(L))

=D

.
- - S — S —

!
i 5



U v .. R T,
| i )
s e sbh
IO ©o8 3 2/| 4 bo |7 [
."- @nﬁ *f*“ O$~ 9" Lo’
‘ o p .
no | tiog | 2%/ v o |/,
OWWH ‘nt— Jo ro. ..\
75 I Z ¢
&W.\ \\\ . e.g.\
iz D Jm LT
v ~QN\\ \ ' a:\\
s/ 2) " | L) |
Azl [P/ n“ VYR
- w\\\\ o I/ I T
S5 .85, d aujoq | durpeay % 3aeway peol | AX 0 9y o | gmypy | @3eQ
maq oqoag | *dwoy . a0 *dwoyg, wnnaTA wnnaep .
aqoag | * *MOT4d 10 110 | suyqmeaays | *suveal
——er o o g vons 1Y 3aquny o118
ﬂl%% up 110 § °q01a | $ . 1aanydejnuey
. ; quaedynbl
sanoy jiey A19Ad uajyel 3q 03 sSujpray - uo3ILISQNS .
> | g

qod3¥ 1114 INDAdin0a Aud




————— ———— iy
Y nd
I:_. I 1 . — . ﬁ L
ot Q\h Q-4 .
ni —
e : NVW \ ) ; .
NT .
i of | 1
NI
o] 51 v
1o | g2/ o/
- .
100 121 020
N -
100 4 121 0 b,
NI
1o | .} ¥l o]
o 4
! N0 a7l 0¢ 7
N1
_“__,m. : ot/ 0d-
o o?/ o
NI . .
00 24 a0/
E H1 | ‘
i L0 o2/ os o) L2/t
: Ht :
€0 ay m Yy wid|anm ai1eqQ
55 %3 a | vrod J.quuwwwz N R unwmozm ] 85| “Ganoep | wnnoea B
= ’ oaMuW 1 . o1 100 110 | puyruesass | ‘sueil
', ..“...
1 o Vo rE Y asquny 1e7ies
uﬂm M“w “ ““Mum vty sy = Q\;.%W%l 101n33€JNUCH
S : ’ e Nlllk uowdyndl ;
sanoy jrey K19a9 udjel 2q 03 gSujpray - " ., &\\\\.\\\\V‘ uojicisqQng m
||||-I-|l||||I|_||I||‘|l o . . : 2 y .. :
qod3y 1114 sztham AN | : :

L) O

o R e -




e a e 72 £ n o v . N3 [ S M Sy
TCEE | TROT | o= | Leln 277 _q"w FR YE O Yl .ﬁ;
ey e e R | g | PR orbl
B ey .74 > - an ww.2 A LY oy FAN of:{!
e 2 v, A7 o w7 sk w7 o) L / 00§l
e w2 M T
) Lt ey A Bt i 22 Pkt
P .
| &mm.\\\\hkw‘ i : ,w ot/ om”m_
| Ay i L
—| «MN ¢ \Qw\\\ . ... Y
e 1 .
N : ."‘_._q \\W\\% \m«w TS/ o5 51 Nu_Nn
.83 d jujod ujpeoy 20 |- wMM(To:&; dugpeoy . .uWMP usson (dMMWou” nlmh ?1eQ
mog | 9q01d | -duwdl. : i 10 110 i d vouns
aqoag | .- moT4 aujqued1ls 1

22594/ 7o 777 )
W Fiano 170 § 204 & asquny TeT108
2 goad oy 110 g °qoag | ¢

191n32eynuey
.. quawdynbl .
sanoy jrey Kx2A@ udjed og 03 eSuppeay - . & L
. 'llll-llllll\' g . 2 > x .. : . A. :
ey Tio5Td TI1d INaWainba AN . s . * \\N 1

uojleIsqQns
() I 9

L

201




| UK
. - : - 1y -
w A\ X2 <t i il . \%R \\ﬁ ) Aﬂi‘
i 7.5 W 238 115 Y v/ el ¥
| - " pnt INJ- 0020
_ —8C | Z7F ,___a.._.ﬁ Lb .
| . %8 2¢:10
- 1 {3 00 '
.m LE _t_m_.. 56 797 00:19| @Z/¢
| . ¥4 1.0
i s s 1 L2 77 of %2| 37/
— o i 110 I
st i L2 U Y =71 42| 82/t
L 1100
_ Sh- | Lo i Cé %Nr\ Th )
. 1.00 ““m
%‘ _..““_ R 9 | 06..MN g
.5 A _pnol  0hb - -
o 1 léﬂ 797 T4
, 4 A 11O C
ez AA e |3 e AT 22 el 06 | {577 i
== 27 e | ZAZA | "Xl ) S | )a o T
S7gr T | s AT | Rl /g | 9o 77 iz 1.
N2 DL AV A W 2 S W7 7 “m le . - ot 3
-. % 7 | RO IV B BE— | 7~ Si . P} S) MNJK m\\.. B\w W\ob Rt 1eq
E . _ — - ) Y | pm ?
s qujog | duppend | o, [ LT Resiall il IR 1) uu..:uuﬂ_. ”.53.5 L
. % -5a 4 2q014 ca”_ww & QN\R\‘ unHH 100 110 n:iaupnﬂa *sueil
SRR T P L s 4
o . . 2aquny 1ej3es
Tz m gy LT g e
Boodd o/ U0 LW oyt ves- S
«anoy jrey K19A® udjel 9q ol sBujpray &\(\.\\ -

.
@ - ——— —

et se——————————

quod3y

TI1d INGWAIn0a And

L h

1..«&«0. \.jmrv.u,

)



— v — - —

iy

I— qjﬁw vl d-dk] w22 pN Yic (0001
vo -200/0. kBIyanhL 2
v 2 (111 % i )0 I | A

y 5.—v| N e 4
| :,__b_ vﬂ [ b o\ Apho TI@ A.%a\\.k 28 L
. [o% 28 hm .\W%MA . - @wﬂ WA A2 |aoiL
2 NL . '
a1/t 1 _m.m g0 A < - |o£€ 9
p 4 il Y - 2 1o 90/ P Lal Y
(25 ‘bualq_”mw HO! L of S
¥FE | _CX (ol fa/ 99/ . om 8
25 | LS :.._a_. 2o’ | . X% il
N i .22 (107 -1 L IR 397 -
ni i
| CAh | &2 :.“.w vy 7ol og.g| M1
5, 3 | Juroa | duipeay % ~ [eqaupoy | S0FPEOM | AX .%m g e | 90 ©¥ | empy | s3vd
mag eqo1g | *duway Aol | a0 wol, wnndeA wnnoep .
aqoaq | ° <50 pt| .- mo1d 1N0 110 | supqueasrg | *‘suell
ang 170 # 29014 L S o/ Z 20 3unN 171398
ur 110 § ?q02a : T 27 3%anidejnucy
. _ heD 2l quawdnbl -
sanoy ;1ey K1aad uajed 239 o3 sSujpray ‘- ) ‘. ‘\a\\o\\\\\ uvojieIsqng <
Ll T 0530 T114 INAW4inba And . 8 S “—* .
B> | . . . ; o
3 L B wl NS K : s e 0
< < e e—— ‘ o dlie — - _— 1—“¢ y

"TM2AHT W)



77

mren@.

St

. ——

- - . - - > o ——————— .

