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This calculation is performed as part of the PYNGS response to NRC Inspection Report 90 -121. Pages five
and ‘six of that report provide failure data on Holophane, Exide and Emergl-Luc units. The data is presented
pn a reliability basis, e.g., 4 of 4 Holophane units (100%) failed in Unit 1 in 1988. The conclusion is drawn
that the emergency lighting is not reliable.

While the failure numbers used by the NRC in the report are an accurate reproduction of data provided to the
NRC in the June 29, 1990 letter, their method of portraying failures can be misleading. The purpose of this
study is to provide a more proper way of portraying the failures of the Exide units.

2.0 SUMMARY

An average unavailability indicator was developed. The unavailability indicator for each component (and
eroup of components) is calculated for a specific time period by dividing the total number of unavailable
days by the total number of days in the time period. Thus, a value of zero means a component was always
available. A value of one implies a component was never available. This method is basically the method em-
ployed by INPO to monitor the readiness of important safety systems to respond to off-normal events or acc1-
dents. An availability indicator is obtained by subtracting the unavaxlabxhty from one.

The rcsulnng avcrage availability mdlcators for the various units and Exides as a whole, based oﬁl a tim“e pe-
riod from June 29, 1989 to June 30, 1990 are as follows:

" Unit 1: 0.93
Unit 2: 0.49
Unit 3: 0.89
Unit Average: 0.77

3.0 CRITERIA AND ASSUMPTIONS

There are no applicable design criteria, design assumptions, codes, standards, or other requirements for this
alculation. The basic equation used to calculate the average estimated unavailability for a Exide unit is to di-
vide the total number of unavailable days by the total number of days in the selected time period.

The details involved are described in Section 5.

Two assumptions are made in this calculation. The first assumptions deals with estimating the calendar date
when the Exide failed. Following an accepted reliability approach the failure is assumed to have occurred mid-
boint between the last date the component is known to have been operational and the component failure dis-
Covery date. The second assumption is that is for each Exide unit there are no failures in the time period from
khe last Exide unit test to 6/30/90. This is the assumption as made for INPO’s safety system unavailability
monitoring, i.e. if the failure is not observed then it assumed that there has not been a failure.

410-00V Rev. 12-85 0741900100 PD/50
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4.0 INPQ}/ DATA :

The input data for thlS calculation is a series of failure data for each Exide unit that identify the failure discov-
ery date, the component repair date, and the last date that component is know to have been operational. This in-
formation is used to calculate a known unavailable time and an estimated unavailable time as described in
Section 5.1. The failure data is based on a review of Exide work orders performed by an EED Electrical task
force related to Emergency Lighting. A series of graphs were prepared which depict the work order history of
the Exide units for the time frame June 29, 1989 to June 30, 1990. These graphs serve as a visual aid and help
document which work orders contain information relating to failure data. They are provided as Appendix A.

The failures were compared with Exide failure evaluations previously described to the NRC in References 2,
3, and 4. The results of that compariosn follow.

» Unit 1: QDN-F01 & QDN-NO1 - consistent with previous evaluations.
¢ Unit 1: QDN-F02 & QDN-NO2 - consistent with previous evaluations.

»  Unit 2: QDN-F01 & QDN-NO1 - consistent with previous evaluations (the 06/03/90 failure reported in Ref-
erence 2 is a typo - the actual date is 06/30/90)

» Unit 2: QDN-F02 & QDN-NO2 - consistent with previous evaluations.

» Unit 3: QDN-F01 & QDN-NO1 - the 06/12/90 failure described in Reference 4 is the 05/13/89 failure in Ta-|
ble 1 of this calculation. The 08/07/89 low electrolyte problem evaluated as incipient in Reference 4 is now
classified as a failure with a discovery date of 08/03/89.

» Unit 3: QDN-F02 & QDN-NO02 - consistent with previous evaluations.

The failure daia is contained ir} Table 1.

