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Duke Power Company J W HAMPTON 
Oconee Nuclear Site Vice President 
P 0. Box 1439 (864)885-3499 Office 
Seneca, SC 29679 (864)885-3564 Fax 

DUKE POWER 

October 31, 1996 

U. S. Nuclear Regulatory Commission 
Attention: Document Control Desk 
Washington, DC 20555 

Subject: Oconee Nuclear Station 
Docket Nos. 50-269, -270, -287 
Response to NRR and AEOD Draft Reports on the 
Oconee Emergency Power System 

In a letter dated July 8, 1996, the NRC issued for comment 
draft reports from the Office of Nuclear Reactor Regulation 
(NRR) and the Office for Analysis and Evaluation of 
Operational Data (AEOD). These draft reports contain 
analyses and recommendations regarding the testing, 
operation, design and reliability of the Oconee emergency 
power system and Standby Shutdown Facility (SSF). The July 
8, 1996, NRC letter states that no vulnerabilities were 
identified as a result of the NRR and AEOD reviews in the 
draft reports which require immediate corrective action.  

The majority of the issues identified in the operating 
experience review documented in these draft reports have 
been previously addressed/corrected by Duke Power. In 
recent years, Duke Power has undertaken numerous initiatives 
to enhance the design, testing, operation and risk 
assessments of the Oconee emergency power system. These 
initiatives provide added assurance that the emergency power 
system can perform its intended safety function and meet the 
applicable design and licensing requirements.  

Duke Power has devoted, and will continue to devote, the 
resources necessary to ensure that the emergency power 
system and SSF are diverse, reliable, and safely operated in 
a manner consistent with applicable design and licensing 
requirements.  
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As requested in the July 8, 1996, NRC letter, Duke Power 
reviewed the NRR and AEOD draft reports for accuracy and to 
determine a disposition for each recommendation. In 
addition, Duke Power reviewed the draft reports to determine 
if any issues challenged the operability of the emergency 
power system or SSF. It was determined that none of the NRC 
open issues and recommendations impact the operability of 
the emergency power system or SSF as defined by applicable 
design and licensing requirements. Based on our review of 
the NRC draft reports, Duke Power is not aware of any 
related compliance questions.  

In a meeting with the NRC on September 19, 1996, Duke Power 
presented its understanding of the open issues and 
recommendations from the NRC draft reports, along with Duke 
Power's plan for disposition of the issues. During the 
meeting, the NRC clarified Duke Power's understanding of 
several of the open issues. In order to address the 
clarifications that were obtained during the meeting, Duke 
Power requested, in a letter dated October 1, 1996, an 
extension of the submittal date for the written response to 
the NRC draft reports until October 31, 1996.  

Attachment 1 contains a summary of Duke Power's 
understanding of the open issues and recommendations that 
are contained in the NRC draft reports, along with Duke 
Power's plans for disposition of these issues. Attachment 2 
provides general comments about the draft reports and 
updates/clarifications to information in the draft reports.  
A summary of the commitments contained in the responses to 
the open issues is included in Attachment 3.  

The three Oconee units are currently shutdown for 
inspections of the secondary side piping. On October 18, 
1996, the NRC sent a letter to Duke Power requesting a 
description of any planned emergency power testing which 
would be performed while the three Oconee units were 
shutdown. Duke Power has a project team assembled to 
develop an integrated engineered safeguards (ES) test and 
assess the feasibility of conducting this test during the 
current outage of the three Oconee units.  

Work activities during the current three unit outage are 
being scheduled based on the assumption that an integrated 
ES test will be performed. However, it is conceivable that



the integrated ES test project team may determine that 
insufficient time is available to safely develop and 
implement an integrated ES test during the current outage.  
Duke Power will respond in writing to the NRC by November 
22, 1996, with our decision and basis for performing or not 
performing the integrated ES test during the current outage.  
If the integrated ES test is performed, Duke Power does not 
intend to perform an additional integrated ES test as was 
discussed in the September 19, 1996, meeting with the NRC 
and in Open Issues #3 and #4 in Attachment 1.  

Duke Power appreciates the opportunity to review the draft 
reports prior to the development of the final NRC reports.  
Duke Power requests that the NRC consider incorporation of 
the additional information provided in this submittal into 
the final NRC reports on the Oconee emergency power system.  
Because of the resources committed to this effort and 
because both the NRC and Duke Power desire to bring this 
matter to a timely conclusion, Duke Power respectfully 
requests that the NRC issue the final reports within 90 
days. Duke Power is prepared to work with the NRC staff if 
additional information is required during the development of 
the final reports.  

If there are any questions regarding this submittal, please 
contact Michael Bailey at (864) 885-4390.  

Very Truly Yours, 

J. W. Hampton, Site Vice President 
Oconee Nuclear Station 

MEB 
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F. J. Miraglia Jr., Director 
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ATTACHMENT 1 

RESPONSE TO OPEN ISSUES IN THE NRC'S 
DRAFT EMERGENCY POWER REPORTS 

Open Issue #1: During management review of the two NRC 
draft reports, a question was raised regarding the response 
of the three Oconee units to a complete loss of offsite 
power (LOOP) which could lead to the trip of the three 
reactors and a potential overcooling transient. Such a 
scenario could lead to a consequential emergency core 
cooling system (ECCS) actuation at one or all units. It 
does not appear that this specific scenario was postulated 
as part of your analysis of the emergency power system. The 
NRC draft reports do identify concerns regarding the 
predicted response of the emergency power system during some 
loading scenarios as analyzed by your CYME computer program.  
The staff believes that the loading scenario from a 
consequential ECCS actuation following a complete loss of 
offsite power could exceed that analyzed and further 
challenge the emergency power system. Please address this 
additional question as part of your review. (NRR draft 
report coverletter) 

Response: Duke Power does not believe an overcooling event 
that results in an ECCS actuation will occur following a 
three unit LOOP for the following reasons: 

