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INTRODUCTION:

In 1965, Westinghouse supplied two 600 H? motors to Southern
California Edison Company which are installed at San Onofre Nuclear
Generating Station, Unit 1. These motors (S5.0.# 65F15619) drive

charging pumps and have the following name plate ratings:

600 HP, 4160 Vv, 3580 RPM, 3 Phase, 60 Hz, 72 AMPS, Locked KVA
Code J, Insulation Class B, SF 1.15, 40°C Rise at SF 1.0.

The motors were also required to run under accident condition

- at 860 HP for 1 hour and 770 HP for 6 months at a minimum of 90%

voltage.

The new proposed continuous rating is 700 HP at 1.15 service
factor and the new "accident" condition requirements are 796 HP for
6 hours and 694 HP for 30 days. (See Appendix V)

The motors were built at the WeétinghousevBuffalo Plant with design
life expectancy of 40 yea:s.-VOnesof the charging pump motors is
always in operatibn. Approkimate run time for each ﬁotor is 92,000
hours for the 21 year period, as stated by customer. One of the
,'motors was rewound inA1972. The rewind was due to the mechanical
seizure of the pump that caused the motor windings to burn out.
(See Appendix VI)

Southern California Edison Compény by their letter of August 15,
1988, (Appendix IX) has asked for recertification of these charging
pump motors from 600 HP at 1.15 service factor to 700 HP at 1.15

service factor. This'énalysis is based on the requirements defined

in‘thié letter.




II.

The degree to which the power output from the motor can be

GENERAL:

An induction motor is an electromechanical device that cbnverts
electfical'energy into mechanical energy. This energy conversion, -
however, is not 1007 efficient and the difference between the
mechanical output of the motor and its electrical input {s lost in
the process. This difference constitutes the losses in the motor.
Some of these losges are mechanical in nature, such as friction and

windage, but the bulk of the losses are electromagnetic.

The electromagnetic losses consist of the "copper" losses which are
caused by the flow of electric currents in the windings,ithe iron
losses‘in the electrical steels caused by the setting up of tﬁe
alternating magnetic fields, and the stray losses, which are due to
harmonic and physical pfoximity effects in the machine construc-
tion.

The losses in the motor manifest themselves as heat which causes
the temperature of the windings to rise above the ambient

temperature.

Any given motor designed for a specified horsepower can be uprated

to a higher horsepower within the limits of its maximum or pull-out

torque capabilities for stable 6§eratiqn. The increased load,
however, 1s accbmpanied by an ncrease in éhe power input to the
motor and hence by an increase in the stator current. This causes
additional losses in the stator vindings. resulting in an increase

in the winding temperature.

increased depends on the difference between the safe maximum
operating temperature for the winding insulation system and the
winding operating temperature for the base load for which the motor
was originally designed. Equally importént are mechanical

considerations such as increased mechanical_stfesses in individﬁai




components at higher loads and the suitability of these components
to function reliably at these loads.

All these factors are examined in the following éections to

determine whether the 600 HP motor can be uprated to 700 HP.

MECHANICAL CONSIDERATIONS:

The torque in a motor is generated in the air gap and travels along
fwo paths. One of the paths is through the rotdr laminations into
the shaft, along to the coupling and to the pump. The other path
is through the stator core, into the frame structure and into the
foundation. Thé major mechanical components to consider in this

transfer of torque are as follows:

- Shaft extension

. Shaft extension kéy
. ~ Shaft journal
Interface between rotor laminations and shaft

Stator core welding to frame

A N W N -
L]

Stator foot bolting

The above domponents were analyzed in terms of uprating the motors
to run continuously at 700 HP, 3579 RPM and 1.15 service factor.
Following aré the results of this analysis; (Notef Modern motors
are built with safety factorsiof 4,0 or greater)

1. Shaft extension diameter‘- The safety factor at the uprated
loading condition is - 9.39.

2. Shaft extension key - The factor of safety at the new rating
is 6.15 1in shear and 4.65 in compression. This analysis does

not actount_for the coupling press fit as carrying any loading

and as a result the analysis is conservative.




‘3. ~ Shaft journal diameter é Safety factor 1s equal to 10.8 based

on the new rating.
4, Interface between rotor laminations and shaft --

a. Press fit capability - 25.3 times rated torquer
b. Key shear - Factor of safety of 70.17
c. Key compression - Factor of safety of 53.02

The press fit and key loading were calculated separately.
5. Stator core welding to fréme - Safety factor is équalito 220,

6. Stator foot - Force per bolt is 1037,5 1lbs. at 700 HP vs.
clamping force preload of the existing bolts of 52380 1bs.

Bearings -lUprating of the motor from 600 to 700 HP continuous
operation affects the bearings primarily from the increase. in
temperature of the bearing housing due to the higher motor
temperature. This increase in temperature will be somewhere
between the new AT of the windings and the new AT of the motor air
temperature. If we consider the higher of these which is the
winding AT, the new surrounding temperature for the bearings would
be 57°C. For a sleeve bearing, since the oil viscosity changes
with temperature, the total bearing temperature is not directly
related to the ambient temperature. Past experience has shown that
a rise of 1° of ambient results in a 0.7° rise in bearing
temperéture. For the 700 HP operation, the bearing temperature
would increase by 11.9°C. This would result in a bearing
temperature of 59.9°C based on the original test data. The
standard limits for this type of bearing is 90C total temﬁgrature,

There is thus considerable margin in the operation of the bearings

at the 700 HP rating.




Discussion

. The mechanical analysis reveals that there 1s adequate margin in

the motor design-to be able to run continuously at the new rating

of 700 HP, 1.15 service factor, 3579 RPM. This margin is due to

the'following reasons:

1.

Original overdesign of motor. A number of motors were built

- on this frame size in the past with ratings of 1000 HP.

A number of the motor components are designed for short
circuit torques which are significantly greater than the
normal running torques. These short circuit torques will not

change with the uprating of the motor.

IV. THERMAL EVALUATION AND ELECTRICAL PERFORMANCE:

®

Thermal evaluation was made on the-design‘for the new
continuous and accident conditions. The thermal analysis
indicates thaf temperature rise of motors when operated at 700
Hf, SF 1.15 will not exceed 65C. With the ambient_tempe;ature
of 80F (27C), the maxiﬁum total operating temperature of
winding will be 92C. This motor has Class "B" insulation
which has 130°C total temperature capability. Since the new
accident condition of 796 HP 1s less than 700 HP at 1.15 SF or
805 HP for the same ambient condition, the temperature rise

under'accident conditions will also be less than 65C.
The above conclusions are based on the following: -

a. Computer studies at 700 HP, SF 1.15, which indicate a

temperature rise of 49C.

b, Evaluation of expected temperature rise based on test

data on two similar motors, one of which is an exact

duplicate.




‘¢,
d.
e.

The subject motors did not receive any temperature tests

as these were not specified By thé customer, They were

‘tested'onlylfor routine commercial test. Copy of test

reports are attached. (Appendix II)

Test Report #1 (Appendix III) relates to S.0. 27N7703,
which is a dupliéate of the éubjéct motors. This test
shows a temperaturé‘rise of 26.5C‘at'aAload'of 600 HP,
Test Report #2 for S.O. 18N6403 (Appendix IV) gives a
femperature rise of 29C at 600 HP. Based on these two
tests, we expect a temperature rise of 38C when the motor
is operated at 700 HP SF 1,15, (See Appendix VIII)

Test Report #1 indicates the motor loading as'299'HP_(See
‘Appendix III). Review of other data such as air tempera-

ture rise, (thé machine will have approximately 4000 CFM
of air flowing through it), KW input, phase amperes, and
speed (RPM), indicates that the heat run test was at 600
HP. We are satisfied that 299 HP was entered on the test
report in error. The tést conducted on S.0. 18N6403,

which has a témperature rise of 29C at a load of.601 HP -

also confirms this conclusidn.

The calculated temperature rise at 600 HP at 1.00 service
factor is 32C. '

Taking a very conservative approach and assuming that the

test reported on Test Report #1 was at half load

(299 HP), the temperature rise calculation for operation
at 700 HP, 1.15 SF (Appendix VIII) indicates a rise of
less than 65C. Total temperature of winding with 27C
ambient will be less than 92C-wﬁich 1s within Class B
insulation limits., S '




3. Electrical performance data at new 700 HP rating is as
follows. (Completed motor data sheets at old and new ratings

are attached as Appendix VII)

Efficiency P.F. Inrush  Starting Rated Speed
(Full Load) (Full Load) Z F.L. _Torque POT Amps (RPM)

600 HP 94,3 91.6 8887 166 382 72 3583
700 HP . 94.5 92.3 770% 142 326 83 3579

The_ﬁotor has pull-out torque of 153% at 707 voltage on 700 HP
rating base., It is suitable for operation at 700 HP without

any damage for 15 seconds at 70% voltage as required per Spec
BS0-356, Para. 3.06.03.

Electrical calculations at 600 HP and 700 HP are attached as
Appendix I.

INSULATION LIFE:

The subject motors were built in 1965 and have been in operatioﬁ
for 21 years. The qualified life of the original designs is 40

years.,

There are two motors on this application. One of the two motors is
always running. If both motors had equally shared the operation,
each would have.run for 92,000 hours. Of these two motors,
however, one was rewodnd in 1972. The actual operation time seen
by the motor insulation is therefore 92,000 and 66,000 hours

respectively (assuming the other motor was not in operation when

- the first was being rewound). The motors have been started once

a week. The ﬁumber of starts for these motors has been estimated
by‘SCE as 1100 and 780 respectively. Additional customer
maintenance data indicates that the insulation resistance of the

stator windings has been in excess of 1000 megohm, and that the

polarization index has been 3.2 and 4.5 on the two motors.




The actual load at which these motors were run was not provided to
WMC by SCE. The actual operatihg temperature rise of the motor is
not known because these motors do not have temperature detectors
installed in them. |

Analysis of Insulation

" Based on the thermal evaluation, the expected temperaturé rise of
the stator windings at 700 HP and .at a SF of>1.15 is less than 65C,
Based on the customer stated ambient of 27C, the expected total
operating temperature of the winding 1s thus 92C at the new load.
At this temperature, the insulation system ﬁill have a qualified
theoretical total life of greater than 40 years. (See Appendix X)

Normal thermal ageing is only one of the many phenomena that
eventually cause the failure of an insulation.system.‘ Some of the _
other factors that come into the pictufe include ovértemperafures,
overvoltages, steep fronted voltage surges, contamination and the
absence of proper preventive maintenance. Excessive number of
starts; bus transfers and other phénomena'that may impose severe
streéées éan‘and do result in the failure of weak spots in the

insulation system.

The insulation resistancevand the polarization index of the motors
indicate that thé insulation was in good condition when these
readings were last taken. The stated acceptance values by Southern
California Edison per EQCN-I page 6 for these two parameters are
5.17 megohm and less than 2.0 respectively. The readings of 1000

megohm, and 3.20 and 4.5 represent adequate margins.

The number of starts that the motors have seen is not excessive.




VI.:

CONCLUSION

Foregoing discussions conclude that these motors have an adequate
design margin and can operate satisfactorily at 700 HP, 1.15
service factor with required safety factors in the mechanical parts

and within permissibie temperature rise of the winding insulation.

Because of the original design margins, the total temperature of -
the windings even with the increased loading will be well within
the Class B (130C) insulation limits, '

Since totalAtemperature will not exceed 92C, the insulation system
will have a qualified theoretical total life of more than 40 years.
However. because of the influence of environmental and other '
factors on insulation life (See discussion in Section V), it is not
possible to certify the remaining life of the insulation system.