- :
PP L

- EWy QUI?W FILL RECORD

#‘—-—-—

o By
. substation M- AVAADANNA .. Readings to be taken every half hour.
Equipment [~ _ ;
Manufacturet } . " Probe § 011 In ”/A
Serial Number 72772 'S i - Baeke # 011 Out 19652 PR
MoPP ™.
Trans. m OIL ouT Flow A . Yrobe
. Vacuum Vacuum TN ., Meter . - Temp. | Probe Dew
Date |Time |mun hg | wm hg %" KV | Reading Remarks| oc Reading | Point i Pg* Cs
4 See # ANEN
Bl11 00| STARY calm_gﬁ Ol -
15| 225" | 11ww/ha ~/a N/A g;‘;:‘q}ﬁ%.
- - N
w30| 12| Bemfhy | /a ) L /0 SEE k| 0 g |
. 3 TANK TEMP % 1
1:45| 55503 | 10 Mm s b e oui ]]
- IN
12:0016 paon | 1-5 mam o
, 1
2:15 /.3 N R
“fd' G i
2:30 ? / /a M‘;L : | S
. ( / 4 ' : | LS -
s\ |9 |20 |~
. IN
|3:oo_\-,\/ .ﬁf ;0./0 out
E ; 7 H N a e
s03.0 |.9% 2l ) AL -95'-—}%‘"@9:4"0 Ve
- 7 7 it
woo| 3.0 | 45 /T4 " G e
. 7/ g i
14:30] 7.8 v (4.5 ) .‘l)/ J'_S_ij‘g
- - - € X a |-
e L 14 |9/ N J it -
y - el T v - | IN




e : 2N A T —
- v, 7 L W/ A 72 2o
WL C ‘ - - - 10812
- o} A7 B 7 o ‘A
B ¢/ i 2 1|eein
NY ' .
- . 0 £/ o7 B L B
e L , : 0:02
AL ¢/ , -z [oslb!
L 2/ ol -z |9%:hl
o 17z 2 | ~ o
Nl - - ..
— _=: | \ \ o 2 e el |-
N : o “ ¢ | 9081
) \/ 7/ o I oy .
nt : ‘ £
. ino | )/ - -1 t|°
N1 ; e L "~
o[ /. g.s\ S TS
n 7/ b6/ g AUR]
o | . . Y AT
i E Q..\ 94/ e 009l
ino = "7 AL Yy A
._.m’ \ \ m i q v | amyl 23eQ
1o ok - wondep |
: Mt e ey ] M lmmm ._..,.“N”M.Pa sguea}
A DT B R [l e e
O I S Al e S R e
‘ 01, 7 . 19
.7 \M\Q A ZZ m..“.“.uma.ﬂ s
& 0ns . -— quaudn
no 130 # °°d e . jari8qns
T N e ZEE AN
jrey AQgas uaved 2q 03 suypray " ] 2. L} o by = .
*anoy ; ‘ w
@iooaE 1A Daroa A | 73H>LI OV
; . g . . dq [
o Q\ T s n 8+
. m ﬁ\— poppaevwer v 1 B
A = -



—————

g g ,
PP #9 58

- - .- cecan e

Mir&HeLe ORAUN ‘

4 R RUSRI EUY FQUIHENT FILL RECORD
Substation d_u_ﬂ_ﬂ_&g_l_m ' .. Readings to be taken every half hour.
n Equipment ' J
& Hanufacturcr @ : . " probe # 011 In /A
Serial Number __°& ° . L. Probe # 011 0wt 19 6SE. PR
I\}l - ',ﬁ. B
mobP N A CAVCL oWrSibe - -
Trans. | Seseembla: OIL OUT Flow. . Probe
« | vacuum Vacuum  |Tomp. . Meter . - Yump. Probe Dew " J
0“726 Tive |mn __hg | wm bR 8¢ kv | Peading| Remarks| C | Reading | Point | P L8 . ‘
3 A - IN
, 00| % /57 /-3 | ¥%c Joii i
) I / 1N
30| V. /il Fo B / R 1) -
; © 0P O IN
Wl /v | YT o
¢ i
A .. 3 g o
4 1N
14.5 1.2 | 4°c_ |out T
© \ I ]
(4. & L2 | 357 ¢ Jour
L] IN
14. | - | 3°c foui
g IN
3.7 L | C o 1
i _
13.1° 1. 12° & il
: : i
171 e | 2te foi
{in !
/3.0 ].2 2°C roui " i
1N !
RGN "L 1*€_Yain ?
|
2. D £ [ ]
) IN
// / 7’ M o ouT
N _




L02

o
#HyO c=Cs (—\5—
' . S 7.
; ' EHV_EQUIPMENT FILL RECORD p =
Substation // Sinins 17
o ™ Readings to be taken every half hour.
Manufacturer VL 1 - Probe # 011 In __ NP
sertal Husber 2222 /2 2 2 Probe § 01l Out /224 2 2o2=
Trans. | Streanline | o1L OUT- Flow. |[Tnn¥ « | Probe ’ a
- 1'1. Vacuum Vacuum 'l'gup. T Meter |Tf M‘:‘,n T ~ Temp. | Probe Dew '
ate D¢ |mm hg | wm hg C (\ “#¥!. Readin _Bamacks oc Peading | Point P Pg Cs|r
329 ol 20 | 6 A 772 Liin ~
k30|2.0 e - i o
2oolz.0 | b7 /3 VZ 2
T o) - ‘—, - /. > ?E 795 P 2 ] r~E
‘ 3 /»9 1 /3]s /ZFIZSJ ol 773 s e
% ol 79 | 9 |3e P3|ul T e R - W k== L ¥ LM E XV
L PR ol 22 o L
‘2 ] ' v 127 L
73:0( 2.0 , 71 }]%0 .3 /3{0 i 7 gl»_uin T8 109 =<0 | 0376 |7 woZ 1770 |
" o - P ~ . b
! 2.9 : 76\1 I/‘ ':; /'J 13’( = 2 %::I 28 21 o 021 |9 e%2 Fo
G* %« ; 3 o7 — '
:\3) /f 'b‘ | 72/ /)31/ //}3 5/';;,/ u/m B /] ~Ve (0431 Yer-5o ¥
[0 oo ' ' 32 ol Ze Vo e e
’ . ._‘.-._. v s . 4 H"’ V !
30| | 2 25 N g ¥ g s
= jo3e) 1.9 . %19 134 | SIS |2l az | 2z 1-<2 R 1T I
| A / - s.b iil it | |
|) e /(K / 0 [3 I-L’/ (o 4O J3 PR S . o Y3 ~“Fi |orby |93.7/ WO
JH3ef). O { s W 1%y e inTo - /
3 < 3 ' :‘l.'. "I’ = - = ,
1 { 0 : 132 i | : e ot s
o) 20 | .0 [38 V.95 8:g O'M ouif ] I S 2 A 22X i A
| %_xro“ 20 94 /%l LIS %aﬁg 3% Tourl 5% =S 1o V2SR V23
3. ZK / . e
0 s s i ;_ pap— ’ful.
~ xTTIDY




802

23/” .z 0'7'00
(iwre Tx)
Ea \.) A) Ol  ouT

oF m™maPP = 166°F,
L '“<R€T"’RN""8 To MePP)z [10°F.