1.The initiation of emergency feedwater (EFDW) to raise 
steam generator levels to the natural circulation 
setpoint of 240 inches may result in overcooling without 
operator action. Duke credits prompt operator action to 
throttle EFDW flow to prevent EFDW pump runout as well as 
to limit the overcooling. The throttling of EFDW flow to 
prevent pump runout is a committed to memory item for the 
operators. Guidance for throttling of EFDW flow to limit 
overcooling is contained in the Emergency Operating 
Procedure as well as in the Loss of Main Feedwater 
procedure. The operators are routinely tested for 
proficiency in performing these actions in a timely 
manner to prevent overcooling.  
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2.Experience has shown that sufficient time is available to 
the operator to throttle EFDW flow to limit overcooling.  
Oconee Unit 2 experienced a loss of offsite power on 
October 19, 1992. During this event, no ECCS actuation 
occurred. The reactor coolant system (RCS) pressure 
decreased from 2144 psig before the trip to a minimum of 
1921 psig before stabilizing at 2155 psig. The RCS cold 
leg temperatures reached a minimum of 5110 F followirig the 
trip and stabilized at 535 0F. The RCS pressurizer level 
decreased from 220 inches to a minimum of 93 inches. The 
steam pressures in the 2A and 2B steam generators (SGs) 
reached a minimum of 772 psig and 734 psig, respectively.  
The low SG pressures were the result of the EFDW 
initiation and not due to excessive steam loads.  

3. Should instrument air be lost, the steam generators are 
susceptible to excessive steam loads (greater than decay 
heat) from two pathways. The main steam control valves 
to the condenser steam air ejectors (CSAE) will fail open 
upon a loss of instrument air. These valves only receive 
air from the instrument air (IA) system that will be 
supplied by a diesel air compressor connected to the 
service air system. The main steam supply to the second 
stage of the moisture separator reheaters (SSRH), that is 
normally isolated on a reactor trip, will remain aligned 
due to failure of the electric valves to close. The 
steam loss through this pathway is expected following a 
loss of IA. On a loss of power, the SSRH drain tank 
reverts to level control. The steam loss through this 
pathway would normally only be as a result of 
condensation in the SSRH tube bundle. Since the turbine 
is also tripped, no steam flow across the tubes will 
occur. The heat loss through the tubes is expected to be 
minimal. The SSRH drain tank level control system 
receives air from the IA system. Should IA be lost, the 
SSRH drains would fail open allowing significant steam 
flow to the condenser. Instrument air can be supplied in 
a loss of offsite power through the use of a diesel air 
compressor that is manually started and aligned to the 
service air header. If instrument air is lost before the 
diesel air compressor can be manually started, operator 
action to throttle EFDW flow will control the potential 
RCS overcooling.  
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Following a simultaneous LOOP on all three Oconee units, 
each unit will receive auxiliary power via the Keowee 
overhead path. Each Oconee unit's startup transformer and 
main feeder buses will be automatically reenergized at 
approximately,15 seconds after the LOOP actuation. The 
Oconee non-essential auxiliary loads will trip off due to 
the loss of voltage via their individual under voltage 
relays. Those essential loads which were previously running 
would restart and continue to operate. The motor driven 
emergency feedwater (MDEFDW) pumps would automatically start 
once power was restored to the unit main feeder buses. This 
automatic start of the MDEFDW pumps is included in the 
Keowee and Lee loading analyses. A second high pressure 
injection (HPI) pump would auto-start to provide additional 
reactor coolant pump (RCP) seal injection on a low seal 
injection flow signal which could occur during the 15 second 
interval.  

If an ECCS actuation should subsequently occur, although not 
expected as described above, only engineered safeguards (ES) 
channels 1 and 2 would actuate. ES channels 1 and 2 would 
actuate HPI. For this scenario, HPI actuation would result 
in only one additional 4 kV HPI pump motor starting per 
unit. The other two HII pump motors for each unit would have 
already automatically started, as mentioned above, once 
power was restored to the main feeder busses. The load 
associated with these additional HPI pumps (-600hp per unit) 
is smaller than the Oconee LOOP or loss of coolant accident 
(LOCA) loads that are currently analyzed to be block loaded 
onto an overhead or underground Keowee unit. Thus, the 
emergency power system would perform its intended function 
and is bounded by the current analyses.  

Open Issue #2: In their January 31, 1996, letter Duke Power 
has provided a commitment to modify the permissives on the 
emergency power path to delay loading of the Keowee units 
until the voltage and frequency reach approximately 90 
percent of their nominal values. This modification should 
resolve the early loading issue relative to the Keowee 
underground path. The staff will review the particulars of 
the modification when they are available. (NRR draft report 
pages ES-3, 13, 17, 34, 36, 49, 117; AEOD draft report pages 
xii, 15, 40) 
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Response: The modification to delay loading of a Keowee 

unit from standby until voltage and frequency reach 

approximately 90 percent of rated value is in the 

preliminary phase. The following summary provides the 

conceptual information to date for the modification.  

Both under and over voltage and frequency relays will be 

installed at Keowee. These relays will provide close 

permissives in the Keowee overhead air circuit breakers 

(ACBs) and the underground SK breakers. A two out of three 

logic configuration will preclude loading either Keowee unit 

until voltage and frequency are within approximately +/- 10 

percent of nominal values. This modification to add 

permissives is being included in the scope of another 

modification to add voltage and frequency protection on the 

Keowee units (see response to Open Issue #5). As part of 

the modification design process, Duke Power will be 

evaluating the overall impact of the proposed modification 

on the reliability of the emergency power system. The 

results of this reliability assessment may change the 

conceptual design which is described in this report.  

Further details regarding the modification can be provided 

as they become available.  

The original design basis of Oconee consists of loading the 

Keowee Hydro units at reduced voltage and frequency. There 

are no operability concerns associated with the loading of 

the Keowee Hydro units at reduced voltage and frequency. An 

implementation date can be provided once the scoping 

analysis for this modification is completed. Duke Power 

will notify the NRC in writing of the implementation date 

for the proposed modification by February 28, 1996.  