On the other hand, if the motors have been well maintained over
their life and the édverse'factors indicated in the discussion in
Section V have been absent, then the windings would be éxpected to

have their normal total qualified life to be more than 40 years,



DISCLAIMER:

'This report and the analysis contained herein are based on the
- original design information apd the maintenance, operational, and

other information given to WMC by Southern California Edison.

The conclusions of this study represent our best opinions and are
NOT to be interpreted in any way to include warranties, explicit or
impliéit, OR assumption of any responsibilities or liabilities for

and due to the operation'and performance of these motors.
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20.6 21.9 266.69 1296.87 967406, 768883, 611.609 79.83. 0.107 0.622
24.1 22.0 310.11 1292.50 960322, 729190.  606.243 100.63 0.109 0.731
27.7 22.1 3%54.70 1293.61 936015, 891621, 600.72¢ 141.92 0.112 0.84)
3.} 22.3 400.90 1299.67 934319, 633457, 39%.136 179.68 0.013 0.938
35.1 22.5 448.70C 1309.17  9%4447. 619925, 509.49% 228 .74 0.119 L.077
38.0 22.6 495.42 1314.00 952379, 503003, 5083.949 268.30 0.123 1.199
42.6 22.9 544.87 1324.00 953290, 547026, 570.27% 319.31 o0.128 1.327
46.06 23.) 599.62 1345.706 9359363, 312259, 572.357 374.74 0.132 (.49
St.t 26.2 675.98 1408.79 986413, 482305, 565.454 $34.68 0.133 1.99%
56.0 25.5% 169.118 1496.02 10235430, 43191 7. 357.814 498.92 0.133 1,727
61.2 27.4 888.45 1620.14 10082620, 420000. 3408.926 567.66 0.128 1.08%%
67.1 30.2 1053.25 1807.67 QL17081s. 365350. 537.7123 640,046 0.119 1,974
14.8 37.1 1306.27 2247.0% 1382000. 388149, S17.330 7180.43 0.100 2.074
5.8 3.4 1463.21 2326.43 . 14199064, 343641, 313.389 7126.43 0.000 2.082
76.8 39.8° 1504.96 2812.64 1461033, 338656, 308. 880 734.50 0.008 2.0%0
17.9 . 4l.4 1570.33 2503.60 1508194, 3330817, 303. 801 T42.359 0.000 2.098
78.9 43.2 1639.3% 2599.51 1549345, 326 M2, 498.04) 750.73 0.007 2.103%
0.0 45.1 - 1711.88 2699.86 (596261, IL9549. 49L.472 71%58.91 o0.007 2.112
8l.1 47.2 1r67.%9 2804.11 1644531, 31308, 4063.919 767.14 0.007 2.119
82.2 49.5 1865.810 2911.15 1693454, 301954, 475. 174 T75.41 0.006 2.1293
. 83.3 52.0 19645.3)3 3019.08 1740910, 291076.. 464,973 703.73 0.006 2.131
84.6 54.0 2024.21 3124.87 1788162, 278497, 432.979  792.09% 0.006 2.137
‘8%5.6 57.9 2099.32 3223.17 1829566, 263870, 438.767 000.49 0.006 2.142
86.0 61.3° 2165.86 3308.53 1862179. . 246881, 421.802 800.9¢ 0.00% 2.147
871.9 65.0 2216.57 3368.36 1080216, 227069, 401.406 8i7.43 0.00% 2.1%)
89.1 69%.t 2240.78 3387.50 1875366, 204157, 376.740 82%5.97 0.00% 2.158
90.3 73.5 2223.27 3343.72 1838073, L7196, 346.79 834.55 0.00% 2.16)3
9.5 T8.1 2141.08 3203.60 1745178, 148310, 310.231 843.18 0.00% 2.160
.7 82.8 - 1974.106 2938.77 15088789, 116415, 266.252 851.83% 0.006 2.17¢
73.8 871.13 1688.98 2501.47 1343286, 83604, 213,405 860.56 0.007 2.0101
6.7 2.2 1263.37 ta6l.67 995201. 529¢7. 151.%00 © 869.32 0.010 2.191
9.7 221 685.5% 1005.10 539922, 28637, el.37 ars.12 0.023 2.21%
WKK (STCIT - IKw-SHTL IKW-Sht (RESEDN] (KN-SIR (RISEIR (Ku-SI8 IRLISEND
2.21 13RA, 6 577.9 10.9 497.9 23.7 278.9 9.9

ACCIY ERAT NN

224,

IRICORD F 158

FI3)IF X T74-00-2%5, PROGRAY VE

RS LON

14738/11, REVISION DATE 63-101-20)

I XIaN3d4dv

£ 98eg



PROGRAM M[ 7337
(3) LINE VULTS

{(A)
sLiP
100.00
949.00
90.00
85.00
A%.00
15,00
70,00
65.00
60.00
5% .00
50.00
%5 .00
0,00
15,00
30,00
25.00
20.00
15.00
17.00
9,.%0
°.00
8.50
8 .00
. 71.50
7.00
650
4.00
5.50
5.00"
4.50
4.00
1.5%0
3,00
2.5%0
2.00-
1.50
1.00
0.5%

e e e e o . e - - = . - —— = . = = W . 4P = —————— A — D W . A & W . ———— e A o -

(&)

ACCFLIRATION |

IDENT

(a)
RPM
0.
180,
360,
540.
720.
900,
10RO,
1260.
1440.
1620,
16800.
1980.
2160,
2340.
2520.
2700.
2080,
3060.
3740,
3258.
3276.
12%.
n.
3330.
3348,
3I36h,.
3384,
3402.
3420,
3438,
3456,
& le,
3492,
3510.
3528.
3546.
3546,
35A40.

SAILDY

)
EFF
0.0
3.4
6.8
a. '

12.8

'“.q

20.6

24.1

21.7

3.3

‘5..

38.8

42.6

46.6

51.1

5%5.9

6l.2

67.0

T4.8

" 15.8

16.8 .
r17.8
78.9
19.9
Atl.0

- 8241

8132
Be. 4
85.5
86.7
87.9
89.1
90.3
91.4
92.6
93.7
94.6

S.0

«65F 15619

4OC,RIR 40C)

(D)

- PeF.
22.7
722.4
22.1
21.9
21.8
21.7
21.7
rd Py
21.8
22.0
22.2
22.4
22.6
23.0
24.0
2%.3
-2T.1
30.0
36.8
3s. !
39.6
4l.2
‘2.9
44.8
46.9
49.2

5.7 .

. 54.5
57.6
61.1
66.8
69.0
T3.4
18,1
83.0
87.7
9N.7
93.3

(SECHT
3.00

o)
tHP LT
0.0
31.50
T3.65
92.4)
133.9¢6
175,27
210.65
245.01
280.32
316.92
354.80
- 391.6%
431.04
474.47
$35.10
609.11
704.07
AIS.4)
1iot.81
1187.52
1197146
1249.78
‘1305.43
1364.0)
1625.35
1488.0886
1553.71
1618.32
. 1680.27
1735.75
1778.95
.1e0t.28
1787.59
1727.80
1596.02
1370.26
1025.92
602.68

(KW-S)ITL
1462.6

SO. CAL. EDISON

= ¥eb.l 90.0/0,STR

tFy
t1our
1123.06
1096.24
1071.53
896.92
977,16
1022.78
1024.35
1021.25
1022.35
1027.41
1035.19
1039.31
1048.03
1064.80
1115.18
1184.80
1283.91

"1433.84

1785.96
1849.79
191919
1992.61
2070.02
2158.26
2235.88
2323.04
2411.30
24908.28
2580.26
2651.50
2703.35
2123.10
2680.47
2585.21
2375.06
2029.44
15t11.78
. 884,03

IKn-sii
613.9

(G)
ENPUT
834573,
816569,
sols678.
709429,
179510,
Tr1723,
163800,
75049,
155375.
7543130.
7547208,
7353379,
154393,
759517,

781351,

si2rr2.
asevrar.
929389,
1099419,
1130050,
1163236,

1198170,

1234794,

12729%0.

1312330.
1352403,
1392307,
1430687,

. 1465457,
1493404,

1510127,
15086082,
16477457,
140949¢.
1285680,

- 1091016,

4715475,

(RISENL
1i.9

(RECORD FILE CTIITFX 14-08-25,

DATE-88-07-12

™
LOSSES
834573,
7887686.
147055,
720647,
679740,
641135,
606018,
srsar2.
546420.
s18070.
490210,
61234,

433000, .

405729,
382334,
358549,
333674,
306557,
211709,
274261,
270406,
260091,
261209,
255655,
249301,
261992,
233542,
223129,
212293,

" 196940,
183357,
165252,
16423,
120863,

95327,
69039,
44250,
25979.

517.8

ENGR-BANSAL

w

LINE ANP
566.915

563.338

$59.629

335,814

$5}.902

547.893

543.033

536. 285
533.47¢
$28.598
523,673
s18.831
S13.87¢
508.704
.502.680
496.01%
486,263
478,498
460. 133
457.32%
453,398
448.973
443,932
438.218
431.620

- 423.973

413%.040
404.%22
392.039
3717.106
359.113
337.302
310.510
270,247
238.908
191.033
136.125

78.3%089

(RISEIR
24.7

- —

141 .92
179.61
221.74
268.31
319.31
37676
434 .61
496.92
367.66
640,84
T18.45
726.45
734 .50
742.359
750.73
736.91
16714
T75.61L
703,73
792.09
000.49
808.9%4
0l7.43
825.97
834.53
s43.10
851.03
860.56
869.32
8T7.34

wy
USECIA
0.0
0.118
0.122
0.133
0.14¢
0.137
0.137
0.1l
0.146
0.158
0.138
0.165
0.173
o.183
o.191
0.192
o.187
0.173
0.148
0.012
0.041
0.011
0.010
0.010
0.009
0.009
0.008
0.008
0.008
0.007
0.007
0.007
0.007
8.007
0.008
0.010
0.014
0.037

(L]}
SECHTY
0.0
o.110
0. 240
0.37%
0.3160
0.636
0.792
0.933
1.079
1.231

1.389

1.3%¢
1. 728

1913

2.104
2.296
2.40)
2.6%8
2.004
2.816
2.6827
2.038
2. 040
2.8358
2.073
2.004
2.891
2.099
2.906
2.913
2.920
2.927
2.934
2.942
2.9352
2.97

SOTC
SEC
10.72

. P > - - - - -

SOTH
- SEC
9.42

(xu-Sio
292.9

(RISED
10.

9

PROGRAN VERSIOM 74706711, REVISION DATE 83-11-20)

I XIaN3ddv

 8f=g



PROGAL ML I3V T

V) LINE VOLTS = 3328.0 A0.U/0,8TR

(A)
sLipP
100,00
95.00
MM.00
85.00
80.00
75.00
10,00
6% .00
640,00
55.00
50.00
45,00
40.00
35.00
30.00
25.00
20.00
15.00
10.00
2.50
92,00
A.50
A.00
7.50
1.00
6.50
6.00
5.50
$.00
4. 50
' 4.00
1.50
.00
2.50
?.00
1.50
1.00
0.71

(«)
ACCTLEPATION

I1DEN S

(8l
RPM
0.
1R0.
360,
540.
720.
900,
1080,
t260.
16440,
1620,
1800,
l qao.
2160,
2340.
2520.

'+ 2700.