¢) WINDING TEMP GAuGE 1mPicATINGg 78°C (‘“ V7Z»-4'°F)
d) AMBIENT TEMmP 24° F

e.)'wNJD CHiILL FACToR « AppPrex 4'°F )

£) DEm PoinT RANGE on Ny= =47 To -5\

9) REQuIRED S Lycwoers oF

AYD  RAcE
|

Lt Te Follew oL out
_1 PSI + Ng Pf.ss &0l Tx



MNLL AL e WAIWOWHIAL Mwvasen (B
3o0v9 3801 wntdypn Brigwodazd  s3xdolas  Muiset (g

3920vo goddsw wiy (v(Em

IPWHD 30NL whrdya SANels/Iveans g \.S NBMUL  WNMDYA  Jddw AJ
320D qoeatsw \2. NNV whadvp &P?AN*

3WIL wAadwa 3@ VOIRRICP U=y SSAIWA FALONY IO
LA SYIN NV ~Na3IaMasa QBUWINOYID DEAg N G

DI ONrIAvdIaN! 2909 ‘dway a0 (p
D o4 DNUYDIGNY  300YD dWIAL Oc~ianim (2

AL M~ Mo o ‘SsAVd T » ‘Isa 1 (0
d3r~3do S3AwWn BI1000(¥() #
wWONOYA _ALIJIULS

209



\wyg

0 — T -~
Wi P Y
N0 T
N1 935 s}
e Q9" |esdl
N0 .
-mm[_ - \n T aal |
100 | of.
N1 Sh i
N0 ‘
gt i Bkl
Lno A | oLl
g NI
ot g5 | >SN
| ni il
1N0 § ¢ | oth)
NI _ .
.00 Shp e
Nl _.
1L.NO e 1 egsl
zm,llﬂuﬁlﬂﬂ< \I
100 \ : T
Ty ed s —
100 | .
IWW[ o1l
1o | 5T Hp 155 ;
MLk 99 | oo
mnoj| JYA
NI |Arwas g AT
P s s, d aujod uypedy ) sy1eway ujpeay | AX cad o un y wu|am a1e
naq aqoag | * ._sw.—. ‘ aan ' ._lm.—. wnndep mnnoep - .
aqoag |~ ‘moTad 1n0 110 | suypjweasis | *sueil
y <2-3C-L
ang 116 # 29014 R - 5 b a2l aaquny [e§13§
ul 170 # 29014 Al o

“FS S 1aInidejnucy

juawdnb3l
«anou jrey K1aa@ uajyel 3q 03 s8uypeay " uojielIsqnsg

e ———————————————

. o)W T114 INIRA1IN0A AHE

\ e

210




i T 3| o
NI
1.n0 Hey <)
LN : :
1.N0 | At o)
1
_.::_. O Qma
NL o
100 | S 2242
lz— 4
oy 2 Bt X
ino | IR T
NI -
| ds  |R_R&QL
NI
o | 0% |y
| NI
1o ) A el
NI :
Lo \ﬂw\ oL
NI
1o | S et
N1
100 : adl
NI 39392
1noy L)
i Sl [ach
.xm.mL 0L |eo41| A2L
" O Fl Jujod | Bujpuoy % syivmoy | Burpeod | AX ow Wi wm | 94 WW | gmpy | eaeq
maq aqoag | *dway . aoay rdudy wondep mnnaep
aqoag | ° “MOT4 1IN0 110 | pujqwearas | *sueay
ng 110 # °qoa4 . ) . \w»d b 200/, aaquny yejaas
ul 170 § 2qo0id . 1.5 5N damioejnury
P juawdynb3l .
«anoy Jrey K12A9 uayel aq ol s3ujpeay S <L U N uoyieIsqng -
o~d

G003 T114 INAW41n0da And




«anoy 3Tey K13A3 uayel aq ol sSujpeay ey N wo pae3Isqng

—————————————————————

0038 T114 INIAAINDA AHR

2 37 |2 2./ ol V& S A 10 7)) i 0
MHP = i L 049)7) A M ees
377 T 27 |L30Z ot - T 8| AT jhno) « & : ‘

B -1 X T CW»\L ‘u ._ A \w: ~ an h
/9 4 L P Lt 2 - W ) U 1.N0 4 ' M
. 2B Hl \J_;.b W WAVE R
2 7 | =a) 2l 9 e £ gL paoj wm\.g Q\: Co \ve \ 229
ui r4
2 A PX R AT B TS B2 WA 13¢c | S| Al Lo ST |eg2
NI
i T =270 7550 | _ 5/7- Ao |_cz_|no ol.t |Lse e T4 | [9’ 23 Y and
A 4
: 7255 =i| LLL° 17 4 BT (0] o L \ . !
vqﬂ Q.SN ;\d\l’ \.w _\ L9 -
: ~e| ~.o2/|lgel | T C~ T = Clino | SLET 7. : SL 0 i1 | on9
: t - -
ezl S| Tab| el Jro) o 7 1ino " ’ :
- - lb et D‘._.y.k\r\m\ QN.\ N\ Q \ \ .1
1.N0 N0 bo. S L2 6 %,k wasirs '
Tl HE]l APWAS ) ‘P cesIp 2P oL J.- urw Q \ s
t .“.N mu ‘2L £/9°f t\a. > ﬂw x b L —:bq...lnﬁlu.. Nl Q-N
-t Wl=chen b 8 Eh
1no. ' )
NE i 2ah
100 L |=e)
N0 @J Lt ¥
N1
Lho = R
i b 8
0d s, Sa d qugoq ujproy S0 sIeWIY Juiprod | AX uw aq wai | 83y ow | gmpy | 23vQ
maq aqoig | *dway . 939y *dudLl  wnnoep wnnoep .
aqoiq | moTd 1IN0 110 | suyqueaays | *sueay
— > =TZEZ7A a0 170 § °q©1d - . L nil daquey 191338
ul 170 § @qoid et s M 121njaeynuey
YL psD g juowdynby m



I L e e e

1.NC
NI
T 10
N1
LALLM |
nt
ALY
n?
o |
N1
4 . o
10
. NL
I L |
i T}
N0 |
NI
1o
| N1 —
LNO
s = i 7
- 2 1o 1 . . ¥
. o 5 N I I ] NPT T I A i
L0 T anl//
$ NI | -
U /- 1S ts] Aee £ i - e < |1ho | - oC " . - FIY)
Ao e _Lut A~V i 58 | ol |t
! ~L)y L/ e’ I _|Lno NG .
g 12 = 0 N = A [ il po JQ [ o=l
s C d | uiea | Suypvoy syiewa ujpead | AX ) q s | 94 W | og o3e
. . ’ : naq aqoiy .nw_w.—. ! .n asyay ' .._-.M.r wnnoep mnnoep - .
‘ 2qo1] “moTd 1n0 110 | supweaias | *sueal
o e A ClhH g 110 § 29028 § a7 evd  Adquuy [ey1d9s
ul 170 § 29014 5 L35 ) 121n3d2e JnuUry o
XL bp nowdynbl ~
sanoy jrey L12aAd uael 2q 03 s8uppeay w A M\\J\ woy1:199ng
&43 T J.vw \s @003 T114 INARAinDA Akd

.\\ - Q—

fes S -5t~

\\,mn.Q\




APPENDIX D

TRANSFORMER REPORT ON EVENTS AT N. ANNA POWER STATION
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APPENDIX D

Calculation of Tank Pressure - HAM707

& ! | l roo’
za | ”
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| \ - STroxEs
Me L EOD | e > 521062“
GA/GE | ; . TN
O. /Z NINS L 3 o Z{.
J A

The single phase transformer, HAM707, (retrofitted with a COPS unit) was
evacuated to prepare for vacuum filling. During this process, two pressure
readings were taken (1) at the vacuum pump anrd (2) by a McLeoa gauge scparated
from the tank cover by approximately 25 ft. of 3/8 inch 1.D. tubing. The
question has been raised, what is the total pressure within the tank.
conditions at the end of evacuation prior to oil filling were.