Open Issue #3: The testing performed by Duke Power has not 

block loaded Keowee utilizing the actual emergency loads in 

an integrated fashion or any other loads in a simulated 

fashion to the levels that could be seen during an actual 

event. The analytical work performed by Duke Power for 

various loading scenarios must therefore be relied upon to a 

larger degree to provide the level of assurance necessary 

that the safety loads will start and operate properly. The 

staff's review of the results of the CYME computer analysis 

performed on the Oconee emergency ac power system found very 

small margins to tripping of some motors during some 
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scenarios. In addition, Oconee has not tested and motor 
operated valve (MOV) manufacturers have not certified MOVs 
to function with voltage in the predicted ranges. There 
were also questions on the validation of the model and some 
of the assumed initial source voltages used. The staff 
concluded that it does not have enough information on the 
CYME computer analyses performed for the Oconee emergency ac 
power systems to confirm at this time that they provide the 
level of assurance necessary that the safety loads will 
start and operate properly. In the CYME Keowee voltage and 
load analyses for the LOOP-only case, only one high pressure 
injection pump was assumed to start in each Oconee LOOP unit 
rather than the two high pressure pumps that might actually 
start. The staff also notes that only one low pressure 
service water pump is assumed to start in that analysis.  
The staff will pursue its questions on the analyses with 
Duke Power in order to determine the accuracy of the 
results. If the results are found to be accurate, but there 
are still small margins to motor tripping, then the staff 
will need to pursue the accuracy and reliability of the 
motor overload protective devices. If the staff cannot 
establish to a reasonable degree of confidence from the 
analyses, that the safety systems will perform properly 
without motor tripping or thermal damage, then additional 
more fully integrated loading tests may need to be performed 
to obtain the necessary level of confidence. (NRR draft 
report pages ES-4, 36-37, 50, 118-119; AEOD draft report x
xii, 3, 12, 16-17, 20-21, 37-39) 

Response: Regarding integrated testing, a review of 
historical test procedures determined that an integrated ES 
test was performed during the preoperational testing for 
each Oconee unit. An integrated ES test was performed 
during the preoperational testing for Oconee Unit 1 in May 
1972. The procedure for this test was TP/l/A/600/17, 
Integrated Engineered Safeguards Actuation Test. The same 
test was performed for Oconee Unit 2 in October 1973 and 
Oconee Unit 3 in July and August 1974 and is documented in 
procedures TP/2/A/600/17 and TP/3/A/600/17, respectively.  

This test verified that ES pumps reached rated flow and ES 
valves and components obtained their ES state within the 
required time limits. Pump flow data was recorded for each 
engineered safeguards system. A LOCA/LOOP was simulated by 
applying 10 psi to the Reactor Building pressure switches 
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and depressing the test switches for the External Grid 
Protection System in the 230 kV switchyard. For the 
simultaneous LOCA/LOOP, Keowee started from standby and 
accepted the Oconee Unit 1 ES loads on the underground path 
at reduced voltage and frequency while accelerating. This 
test demonstrated the adequacy of the reduced voltage and 
frequency loading design of the Oconee emergency power 
system.  

Since the preoperational integrated ES test, Duke has relied 
on overlapping tests and supporting design analyses to 
ensure that the emergency power system could perform its 
intended safety function. Duke believes that the existing 
testing methodology which is supported by design analyses is 
adequate to ensure proper operation of the Oconee ES 
equipment.  

The following additional information is provided to further 
address the questions/concerns which were expressed by the 
staff related to the Keowee design analyses.  

* a) Small Margin to Tripping During Some Scenarios: 

Page 37 of the NRR report identifies a concern that the 
starting time for a reactor building spray (RBS) motor 
was very sensitive to starting current. Oconee 
calculation OSC-5701 (Oconee - Keowee Overhead Path 
Analysis), Case 3L was referenced where the RBS motor 
starting current was computed to be 156 amperes for 370 
cycles (approximately 6.2 seconds). A motor current 
for this duration would result in a motor trip. Also, 
referenced is a case in Appendix K of OSC-5701 where 
the RBS motor starting current was computed to be 166 
amperes with a starting time of 120 cycles (2 seconds) 
and the motor was assumed to start (the relay trip time 
was given as 180 amperes for 3 seconds).  

It is important to understand the difference between 
the two cases and the reason tripping would occur in 
Case 3L. Case 3L examines the situation where a Keowee 
unit was generating to the grid, a LOCA occurs 
resulting in a load rejection of the affected main 
feeder buses and the Oconee LOCA unit loads onto the 
Keowee underground path 11 seconds later. At 11 
seconds, the Keowee unit is still above normal 
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operating speed due to the load rejection. The 
starting of the loads with the Keowee unit accelerating 
to an overspeed condition results in reduced motor 
torque. This is due to the overfrequency and increased 
load torque associated with the motor operating at a 
higher full load speed. This combination results in a 
significantly increased starting time and thus the 
projected RBS motor overcurrent trip. The results of 
Case 3L were a deciding factor in Duke's decision to 
limit the overfrequency at which the Oconee units could 
load onto Keowee (ref. LER 269/93-01, Revision 1). The 
scenario of Case 3L has been eliminated by the 
implementation of NSM ON-52966.  

The analysis in OSC-5701, Appendix K examines the case 
of a Keowee maximum load rejection. LOOP loads are 
applied after the Keowee unit speed drops to 110 
percent and the LOCA unit is loaded after the LOOP 
units. This scenario models the re-transfer to startup 
following an assumed failure of the underground path.  
In this case the RBS starting time with 166 amperes 
inrush was 2 seconds. The relay trip time is 3 seconds 
at 180 amperes which results in a margin of more than 
50 percent.  

Duke calculations OSC-5952 (Keowee Underground Path 
Analysis), Rev. 02 and OSC-3290 (Lee CT Voltage 
Analysis) have previously identified that the margins 
between 4 kV motor starting times and the relay trip 
times were acceptable in that the motors will start 
without tripping. However, additional margin can be 
obtained by resetting the relays. The calculations 
recommended that the motor relay settings be reviewed 
and changed to take advantage of the observed margin 
between the present relay settings and the motor 
thermal damage curves. This recommended review is 
presently in progress.  