2880,
3060.
3240.
3258.
276,
3294.
3312,
33y,
31348,
3366.
1386,
3402.
3420,
3438,
3456,
367,
3497,
3510,
3529,
1546,
3566,
1576,

SR

w
EFF
0.0
. Y
6.8
8o
12.8
16.9
20.6
24,1

S 2T.7

31.3
35.0
38.6
42.6

'46.5

51.0
55.8
61.0
66.9
14.6
15.6
T6.6
1.1
18.7

5.0

- 65 15619

4O0CRIR 40C)

(0}
p.F.
22.4
22.0
21.8
21.6
2'.5
2'.‘
21.4
21.4
21.6
21.7
zl.q
22.[
22.4
22.0
237
25.0
26.8
29.6
6.4
N7

39.2

40.8
42.5
44,4
%6.5
«9.8
51.4
54.2
57.3
60.7
64.5
68.6
73.2
T18.0
82.9
87.8
9'09

¢SECHT
4,40

(€}
(HP)OUT
0.0
2R.80
56.41
T71.00
102.93
134.69
161.92
188.37
215,56
243,75
272.93
301.46
331.67
InS. 14
¢11.93
469.09
562.54
644.32
a5t .40
RAT.16
92%.95
967.13
1010.76
1056.70
1105.04
1155.19
1206.54
1257.95
1307.56
1352.43
1380.06
16404.99
1399.89
1355.39
1255.06
1080.80
810.26
606.44

(Ku-S)TL
1605.6

s0, CAL.

“AF )
(VI0uT
862.08
A40.16
822.92
690.50
750.76
785.98
787.38
785.16
186.17
790.20
796,32
799.61
806.43
819.52
858.49
912.4%
989.34

1105.83
1380.19
1430.09
16R4.61
1561.97
1602.76
1666.68
173343
1802.40
1872.50
1981.96
2007.92
2065.95
2109.33
2123.99

2105.39

2028.01
18468,.30
1600.73
1193.98

891.03

Kw-Si1
685. 9

ENDISON

G
INPUT
640515,
6260%1.
6135579,
606340,

598892,

5930085.
sar2or1.
5683332,
Sot146.
580535.
381077,
5080246,
501245,
585423,
602551,
627133,
663047,
718408,
8s51202.
873224,
90L1288.
928773,

957645,

98779%.
1019005.

1050845,

1082783,
t1130601,
1148977,
1165249,
1179882,
tirele2.

1158592,

1107265.
1012372,
862006.
640807.
AT9078.,

IRISENL
12.9

(RECORD FILE CTI337F X T4-08-25,

DATE-88-07-12

o)
LOSSES
640519,
603502.
573628,
353503,
522236,
492729,
466539,
442928,
420482,
398840.
377594,
3535480,

333940,

33149,
293317,
277322,
250433,
237098,
216178,
- 213586.
290719,
2074817,
203022,
199645,

194657,

109336,
182938,
173480,

166702, -

156584,
1440682,
130492.
L1517,
96377,
T6315%.
55988.
" 36489.
26771,

(KN-S IR
556 .8

ENGR-BANSAL

(¥

LINE ANP
-496.498
493.420

490.23

486,935

483.99)
480.1%0
475.970
4T1.0806
467,749
463.53)3
459.319
435,144
450.874
446.419
- 441.235
433%.499
420.028
420.430
4035.192
402.244
398.887
395.060
390.738
305. 797
380.107
373.509%
365.703
356.0177
34%5.08%2
332.0819
317.213
297.89%
274. 760
244,023
211.901
170.341
120.930
se. N7

(RISEIR

ALL DATA ON THIS P

")
(TILOAD
0.0
2.22
s.87
. 19.96
35.48
$5.44
719.8)3
108.65
161.92
179.61
221,74
268.31
319.31
34.74
434,61
498.92
Se7.66
640.86
T18.45
726.43
734.50
C762.39
750.73
738.91
Te7.14
173,81
763.73
792.09
800.49
808.94
817.43
025.97
834.5%
843.10
831.63
060.36
869.32
874,42

wo
(SEC)A
0.0
0.154
0.150
0.17
0.1089
o.10
0.182
0.109
0.198
0.209
0.221
0.237
0.2%7

0.261 .

0.301
0.313
0.313
0.298
0.244
0.019
0.018
0.017
0.018
0.013
0.016
0.013
0.012
0.012
0.011
0.011
0.030
0.010
0.010
0.084

0.012

0.01%
0.02%
0.044

(SECHTY
0.0
0.154
0.2

0.409

0.e70
0.859
1.081
1.2%
1.420
1.637
1.8%8
2.09%
2.352
2.633
2.93¢
3.2¢7
3.562
3.860
s.103
4.123
a1l
4157
.. 173
s. 100
4.202
s.215
s.220
4.2%9
4.2%0
s.261
4271
¢.281
..292
4.302
4306
..329
4. 354
4.398

SovC
SEC
14.02

AGE ARE CALCULATED

———- s - -

SOTH
SEC
12.32

(X508
319.9

(RISEID

11.9 .
PROGRAM VERS [ON T4706/11, REVISION DATE 83-11-20)

I XIaN3ddv

¢ 98eg



PRIN,KAM MFTIY T

1DENT

shied

S.0.65 15619 SO, CAL. EDISON

e e e = = = ———— = = = - - = . — o o - - W - e ———— - .

€1 LINE VOLTS = 320.0 75.0/0,5TR  40C;RTR  40C)

L))
sLie
107,00
95.00
90.00
85.00
0.00
75.00
70.00
65.00
60.00
55.00
50.00
45.00
40.00°
35.00
30.00
25.00
20.00
15.00
10.00:
2,50
9.00
A.50
8.00
. 1.50
. 7.00
6.50
6. 00

' 5.50
5.00
4.50
.00
3. 50
3.00
2.50
2.00
1.50
1.00
0.R2

t6)
ACCFLFRATION

1Y)
RPM
0.
180.
360.
540, .
120,
900.
1080.-
1260,
1640,
1620,
1800.
1980,
2160,
2140.
2520,
2700,
2080,
1060.
3240,
3258,
3276,
3294,
332,
3330,
3348,
3366,
3386, -
1402,
3420.
3438,
1456,
,‘16.

3492,

3510.
3528.
31546,
3566,

" 3571,

ich
EFF
0.0
3.4
6.0
8.7
lz.'
16.9
20.6
2*..
271.7
31.3
35.0
8.7
42.5
46.5
50.9
55.7
61.0
6.8
T4.5
75.5
16.5
T7.6
78.6
19.7
80.8

. BL.9

83.0

- 842

85%.3
A6.5
8r.7
88.9
90. 1
7n.2
92.4

0
P.F.
22.2
21.9
21.6
21.4

21.9
21.3
21.2
21.3
21.4
21.6
21.8
22.0
22.2
22.6
23.5
2““
26.1
29.5
36.2
37.5
39.0
40.6
2.3
“.z
%6.3
©8.6

TN

53.9
57.1
60.5
64.3
LY. P
73.0
rr.a
© 829
a7.8
92.0
93.1

(SEC)HT
5.63

te)
(HP)OUT
0.0
24.9%
48.84
6l.A7
89.13
116.64
140.23
163.16
186,72
211.15
236.44
261,16
287.34
316.35
356.93
406.52
470.29
558.76
739.19
170.33
80¢.20
840,180
A78.3)
?218.61
960.91
1004.91
1050.05
1095.34
1139.19
1179.04
1210.98

12271.05

1223.60
1185.74
1100.76
948.26
Til.30
602.82

IKN-S)TL
176t1.5

{(F)
(riaury

746.19

127.%0
712,45
597.86
650.10
660.65
681.93
680.06
680.98
684.51
689.8%
692.71
698.64
710.01
743.85
790.74

- 8%7.61
- 959.00

1198.10
1241.75
1289.23
1339.56
1392.76
1440.77
1507.33
1567.92
1629.63
1690.94
1749.37
1801.09
1840.24
1855.00
1840.25
17740 7
1638.62
1404.4)
1048.15
886.68

755.9

- (G}
INPUT
5564407,

. 542646,

$32957.
325028,
518651,

- 513697,

508695 .

305426.

503620.
503199,
503743,

503112.°

500 069.
5077191,
522113,
544252,
375609,
823943,
739931,
760946,
183702,

807842,

a33il6t.
89596346,
887078.
915160,
943331,
970709,
995911,
10160838,
1030336.

‘1030092,

1013646,
969627,
889013,
757289,
563466,
477055,

IRISENL

(RECORD FILE CT3IITFX T4-08-25,

DATE-88-07-12

L))
LOSSES
554407,
524163,
496635,
4719279,
452272.
426709,
4041817,
383015.
364433,
345708,
327466,
308392,
289819,
271901.
236616,
28 10%0.
224890,
207237,
188649,
186440,
183994,
‘181238,
170102,
174528,
170425,
165689,
160193,
153783,
1646204,
137403,
127160,
114928,

101052.

85265,
68031,
50046.
32956.

27452,

- IKu-Si1

IXu-S IR
$92.7

ENG‘-'ANSll

PAGE &

199
ALL DATA ON THIS PAGE ARE CALCULATED
’ ) o) (1Y) )  SOTC SOtn
LINE ANP (T ILOAD (SECIA (SECHT SEC SEC
461,089 0.0 0.0 0.0 16.12 14,22
459,058 2.22 0.178 O.170
456.122 6.87 0.103 0.31 -
453,102 19.96 0.208 0.%6
450.00¢ . 335.48 0.220 0.783
446.031 $5.44 0.211 0.9%
442.980 79.63 0.213 1.210
¢39. 216 100.63 0.223 1.43)
435.40) 161.92 0.23% 1.668
431.93% 1719.61 0.2%1 1.919
427. 827 221.76 0.209 2.108
423.781 208.31 0.293 2.402
419,642 319.30 0.326 2.607
415,71 374.74 0.386 3.174
410,953 434,61 0.406 3.980
405. 664 498.92 0.437 s, 017
399, %16 567.66 0.432 4.409
391.17% 640,86 0.433 4.90)
377.740 T718.43 0.349 5,252
375.02¢ 726.4% 0.026 5.279
371.91)% 734.50 0.02¢ 5.30)
. 368.403  742.359 0.023 5.326
364.417 750.73 0.021 S3.37
359.83%9 758.9% 0.020 S.366
354.608 767.14 0.018 = 3.385
348.511 775,41 0,087 $3.402
341.376 783.73 0.016 S.e10
332.9% 792.09 0.013% $5.433
322.938 800.49 0.014 3.047
310.919 808.9¢ 0.013 535.460
296.390 817.43 0.013 S.473
278.486 825.97 0.013 5.486
256.967 834.55 0.013 5.499
230,563 843,18 0.014 3.31)
196.%00 851.0% 0.013 95.329
159.60% 060.56 0.020 3.547
113,352 069.32 0.03  5.3508¢
94,837 872.950 0.049 35.6)3)
CRESEIR  (KW-5S98.  (RISE)B
21.6 344.9 1.9

PROGRAN VERSION T4700/11, REVISION DAVE 63-11-20)
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Ak proGRAN METYIYT

IDENT

NASIC SPECIFICATIONS

EXCIPTIUNS

«tn
PHASE
,.

tL2)
Pl
21.4

(22
RES TFMP
95.

132)e
St
e 48.

(62)s
(CONDIR
1.

(53)s
BAR XV
2.880

(65)
N VOL Y
1.0

(15)¢
(el
.

(es)
tTx2)2
0.0

HORSE-POMER

58363

=
POLES =
LINE VOLTAGE =
FRAMI SIIE =
MOTOR TYPE =
W OESIGN =
ENCLOSURE =
« 2) ¢« 3)
FREQL FREQ2
60.0 0.0
113)e t1a)e
’5e wKK
t. 224.0
12300 (24)
RISE CAL  HARMONGC
[ 0.0
133)e 134)
STR PCHG. RTO
t. o.
143) (440"
RTR VENT $2
0. 8r.
(5600 155)
" RING WDH ~ RING SPT
2.250 0.
(66) 167)e
PH BELTS THROW
' 1. 20.
t76) . (n
(Tk211 P21
0.0 0.
186) 87)
(r2)2 (n)2
0. 0.