5.0 CALCULATION AND RESULTS

5.1 Method

An unavailability indicator was developed to quantify the readiness of Exide units to respond to situations in
which they would be required. The indicator for each component (or any group of components) is calculated
for a specific time period by dividing the total number of unavailable days by the total number of days in the
time period. Thus, a value of zero for a component means the component was always available. A value of one
means a component was never available. This method is basically the method employed by INPO to monitor
the readiness of important safety systems to respond to off-normal events or accidents. «

The method requires the development of known and estimated unavailable time periods. The known unavail-
able time periods are the times a component is not available for service when the beginning and ending time of
the unavailability due to a failure are known, i.e. failure discovery time and repair time respectively. The esti-
mated time periods are the average times a component was in a failed state prior to failure discovery. This time
is estimated as one-half time interval measured from the last time the component is know to be operable to the
time it is discovered as failed. Thus, for a component which failed an eight-hour discharge test, the estimated
unavailable time would probably be one-half the time since the last successful eight-hour discharge test for that

410-00V Rev. 1235 074!-900100 PDISO
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. hours as discussed in Section 5.1. The estimated unavailable time is one-half the time between the last time the

. which: (1) totals the known and estimated unavailable days for each component; and, (2) calculates the compo-

omponent. @. TOTE Tecent preventive maintenance would be used 1t a determination could be made that the
specific failure mode would have been detected by the maintenance. The unavailable times déscribed above are
only those stemming from events judged to be component failures.

5.2 Scope

The scope of this evaluation includes all Exide Units in Units 1, 2, and 3. The time period begins on June 29,
1989 (Unit 2 restart). The process of determining failure dates, repair dates, and last known available dates re-
quires extensive review of work orders. These work orders are not intended for this purpose and chronological
reconstructions can be difficult and time consuming. The selection of 6/29/89 as a start date for this calculation
is based on it being both representative and recent. An end date of 6/30/90 was chosen as the conclusion of the
time period for this study. The basis for the selection of this end date is that it allows for an extended history
without having to consider open work orders. Although the limited time period is based on time and resource
constraints, a one-year period is considered adequate to estimate Exide availability.

5.3 Calculation Process

The calculation process used is straight-forward. For each failure event, three dates are required as input data:
the failure discovery date, the component repair date, and the last date the component is known to have been
available. The time between the failure discovery date and the component repair date is the known unavailable

component is known to be available and the failure discovery date. An exception to this calculation of the esti-
mated unavailable time is made for cases in which the estimated unavailable time period is prior to the June 29,
1989 start date. In those cases, the estimated unavailable time is taken from the start date to the failure date.
The calculated known and estimated unavailable days are shown with the input data in Table 1. Once the
known and estimated unavailable days are determined for each component, they are entered into a spreadsheet

nent average unavailability indicator by dividing this total by the total time period for the component (366
days). The spreadsheet also sums the unavailable days and the total time periods for all the components in a
unit, and then calculates a unit average. This process is repeated for all three units. An Exide overall plant unit
average is calculated. The spreadsheet calculations were manually verified. The spreadsheet is duplicated in
Table 2. .

5:4 Results

The resulting average availability indicators for the various units and Exides as a whole, based on a time period
from June 29, 1989 to June 30, 1990 are as follows:

Unit 1: 0.93
Unit 2: 0.49
Unit 3: 0.88
Unit Average: 0.77
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‘ ADLE 1 Input D)ata and Calculated hnown and kstimated Unavailable Days

[Equipment ID Discovery Repair Last Known Unavailable Unavailable Unavailable
Date Date Available Date  Known Days Estimated Days Total Days
1EQDNNO1 28-Feb-90 25-Mar-90 28-Feb-90 25 0 25
1EQDNN02 28-Feb-90 24-Mar-90  28-Feb-90 24 0 24
| BEQDNNO1  03-Jan-90  05-Apr-90  22-Nov-88 92’ *188 280
05-Apr-90  20-Apr-90  05-Apr-90 15 0 15
©30-Jun-90 © 01-Jul-90  Jun-30-90 1 0 1
REQDNNO02 04-Dec-89 03-Jan-90 14-Nov-89 30 10 40
04-Jan-90  27-Jan-90  03-Jan-90 23 05 23.5
21-Mar-90  30-Mar-90  12-Mar-90 9 4.5 13.5
| F*3EQDNNO01 29-Jun-89 01-Aug-89  29-Jun-89 33 0 33
03-Aug-89  28-Aug-89  01-Aug-89 25 1 26
BEQDNN(2 03-Aug-89  18-Aug-89  03-Aug-89 15 0 15
0 9