In summary, the extended start time in Case 3L was due 
to the overspeed transient and does not demonstrate an 
extremely high sensitivity to motor starting currents.  
Also, the conditions postulated in this case are 
precluded by implementation of NSM ON-52966.  
Furthermore, reviews are in progress to obtain 
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additional margin in the time to trip for the safety 
related 4 kV motors.  

b) Effects on Motors and MOVs During the Loading Voltage 
Transient: 

The AEOD report indicates that pump and valve motors 
would likely stall following a postulated loss-of
coolant/loss-of-offsite power event(page xi). It was 
further indicated (page 16) that although the initial 
transient is large, the voltage recovers within a few 
seconds and pump motors would be expected to complete 
startup. However, concern was expressed regarding the 
ability of the MOVs to start during the transient.  

When Keowee receives an emergency start signal from 
standby, it is already connected to the underground CT
4 circuit. When the unit reaches approximately 60 
percent voltage and speed, it energizes the Oconee 4 kV 
motor and load center transformer loads on the LOCA 
unit, in the current emergency power system 
configuration. When the Oconee 4 kV buses are 
energized, the motors draw inrush current and the 
transformers draw magnetizing current instantaneously.  

The 4 kV motors begin to accelerate developing torque 
following the relationship that torque varies directly 
as the square of voltage and inversely as the square of 
frequency (T=v2/f 2 ) . The voltage drop in the circuit 
will cause the torque from the motors to be less than 
rated just as during system startup at 60 hertz (Hz).  

For example, during normal operation when starting 
loads at 1.0 per unit (pu) frequency, there will be a 
voltage drop in the circuit to the load. If the 
voltage drop to the load is 20 percent, the torque 
delivered to the load would be determined by (pu 
voltage) 2 divided by (pu frequency)2. This equation 
results in a delivered torque equal to 64 percent of 
rated torque [(.8 x .Opu)2 divided by (1/1.Opu)2 .  

During normal operation, the ratio of per unit voltage 
to per unit frequency is 1.0. However, during the mode 
of operation when the loads are being started at 
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reduced voltage and frequency, the ratio of per unit 
voltage to per unit frequency is 1.05 as limited by the 
volts/Hz (V/Hz) feature of the voltage regulator.  

During the reduced voltage/frequency mode of startup, 
the reduction in torque due to the low generator output 
voltage is offset by the increase in torque due to the 
reduced frequency operation at the 1.05 volts/Hz ratio.  
The result is that the torque delivered to the load 
during this startup mode is likely greater than during 
a normal startup at 60 Hz. Further, when the LOCA 
loads are connected to the Keowee generator during this 
mode of operation, the generator frequency is only 
approximately 36 cycles (0.6pu) and increasing, hence 
the motors draw inrush current only until the motor 
speed matches the generator speed. This results in a 
smaller inrush current for the motors during a reduced 
voltage/frequency start as compared to a normal start 
at 60 Hz. The voltage drop to the load will reduce the 
motor torque, but the torque reduction will be more 
than offset by the frequency effects (when compared to 

normal start torque values). For example, if the 
generator terminal voltage is 0.6 pu, and the voltage 
drop to the motor due to load current is 20 percent, 
then the actual torque delivered to the load would be 
approximately 70.5 percent of rated torque 
[(.8)(0.6pu)]2 times [1/(0.6/1.05)]2. If the frequency 
effects were not considered, the torque delivered to 
the load would be only 23 percent of rated 
[(.8)(0.6pu)] 2 instead of 70.5 percent of rated. The 
motor characteristics have been discussed with 
Westinghouse and Philadelphia Gear Corporation, as 
documented in attachments to the January 31, 1996, 
letter to the staff. The manufacturers indicate that 
loading at reduced voltage and frequency at a constant 
volts/Hz ratio is acceptable in terms of equipment 
operability.  

The load center transformers draw magnetizing current 
initially supplying essentially zero output voltage, 
such that the secondary voltage (600 volt side) is 
initially at zero volts and increases to the per unit 
value of the generator voltage minus the voltage drop 
in the system (including the drop due to the starting 
inrush of all of the 4 kV motors) following 
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energization. After the transformers are magnetized, 
their input and output voltage will continue to 
increase with an increase in the generator output 
voltage.  

The 600/208 volt motor and MOV loads are fed from 
starters (combination breaker/contactors). Starter 
operate or pick up (close the contactor) values are 
approximately 65 percent of rated voltage at 60 cycles.  
These 600/208 loads will not be energized until their 
starters are picked up which occurs after the 
transformer magnetization. Once energized, the voltage 
on the 600/208 system will continue to rise due to the 
increasing Keowee generator output voltage and the 
decreasing 4 kV motor starting current (motors are 
accelerated).  

The CYME analysis assumes an initial condition of 
nominal voltage to frequency (60Hz). This analytical 
approach is adequate to determine the acceptability of 
the reduced voltage and frequency loading criteria.  
During the reduced voltage and frequency loading 
scenario, the V/Hz ratio is equivalent to or better 
than the steady state V/Hz ratio. This is due to the 
characteristics associated with motor torque, wherein 
motor torque is proportional to the voltage squared and 
inversely proportional to the frequency squared. Thus, 
the motors see an accelerating torque at 11 seconds 
that is equivalent to the torque at nominal conditions.  
While the voltage drop in the smaller cables is 
proportionally higher at lower frequencies due to lower 
X/R ratios, this is offset by proportionally smaller 
voltage drops at lower frequencies in the high X/R 
ratio transformers. The actual starting time for the 
motors at reduced frequency is less than the starting 
time at 60 Hz because many of the motors will reach 
synchronous speed before the Keowee generator reaches 
rated speed. Premature tripping of the loads during 
acceleration at reduced V/Hz operation is not a concern 
since the motor starting time is shorter and because 
the starting currents are lower than at rated voltages.  
Evaluation of the motor starter contactor control 
circuit fusing indicates that the control circuits can 
draw the rated pickup amperes for at least 10 seconds 
before blowing the fuses. A few seconds delay in the 
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starter contactor pickup time will not cause the 

circuit protection to prevent the contactor to pickup.  
For those devices actuated by engineered safeguards 

(ES), such as MOVs, the control ES signal remains 

sealed in providing the permissive for the device to go 
to its ES position regardless of the value of voltage 

to the device. Neither a loss of voltage after voltage 

is applied nor any system interlocks will defeat this 

permissive during an accident.  