1. Pressure at pump,.8 mm. This is assumed to be a total pressure reading.
2. Pressure measured by McLeod gauge, .14 mm.

3. Ambient temperature assumed to be approximately 60°F.

Since the McLeod gauge records the partial pressure of the non condensables,
the pressure within the tank can be calculatea by the following equation.

PB’POOHN

P

1
where

Pl = Total pressure, mm

P_ = Partial pressure of air, mm

P = Partial pressure of oil, mm
P._ = Partial pressure of water, mm

At 60°F, the partial pressure of oil is negligible, therefore,

1382E
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P, = P. +P

1 w

The internal pressure within the tank is determinea by applying standard
formulas and graphs used in vacuum technology. (Copies o« pertinent pages
from the Stokes Bulletin 526 and 518-B are attached.)

From the Table on page 12, the conductance of a 100 ft. length of 4 inch
diameter pipe is:

C=9X4 X800/ 26 =1108 CFM
Mass flow, Q, in mm - CFM is defined as

or
Plsg*Pz.m

For a 1300 CFM blower, similar to the 3tokes Moagel 1721, the pumping speea, S,
is 840 CFM (see page 6 from Bulletin 518-B). The value of Q can be evaluated
the pump itself.

Q = P2 XS

= 840 X 8 =672 m - CFM

Finally, the total pressure is
672
Pltm’.881.4m

ana partial pressure of water

Py = Py - Py = 1.4 -,14 =1.26 mm

1

P. L. Thiel
Development Engineer
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Bulletin 518-B

STOKES® Vacuum Equipment

Stokes Vacuum Components Department, Pennwait Corporation
5500 Tabor Ruad, Philadeiphia, Pa 19120 « 215-289-0100

The Complete Line of High-Performance
Mechanical Booster Vacuum Pumps

multi-stage, high-speed mechanical booster pumps give more pumping performance per dollar

B— — ——— ﬁ




STOKES OFFERS A COMPLETE

VACUUM PUMPS FGR YOUR
SYSTEM REQUIREMENTS

s pecifications detailed at the
rignt, and the pumping performance
curves on page 6 cover the eleven
standard models which are most
widely used. Stokes Advisory Serv-
ice is available to help you select
the correct model, or to determine
the need for special models or modi-
fications to match your require-
monts,

LINE CF MECHANICAL BOOSTER
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MODEL NUMBER 1718 1728 | 1730 | 1730 1730 | 1721 1721
MB HC MB
- —————r—r—— - - —— - —
Displacement .\-‘
1st Stage Blower, cfm 1
L“-._ 5 - > e e S — — - - P
2nd Stage Blower, c¢fm - — - 208 — - 208
Microvac
Furepump, ¢fm 50 80 150 150 300 150 150
Normal Cut-In
Pressure, Torr 15 25 30 35 90 15 20
Pressure Limit
for Continuous
| Operation, Torr 5 10 15 15 40 3 3
i Drive
' 1st Stage, hp 3 3 3 3 3 2% 1%
| 2nd Stage, hp - — - 3 — — 2
| 3rd Stage, hp 2 3 5 5 10 5
| Connections
l Suction Flange 4’ 4" 4 i 4" 8" 8"
! Discharge 157 IPS | 1157 1PS | 2" 1PS 2" IPS 3" IPS 2" IPS 2" IPS
! Water Requirements O_
‘ 1st Stage, gpm 1 1 5 1 Iy L 3
2 d 1 - - = el Air = o Rir
| nd Stage, gom Cooled Cooled
Air
;' Forepump, gpm Cooled % 1 1 2 1 1
Electrical Full Controls 2
Characteristics 460V-3-60 Power With Transformer und 115Y Co
Oil Requirements
1st Stage 8 Pt 8Pt 8Pt 8Pt 8Pt 5 Pt 5Pt
2nd Stage — -— — 4Pt - — 4Pt |
Forepump 1 Gal 156al | 3Gal 3 Gal 12 Gal 3Ca 30al |
Dimensions* i
Height, In. 43 45 4515 4915 58 5115 Sl ¢
Height to inlet, In. % 36 36 36 36 41 4!
Length, In, 4815 4814 481 62 55 54 68
Width, In. 30 30 30 kK 41% 387 1, |
Shipping Weight. Lb. 1230 1460 1855 2130 2700 3200 3475 ,
Net Weight, Lb. 1080 1300 1685 1960 2485 2700 275
| C
Shipped in . IPe. | 1Pc 1Pc 1 Pe. 1Pc e b |

|

L

-

“Duncnsions are subject to minor changes. Confirm these prior to con U
Three new scries of Mechanical Booster combinations, MB models provide for bl

.
i

—
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1722 | 1722 | 1722 | 1721-S| 1722S| 1722 | 1724 | 1723 | 1725 | 1726 | 1719 | 1720 | 1727 | 1729 !
me HC HCS i
3 o o i
- | a0 - - - - - - - ™ — | 100 | 10
300 30 600 150 300 600 300 300 600 730 600 730 300 300
T
2 30 75 10 15 60 15 10 10 15 10 1 | Jstoteee | st Shae
2nd Stage | 2nd St-,
250 250
15 15 25 2 8 20 10 08 12 13 10 11 06 045 )
4% 7' 1% 10 10 10 20 25 30 30 40 40 40 50 g
- 2 - - - - - - -- — - - 1% % i
10 10 | 2@ 5 10 2@10 10 0 | 2@10 30 2@ 10 30 10 10 47
8 8" 8 g 8 8 8" 107 12 12 i 14" 18" 18"
3PS | 3°IPS |37IPS(2)] 2°IPS | 3"IPS |[3"IPS(2)| 3"IPS 37IPS | 37IPS(2) | STFLG |37IPS(2) ) S"FLG. | 37IPS | 37IPS |
Ny
-
1 % 1 Y% 1y % 2 2 2 2 21 2% 3 3
R A" - — - _— A R - oo — . l ’
Cooled A g
2 2 4 1 2 4 2 2 4 5 4 5 2 2
. $*andard On All Nicdels. Pressure Controls Only Are Optional. All NEMA 12
Jircuit Is Standard. 230V-3-60 Pow.er 1= Optional fer 10 HP Motors or Smaller.  Special Arrangements Available J
i
5Pt 5Pt 5Pt 5Pt 5 Pt SPt. | 5% Gal. | 5%Gal | 5% Gal | 5% Gal | 7% Cal. | 73;Gal | 10% Gal | 15Gal j
- | AR - - - - - - - 5 Pt 5P
12Ca 126Gal. | 24Gal 3Gal 12 Gal. |24 Gal 12 Gal 12 Gal 24 Gal 20 Gal 24 Gal 20 Gal 12 Gal 12Ga ¢
8 58 56 5115 58 56 67 67 67 67 78 78 85 76 '
4 4] 4] 4] 4] 41 50 50 50 50 60 60 63 &5
5 69 n 54 55 1 174 12 91 99 102 112 126 12
iy 41y 0 38% a1 70 46 50 70 57 70 60 71 118 §
a0 4275 6000 3300 4100 6100 5750 5900 8700 | 10400 10000 | 11700 | 11900 | 15300
KERY s 5300 2800 3600 5400 5250 5400 7900 9600 9200 | 10900 | 10900 | 13300 |
O ]
\
}: 1Pe 2 Pes I be 1 be 2 Pes 2Pcs. | Tivs

1 Pe. lch lZi‘csiZPcs

' 2 Pcs. L 2 Pes.