‘ | 31-Mar-90  09-Apr-90 26-Mar-90 9

* Estimated Unavailable Times extends to before start date. 188 days is from 6/29/89 10 1/3/90.
** Failure occurred on 05/13/89 and thus was in cffect when time period started.
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TABLE 2. Calculation of Unit and Plant Availabilities

Equipment ID Known Estimated Total
Unavailable Unavailable Unavailable Required Average
Days Days Days Days Availability
IEQDNNO1 . 25 0 25 366 93.2%"
1IEQDNNO02 24 0 24 366 93.4%
Totals 49 0 49 732
Average Unit Availability 93.3%
N
| REQDNNO1 108 188 296 366 19.1%
Q| PEQDNNOZ 62 15 Com 366 . 190%
, Totals 170 15 3713 732
Average Unit Availability 49.0%
Q ‘ BEQDNNO01 58 ' 1 59 ‘ 366 83.9%
W BEQDNNO2 24 0 | 2 366 93.4
Totals 82 ] 1 83 732
' Average Unit Availability 88.7%
Plant Totals 301 204 505 2196
Average Plant Availability 77.0%
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CHECRED BY. f | PATE. EMERGENCY LIGHTING UNITS JOB NG,
. Sandra K. Guy 08 Jan 92 AVAILABILITY (1991) 13-NC-QD- 2()1
TABLE 3. Input Data and Calculated Known and Estimated Unavailable Days
Equipment ID Discovery Repair Last Known Unavailable Unavailable Unavailable
Date ~ Date Available Date RKnown Days | Estimated Days | Total Days
UNIT-1
TEQDNF(1 -*24-Junc-90 13-July-90 24-June-90 19 0 19
1EQDNN(] ~20)-Fcb-91 21-Feb-91 20-Feb-91 01 0 0
#24-April91  30-April-91 24-April-90, 06 0 06
+01-Aug-91 15-Aug-91 01-Aug-91 14 0 14
* Unavailability duc 10 a failed cqualize within 72-hours after the performance of an 8-hour capacity discharge.
A Unavailability duc 10 a blown F1 fuse
# Unavailability duc to failed cqualize within 72-hours after the performance of an 8-hour capacity discharge.
+ Unavailability duc 1o failed cqualize within 72- -hours afier the performance of an 8-hour capacity discharge.
1EQDNF02 *25-Fcb-91 1$-March-91 25-Fcb-91 21" 0 21
. 1EQDNNO02 #01-Aug-91 15-Aug-91 01-Aug-91 14 0 14
- | * Unavailability due to failed equalize within 72-hours afier the performance of an 8-hour capacity discharge.
# Unavailability duc to failed cqualize within 72-hours after the performance of an 8-hour capacity discharge.
UNIT.2 -
2EQDNF(1 #25-July-90 23-Aug-90  05-April-90 29 - 83
2EQDNNOI +18-Jun-91 06-Feb-91 18-Jan-91 19 00 19
A23-Mar-91 - 25-Mar-91 23-Mar-91 02 (0 02
~29-Aug-91 17-Sept-91 29-Aug-91 19 00 19
#.Unavailability duc to failed 8-hour capacity discharge.
Estimated (T/2) = 54 days, l\ from 06/01:90 to 07/25/90
+ Unavailability duc 10 failed cqualize within 72-hours after the performance of an 8-hour capacity dmh wrgc.
A Unavailability duc to rcgulating capacitor change out.
~ Unavailability duc to failed cqudluc within 72-hours after the performance of an 8-hour capacity discharge.
2EQDNF(2 *(4-Apr-91 24-Apr91  (B-Apr-91 20 00 20
2EQDNNO02 #04-Scpt-91 26-Sept-91  02-Sepr-91 .22 00 22
* Unavailability duc to failed equalize within 72-hours after the performance of an 8-hour capacity discharge.
# Unavailability duc to failed cqualize within 72-hours aficr the performance of an 8-hour capacity discharge.