The MOVs installed at Oconee consist of various 

designs. The various MOV designs include some MOVs 

which have the loss motion (hammer blow) feature. The 

torque rating for the MOV operators are not rated any 

differently by the manufacturer based on the inclusion 

or lack of the hammer blow feature. The aid provided 

by the hammer blow design is not credited in the MOV 

torque analyses. As the voltage increases, the 
available torque for the MOVs develops to allow the 

operator to stroke regardless of whether the hammer 

blow effect is present. Furthermore, conservatisms 

associated with torque reduction, due to self-induced 

heating from stalling, are applied to the ES actuated 

GL 89-10 MOVs. Based on manufacturer's literature, 
MOVs are designed to withstand stalling at rated 

voltage and frequency for up to 10 seconds without 

damage. Valve manufacturers were consulted associated 
with the reduced voltage and frequency loading and 

concluded that no concerns existed if the load was 

applied after the voltage and frequency reached 50 

percent of nominal values (refer to the letters from 

Westinghouse and Philadelphia Gear which were attached 

to the January 31, 1996 letter to the staff).  

The effects and acceptability of reduced frequency and 

voltage on electrical equipment at Oconee has been 

examined for various pieces and types of equipment. In 

July of 1971 prior to the Oconee unit integrated ES 

testing, Duke performed tests on a selective sample of 

engineered safeguards (ES) equipment to confirm the 

point at which Keowee should be loaded. The equipment 

tested included a latching relay, timing relays, FVR 

starters, and a motor operated valve. The tests show 

that a Clark size 2 FVR starter at the rated V/Hz ratio 

operated properly down to a frequency of approximately 
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25 Hz (42 percent of rated). The MOV manufacturer 
provided information indicating that valves with a loss 
motor (hammer blow) design would operate properly when 
started at frequencies 30 Hz and above.  

Based on the foregoing, the original (existing) design 
permits loading an Oconee LOCA unit onto the Keowee 
underground circuit while the unit is starting, after 
reaching approximately 60 percent of rated voltage.  
For the Oconee emergency power system design, loading 
earlier at reduced voltage and frequency on the 
underground path is acceptable. Less stresses are 
applied to the equipment due to the reduced voltages 
and frequencies. Inrush/accelerating time for the 4 kV 
motors are shorter in duration starting at these 
reduced values. Furthermore, this allows for 
energization of the ECCS equipment resulting in core 
cooling sooner than if delayed loading was applied.  

c) CYME Model Validation: 

The following tests have been performed to validate the 
CYME model. The CYME motor modeling capability was 
validated by obtaining a RCP motor signature by 
starting the RCP motor from the grid and comparing 
calculated results with test results (Calculation OSC
5336, Rev. 01). The validity of the CYME Keowee unit 
model was validated by starting the RCP with Keowee as 
the source and comparing the response of the Keowee 
unit test results with the CYME results. The Keowee 
model results were also compared to the results of a 
full load rejection test. Initial generator terminal 
voltage in the models was set to match the initial test 
voltage. Safety motor models were developed using 
manufacturer provided data and curves.  

d) LOOP HPI and LPSW Motor Starts: 

A concern was expressed in the NRR draft report, page 
37, that only one HPI pump instead of two was assumed 
to start on the LOOP units in the CYME analyses. As 
indicated in the NRR draft report, Duke identified this 
problem in PIP 0-095-1635. Calculation OSC-5052, Rev.  
02, was performed to incorporate the additional HPI 
pumps for the Oconee LOOP units. The conclusion that 
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the Keowee unit is a viable source of emergency power 
was not changed due to this revision.  

The staff's observation of only one low pressure 
service water (LPSW) pump starting on the LOOP units is 
not a concern and is in accordance with the design.  
Only the previously operating LPSW pump should re-start 
following re-energization of the 4 kV switchgear on the 
LOOP units.  

In addition to the preoperational integrated tests, the 
following overlapping tests are periodically performed to 
demonstrate that the ES equipment would function during an 
accident.  

1.Keowee Emergency Start Test 

* Verifies Keowee will start and reach rated frequency 
and voltage within the required time after 
initiation of emergency start.  

* Verifies Keowee will carry load equal to or greater 
than LOCA/LOOP loads.  

2.Emergency Power Switching Logic Tests 

* Verifies that logic will energize the main feeder 
bus from any available source.  

* Verifies that an ES signal will initiate a Keowee 
emergency start.  

* Keowee is block loaded with outage loads including 
some ECCS loads.  

3. ES Digital Channel Trip Test 

* Verifies ES motors start.  
* Verifies ES valves move to their ES position.  

* Verifies ES channels initiate from proper input 
signal.  

4. ECCS Pump Tests 

Verifies ECCS pump will start and provide rated 
flow.  
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5. ES valve stroke test 

* Verifies ES valves will perform a full stroke within 
required time limits.  

Duke believes that the current testing and design analyses, 
along with the preoperational integrated tests, provide a 
high level of confidence that the emergency power system and 
ECCS equipment can perform their intended safety functions.  
Due to Duke's adequate testing program and design analyses 
and the high cost of the integrated ES test, Duke believes 
that it is not practical to perform a periodic totally 
integrated LOCA/LOOP test at Oconee. However, Duke agrees 
with the staff that an integrated test is the optimum method 
to verify that safety functions perform as intended.  
Therefore, Duke Power is planning a one-time integrated test 
that will block load a Keowee unit with a refueling Oconee 
unit's emergency loads as would occur during a LOCA. The 
preliminary test description is as follows: 

1. Scope 

A Keowee unit will be block loaded with a shutdown 
Oconee unit's ECCS loads, simulating a LOCA. Following 
this simulated LOCA loading, the Keowee unit will then 
be block loaded with the equivalent of two Oconee 
units' LOOP loads, simulating a LOOP with the failure 
of the overhead power path. Plant conditions will be 
such that the loads would start and perform their 
function (i.e. pump water, open valves, etc.). The 
delay in loading the equivalent of two Oconee units' 
LOOP loads will be equivalent to the setting of the 
emergency power switching logic (EPSL) timers. The 
simulated LOOP loads will be connected to the standby 
buses through the SL breakers. Voltage, frequency, and 
current will be monitored at the source and specific 
load locations. The data collected during this one
time test will be compared with the CYME computer 
model.  
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2. Prerequisites 

* Maintenance work on affected systems completed, 
including post-maintenance testing.  