'ssures in the 10 range. HC and HCS series provide for faster and pumpdown capability as compared to standard models.

2
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2

IEpE———— 2L

] : \
L J . :‘J L:
| W — o o - 4 At : [y
Model 146H Mol 148M Model 149H
30 cfm displacement 9 il wement 80 cfm displacement
o - g - L P e —— 1. —-— - — - - - . - S RSTROG TT——
——— NN s —— v~ — R —— ——— - - o ——— - e o s WA - - PR T
EFECIFICATIONS FOR STOW S MICROVAC PULIPS
Model Model M.iel Model Model Mode! Mode!
146H 1484 T 2124 412H 612H S:2H
Displacement, W) |
Cubic Feet per Min, 30 50 : 0 300 600 728
Pump Speed (RPM) 800 610 | 490 490 430 438
‘ | 2.10 HP
! Motor (MP) 1% 2 ! 5 10 Motors 30
Motor Speed (RPM) 1800 1800 i 1800 1800 1800 1800
b -9
i e 2 FLG. 1%" FLG. ' 3G 6" FLG. 6" FLG. 6" FLG
: Discharge 1%° NPT | 1%" NPT vt LoNeT NTP | 3" NPT(2)| 5 FLG.
Watar Inlet - - Sl Z NPT | WNPT(2)| 1" NPT
' Water Outlet - - et i NPT 1 NPT %* NPT (2) 1" NPT
: il Capacity (Gal.) Y 1% . ; 3 12 24 20
Net Weight (15s.) 315 345 ? _:iO 1750 3800 550U
Shipping Weight (Lbs.) 390 435 . Jors 1175 4500 6000
: Height 30° 3y ] ? Ay 51%ie" 55%¢" 66" 0
‘ .
‘ Floor Space 14'°x16%" | 1704185 | ' ¢ s 30'A* | 22V «A0%" | 44%"x70" | 42:4°x50Y"
i Ceoling System Air Air e (i Waltur Wator Water
] o "
| Water Consumption (Max.) - - R LA L. 2GI'M 4 GPM 5 GI'M
8
223
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ALL APPLICATIONS

r

|
;
kit
g .

1

Model 212H Model 412H Model 912H
150 ¢fm aispiacement 300 cfm displacement 728 cfm displacement
b - Y —— T g ——— PRI e T T — T S S PP PR W OGN RRRA T TS M m————
[ T . . - At . . it Bl st AR . i M o Bt 4 i W

PERFORMMANCE CURVES FOR MICNOVAZ PURIPS

PUMPING SPEED - CU IC FEET PER MiNuTE
PUNPING SPEED - CUBIC FEET PER MINUTE

‘ PRESSURE (N MM MERCURY - ABSOLUTE PRESSURE IN MM MERCURY - ABSOLUTE
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Yo MICROVAC PUMP SELECTION

The basic functions of a vacuum pump are, first, 1. Degree of vacuum required.
to remove air from the system until the desired
low pressure has been obtained; and second, to
maintain this low pressure...i.e., to pump out 3. Nature and quantity of vapors and gases
non-condensable vapors or gases resulting from to be handled.

decomposition, vaporization, air inleakage and other
sources. The size of the vacuum pump that is most

2. Size of the system.

4. Pump-down time.

efficient and economical for a given application 5. Frequency with which the system is pumped
depends primarily on five factors: down to operating vacuum.
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When these factors are properly evaluated, it is
relatively simple to select the correct Microvac pump
and to obtuin & system that opcrates with minimum
attention and maintenance. The pump-down graph
given here makes it possible to determine rapidly
(1) the size of pump required to exhaust a given
volume to a specified vacuum in a given time; or
(2) the time required ' cxhaust a given volume to a
specified vacuum, when the pump to be used 1s
already availuble or installed. The problems that
can be solved with the aid of this graph vary widely
in nature. However, these *vpical cases illustrate
its basic uses.
@D Determine the Microvac pump that

dan will evacuate a 350 cubic foot vacuum
dryer to a pressure of 5 mm in 10
minutes.

From the pump-down graph, we find that to reach
5 mm, there are 5.6 cubic feet to be pumped for
every cubic foot of system. Multiplying this factor
(5.6) by the aumber of cubic feet in the system (350),
vives the total cubic feet to be pumped (1960).
Jividing this by the t me (10 minutes) determines
the cubic feet per minute to be pumped (196).
Microvac pump Model 412, having a displacement
of 300 cubic feet per minute, has ample capacity to
perform the job.

- 5.6 x 350

10 =196 ¢fm

C‘f I~,'j How long will it take a Model 149

T Microvac pump (displacement 80 cfm)
to evacuate a 225 cubic foot impreg-
nating tank to a pressure of 450
microns?

From the pump-down graph, we find that at 450
microns, 9.0 cubic feet must be pumped for every
cubic foot of system. Dividing the proauct of the
pump-down factor (9.0) and the volume of the
system (225 cubic feet) by the displacement of the
Microvac pump (80 ¢fm) gives the time required,
25.3 minutes.

30—%—22%25.3 min.

226

Typical Problems and Their Solutions

Determine the Microvac pump that
will evacuate refrigeration units hav-
ing a total volume of 9 cubic fect to a
pressure of 100, in 2 minutes.

From the pump-down graph, we find that at 100,
there are 12.0 cubic feet to be pumped for every
cubic foot of system. Multiplying this factor (12.0)
by the number of cubic feet in the system (9) gmives
the total cubic feet to be pumped (108). Dividing
this by the time (2) determines the cubic feet per
minute to be pumped (54). Microvac pump Model
149, having a displacement of 80 cubic feet per
minute, has ample capacity to perform the job.

120 X 9 54 ctm

A vacuum pump must be selected for
L2 an altitude test chamber application.
The test chamber has a volume ef 15
cubic feet and is to be evacuated to
1 mm, raised to 100 mm, and then
re-evacuated to 1 mm. The cyeling
from 100 mm to 1 mm must take
place 10 times per hour.

On the assumption that 2 minutes will be required
to increase the pressure from 1 mm to 100 mm by
controlled air admission, 20 minutes of each hour

_are used to increase the pressure. This leaves 40

minutes per hour, or 4 minutes per cycle for re-evacu-
ation. From the pump-down graph, we find that
2.12 cubic feet per cubic foot of volume must be
pumped to reach 100 mm; and a total of 7.75 cubic
feet per foot of volume to rezch 1 mm. Subtracting
the former from the latter gives the cubic feet to
be pumped per cubic foot of system (5.63) to reduce
the pressure from 100 mm to 1 mm. Multiplying
this by the volume of the tank gives the total cubic
feet to be pumped (84.5). Dividing this by the
number of minutes in the re-evacuation cyele (4)
gives the cubic feet per minute to be pumped as 21.1.
Microvac Model 148, having a displacement of 33
cfin. will do the job.