$.0.65F 15619

T00.
2.
4160.
6848.5
CF
8.
el

( &)e
0.VOL ¢
80.

t1s)
ALTIVUDE
3300.

(25)e
iwrinn
| B

135)
STR IRON

145)e
RTR PCHG
2.

(56}
°St TEMNP

(68
CONN
‘.

(78 )¢
(Mt
l.

(an)
cotlL wntg
0.

** WESTINGHOUSE PROPR1ETARY INFORHATION

$SD. CAL. EDISON

t 6)
POYT/FLT
175,

tis)
(ANBINA X
4.

- 12600
IWIIRAX
l.

4380
SP HIR
. 0.0

146)
E-RING-F
0. .

57
(FepdNL
o.

(69)e
PAR
.

(19
ey 2
o.

(89)e
I-SPEC
z‘

tn
TS/FLT
80,

ann
(ANBININ
. -30.

(27
STR BORE
0.

(37
TH GROD
0.0

e7)
E-RING-R
0.

(60)e
INS YYPE

2.' .

(70)¢
trecHt
T.

teod
KD
0.0

(90)e
uNitTsS
1.

DATE-88-07-12

¢ o)
RVA/NP
6.30

(18)
TINE
24.00

1209
STR 1.0.
15.300

138)
S.L.
0.0

(48)

RTR IRON -

[

tel)

NS voLV
N |
(ni

172 TAN'

(81)
(wid2
o.o

196)
SSHAFT®
o.o

ENGR-BANSAL

(19)e
S.F.
.19

129
RIR O.D.
135.300

39)
WEDGE
0.

1%1)
RIR BORE
2.

162)e
STR MIRE
12.

1200
(wiyl
0.204

(02)
(w212
0.0

97)e
BV-PASS
1100l t.

(109
(SImAX
2.3

(20)e
(RISENSF
70.

(30)
STR TYPE
0.

140)
RIR TYPE
0.

t130)
SHAFT
0.

(63)
(conoi
1.000

173)e
u2it
0.204

(X 3]
1Ix1)2
0.0

190)
TYPE CAL
o.

PAGE | 200

(i)
EFF
94.3

(21)
(RISEIFL
0.

{31
STR vEnt
o-

14l )e
icampi o
2.

151
SKEM
0.0

(64)
e
1.000

. T4)e
tixun
0.081

(84)
wn2
o.

200
200
g o---39

1 XIdNadav
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PRIGRAM MFT3VT IDENT  SR36) S .0
1yeq - ¥ RAME H.Po POLES

CF 688.5 700.0 2.

L INE WIRE WIRE

PHASE Vil TAGF 1YPC CUND

. 4160, 6l152CL 1.025

ASSEMBL Y PUNCHING

STATOR 2309694H01
ROTOR 222a153M01
NOISE  LOCKING - (#)CUSP  (-)CUSP
UNIT P UNIT F UNIT @ uNIT 2
522200. 2401.8 12.474 33,140
Ln-cu THROW  RALANCE CONN

Ieh .14 20. T OYES 1 §

Wi w2 ®x1 Pl

206 .204 081 1
12S.CIRIT{ 95.0C) (N {MINL
0.4868 n.6182 20.415 15685.

) sLiIP RPN
LOCKED ROVOR(1) 100.00- 75C O,

LOCKED ROTNY(2) 100.00- 95C O.

. ANF AK DOWN ©.07 3454,
1-1/74 LOAD 0.74 3573,

1.1% LOAD 0.60 3576.

FULL LNAD 0.58 3579,

3/6 LOAD 0.43 3584.

172 - LOA) 0.29 3590.

’ . oR1 R2

LCCKFD ROTOX(110.00876 0.01903

LOCKFD ROTOR{2)0.00933. 0.01942

BRFAC NOWN 0.00933 0.00510

1-1/74  LOAD 0.00933 0.00510

1.15 LOAD 0.00933 0.00510

Fuie toan  0,00933 0.00510

3/4 LOAD  0.00933 0.00510

172 LNa) 0.00933  0,00510
LOSSFSINATTS) CORE tcun 1cv)2
1.15-0)4D ‘1401, 8415, 4163,
FULL-LIAD 1401, 6406, 2.
cul/ea cssi CUR/LB

LUCKED ROTNR 1016.57 6.064 4205.29
PFRFURMANCE POT/FLST 1SIFL (EFF)FL
SPECIFLED 1.75 0.0- 2.5 94.3
CALCUATED 3.26 0.6 94.5

«hSF 15619

FREQ
60.0

MIRE
WEIGHT
0.9715

VENTS
2X0.500
3X0.500

SHAF T
]

UNIT 7
1021.19

PAR
l.

X2
.o

XM
3.48529
€FF
0.0
0.0
871.5
94.6
94.6
96,5
9¢.0
92.6
X1
0.074611
0.07414
0.07828
0.08409
0.08409
0.08409
0.08409
0.00409

Fou
1737,
T760.

{C/SIR

23.96

(PFIFL
9.4
92.13

S0. CAL.
ENCL
i

PHASE
BFLIS
60.

sLors
48,
ar.

(FeudINL
1897.

UNIT N
3600.

wc

'.

r2
0

SCORE
0.01617
'.‘ L ]
283
2%. 1

" 68.9
92.6
92.5
92.3
°°. '
*x2
0.03697
0.03713
0.057%80
0.06140
0.06141
0.06143
0.06145%
0.06146

s.l.
8740,
5863,

. Cus/La
1285.78

VS/FLY
0.60
1.42

EDISON DATE-88-0T7-12 ENGR-BANSAL PAGE 2
AUG 31,08
(RISE)SF S.F. VINE DES IGN VOLVAGEL INSICLASS
0. 1.1% 24.00 [} 4160, 8
¢ & ¢ CORE LENGTH ©® » » STATOR ROTOR SINGLE
TOTAL STATOR( ERONIROTOR 1.0. 0.0, AIR-GAP
14.000 13.200 12.500 15.500 15.300 0.1000
. IRON THICK JDENY . (END-RINGIONG & (TEN
10502PF 0.016 00 UPPER 3060379102
103502PF 0.010 00 LOMER 386D3T9H02
SKEW RING COIND COND(3ARILENGTH WIDTHIBARIDEPTH
0.0 0.400%¢¢ | ,0000¢e 20,000 +«250 1.250
"L veul VR ve CAL.CLOET INAX.
49,208 1038.256 392.041 $37.22% 42.76080¢ 44,000
L] SPACE-N SPACE-D SRR KVAR (PFIFLC
l 0.01) 0.110 0.00278 112.0 7.6
(8IAG s)n (siv2 {8)C1 (8)c2 8 7ix
40.39 91.67 124.8% 8% .47 121.57 136.57 .
HPh OUY tTour Ineur LOSSES tHn ‘cuitne
0.0 14%9.37 1112766. tL12766. 634.976 1084.52
0.0 18760.17 1142425, 1142428, 632,634 1072.19
2202.T7¢ 3369,62 (078832, 236004. 370.537 383.85
87s.08 1286.18 689952, 3r3ai. 103,437 28,67
8035.44 1183, 0% 6335147, 34456, 95.262 24.31
699.89 1027.03 $3523516. 30541. 83.119 18.351
523.19 769.50 416793, 2351106, 83.740 10.89
390.00 . 512.06 2819483, 20086, 3.431 5.33
* (HP)OUT et TIoUr s INPUT SLOSSES st 0/0 SATe
0.0 1.42908 2.13092 2.13092 8.T76162 716.3
0.0 1.44749 2.10772 2.18772 8. 712939 T76.4
318077 3.28011 3.59792 0.43210 3. 22307 93.3
1.25012 1.2%949 1.3212¢ 0.07 147 1.42730 99.9
1.13506) 1.158%0 1.216829 0.06598 1. 31443 99.9
0.99985 1.00572 1.0%805 0.05849 1. 16687 100.0
0.75027 0.7533%) 0.7981% 0.04809 0.07960 100.0
0.50000 0.35014% 0.53986 0.04000 0.62714 100.0
TOVAL X TRANSIENT XD *XD* (troc 1r9sC
34436 X ND KVAR 3.569 o.12877 1.0% 0.0667
30541. X uITH KVAR 15,640 0.1324% T.84
cssie ALL DATA ON THIS PAGE ARE CALCULATED
T.32 e m——— : -
RAXIRUN SAFE RISE
AKVAZHP) S SCORE (RISE)ISF - SIR E-R BAR
6.3%0 . T0. COLD 155 200 30
6.56 -1 49. HOT &L7 171 21

(RECORD FILE CTIVIFX T4-08-25, PROGRAW VERSION 74/06/11, REVISION DAVE 83-11-20)
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PRINGRAY METYIS T

. - - - - - ————— .- .- - -

EOISON DATVE-88-07-12 ENGR-BANS AL PAGE 3 199
SF ’ (3} INS MA X FLC nrR
RISE S.F. VINE DESIGN  VOLT CLASS KVaR PF WRK .
T0. .13 24.00 8 418). 8 1t2.0 97.8
(W out tTIOUT L INE ANP
0.0 139,37 634.98
0.0 1878.17 632.69
2202.74 3349.62 378.54
875.08 1206.18 103.46
805.44 1183.0% 3.2
699.89 1027.03 83.12
525.19 769. 50 63.7%
350.00 $12.06 45.43
ALL DATA OM THES PAGE ARE CALCWLATED
163 M) 9 x) w (1.} ] S0TC  sovM
‘INPUTY LOSSES LINE Awp (TILOAD (SECHIA (SECHT SEC SEC
1058930. 10508930.  639.091 0.0 0.0 0.0 8.52 T.22
1035027. 1000%85. 634.986 2.59 0.093 0.09)
1016682, 947438, 630.73¢ 10.37 0.0% 0.109
1000845, 913697, 626.3%¢ 23.34 0.106 0.293%
98797s. 061596, 621.804 41.49 0.113 0.409
977804, 812429, 617.266 64.83 0.108 0.5%516
967402. 768682, 611.608 3.36 0.108 0.624
960320. 129187, 606. 241 12r.08 o0.111 0.73
93401, 691620, 600.72¢ 165.90 0.114 0.049
934317, 6335456, $95.133 210.06 0.110 O0.9%7
934443, 819924, 3589.49) 2959.3¢ 0.122 1.009
952370, 563001. 383.948 313.80 O.128 1.247
953208, 547022. 378.274 373,43 O0.13¢ 1.3350
95936t. 3122358. 372.3% $38.20 O0.14F 1.492
986411, 825, 3635.495)3 300.30 0.145 1.637
1023448, i, 357.013 303.%51 O0.14% (.70¢
1082625, 420078, 340.923 663.90 O.141 1.922
170818, 383349, 337.723 749.40 0.13t 2.0%)3
1301997, 340140, S517.329 040.2% 0.110 2.162
1419961, 343639, 313.300 049.461 0.009 2.172
1861032, 338656, 508.079 839.03 0.009 2.100
13504191, 3330%6. 303.600 868.49 0.0080 2.188
1549342, 326731, 498.042 878.01 0.000 2.1%9%
15962359, 319549, 491471 087.56¢ 0.007 2.206
1644520, 31137, 403.9%9 997.20 0.007 2.21t
1693450, 301933. " 475.17¢ 906.68 0.007 2.217
1741909, 291075, 464,972 916.60 0.006 2.224
1708161, 2784%6. 432.978 926.38 0.0086 2.2%0
182956%. 263078, 430. 767 93%.2f 0.006 2.236
1862178, 246061, ¢21.801 96.09 0.006 2.241
1880211, 227068, 401,405 9356.02° 0.005 2.247
18753813, 204157, 376. 740 966.01 0.00% 2.25%52
1836071, 177916, 346.7089 976¢.0¢ 0.00% 2.2%8
1745123, 148310, 310.2% 986.13 0.006 2.283
1588787, 116415, 266,252 996.27 0.008 2.270
1343283, 83604. 213,465 1006.46 -0.008 2.277
995201. 5297, 151.500 tol6.71 0.01F 2.200
551327, 29082. 82.973 . 1026.17 0.030 2.319
IRISENL IXN-SIR CRISEIR IKy-508 RISEID
10. 9 509.8 23.7 287.9 10.9