* Emergency power switching logic tests completed.  
* ES digital channel trip test completed.  
* Keowee voltage and frequency protection modification 

completed.  
* Fuel loaded in core with reactor vessel head off.  
* Fuel transfer canal full.  
* Test loads, to simulate LOOP units, connected to low 

side of transformer CT-5.  
* Training for test performed.  

3. Initial Conditions 

" Both low pressure injection (LPI) trains in service, 
one train cooling the core.  

* HPI system available.  
* RBS pump manual discharge valves closed.  
" LPSW in normal alignment and operation.  
0 Reactor building cooling units (RBCUs) in normal 

alignment and operation.  
" MDEFDW pumps aligned in recirculation mode.  
" ES MOVs which are normally operated in their non-ES 

position will be placed in their non-ES position.  
" Lee combustion turbine isolated from the Duke system 

grid and energizing up to breaker OCB 101 with the 
breaker open.  

* Operating Oconee units will place the transfer to 
standby switches in manual and the LCO for 
underground power path will be entered.  

4. Initiation 

* Open breakers for the startup transformer of the 
test Oconee unit, simulating a LOOP.  

* Manually trip 2 channels of ES, simulating a LOCA.  
* Close breakers to the test loads, simulating loading 

of LOOP loads.  
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5. Acceptance Criteria 

* Keowee units emergency start and underground Keowee 
unit energizes the main feeder buses (MFB).  

* LOCA loads start and run until stopped.  
* ES MOVs complete a full stroke.  

Oconee plans to perform the above test as a one-time test to 
demonstrate that the current overlap tests and design 
analyses provide assurance that the emergency power system 
is capable of performing its intended safety function. This 
one-time integrated ES test is scheduled to be performed 
after the installation of the modifications discussed in 
Open Issues 2, 4, and 5. Thus, this integrated test will be 
performed in late 1998 or 1999. When the implementation 
date for the subject modifications is provided to the NRC on 
February 28, 1997, a commitment date for the integrated ES 
test will also be provided.  

Oconee is currently in conformance with the Technical 
Specifications testing requirements which are developed to 
ensure the operability of the emergency power system. In 
addition, this test will be a one-time test due to the 
safety risk for the shutdown Oconee unit, the impact on the 
reliability of the emergency power system and the cost of 
the test.  

The negative impacts of this test are as follows. The 
shutdown Oconee unit will be subjected to a loss of decay 
heat removal for a period of time at the beginning of the 
test. Since the underground power path will be out of 
service for the test, the availability of the underground 
power path will be reduced. Currently, the one-time test 
that is discussed above and in Open Issue #4 is estimated to 
have a combined cost of approximately one million dollars.  
This total includes the rented loads, test development, 
associated minor modifications, and outage delay.  

As mentioned in the coverletter, Oconee is planning on 
performing an integrated ES test during the current outage 
of the three Oconee units. If an integrated ES test is 
performed while the three Oconee units are shutdown, Duke 
Power does not intend to perform an additional integrated ES 
test as discussed in this open issue.  
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Open Issue #4: Similar to Keowee, the staff has the same 
concerns with small margins to motor tripping when emergency 
loads are supplied from the Lee combustion turbines. The 
Lee combustion turbine analysis (OSC-3290) recommends that 
1) the motor overload relay settings be moved nearer to the 
motor thermal damage curves to obtain more margin, 2) reduce 
the reactive droop compensation in the Lee voltage 
regulators, and 3) have the Oconee operators contact the Lee 
operators to increase frequency before manually adding load 
during an event. The staff will pursue with Duke Power the 
status of the recommendations made in the analysis and the 
other issues associated with the analysis. The staff also 
notes that there appears to be a discrepancy between the 
number of non-safety load centers that are assumed to be 
automatically reenergized in the Lee combustion turbine 
analysis (OSC-3290) as compared to the EPSL functional test 
procedure (PT/2/A/0610/01J). (NRR draft pages ES-4, 40-41, 
50, 118; AEOD draft report pages xii, 13, 16-17, 20-21, 37
39) 

Response: With regard to the concerns about the design 
calculational margins expressed by the NRC in the draft 
reports, the following information is provided.  

a) Small Margin to Tripping of Some Safety Motors: 

On Page 118 of the NRR draft report, a concern was 
expressed about the small margin to tripping of some 
safety motors. This issue was identified by Duke Power 
in Oconee calculation OSC-3290 and is presently being 
resolved. There is sufficient margin between the 
overload relay setpoint and motor thermal damage curves 
for the safety related 4 kV motors to allow the relays 
to be reset thereby increasing the margin to tripping.  
A review of motor overload relay setpoints is presently 
in progress.  

b) Lee Voltage Analysis (OSC-3290) Recommendations: 

Of the three recommendations of calculation OSC-3290, 
one is complete and the other two are in progress.  
Recommendation #3, to have the Oconee operators contact 
Lee operators to increase frequency up to 60 Hz, if 
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necessary, before manually adding load following an 
event, has been completed. Procedures OP/l/A/1700/11, 
Loss of Power, and OP/O/A/1107/03, 100 kV Power Supply, 
have been revised to provide this guidance.  
Recommendation #1, to increase margin by moving the 
overload relay settings for the safety related 4 kV 
motors nearer to the motor thermal damage curve, is in 
progress. Recommendation #2, to reduce the reactive 
droop in the Lee voltage regulators, is in progress.  
Tests are being planned for the Lee combustion turbines 
to verify how near to zero the droop can be set.  

c) Non-Safety Load Center Calculation/Test Discrepancy: 