7.75—2.12=5.63

563 x 15

. 3 =21.1 ¢fm
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VACUUM PROBLEMS AND THEIR SOLUTIONS

The formulas, graphs, constants, conversion fuctors and other data provided on the following pages
can be us_ed to solve a wide variety of vacuum problems. These examples illustrate the solutions of
some typical ones. In cach case, it is assumed thul the chumber is clean, dry, empty and leak-free.

Calculate the net pumping speed of a vacuum

- system consisting of & Model 212 Microvace

pump (displacement 116 efm) conneeted o a

tank through 30 feet of 3-inch pipe. The system is operating at a
pressure of 250 microns.

From the Conductance Chart on page 12, the conduct-
ance of the pipe can be calculated using the method
described above the chart. This is found to be 3346
cubic feet per minute.

Cetarr = 11.6 ¢fm

C e M%.Z‘.ﬁ‘.’ = 334.6 efm

The pumping speed of the Model 212 Microvac pump at
250 microns can be determined from the periormance
curve on page 7. At this pressure, the pumpirg speed is
115 efm. Using the formula on page 11 for the conduct-
ance of the vacuum system, the net conductance is
determined as follows:

T S
§ "115 T33E
S = 86cim

How long will it take to remove 1.5 pounds

of water from a product at an average pres-

sure of 5 mm. using a Stokes 412-H Microvac
pump (displacement 300 ¢fm), assuming that heat input to the
dr;"nl u’odut is sufficient to maintain the vapor pressure
at 5 mm,?

In this case, wate: is being removed in the form of vapor
vhich will condense in the pump oil and affect the
vacuum attainable unless the water is removed. All
Microvace pumps have gas ballast to remove water vapor.
Assuming that this will prevent oil contamination, pro-
ceed with solution.

From chart on page 12 showing the volume of 1 pound of
water at various pressures, the volume of 1 pound of
water at 5 mm. is 3250 cu. {t. Therefore 1.5 pounds will
have a volume of 4873 cu. ft. 2t 35 mm. Dividing this by
the net speed of the 412-H pump (per performance curve
page 7), 265 ¢fm, time required = 18.3 minutes, assuming
piping is adequately sized and disregarding time required
to pump down to 5 mm. initially.

4875
265

At 5 mm., the use of full gas ballast does not affect pump-
ing speed of the 412-H Microvac pump appreciably, and
permiis handling up to 7 pounds of water per hour. Only
1.5 pounds of water is handled in 18.3 minutes, so the
412-H operating with full gas ballast is satisfactory.
leak rate resulting in a pressure rise of 1 mm.

C e

Hg per hour. The volume of the vacuum sys-
tem is known to be 200 cubic feet. How larige a pump will be
required to maintain a pressure of 100 microns within the system
with this leak rate ?
The tank volume is 200 cu. ft. and the observed pressure
rise is 10004 (1 mm.) per hour. This is a mass of 200,000u
cu. ft. per hour, or 33004 cu. ft. min. To handle thisat a
‘ressure of 100x requires a pump haviug a net speed at

is pressure of 33 cu. {t. per minute.

83004 cu. ft./min.
1004

The speed of n 149-H Stokes Microvae pump (displace-

ment 89 ¢fm) at 1004 is 51 ¢fm. Thus, a 149-H pump is

entirely adequate.

t= = 18.3 min.

A vacuum system is found by test to have a

= 33 cu. ft./min.

-"77"?'"\, In a low-temperature dryving system the con.
L S pu— denser has a minimum temperature of =13

SrEme F. Assuming that a minimum of 10 temperas
ture differential between the product and the condenser surface
is required (product temp. =35 F.), what is the minimum pres-
sure at which the product can ve dried cfliciently ?

It will be seen from the vapor pressure and temperature
chart on pace 13 that at -35° F. the vapor pressure of
water is 110 microns. Operzting at this pressure will be
satisfactory to maintain efficient drying.

. In a vacuum impregnation system it is found
_/ necessary to determine whether or not the
22 piping system will seriously affect the pump-

down time. The tank has a capacity of 250 cubic feet and 1s
connected to a Stokes 412-H Microvae pump (disp’acement 300
efm) by 25 feet of 3" pipe. The final operating pressure is 1 mm.

As can be seen from the formula for the conductance of a
vacuum system on page 11, it is obvious that if the con-
ductance of the piping is sufficiently greater than the
pumping speed of the pump, it will have no appreciable
effect on the net pumping speed of the system. From the
conductance chart on page 12, using the conversion
factors in the mechanical pump range, the conductance
of the piping system can be determined.

".Cg“.n - l‘ Cfm

c -J.‘_x_iz_;_wio « 1615 efm

This figure is sufficiently greater than the speed of the
pump (260 ¢fm at 1 mm. {rom performance curve on
page T) so that it will have only a slight effect on the net
pumping speed of tlie system, as can be seen from the
calculation of the net pumping speed.

1 1 1

S =20 T 1615
S = 223 efm

At higher pressures the conductance of the piping would
be greatly increased and thus have correspondingly less
effect; or if pipe size is increased, the effect also wili
be less.

¥ A manufacturcr wishes to remove and recover
< benzene solvent from his final product. Tesis

show that the final preduct will discolor if
heated above 123° F. The solvent eannot be extracted at atmos-
pheric pressure, for at this pressure a temperature of 176 1. is
required. The plant has cooling water available at a maximum
summer temperature of 80° F, Under what vacuum conditions
should he operate?

o —

The solvent vapors must be condensed with 80° F. cooling
water; therefore, it is casily seen from the graph of Boiling
Points of Solvents Under Vacuum (page 13) that the
vacuum cannot be higher than 26.25 in. Hg. If a vacuum
of 22 in. Hg is used, the benzene will boil at 110° F. This
is autliciently below the 123° 1. limiting temperature tor
satisfactory operation and yet high enough to produce
suflicient temperature ditferential in the condenser; thus
the solvent vapors will readily condense.

227
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VACUUM FORIIULAS, CONSTANTS AND CONVERSION FACTORS

Rate of flow of air through an orifice.
For air at 20°C in diffusion pump range
S = 158A
For air at 20°C in mechanical pump range

W-'s”.c'.'\‘P"w-l.”Al’.poundsmmm.
vV R
Pa
S-w:n.)-ﬂ

.533 = Critical P, Ratio
A = Sq. in. of orifice
Pa = Atmospheric Pressure—psia
P, = P, Upstrcam Pressure —psi-
Cy = Orifice Coefficient (Assumad as 1)

V R _ A\ Degrees Rankine _ Y\ °F + 460 = 23

S - Speed = cu. ft.'min @ P]
Rate of flow of gascs through o tube.

Q--;-‘, 2 %’.‘ { (Py=Py)
Q

= Mass flow i micron-liters per second

R = gas constant = 831

T = absolute temperature
M = molecular weight

¥ = inside radius of tube in cm.