S10:00V Rew, §2:88 0720900100 PDSO .
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CHECKED BY. o OATE EMERGENCY LIGHTING UNITS JOBNO:

. Sandra K. Guy “H% 08Jan92 - | AVAILABILITY (1991) . 13-NC-QD-201
TABLE 3. Input Data and Calculated Known and Estimated Unavailable Days (continued)-
Equipment ID Discovery Repair Last Known Unavailable Unavailable Unavailable

Date Date Available Date Known Days | Estimated Days | Total Days
] ‘ .3
3EQbNFO| *27-Mar-91 11-Apr-91 27-Mar-91 15 ) 15
3EQDNNO1 :

* Unavailability duc 10 a failed cqualize within 72-hours after the performance of an 8-hour capacity discharge.

3EQDNF(2 *18-Jan-91 07-May-91  31-Mar-90 109 146.5 255.5
3EQDNNO02  *  #22-July-91 19-Aug-91 22-July-91 28 00 28

Estimated (T/2) = 146.5 days is from 08/25/90 to 01/18/91

‘ * Unavailability duc to failed 8-hour capacity discharge test. |
# Unavailability duc to failed cqualize within 72-hours after the performance of an 8-hour capacity discharge.

41000V Rev, 12:88 0723900100 PI/SG







ENGINEERING SKETCH PAD

REVISION 02

BY -

John R. Wadella R

DATE

06 Jun 92

CHECKED BY.

W
Sandra K. Guyb ‘

DATE.

08 Jan 92

M BHCL

CALCULATION OF EXIDE
EMERGENCY LIGHTING UNITS
AVAILABILITY (1991)

s No

Page 18

JOB NO.:

13-NC-QD-201

TABLE - 4

CALCULATION OF UNIT

PLANT AVAILABILITIES

AND

(1991)

410-00V Rev. 12:85 0741-900100 PD/SO







ENGINEERING SKETCH PAD

. . REVISION 02
) ) 11 w. C SHi" S
John R. Wadeli d@r 06 Jan V2 C -xLL ULATION OF EXIDE Page 19
. CIEGRED BY. < | bATE. EMERGENCY LIGHTING UNITS JOBNO.,
. Sandra K. Guy 08 Jan 92 AVAILABILITY (1991) 13-NC-QD-201
TABLE 4: Calculation of Unit and Plant Availability
Equipment ID Known Estimated Total .
Unavailuble Unavailable Unavailable *Required Average
Days Days Diys Days Availability
UNJ'T-]
1EQDNF01 a0 0 <U 518 92.3%
IEQDNNOL
1EQDNF(2 35 0o 3 518 93,26
1EQDNN02
Totals: 75 0 75 1036
Avcrage Unit Availability: 92.8%
UNIT-2
2EQDNF0I 69 54 123 518 76.3%
2EQDNNOI1
2EQDNF(2 42 0 -2 518 91.9%
2EQDNN02
Totals: I 54 T I 1036
Average Unit Availability: 84.1%
UNT-3 _ A
3EQDNF01 15 00 15 S18 97.1%
IEQDNNOI o
SEQDNF()2 | 137 I=0.3 33 Sy 45.3G
3EQDNN(O2
| Touats: 152 140.5 298.5 1036
Average Unit Availability: 71.2%
PALO VERDE PROJECT
338 200.5 538.5 3108 82.7%
I * Requircd days 01 June 1990 through 01 November 1991518 days) |

G100V Rev, 12:88 072, cnkB00 PDSSO
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