The NRR draft report (Page 41) indicates that there 
appears to be a discrepancy between the number of load 
centers that are automatically reenergized in the Lee 
combustion turbine analysis (OSC-3290) as compared to 
the EPSL functional test procedure (PT/2/A/0610/01J).  
There are three non-safety load centers per unit that 
may be reenergized following a LOCA/LOOP when supplied 
from Lee. These are 1X5, 1X6 and 1X7 on Unit 1, and 
the X4, X5 and X6 load centers on Units 2 and 3. The 
X5 and X6 load centers are reenergized after a 30 
second time delay. The X4 and X7 load centers are 
reenergized after a 60 second time delay. All loads 
fed from the X4 and X7 load centers are automatically 
backed up from the X5 and X6 load centers. When the X5 
and X6 load centers are reenergized, these load centers 
will automatically pick up their own loads plus the 
loads of the X4 and X7 load centers. When the X4 and 
X7 load centers are later reenergized, no loading will 
therefore be picked up other than transformer charging 
current. In summary, in OSC-3290, the X4 and X7 load 
center loads are modeled loading with the X5 and X6 
load centers. Thus, there is no discrepancy in the 
non-safety load center loading.  

A preoperational test which loaded Oconee Unit 1 ES loads to 
an isolated Lee combustion turbine (CT) was performed in 
1972. The procedure for this test was TP/l/A/610/6. This 
test energized the standby bus with a Lee CT and step loaded 
the Oconee Unit 1 ES loads. To further verify the ability 
of Lee to supply ES loads, a one-time integrated ES test 
similar to the one described in response to Open Issue #3 

18.



will be performed. The only differences in this test are 
that OCB 101 will be closed and the standby bus will be 
energized by a Lee CT. The integrated test for loading an 
isolated Lee CT is still under development and additional 
details will be available at a later date.  

Oconee plans to perform the above test as a one-time test to 
demonstrate that the current overlap tests and design 
analyses provide assurance that the emergency power system 
is capable of performing its intended safety function. This 
one-time integrated ES test is scheduled to be performed 
after the installation of the modifications discussed in 
Open Issues 2, 4, and 5. Thus, this integrated test will be 
performed in late 1998 or 1999. When the implementation 
date for the subject modifications is provided to the NRC on 
February 28, 1997, a commitment date for the integrated ES 
test will also be provided.  

Oconee is currently in conformance with the Technical 
Specifications testing requirements which are developed to 
ensure the operability of the emergency power system. In 
addition, this test will be a one-time test due to the 
safety risk for the shutdown Oconee unit, the impact on the 
reliability of emergency power system and the cost of test.  

The negative impacts of this test are elaborated below. The 
shutdown Oconee unit will be subjected to a loss of decay 
heat removal for a period of time at the beginning of the 
test. Since the underground power path will be out of 
service for the test, the availability of the underground 
power path will be reduced. Finally, the one-time test that 
is discussed above and in Open Issue #3 is estimated to have 
a combined cost of approximately one million dollars. This 
cost estimate includes the rented loads, test development, 
associated minor modifications, and outage delay.  

As mentioned in the coverletter, Oconee is planning on 
performing an integrated ES test during the current outage 
of the three Oconee units. If an integrated ES test is 
performed while the three Oconee units are shutdown, Duke 
Power does not intend to perform an additional integrated ES 
test as discussed in this open issue.  
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Open Issue #5: A failure of a Keowee voltage regulator or 
governor that results in an out-of-tolerance voltage or 
frequency, could expose the redundant safety equipment of 
the three Oconee units to that voltage and frequency. The 
staff's view is that it is very difficult to accept with a 
high degree of confidence any analyses that conclude that 
equipment as complicated as the Keowee governors and voltage 
regulators will not fail in a manner that would result in an 
unacceptable out-of-tolerance voltage or frequency. The 
staff believes a system of voltage and frequency protection, 
permissives, and limiters which does not rely on operator 
intervention should be provided to fully guard against these 
failures. As a minimum, it appears that overfrequency 
protection on the underground and overhead paths and 
undervoltage protection on the underground path should be 
installed to supplement protection that is already in place.  
The protective trips should have suitable time delay, 
redundancy, and coincidence to ensure proper operations.  
(NRR draft report pages ES-4, 11-15, 49, 51, 118; AEOD draft 
report pages x, xii, 3, 22, 25, 38, 40) 

Response: The original licensing and design basis of Oconee 
consists of postulating a voltage regulator or governor 
failure at the time of initial demand. The postulated 
failure of the governor system is precluded by the governor 
failure circuitry that was added by NSM ON-52966. A voltage 
regulator failure during the time of initial demand will 
result in a very low voltage output from Keowee. This low 
voltage will be prevented from reaching the main feeder 
buses by activation of the existing undervoltage 
permissives. Therefore, there are no operability concerns 
associated with the postulated failure of the voltage 
regulator and governor systems of the Keowee Hydro units.  

However, to further improve the design, Duke Power will 
provide protection for out-of-tolerance voltage and 
frequency on the Keowee generators. In order to perform 
this modification, the modification to provide voltage and 
frequency alarms on the underground path (see Duke letter to 
NRC dated January 31, 1996) will be reevaluated and trips 
will be included as appropriate. This modification to add 
voltage and frequency protection is being scoped in 
conjunction with the voltage and frequency close permissive 
modification discussed in Open Issue #2. The protection 
will consist of both over and under voltage and frequency 
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relays in a 2 of 3 configuration. Appropriate time delays 
to allow for loading transients will be incorporated in the 
logic. On detection of out-of-tolerance voltage or 
frequency and expiration of the time delay, the applicable 
overhead ACB or underground SK breakers will be tripped and 
blocked from reclosing until manually reset. As part of the 
modification design process, Duke will be evaluating the 
overall impact of the proposed modification on the 
reliability of the emergency power system. The results of 
this reliability assessment may result in changes to the 
conceptual design described in this report. This 
modification is still in the scope development stage and 
additional details will be available at a later date. An 
implementation date can be provided once the scoping 
analysis for this modification is completed. Duke Power 
will notify the NRC in writing of the implementation date 
for the proposed modification by February 28, 1996.  