L = length of tube in cm.
Py = ipitial pressure microns
P2 = final pressure microns

From Knudser's Equotion above the following rule-of-thumb equations
have been dertved for calculating conductance in various pressure ranges
‘air at 20°C.
(a) Diffusion pump range, where there is molecular flew and
when pressure in microns muluplied by diameter in inclies
is less than 7.
D3 inches
C=13 T
(b) Intermediate range, where pressure in microns multiplied
by diameter is greater than 7 and less than 220,

c-o.s%fm ng

(¢) Mechanical pump range, where pressure times diameter is
greater than 220 '

=525
C = conductance in c.fm
D = diameter in inches
L = length in feet

P=Mean pressure in microns --—P-'-;i

P, = Upstreain pressure in microns
Py=Downstream pressure in microns

Conductance of vacuum system
1 1 i
§*gTe
§ = Net pumping speed in cfm
S, = Speed of pump in ofm
C = Conductance of piping in ¢fm
Calculating “pump-down™ time
(Chart on page 8 is derived from this and includes system factors®)
Tw= ;-
T = Time in minutes
V = Cubic feet to be puinped to reach final pressure
S5 @ Speed of pump in clm
'!
V = V, loge l'o
V = Cubic feet 1o be pumped to reach final pressure P
Vo = Volumne of system
Po = Initial presure in mm.
P = Final pressure in opstem o mm.
.."'-vnmlr sostoong fa oo Joadd b vo lands 1

Calculation of velocity of molccules
Average veloity

- ,nn_ T
2 o 14,551‘/ N Cm per sec.

Most probable velocity

w-JEBMI - 12,900 % Cm. per sec.

Where
R = Gas Constant = 315 x 107 ergs per Mole °K
T = Absolute Tempera‘ure, °K
M = Molecular weight

Calculation of mcan free path

= - T

L = 8524 ¥ M Cm.
P = Pressure in mm.

n = Viscosity in c.g 5. units
T = Absolute Temperature
M = Molecular weight

) = Average velocity

Mass . 7 gas striking unit area per unit time

m = 5832 x 10~ P\/ ,’;,' gm per Cm.? per sec.

M = Molecular weight
P = Pressure in mm.
T = Absolute Temperature

Conversion factors for “pumping speed” in various
units

To convert from To Multiply by
Cubic cin/se.. Cubic ft./min. 0.0021
Liters /sec. Cubic ft. /min. 212

. Cubic meser /hr. Cubic ft./min. . 0.589
Cubic ft./min. Liters,/scc. 0.4719
Cubic ft. /min. Cubic meter /hr. 1.699

Calculation of velocity of molecules.

= | militorr

® 000l mm Hg =." "mm Hg

= | 33 dynes pet sq. cm

= 0000001 mm Hg = 10 mm Hg
= 133 X 10! dvnes per sq. cm
=07y mm Mg

= 50 mm Hg = 2933 in. Hg

= | micron (u) Hg

= 1 Tor

= 1000 microns = 10* microns

= 1333 dyncs per sq om

® 133 mulisbar

= 00013 bar

= 003937 in Hg

= 0.01931 Ibs pet 3q. inch

= 10* dynes pet sq cm = | megabar

(All 31 0°C., s0d g = 980 6)

= 04912 ibs. per sq inch

= 0 4898 Ibs. per sy inch

= 1469 ibs persq inch = 760 mm Hg
= 11696 Ibs persq. inch = 762 mm Hg

1 micron (u) Hg

1 micron () Hg

1 mcron (o) Hg

1 » » mercury

1 » » metcury

1 millibar (International)
1 bar (International
1 mullitore

1 mulluneter Hg

I millimeter Hg

1 mulimerer He

1 ondlimeter g

1 mullimerer Hig

1 millimeter Mg

1 mullimeter Hg
750 milimeters Hg

1 inch Mg @ 32°F.

1 inch Hg @ %8 «°F

29921 inches Hz @ )2°F
30.000 wches Hg @ 38 °F

1 sumosphere =760 mm Hg = 147 0bs. persq inch

1 Ib per sq mnch = 2036 1 8 V°F. = 3172 mm Hg
1 Ib. per sq inch = 2041 in. Hg 0 SB4F. = 31 Py mm Mg
1 bar (Fogland) = 100 dynes per 3q. cor. = 730 inen |ig

1 mwcrobar (England)
1 mucrobur (England)
1 bar or harye

i Torr

= | dyne per 5q cm.

= 0.0007 mai = /3 X 103 mm Hg
= 2.0007% cum = .79 X 103 mn Hg
= | milhmeter Hyg
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PIPE LENGTH IN FEET

10

CONDUCTANCE OF P!

This graph can be used to de-
termine the conductance of a
pipe in the dillusion pump
range. In the intermediate
range, use formula (b) on page
11. In the mechanical pump
range, the conductance can be
calculated by determining the
sonductance from the graph
and multiplying it by the diam-
eter of the pipe in inches and
the pressure in microns divided
by 26.

C-Crhtﬂxde

FES FOR AIR FLOW

Calculate the conductance of a 1* pipe 25 feet long at 1| mm,

The conduciance from the graph is .52 efm. Multiplying this
@ by the dismeter (1%) and the pressure in microns (1000) and 0

dividing by 26 gives a conduciance of approximatcly 20

cubic feet pei minute.
Cetan = 0.52 ¢fm

C

_ 052 x 1 x 1000

26

= 20 ¢fm

Calculate the conductance of a 3" pipe 40 feet long at 160..

. "D The conductance from the graph is 9 ¢fm. Multiplying this

NP by the diameter (3”) and the pressure in microns (160) and
dividing by 26 gives a conductance of approx. 166 cfm.

C..m = 9.0 ¢fm

26
C = 9_0_><3_>.<_1ﬁ) - 186 clin
26

For other examples using the conductance chart, see page 10.
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APPENDIX E

WESTIRCNOULY, ELECTRIC CORPORATION
LARCE POWLR TRARSFORMER DLVIGTION

TRARSFORMER OJL TEST REPORT

Customer: VEPCO ‘ C.0.:

Locatien:  North Anna #] Transformer Shop Order:

Sample 1.0 McGraw #1 GSU Lab lo.:186, 187 Transformer Serial No.: L-U-b859-5-1

' TGP BOTTOM
Pielectric Strength, KV .

D1EC Elcctrode:

VDE Electrode:
Pover F_cto., 4 60 Hz @ 25°C: 0.0112{0.0086
Interfacial Tension Dynes Per CM: ~39.0439.8
Neutralization Number, KOH Per CGram:
Color:
Moisture Content, PPIf: 5.5] 6.1

1 herchy certify the above report is a time record taken from laboratory tests in
accordance with current Westinghouse and/or ASTM methods.

.

7. V. O msns /- 714-83 ‘.,'VM’P;Q.&_ 1-11-%3
Engincer Date : Manager Date
0026S
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WESTINCHOUSE ELUCTRIC CORPORATINU
LARGE POVER TRANGFORNER DIVISION

TRANSFORMER GAS~IN-OIL ANALYSIS REPORT |
o PO

ransforner Shop Urdar:
ransformer Serial Mo.: C-0-6459-5-]

Customer: VYEPCO
Location: WOrtia /nrnd T
Sample I1.0.: MCGraw =T BOFL5 Mo, :

4 4 O

{Rete: 12 = 10,000 PPM)

Date Sampled: T0p BOTTOM

Eﬂi PPM GAS 1IN OTL PPM CAS IN OIL PPM CAS IN OIL
Nitrcgen, Ny 21657 (917) 11363 (98”)
Oxvzen, O3 2112 (9°) 275 (2%)
Carbon Dioxide, CO» 75 67
*Carbon Moaoxide, CO 16 15 i
“Hvdrojen, H2 ] ] )
*Methane, ClH, ? 2 ‘
*Ethare, C)Hg ] o 1 —
*Cthylene, Cody 0 [ 0
*Acetylene o 0__ . 0 1
Other: ‘
#Total Combustihles . 20 ' 19 |
Total Gas In Gil 8. 39 % 1.17 % 7

Remarks:

I hereby certify thc above raport is a true record tzken from laborutory tests in
accordance with current Vestinghouse and/or ASTM methods.