1OENT SAd6) $S.0.65F15619 SO0. CAL.
) . . t INE ’ ) .
TYPE  FRAME H. P, POLCS PHASE VOLTS FREQ ENCL
CF 68R.S 100.0 2. 3. 4160, 60, WPl
t2) : sLipP RPM EFF P.F.
LOCKCED RAOTORELD 100.00- 75C 0. n.0 24.)
LOCKFD ROTORE2) 100.00- 95C 0. 0.0 - 2%. 1
BRT AK DUNN. 4.07 3454, 87.5 68.9
1-176 LOAD 0.74 3573 94.6 92.6
1.15 LOAD 0.68 3576, 9.6 - 92.%
Futt L0AD 0.58 3579, 94.5 92.3
L V2% LUAD 0.43 3586, 94.0 90.7
172 LOAD 0.29 3590, 92.6 86.1
130 LINE VLTS = 4150.(100.0/0,STR 4O0C,ARTR 40C)
(A) n (cy (o) (13 ] (1]
sLiP APy EFF P.F. iHP)oULT {71)ouy
100.00 o. 0.0 23.0 0.0 1424.13
25.00 180. 3.4 22.6 “7.54 1307.21
90.00 360. 6.8 22.4 93.09 1358.06
AS .00 %40, 8.7 22.2 - BlT.10 1139.01
80.00 T20. 12.8 22.0 169,70 1237.81
75.00 200. 16.9 22.0 221.97 129%.27
. 10,00 1080, 20.6 21.9 266.69 1296.87
'65.00 t1260. - 26el 22.0 310.11 1292.58
60,00 1440, 27.7 22.1 35¢.70 1293.481
55.00 1620, It.3 22.3 400.90 1299.46
50,00 1800. 35.1 22.9 448,70 1309.17
45.00 1980, 38.8 22.6 495.42 1314.00
«0,00 " 2160, 42.6 22.9 S44.A7 1326.80
15%.00 2340. 46.6 23.3 599.62 1345. 76
30.00 2520. Sl.t 28,2 675.98 1408.79
25.00 2700,  %8.0 2%.9 T69.11 1496.02
. 20,00 28A0. 61.2 2T7.6 0808.4% 1620.14
15.00 3069, 6r.1 30.2 1053.25 1807.67
19.00 © 3240, 74,0 3.8 1386.26 2247.0%
9.50 3254, 75.8 38.4 1463.21 2326.4)
2.00 _3276. 76.8 39.8 1504.96 2612.63
a.%0 329, 1.9 41.4 1570.33 2503.68
8.00 2, 78.9 43.2 1639.34 ' 2599.351
1450 3330. 80.0 45.1 1T11.88 2699.85
7.00 3134A, 8l.1 47,2 17187.59 2R04.10
6. 50 )6k, 82.2 49.5 10865.80 291t.14
6.00 3384. 03.3 52.0 - 1945.33 3019.08
5.%0 3402. L LYY 54.8 2024.21 3124.07
5.00 3420. 85.6 $7.9 2099,.32 3223.76
4 .50 1434, 86.8 61.% 2165.85 3300.53
4.00 3456. 8r.9 65,0 2216.56 3768.3%
3.50 1476, 89.1 69.1 2240.77 3387.50
3.00 3492. 90.)3 73.5 222327 3343.71
2.50 3510. 25 18.1 21sl .08 3203.59
2 .00 1578, 9.7 a2.4 197,16 293,76
1.50 1546, 93.8 ar.y 1668.97 2501.47
100 1564, 9%.7 9.2 1263.37 1861 .67
0,51 582, 9.7 22.2 700.22 1026.77
ta) : RPY HKK (SECHT  IKM-SDTL IXw-SH1Q
3582. 224, 2.32 1435.1 600.9

ACCELERATION

IRTCORD FOLF CY3ITFX T4-08-25, PROGRAN VERSION 747167101, RFVISION DATF 83-11-20)
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PRECRAY METINT

= 3744.1 90.0/70,51R

£3) L INF VLTS

7Y
seie
100.00
95.00.
90.00
A5 .00
A0 .00
75.00
70.00
65.00
60.00
55.00
50,00
45.00
40.00
35.00
30,00
25.00
20.00
15.00
10,00
9,50
9.00
R.50
. 8.00
7.50
7.00
6. 50
#.00
5.50
%.00
%.50
4.00
1.50
¥.00
2.50
2.00
" 1.50
1.00

{6}
ACCFLERATION

1DENT

(R}
RPN
0.
180, -
340,
540.
120,
900. .
1080,
1260,
lh“o.
1620,
1800,
1980.
2160,
2340,
2520,
2700,
78R0.
3060.
3240,
1754,
3276,
329,
1312,
31390,
334R,
1366.
1184,
3402,
3420,
3438.
3456,
3474,
1492,
3519,
3528,
1546,
1564.

SAl6)

)
EFF
0.0
‘.~
6.8
..1
12.8
‘6.9
zo.“
2‘.'
21.7
3.3
35.1
38.0
42.6
46.6
S1.1
55.9
6..?
61.0
74.8
15.8
76.8
77.8
78.9
79.9
A1.0
az.1
a2
84.4

- 85.9

86.7
871.9
89.1
90.13
9.4
92.6
93.7
94.6

(1}
P.F.
2201
22.6
22.1
21.9
21.8
21.7
2.7
21.7
21.8
22.0
22.2
22.4

‘226
23.0
24.0
25.3
27.1
30.0
6.8
8.1
39.6
61.2

. 42.9
4.8
46.9
49.2
St.7
54.9
57.6
6l.1
64.8
69.0
13.4
8.1

83.0

87.7
9.7

(SECHT
3.20

(E)
tHPIOUT
o.o
37.50
73.45
92.413
133.96
115.27
210.65
245.01
280.32
316.92
354.80
391,83
431.04
AT4. 07
535.10
609.11
704 .07
835.43
1101.80
1167.52
1197.15
1249.78
1305.43
"1764.03
1625.35
t48A.AB
1553.71
1618.32
1680.27
1735.74
LTTA.95
1801.28
1787.59
1727.79
1596.02
1370.26
1025.92
T09.43

(KW-SHTL
1536. 8

. AF)
(RID1TA
1123.06
1094.23
1071.5)
898.92
9IT.16
1022.78
1024.35

1021.29%

1022.35
1027.41
1035.19
1039.31
1049.03
1064.88
1115.18

" 1184.80

1263.91
1433.04
1785,.96
1049.78

1919.19

1992.60
2070.02
2151.25%
2235.87
2323.03
2411.29
26498.28
25080.26
2651.50
2703.34
27123.09
2680.47
25085.21
2375.86
2029.43
1s1t.70
1041.72

(Ku-SH1
650.9

- " . - - . W — - - T - " - - = - - =

30
INPSTY
834570,
816567,
801676,
789427,
779509,
L T28.
- 763798,
730487,
155374,
754328,
754726,
793377,
754393,
759516,
781350.
al2770.
83872%.
929507,
1099417,
11300408,
1163232,
1198168,
1234792,
1272947,
1312326,
1352400.
1392308,

1430683. .

1465455,
14934801,
1510126,
1508680.
LATT455.
1409492,
1285681 .
1091015.
809413,

558784,

e e e e e i - - - - . — T - > - = W e e M - T " - S W W M5 S e B D as 4 e

(RISENL
1.9

(1,0
-LOSSES

‘834570,

7668765,
747053,
720646,
679739,
68133,
6068) 7.
s7s871.
546419,
s18070.
490210.
1233,
432999,
sos 128,
382333,
358548,
333676,

306556.

277708,

" 274241,

270406.
266091,
261200,
253634,
249300.

‘241991,

233541,

223728,

212292,
198939.
1A3356.
165252,
144233,
120863,

95327,

69038.

44250,

29666,

IKM-$IR
538.8

%

566.914
563.333
559.628
535,013
3%1.901
547.094
543,032
538,204
533.473
328.397
$23.673
510.030
513.874
508.703
502.679
496.01¢
488,262
478.497
460.73%
457.324
453.398

448,972 .

443,951
438,217
431,620
423,973
415.040
404, 321
392,038
377.106
359, 114
337. 302
310.510
278,246
238,998
191.85%
136,125

92,351

(RISEIR
24.7

ALL OATA ON THIS PAGE ARE CALCULATED

- - ——

(19} (19 ) n) sorc SOTH
(TILOAD (SECHIA (SECIT SEC  SEC
0.0 0.0 0.0 10.72 9.22
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APPENDIX V

September 9, 1988

Mr. L. Elder: | .

SUBJECT: Charging Pump Motor Recertification
San Onofre Nuclear Generating Station, Unit 1

Reference: 1. Memo from G. J. Staﬁniciy to W. W. Strom e
datgd August 15, 1988 _

2. Letter from L. E. Eldar (W) to G. J. Stawniczy
dated July 15, 1988 . - _

\ The above references provide information on overload and normal

4 : loading conditions for the charging pump motor recertification

. ‘ effor:.t zo further clarify these references, the following values
are stated: ‘ -

796 HP for 6 hours
694 HP for 30 da{s
§00 HP for normal operation

The attached memo for file provides information on the rewind of the
~ south charging pump motor in 1972.

N

A11

J. Thiel
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APPENDIX VI.

- o ©SAN ONOFRE NUCLEAR GENERATING STATION

* MEMORANOUM FOR FILE -

June 21, 1972

SUBJECT:  SOUTH CHARGING PUMP AND MOTOR FAILURE

- On April 37, 1972, a routine unit startup was 1n prograss wi th no
unusual conditions existing. Tha unit was on the Tine at 55 Mile and the
auxiliaries on A & B transformers.

The unit tripped on high steam gererator
level at 12:53:24 a.m. .

One mincte after the trip, the south charging pump was ruaning and
pumping from the volume contro) tank. Four minutes later the low level in the
volure control tank {nitfated an "open" signal to the refueling water storage
tank suction valve and a "cjpse” si?nal to the volune contro) nk suction

valve {MOV-LCV 1100 ),

However, ¢

ectrical bus 2 was de<gnergized and the

- motor for MOV-LCV 1100 ¢ had

contirued $0 pump from thg vo

NG power,

Consequent?

lure control tank untf

{. the south charging pump
P

-
|
l
|
|
{
|

Ower was restored to bus

¢C (about four minutgs ).