P . -~ 3 b - |
) .‘Y,O(T’“!L'b\\-fh/ ) 14-85 g oy P,.'-.\, -1
Engincer Date Hanager Cate

00258
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WESTINCHOULE FLECTRIC CORPORATION
LARGE POWER TRANGFORMER DLVISION

TRANSFORMER OIL TEST REPORT

Customer: VEPCO G.0.:

Location: _ North Anna #] Transformer Shop Orcer:_HAMIN7
Sample 1.D.: WH #] GSU Lab No.: L5-148 Transformer Serial No.: 7001865
- 139

TOP  BOTTOM

Dielectric Strength, KV
D1SC Electrode:
VDE Electrode:

1

(=)
Q
=
~
o

Power Faccor, % 60 Hz @ 25°C:
Interfacial Tension Dynes Per CHM:
Necutralization Number, KOH Per Cram:

Color:

: - ]

o >
w O o
. . o
— o O
o

ETTE]

Moisture Content, PPM:

1 hereby certify the above report is a timec record taken from laboratory tests in
accordance with current Westinghouse and/or ASTM me*thods.

T V. Bomaen !-14-3 S vt Pdea 1211453

Engincer Date - Manager Date

0026S
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APPENDIX F

TRANSFORMER REPORT ON EVENTS AT N. ANNA POWER STATION
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APPENDIX G

TRANSFORMER REPORT ON EVENTS AT N. ANNA POWER STATION
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APPENDIX G

NOTE 1 « The Engineer reporting s responsiblo for the prompt delivery of his reperts 1o all intereste
persons ane for seeing *nor all points requiring actian are cleared up without delay.

2 - For long reports give o summary of important points ¢nd recommendations.

ENGINEER' TRIP REPCRT

AfSYINGHOUSE FOAM 361! S

For Wastingh

Rep ives only.

Pl

DATE OF ARRIVAL AT PROPERTY | DATE OF LEAVING PRAGPERY

1/25/83

CAT

“RIGINAL TG ISSUING DEPARTMENT'S FILE NO. ; 1/21/83 1/21/83
CoPY TO: ( FOR REPORT DiSTRISUTION GUIDE - REFER TO REVERSE 5IDE OF THIS SHEET)
00 Muncie PTD we. D. A. Yannucc)
0 Wuncie P1U we. 0. K. Floore
0O Huncie FTD we, £. M. Petrie
0 WMuncie PiD wr. B. W. Hugo"
D Muncie P1D uaﬂ. P. Wood
O FILE L-SPEC. HAIT707-08 vy
O VR .
O MR .
0 MR
0 VR,
c e .
a MR .
O MR,
O MR
a VR
O MR,
O MR.
O MR
O MR,
0 MR,
. nawg North Anna Kuclear Station in
LOCATION G.0. s.0. SER. 0. )
SURPORT OF TRIP Perform hydraulic experiments on HAM707.
CONFERENCE HELD AT = DATE

~wose present _Messrs. Robert Bowman, (W) Field Salesman;

John Haubert, District Engineer;

Joe McGreaor, VEPCO.

SUMMARY :

See attached.
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TRIP REPORT - NORTH ANNA

1 traveled to the North Anna Nuclear Station to perform geveral experiments on

their HAM707 unit which was retrofitted with COPS unit in December of 1982.
A summary of these tests and my conclusions follows:

1. Ran pumps #1, 2, 3 together and observed if any bubbles were
circulated through the phase. Only pumps #1, 2, and 3 were TN

because the temporary circuit supplying power to the pumps would trip

when all five punmps were operated. No bubbles were observed. The
0il was highly {1luminated by a special 150 watt light source
{pmersed in the oil.

2. Introduced dry air through a fitting mounted on pump #2 while pumps
#1, 2, and 3 were operated. A generous quantity of bubbles passed
upward from around the phase and through the phase. The highest

velocity area was found to be between the phase and the core directly

above the edge of the T-beam. The bubbles traveled with a higher
velocity at the perimeter of the phase than within the phase but the
{nterior flow (above the coils) was greater than 1 expected. All
bubbles regardless of the exit location traveled vertically with no
sideways movement.

3. The oil was drained from the unit down to the top of the end frames
exposing the bridgework. The outeide edge of the bridge lined up
with the outside of the padding washers on three sides of the phase.
On the side adjacent to the HV bushing, the bridge was set back from
the outside padding washer approximately 2.5 inches.

The welds joining the side members to the end frames had good
appearance. Wedging on all four sides of the phase was tight which
reduced the leakage from around tﬁs phase more than expetted.

1 discussed with Mr. J. McGregor about the processing of this unit when it was

being retrofitted with the COPS unit. Nitrogen was {ntroduced into the unit
as the unit was drained and maintained on che unit prior to opening the unit

at the manhole cover. When the manhole cover was removed, the unit was purged

with dry air and a tent positioned over the manhole where the relative
humidity of the air was measured at under 40 percent. The mechanical relief
device was modified to provide a fitting through which vacuum could be drawn
for the filling process since the unit was being retrofitted with a COPS
tank. The unit was then vacuum filled to within several inches of the cover
and vacuum broken by admitting nitrogen into the tank. The COPS was then
filled. They used the Vokes #2 streamliner to process the oil down to 5 ppm
Ho0.
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APPENDIX kK

TRANSFORMER REPORT ON EVENTS AT N. ANNA POWER STATION
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APPENDIX H

BLUE RIBBON COMMITTEE ORGANIZATION

George Mechlin - Chairman
Vice President of R&D Westinghouse

Members: [ é

D. Berg - Consultant, ( ~Mellow
University

W. Emmerich =~ Technical Director, R&D
Westinghouse

R. Ratica o Westinghouse Power System
Customer Service Representative

S. Quick - General Manager, Westinghouse

Steam Turbine Generator Div.

J. Karnash - Westinghouse Law Department
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TRANSFORMER REPORT ON EVENTS AT N. ANNA POWER STATION
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APPENDIX T

TRANSFORMER EVALUATION COMMITTEE

J. Skooglund - Chairman
Engineering Manager - Power Transformer Div.

Systems:
J. Bonk westipghouse T&D Systems Engr.
C. Wagner Westinghouse T&D Systems Engr.
E. Taylor Westinghouse T&D Systems Eagr.

D. Shankle Westinghouse AST

S. Baldwin westinghouse Steam Turbine
Generator Division
(Liaison to Power Generationm)

Transformer
nsulation and Field Apalysis - A. Sletten
Westinghouse R&D

Hydraulics - #. Rothmann - Westinghouse R&D
- E. Petrie ~ Westinghouse PTD

Design - J. Cossaart - Westinghouse PID
- H, Moore - Westinghouse PTD
- J. Templeton - Westinghouse PTD
- D. Yannucci - Westinghouse PID

" Consultants:

S. Bennon
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