‘It 1s estimated that

minutes urder hydro

en pressure from the valume

»Imp wWas venteg twe?ve minutes after the trip bu
two minutes after venting, ~ o

the pump cavitated for three
eARtral fank . Tho.ghamging

Subséquenc inve
the motor to burn up. Th

stigation revealed that the
e moter was shipped to Westi

puip had seized and caused |

I
|
|
J
t eventually fafled some twenty-;
f

nghouse in Los

Angeles

station.

for repair, The pump was dismantled, ingpected, and repaired on

The pump was fdund in the fc?%owihq condition:

1. Pressure brezk-down sleeve fused to the pressure break-
down bushing. -

2. The Sth, Eth, 9th, 10th and 11th stage fmpeller wear .
rings fpsed to the inter-cover wear rings. :

3. Inboard anc guthoors bearings and mechanica: icaTs had
excessive clearances. » S

Repair of thg punp required 49 shifty, 123 mandays and.the foilowing

paris:

1. New pump shaft SR “ h o
2. New fmpeller wear rings ' '
3. New inter-cover wear rings _ B ]




Page 2

‘. : o APPENDIX VI

. New inter-cover bushings : o
New inpeller spacers . - a

ew impellier Yock nut :

New thrust runner ' .

New {nboard and outboard mechanfca) sea?x and bearings.

RN, T

| ' . The pump was returned to service May 22, 1972, Bearing of)
| o e1p-'atJre and pump vibrations were normal. The motor was d'awing 39
amps at 87 gpm. ‘ _
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INDUCTION MOTOR DATA SHEET (600 1P - Original Rating)
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INDUCTION MOTOR DATA SHEET (700 1P - New Rating)
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ESTIMATION OF TEMPERATURE RISE BY RESISTANCE
(From Test 1!, S.0, 27N7703)

. _ Ref. Test Rating - , | New Rating

600 HP SF 1.00 | 700 BP SF 1.15
(5.0. 27N7703) | A (5.0. 67F15619)
&9.21 . MCL | 49,21
7.5 R % End ' 71.5
28.5 7 Core | ) 28.5
9.68 IR +LL  15.16
2.76 ' o . Core Portion e 4,32
7.40 | | _ ; Core Loss C ' 7.40
10.16 - o £ in Core . A 11.72
6.92 " loss in Ends | 10.84
| o 222 T wm O aas
"II’ 7.78 o FW o 1.74
' 27.08 Total Loss 34,46

- Reference Temperature Test Data

Air Out = 38.5°C Alr Rise - 12.5°C

Air In = 26°C Rise by Resistance = 26.5°C

Core Length = 14 inches

Air Rise New Rating

(1) Air rise of Reference = 12.5°C

Average Air Rise - 1332' - 6.25°C
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(2) PRatio as total losses per inch of core

3,46 14

Air rise = (6.25) 35458 X 1z - 8°C average

Total air rise. = 8x2 = 16°

‘Rise by Resistance New Rating

Rise by Resistance of Reference = 26.50°C
Less Average Air* - 6,25

Difference = 20,25

Rise by Resistance of New Design =

‘ 10.84 11.72 4
- 2025 % (L) + (FE x )
5 + Average Ailr

- 27.54 + Average Air

+ 27.54 + 8 = 35,5°C

Symbols

MCL - Mean length of stator conductor in inches

A End_» | - Percentage of end turn poffion of statof conductor
%2 Core E ‘.- Perceqtagg of cbre port;on of stgtor cpnductor
,1123. = - Stator copper loss in kW

LL : . Sfray load loss in kW~

Core éortion (IlzR + LL) loss is separated in direct proportion

§ end turn loss to the length of mean conductor (MCL) in core and

end turns.
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ESTIMATION OF TEMPERATURE RISE BY RESISTANCE
(From Test 2, S.0. 18N6403)

Ref. Test Rating : -New Rating

600 HP SF 1.00 . 700 HP SF 1.15
(5.0. 18N6403) ’ | . (S.0. 67F15619)
48.5 MCL ‘ ‘ 49.21

73. . o %Ed 718
27, % Core | '28.5
13.84 - - IR +LL 15.16
3.74 | Co:e Portion - 4,32
3.13 - Core Loss : ;4 : .. 7.40
6.87 . £ in Core | | 11.72
10.10 © Loss in Ends | 10.84
3.64 - | I,%R | 416
8.80°  m | < 774

29.40 ' : Total Loss ’ ’ 34,46

" Reference Temperature Test Data

Air Out = 38°C Air Rise . = 9°C

Air In = 29°C ’ Rise by Resistance = 29°C
Core Length = 13 inches

Air Rise New Rating

(1) Air rise of Reference = 9°C

- 4.5°C

(LS 1V~ Y.}

Average Air Rise -
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(2) Ratio as total losses per inch of core
34.46 1

. o Alr rise = (4.5) 355.5 X 1—2 = 5°C average

Total air rise = 5 x 2 = 10°C

Rise by Resistance New Rating

Rise by Resistance of Reference = 29,00°C
Less Average Air - 4,50

Difference = 24.50

Rise by Resis;ahce 6f New Design =

11.72

.- 24.SOX(i—g.I-%%)+(—6——8-7 x%)
o - 5 . + Average Air

. ‘ = 32.55 + Average Air

+ 32,55 + 5 = 37.5°C
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ESTIMATION OF TEMPERATURE RISE BY RESISTANCE

(From Test I, S.0. 2/N7703)
' Ref. ‘I;est: Rating » _ o | . New Rating
299 WP SF 1.00 - : : 700 HP SF 1.15
(S.0. 27N7703) ‘ . (5.0 67F15619)
49.21 |  MCL - | - 49,21
s | . % End | | o TLs
8.5 o % Core 128.5
4.02 e i - | 15.16
1.15 | Core Portion 4.32
140 Core Loss | 7.40
8.55 A I in Core 11.72
2,87 ‘ Loss in Ends | L 10.8
.56 o IR - o 4.16
ilII’ 8 FW o 1
| 19.81 : Total Loss 3.6
Reference.Temperature Tesf Data

‘Afr Out = 38.5°C © Mr Rise = 12.5°
Air In = 26°C _ - Rise by Resistance = 26.5°C
Core Length - = 14 inches

Air Rise New Rating

(1) Air rise of Reference' = .12.S°C

Average Alr Rige = lZéi = 6.25°C
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(2) Ratio as total losses per inch of core

34,46
19 8L. %

—
FS

Air rise = (6. 25)

= 11°C average

—
F o8

Total air rise = 11 x 2 = 22°C

Rise by Resistance New Rating

Rise by Resistance of Reference = 26.50°C

Less Average Air - 6.25

‘Difference =  20.25

Rise by Resistaﬁce of New Design =

10.84 11.72 14
= 2025 x (557) + (55 x 15
5 + Average Air

= 52,12 + Average Air

+ 52.12 + 11 = 63.1°C

Page 6
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APPENDIX IX

Southem California E&ﬂchACkwnbany

P. Q. BOX 000
2131 WALNUT GROVE AVENUE
ROSEMEAD, CALIFORNIA 91770

Auqust_15. 1988 _

Mr. Lee E]der

westinghouse Electric Corporat1on
9095 Telstar Avenue

"E1 Monte, California 91731

Dear Mr. Elder:

SUBJECT: Recertification of Charging Pump Motors G8A/GES
San Onofre Nuclear Generating Station uUnit 1

Reference: 1. SCE letter from R. L. Phelps to D. Nastasy, dated
‘ July 22, 1988

2. Westinghouse letter from J. D, Nastasy to L. E. E1dtr.
dated July 28, 1968

3. Westinghouse Tetter from J. 0. Nastasy to L. E. Elder,
dated August 2, 1988 ‘

As d1scussnd with you and Mr. oon Fellows of SCE on July 22, 1988. we are
requesting that Westinghouse immediately begin recertification of the existing
charging pump motors (G8A, G8B) from 600 KP/Service Factor 1,15 to 700 WP/SF
1.15. Westinghouse is expected to provide a letter of certification with
backup analyses for the charging pump motors and a certificate of conformance
to the original Specificattion No. B8S0-356 (Attachment 1) and the equipment
qualification requirements in the Reference ) letter. Please also provide a
completed motor data sheet (Attachment 2) and supply existing test

- data/drawings for these motors. SCE 1s not requesting & new warranty on these

motors.

‘ ~In response to your questions in Reference Nos. 2 and 3 letters, Attacnmcnts

3, 4, and 5 are enclosed to provido the required information.

VComplet1on of this work s expected by August 26, 1988. A new quotation for
- this work 1s also required as soon as possible.

Page 1
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Mr. L:ee £1der \ =Qe _ August 15, 1988

If vou have any questions regarding this materisl, please call me at
(81e) 302-8522. or Mr. Allen Thiel at (818) 302-7496.

Very tru1y yours.

A - George J. Stawniczy 3/
: Project Engineer

00221
Attachments

cc: J. Harim
D. Nastasy
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MEMORANDUM FOR FILE

October 27, 1988

SUBJECT: Justification for Continued Operatlon of South
Charging Pump G8B
San Onofre Nuclear Generating Station
Unit 1

PURPOSE: _ The purpose of this memorandum for file is to
document the evaluation which provides the justification for

- continued operation for the south charging pump motor (G8B) until

- the cycle 11 refuellng outage tentatively scheduled for the first
guarter of 1991.

BACKGROUND :

Discovery of the Problem:

In mid-June of this year, the Nuclear Systems Engineering Group
asked the Mechanical Group to evaluate the capability of the
charging pump motors to support higher flow requirements during
the initial phase of safety injection. Westinghouse performed

. the evaluation and concluded that the motors are capable of .
supporting the higher flow requirements. Part of the basis for
the Westinghouse conclusion was that the motors were constructed.
with a frame size capable of supporting a much higher horsepower
requirement than needed, even for the new safety injection flows.

During the same time period the NRC noted that the charging pump
motors operate beyond their service factor of 1.15 during the
initial safety injection phase. The NRC required that the motors
be recertified to bring the accident operation within the rated
service factor. To respond to the NRC request, Westinghouse
asked SCE to provide the maintenance history for the motors.
During the research into the maintenance history, SCE learned
that the south charging pump motor was rewound in 1972 after a
major incident when the pump seized. Continuing research
revealed a shop data sheet which confirmed the work at
Westinghouse's Compton Repair Facility. Unfortunately, all other
supporting records from Compton were routinely destroyed because
there were no record retention requirements.

The discovery that the south charging pump motor was rewound
caused the qualification for it to be suspect. The qualification
package [7] is based on the materials and shop practices of the
Westinghouse Buffalo plant where the motor was originally
manufactured. Review of the north charging pump motor .
maintenance history has revealed no rewind act1v1ty, therefore,
its! quallflcatlon status 1s not suspect




Location &.EnVironment:

The charging pump motors operate at 4160 V and have a nameplate
horsepower rating of 600 with a service factor of 1.15. 1In
Reference 2, Westinghouse recertified the motors for 700
horsepower with a service factor of 1.15. The design pressure
for the pumps is 2735 psig. The charging pumps are located in
the Reactor Auxiliary Building below the volume control tank at
elevation 5 ft. The evironmental zone is area "8".

As defined in Reference 3, the DBA parameters for the charging
pump rooms are a composite of the LOCA and HELB accidents.
However, the DBA humidity parameter is the result of a HELB (2"
steam line MSS-8-2"-EG) which is almost immediately cut off (1
second duration) by an excess flow check valve installed by DCP

-3341.6TM. Analysis of this break scenario [10] shows a

stabilized temperature of 102.7°F which is within the operating
ambient temperature range of 104°F defined for the charging pump
rooms [3]. Although the humidity increase resulting from this
break is not analyzed, it is reasonable to assume that effects on
charging pump motors would be negligible due to their elevated
temperature (above ambient) from either energized motor space
heaters or motor selfheating . Due to their elevated
temperature, condensation within the motor is extremely unllkely
Additional credit can be taken for charging pump room ventilation
which would quickly dissipate the amount of steam released by
such a short duration break in a 2" steam line.

Note: Normal Auxiliary Bulldlng ventilation would not be
affected by the subject HELB.

Therefore, the only harsh environment seen by the charglng pumgs
is a slight increase in temperature (104 F, HELB) and 4.0 x 10
rads TID (LOCA).

Safety function of the Charging Pumps:

A. Normal operation: The charging pumps provide the head

necessary to inject process fluid from the Chemical and Volume - |
Control System against the full system pressure of the Reactor

Coolant System

B. Post - Accident: Per the SONGS 1 original design bases, no

credit is taken for charging pump flow during the safety
injection mode immediately post DBA. <Credit is taken for long
term (120 days) recirculation requirements post DBA. However,
until the cycle 10 refueling outage, consistent with the main
feedwater system single failure analysis [11], credit is taken
for charging pump borated water injection immediately following a
steam line break outside Containment. Beginning with the cycle
10 return to service, no credit will be taken for charging pump
flow during the safety injection mode due to the implementation
of DCP's 3501.0TE, 3501.01TJ, 3501.02TJ and 3501.03TE. These
DCP's increase the rellablllty of the main feedwater and
auxiliary feedwater systems under post accident environmental
conditions, thus eliminating the main feedwater 51ngle failure
analysis concerns. ’




DISCUSSION

A. Safety Analysis- The following considerations stated in
10CFR50.49, paragraph (i), will be analyzed to ensure that the
plant was operating and can be operated safely pending completion
of rewinding and quallflcatlon of the subject motor.

(1) Accomplishing the safety function by some designated
alternative if the principal equlpment has not been demonstrated
to be fully qualified.

If the south charging pump (G8B) fails, the alternative would be
the north charging pump G8A. G8A is fully qualified by M38305

{2) The validity of partial test data in support of the: original
qualification.

Westinghouse evaluated the rewound motor to assess the impact on
environmental qualification. Westinghouse noted that all records
from the Los Angeles Repair Facility had been routinely '

destroyed; therefore, this evaluation is based on information and.

data supplied by SCE consisting of the attached (see Enclosure 1)
rewind design sheet and insulation specification, and a
description of the rewind methods and materials used by the -
Westinghouse repair shop in 1972. This methods/materials
description is supplied by Mr. Eric Hart of the SCE Westminster
Motor Shop. Mr. Hart formerly worked for Westinghouse in their
Los Angeles repair shop during 1972, Mr. Hart's description of
the rewind methods and materials is believed to apply to the
rewind of the SONGS 1 GS8B charging pump motor This belief is

supported by the following:

(1) This rewind was performed using the standard rewind
specification in place-at the Los Angeles repair
facility. Deviation from this spec1f1cat10n and
methodology would not be expected.

(2) Field inspeCtion of the subject motor revealed that the
: motor leads are General Electric Vulka-Flex. This
motor lead insulation material is consistent with that
which would have been used during rewind work at the
. Los .Angeles repair facility during the 1972 time frame.

As noted above, the post DBA environment is limited to 104°F and
4.0 x 10% rads TID. Based on this environment and the motor
rewind information supplied by SCE (Enclosure 1), Westinghouse
determined that the materials used in the rewound motor are

~suitable for the post accident .environment and that there should

be no safety concern through fuel cycle 10 (see Enclosure 2).




The thermal aging effects induced by overload operation during
-the intitial period of safety injection were evaluated by
Westinghouse in Reference 2. The results were acceptable (i.e.,
greater than 40 years qualified life) and the overload operation
‘has a minor impact on the equivalent age of the motor, which has

a substantial margin. Since the rewound motor also has a Class B
insulation system, similar thermal aging characteristice would be
expected. .= . ) : . ' |

The Westinghouse conclusion.is buttressed by the fact that the
motor has operated satisfactorily for 16 years since it was'
rewound

"(3) Limited use of administrative controls over equipment that
has not been demonstrated to be fully qualified.

"No’ admlnistrative controls are necessary. There is a high level
of confidence that the motor will perform its intended safety
function. If the motor should fail, the failure mode will be
consistent with those anticipated in the Emergency Operating
Instructions and will not be misleading to the operators.

(4) Completion of the safety function prior to exposure to the
"accident environment resulting from a design basis event and
ensuring that the subsequent failure of the equipment does not
- degrade any safety function or mislead the operator.

There is hlgh_confldence in the post ac01dent operability of the
. subject motor for the full required 120 days. There are no
“credible failure modes related to the subject motor which would
- result in misleading information to the operator or degradation
-of the safety function of the redundant train.

(5) No significant degradation of any safety function or .
misleading information to the operator as a result of failure of
equipment under the accident environment resulting from a design
basis event.

As noted above, only one pump operates at any given time and is
fully capable of providing the necessary flow to fulfill the

- intended safety function. Additionally, the motor is a simple
on/off device and the pump's flow performance can be readily

- assessed with qualified instruments. Thus, no misleading
information will be supplied to the operators.




Safety Analysis Conclusion:

The insulation system of south charging pump motor G8B has
suitable material characteristics to withstand and function in
post accident environmental conditions and is considered to be in
a justifiable configuration for operation in the past, present

~and until the Cycle 11 refueling outage.

B. Repladement Schedule Considerations:

Rewind or replacement for the G8B charging pump motor is
scheduled for the cycle 11 refueling outage tentatively scheduled
to begin during the first gquarter of 1991. Given the above
safety analysis conclusion and reasonable confidence in the
rewind materials and processes, it is considered prudent to wait.
until the cycle 11 refueling outage for the following reasons:

(1) Per the Westinghouse evaluation and recertification,
the charging pump motors (including the rewound G8B
motor) are considered to have sufficient design margin
to meet the increased flow requirements during 1n1t1a1
safety injection and still remain within a service
factor of 1.15, without exceeding the class "B" motor
‘winding temperature limit of 130°C. Therefore, the G8B
motor meets current design/licensing requirements and
motor rewind is not driven by these considerations.

(2) During fuel cycle 11, Design change Packages may be
implemented which will increase charging flow
requirements. These increased flow requirements will
necessistate motor rewind but they have not yet been
fully defined. Until these requirements are defined,
motor rewind should be delayed so as to av01d redundant
and costly rewind activity.

(3) sSufficient data upon which to base a cycle 10 rewind
decision was not available until October, 1988. the
length of time involved (from mid June to mid October
1988) is reasonable considering the range of issues and
the resultant volume of communications between _
Westinghouse and SCE necessary to resolve these issues.
This process was further complicated due to the
difficulty of document retrleval relating to the motor
rewind work during 1972.

Given the final evaluation completion date of mid
October, the potential cost/schedule impact due to
expanded cycle 10 outage scope would be 81gn1flcant
(see Enclosure 3).



CONCLUSION:

Per the above safety analysis, there is sufficient confidence in
the rewind materials and process to assume that the G8B charging

. pump motor will perform its intended safety function under post

accident’ conditions until the cycle 11 refuellng outage.

Lo W A

“STEVEN W. SMITH
Engineering Consultant

ccC:
C. R. HOVER
L. D. TIPTON
R. L. PHELPS
A. C. LLORENS
CDM FILES

N.E. FILES




(1)
(2)

(3)
(4)

(5)

(6)

(1)

. (8)

(9)

(10)

(11)

REFERENCES

Westinghouse letter to SCE, H. B. Lavender to A. J. Thiel,
September 14, 1988. Subject: Recertification of Charging
Pump Motor G8A/GS8B.

Westinghouse letter to SCE, J. L. Epsteing to G. J.

- Stawniczy, September 15, 1988. Subject: Recertification of

SONGS Unit 1 Charging Pump Motor.
M37387, Rev. 7, Retrofit General Design Criteria Manual}

Westinghodse letter to SCE, L. E. Elder to G. J. Stawniczy,
July 15, 1988. Subject: SCE Company San Onofre Nuclear

- Generating Station Unit 1 Charging Pump Documentation
‘Package. '

Station Procedure #S01-1.0-23 "Trahsfer to Cold Leg
Injection & Recirculation®.

Telcon by C. R. Hover, L. D. Tipton of SCE and A. Alsammarae
of S & L with A. Anderson of Westinghouse, September 19,
1988. Subject: Insulation Specification from Rewind Shop
for South Charging Pump (G8B). ' :

EQDP M38305, "Westinghouse 3 Phase Induction Motor".

System Description, SD-S01-310, "Chemical & Volume Control
System". : .

System Description, SD-S01-580, "Safety Injection, Spray and-
Recirculation Systems".

SONGS 1 Calculation No. DC-2160, Area 8 Temperature Increase
Calculation: High Energy Line Break, dated 11/22/85 (part
of SONGS 1 PT Profiles package) . :

SCE letter to the NRC, M. 0. Medford to NRC Document Control
Desk, December 1, 1987. Subject: Docket No. 50-206
Engineered Safety Features Single Failure Analysis San
Onofre Nuclear Generating Station Unit 1. ‘




Enclosure 1

Southern California Edison Company

P, O. BOX 800
2.1 31 WALNUT GROVE AVENUE

ROSEMEAD, CALIFORNIA 831770

October 24, 1988

Mr. Lee Elder

Westinghouse Electric Corporation
9095 Telstar Avenue

E1l Monte, CA 91731

Dear Mr. E]der:'

Subject: Information on Rewind Methods for
South Changing Pump Motor

San_Onofre Nuclear Generating Station Unit 1

As agreed during our meeting on October 13, 1988, enclosed is a Memorandum for
File prepared by Mr. Eric Hart of the SCE Westminster Motor Shop (formerly
worked for HWestinghouse at the Los Angeles repair shop) regarding the rewind
methods for the south changing pump motor G8B.

In addition, an inspection was performed on the motor leads for the motor.
The following information was found on the leads: "Vulkaflex apparatus lead
#51-58709, 5000V, #4AWG" black in color.

If you have'any questions regarding this information, please call

Mr. Allen Thiel at (818) 302-8339.
)¢ | /M/sg

Q G. J. STAWNICZY .

GJS:AT:aw:0139]

Attachments f3)
cc: Mr. D. Nastasy
Mr. J. Harim

—

4. L. Merlo
A. T. Kaneko
E. Hart

A. Thiel

J. Evelyn

bee:

’
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MEMORANDUM FOR FILE

October 15, 19@8
i

South Charging Pump Motor Rewind
San Onofre Nuclear Generating Statfon, Unit 1

During the recent effort ¢o recertify the Unit 1 charging pump motors,
GBA and GBE, it was discovered that the south charging pump motor GEB was
rewound in 1872. A memorandum for file date June 21, 1972 stated that
the charging pump had seized, causing the motor to fail. The motor was
shipped Lo Westinghouse in Los Angeles for rgpair, ~ '

A documient search was performed by hoth Westinghouse and SCE to idertify
the yowind specification and material used. ‘This information was needed
to determine the traceability of rewind materfal to verify environmenta)
qualification requirements were met. No information was Tocated other
Lhan Lhe a+:

document was located by Mr. Eric Hart of the Southern Calf{fornia Edison

¥ worked for Westinghouse in its Los
Angeles vepair shop during 1972, . |

Since a detailed specification was rot found} Mr. Hart has provided the
Tollewing description of the vew!ind methods and materials used by the
Westinghouse repair shop in 1872, which are believed to apply to the
vewind of the San Onofre Unit 1 south charging pump motor at that time:

s rewind was performed using the standard rewind specification in
place at the Loc Angeles repeair facility, ‘and deviations from this
specification and methodology would not be expected. The motor wes
wound with an epoxy mica insulating material. The lead cable
malerizl 1s General Electyric Vulka-Fiex. ' The slot jiner is dacron
mylar, The wedges and Filler matorial are canvas-bzsed micarta. The
~dipping varnish §s B-179 epoXy. The connection insulation 4s the
rame materisl as used on the coils. O inspection, {f the cable
material is not jdentifjable as Vulka-Fiex, the only other {nsulation

matet1a1 used at that time for lead cable 3t this voltage was glass
reinforced si{licon rubber, which is red.

Prepared by: _

e - !
_.‘W-" u_-.!»-o.-

|

M1SCro23/) f

ATTACHMENT f}
i

“tached rewind design sheet and insylation specification. This.-
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October 19, 1988

G. J. STAWNICZY

SUBJECT: Inspection of South Charging Pump Motor Leads,
San Onofre Nuclear Generating Station Unit 1

Reference: Letter to O. G. Hollaway from G. J. Stawniczy dated
October 14, 1988, Same Subject

Per your request from the above reference, Retrofit has inspected

the Unit 1 South Charging Pump Motor (MG-8B) motor leads at the
ferminal box. The following information was found on the motor
leads: "Vulkaflex apparatus lead #S1-58709, 5000V, #4AWG", black
in color. Attached is the Construction Work Order 88101310000
for your documentation. ;

If you have any questions, contéct me at PAX 87-521.

4 v /4. Hollawgy

TElkins:ks

cc: X. O'Connor
T. Elkins
A. Kaneko
R. Phelps
A. Thiel
M. McEiroy




Enclosure 2

. . Box 355
‘E’fgg'r?g%%ggg ration Energy Sy Stems : Pior)t(sburgn Pennsylvania 15230.035%
' October 26, 1988
. SCE-88-751
Mr. George J, Stawniczy ' - SCE P.0. S8D00038

.Engineering Division GO03 ' " W G.0. LA-39867
~ Southern California Edison Company A
2244 Walnut Grove Avenue '
P.0. Box 800
Rosemead, California 91770

Reference: Southern California Edison Company Letters:
1) R. L. Phelps to L. C. Elder - dated 10/20/88
2) G. J. Stawniczy to L. E. Elder - dated 10/24/88

Southern California Edison Company
San Onofre Nuclear Generating Station Unit 1
20uth Charqing Pump Motor

Dear Mr. Stawniczy:

Attached 1s the updated Westinghouse position on the subject motor. This
update is based on new and additional information received in a meeting with
SCE on October 13, 1988, and confirmed in the Southern California Edison
Company letters referenced above, .

This transmittal completes ajl outstanding engincering actions related to
recertification of the SCE SONGS 1 charging pump motors. :

If you éhou]d have any questions, please db not hesitate to call,
Sincerely,
cbn/omA%,/'
L. E. Elder, Project Manager

Western Area
U.S. Nuclear Projects 1

JAH/mbs

Attachment

. Worthington - W - 1L, 1A

. J. Thiel - Rosemead - 1L, 1A
. L. Phelps - Rosemead - 1L, 1A
- L. Crafg - ¥ - 1L, 1A

. C. Calton - § - 1L, 1A

cc:

o>
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Southern California Edison Company
P. O. BOX 800

2244 WALNUT GROVE AVENUE

ROSEMEAD, CALIFORNIA 91770

October 20, 1988

Mr. L.E. Elder, Project Manager
Westinghouse Electric Corp.
P.0. Box 355

Pittsburgh, PA 15230-0355

Dear Mr. Elder:

Pursuant to our action item from the SCE - Westinghouse meeting on

October 13, 1988, we are enclosing the page from the Retrofit

General DeSTQH Cr1ter1a Manual which is applicable for the
charging pump room, area 8.8.

The 100% humidity requirement is based on the break of a small
steam line in the auxiliary building, which is terminated by an
excess~-flow check valve. This event does not result in area
radiation or plant trip, so that normal ventilation systems are
assumed to remain in service. Consequently, the puff release of
steam would cause only a brief humidity excusion above the normal
60% RH. The limiting post-accident environmental conditions for
the charging pumps will therefore be 104°F 0 PSIG, 60% RH and 4
X 106 RADS for a LOCA.

If you have any questions or. requ1re additional information,
please contact me.

Very truly yodrs,
Phe]ps

Enclosure
CRH:ts.

cc: B. Craig

0082L-27
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'RCS/ME (88) - 561

SOUTRERN CALIFORNIA EDISON CO.
SONGS - UNIT 1

Rewind of South Charging Pump Motor

This documentation supersedes both RCS/ME(88)-459 Rev. 1 and

RCS/ME(88)-523.

Attachment 3 of SCE/G. J. Stawniczy letter of August 15, 1988 to L. Elder
identified the motor (S.0. 65F15619) on the South Charging Pump (GBB) was

~ rewound in 1972, SCE memorandum of July 21, 1972 indicated this work was

performed at Westinghouse Los Angeles Apparatus Repair plant. Subsequent
to 1ssuing RCS/ME(88)-459 Rev. 1, Hmited detai) records (Insulation Spee,
Order #C386 dated 5/72) pertaining specifically to repair of the South
charging pump motor were recovered by SCE. The following evaluation {s
based on those records as supplemented by motor rowind materials and
processes identified by SCE/G. J. Stawniczy letter of October 24, 1988 to
L. Elder and motor environmental conditions during Cycle 10 identified by
SCE/R. L. Phelps letter of October 20, 1988 to L. E. Elder.

An investigation of all the information referenced above concerning the
rewind indicates the mater{als used in the coils are made of Mica, glass
cloth, epoxy and polyester, A1l of these_materials could be expected to
meet SCE radiation requirements of 4 x 10° rads, SCE has fdentified the -
other materials used in the rewind such as slot liner, cable, etc. and
based on test data of ogher similar.materials, these could also be
expected to meet 4 x 10° rads. .

It 1s concluded that the rewind was done with acceptable materials and
practicgs at the time, - '

Hestinghouse belfeves there is no bas{s for a safety concern during

- Cycle 10 with respect to this vewound motor and engineering Judgement

would support continued operation through the end of that cycle.

QCM Q—Vé&—»\ /'0/,25/3’8'

A. A. Anderson
NSD/RCS Mechanical Equipment

Approvedafé?y '
J. D, Nastasy, M
NSD/RCS Mechani

’

Equipment




ENCLOSﬁRE 3 . . -MEMORANDUM FOR FILE
Page 1 of 3 October 27, 1988

DISCUSSION OF POTENTIAL COST/SCHEDULING IMPACT FACTORS
FOR REWIND OF THE SOl G8B SOUTH CHARGING PUMP MOTOR

In light of the indeterminate qualification status and associated
JCO relating to the SO01 G8B motor rewind in 1972, the following
discussion of cost and scheduling impact is deemed necessary.
Potential Cycle 10 outage impact and costs are based on a rewind
decision date of 10/25/88 (see page 3).

. There are three basic options:

1) Rewind existing motor

2) Replace with surplus motors

3) Purchase new motor for installation during cycle 11
outage

Option 1: Rewind existing motor
Rewinding can be further divide into two paths:

a) Rewind motor during the Cycle 10 outage to current
rating (600/700 HP) at a capital cost of 173K.
Potential outage impact of 10 to 14 day extension at
80k/day. Total cost is estimated at 973k to 1293k,
depending on outage impact.*

- b) Rewind motor during the Cycle 10 outage to maximum
allowed rating of 1000 HP at a capital cost of 260k and
an estimated outage extension of 28 days at 80k/day.
Total estimated cost is 2500k.

Option'2: Replace with surplus 1000 HP motor

Capital cost 242k. Outage schedule impact unknown but
. there is a high potential for significant impact.

* Note: Rewinding to 600/700 HP during Cycle 10 still leaves
the necessity of further rewind during Cycle 11 in order to
accomodate increased charging flow requirements post Cycle
11 outage.




ENCLOSURE 3
Page 2 of 3

Option 3: Purchase new 1000 HP motor for installation during the
cycle 11 outage. A new motor is not available for the
cycle 10 outage. ' ' '

Capital cost 37.5k.

Summary:
Option 1 (a) -- 973k to 1293k: motor replacement (37.5k) still
necessary during Cycle 11 outage.
Option 1 (b) -- 2500k
Option 2 -—- 242k. High probability of significant outage
' extension.
Option 3 -- 37.5k.
Conclusion: Given the JCO conclusion of no safety concern, the

most reasonalbe option, based on cost and
scheduling, is to delay rewind until the Cycle 11
outage.
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' SUBJECT: Pump Motor Load Test for Diesel Generator Loading
San Onofre Nuclear Generating Station, Unit 1

References: A. Design Calculation DC-2990, LOCA Injection
Mode Pump Loads, Revision 0

B. Design Calculation DC-1809, Emergency Diesel
Generator Loading, Revision 4

C. Special Engineering Procedures, SO1-SPE-696
through SO1-SPE-702, Revision 0

To support the Emergency Diesel Generator loading evaluation, SCE Engineering
performed a calculation (Reference A) to re-assess motor loads for seven (7)
safety related pumps. As part of the input data for this calculation,
Inservice Test (IST) data was utilized to establish the performance
characteristics of these pumps. The IST program at SONGS 1 is consistent with
the requirements of Section XI of the ASME Code. In accordance with
Section XI, inservice tests are performed periodically to assess the

‘ operational readiness of safety related pumps. The parameters that are
measured during these tests consist of speed, inlet pressure, differential
pressure, flow rate, vibration amplitude, and bearing temperature. The
measured values of these parameters are then compared to acceptable limits to
confirm the operational readiness of these pumps. Since some of these pumps
cannot practically be tested at full flow conditions, as is the case for SI
and RA pumps, a bypass mini-flow is used to establish the reference values of
the test parameters. This is consistent with Article IWP-3110 of ASME
Section XI Code.

For the purpose of calculation DC-2990, the IST data was used to confirm the
pump performance curves which were then used to establish the brake horsepower
required for the operation of these pumps during a postulated LOCA. These
brake horsepower values were then used to determine diesel generator loads in
Calculation DC-1809 (Reference B).

In order to confirm that the brake horsepower values obtained from the pump
performance curves were valid, additional pump motor load tests were performed
on these seven pumps (Reference C). The objective of these tests was to
obtain different data points on the performance curves to provide greater
assurance of the validity of these curves and to obtain pump motor loading
data to aid in verifying the Diesel Generator Load Calculation DC-1809.

The Special Engineering Procedures (Reference C) were made exclusively for the
pump motor Toad tests and were similar to the pump Inservice Test per




Section XI of the ASME Code. Typically, these procedures recorded the flow,
and suction and discharge pressures through the normal plant instrumentation;
additionally, motor voltages and amperages were measured with instruments
calibrated to +1% accuracy.

In the case of the main feedwater pumps, the test was conducted with the flow
orifice for Steam Generator A installed backwards. The orifice was installed
backwards following the inspection of the line and the orifice during the
second mid-cycle outage (February through August 1988). This was not
discovered until the plant was subsequently brought to full power and the
deviation from previous full power flow data became apparent. Based on an
evaluation made with regard to the total flow, this deviation was found to
have no significant impact both on the SG flow requirements or the pump curve
verification. The test values obtained for the Main Feedwater Pumps have -
demonstrated that the pumps continue to operate consistent with the pump
performance curve.

The results of these tests are summarized on the attached marked up pump
performance curves. It can be seen that the latest test data is consistent

with the IST data used in the calculation. Consequently, it is concluded that

the brake horsepower values established in Calculation DC-2990 remain valid
input for the Emergency Diesel Generator Loading Calculation, DC-1809.

0578n
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