Open Issue #6: A failure of the Lee combustion turbine 
voltage regulator or governor that results in an out-of
tolerance voltage or frequency, could expose the redundant 
safety equipment of the three Oconee units to that voltage 
and frequency, unless protective trips separate the Oconee 
equipment. The staff does not know what protection of this 
kind is available when a Lee combustion turbine is powering 
Oconee electrical equipment. The staff is also not aware of 
any failure analyses performed on the Lee combustion turbine 
governor or generator voltage regulator that analyzes the 
potential for an out-of-tolerance voltage or frequency to 
occur. The staff believes a system of voltage and frequency 
protection which does not rely on operator intervention 
should be provided to fully guard against these failures.  
(NRR draft report pages ES-4, 39, 51, 118; AEOD x, xii, 3, 
22, 38) 

Response: Currently, a Lee combustion turbine is used at 
Oconee during technical specification action statements to 
energize the Oconee standby buses when both Keowee units are 
unavailable or one Keowee unit is out of service for greater 
than 72 hours. When operating under the action statements, 
additional failures are not postulated to occur. Thus, 
voltage and frequency protection of the Lee dedicated line 
is not considered an operability issue.  
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The starting and alignment of a Lee combustion turbine to 
the Oconee standby buses is performed via Oconee operating 
procedures. Operators at Lee start the combustion turbines 
and verify proper operation prior to connecting the 
combustion turbines to Oconee. Therefore, failures in the 
voltage regulators or governor system resulting in an 
improperly operating combustion turbine would be identified 
prior to connection to Oconee. If a problem occurs during 
the startup of a Lee combustion turbine, one of the other 
combustion turbines would be started and dedicated to 
Oconee. However, frequency and voltage protection would 
eliminate concerns associated with voltage regulator or 
governor failures while the Lee combustion turbine is 
operating.  

Thus, Duke Power agrees with the staff that additional 
protection when aligned to Lee would be an enhancement to 
the emergency power system at Oconee. Therefore, voltage 
and frequency protection will be added to preclude out-of
tolerance voltage or frequency from damaging Oconee's 
auxiliary equipment. Both under and over voltage and 
frequency relays will be installed on the Lee dedicated path 
at Oconee. These relays, in a 2 of 3 configuration with an 
appropriate time delay to allow for loading transients, will 
be incorporated into the SL breaker trip logic. An 
additional lockout function will not be necessary for the SL 
breakers since they can only be closed manually. As part of 
the modification design process, Duke will be evaluating the 
overall impact of the proposed modification on the 
reliability of the emergency power system. The results of 
this reliability assessment may result in changes to the 
conceptual design described in this report. This 
modification is still in the scope development stage and 
additional details can be provided at a later date. An 
implementation date can be provided once the scoping 
analysis for this modification is completed. Duke Power 
will notify the NRC in writing of the implementation date 
for the proposed modification by February 28, 1996.  

Open Issue #7: Duke Power should not delete from Oconee 
Technical Specifications the Lee combustion turbine step
load test that utilizes Oconee loads. While this test does 
not actually load the Oconee loads in the manner it would 
during an event, and the magnitude of the load energized is 
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not what may occur during an event, it is the only step-load 
test that is performed on the machines. (NRR draft report 
pages ES-5, 41, 50, 118) 

Response: The proposed Technical Specification amendment 
ensures that the operability of the Lee combustion turbines 
and associated dedicated line is demonstrated periodically.  
This is accomplished by periodically energizing the standby 
buses, performing a load capacity verification to the grid, 
and verifying the operability of the S breakers. The 
proposed tests provide adequate overlap to verify the 
operability of the system.  

Duke Power realizes that an integrated test is preferred, 
when practical, instead of overlapping tests. Therefore, 
Duke agrees to leave the Lee combustion turbine test that 
energizes the main feeder buses in the Oconee Technical 
Specifications. This will be accomplished by submitting a 
supplement to the proposed Technical Specification amendment 
by February 28, 1997. The submittal date for the Technical 
Specification supplement is different from the January 31, 
1997, date which was provided in the meeting between the NRC 
and Duke Power on September 19, 1996. Since several of the 
individuals that are involved with the development of the 
Technical Specification supplement are also involved with 
the integrated ES test project team (see the coverletter), 
an additional month is necessary to prepare the Technical 
Specification supplement.  

It should be noted that the current test of the Lee 
combustion turbines step loads the equivalent of a single 
unit's ES loads to the Lee combustion turbines. Operating 
Oconee unit shutdown loads (-2 MW) are block loaded on the 
Lee combustion turbines. Additional loads are then manually 
started until approximately 5 MW is obtained. The Lee 
combustion turbines demonstrate they can be started and 
connected to the isolated line and carry the equivalent of 
the safeguards load of one Oconee unit within one hour.  

Open Issue #8: Duke Power plans to perform an integrated 
test of the Standby Shutdown Facility (SSF) reactor coolant 
makeup system (see section 4.4 of the NRR draft report), the 
results of which could provide greater or lesser confidence 
in its ability to perform its function, that in turn could 
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affect the station blackout (SBO) core damage frequency 
results. This issue, therefore, may be revisited if the 
outcome of the SSF reactor coolant makeup pump test is not 
satisfactory. One significant concern relative to the SSF 
is the lack of integrated testing of the makeup pump's 
ability to supply balanced flow to all four reactor coolant 
pumps. The balanced flow concern is one or more pumps could 
be starved for flow (or below the minimum required for 
adequate seal cooling), thereby causing seal heatup and 
inducing increased seal leakage and possible seal failure 
during an SSF event. The licensee is currently in the 
process of developing an integrated test program for the 
makeup pumps. The actual conduct of the test would not 
occur until at least July, 1996. Our understanding is that 
the present plans are to test flow up to the RCP injection 
point; this will verify the flows to each pump with the 
injection piping disconnected (does not include backpressure 
from pump and leakoff flow path). Thus, their proposed 
integrated flow test will only test a portion of the entire 
flow path and will not include the reactor coolant pumps 
(RCPs). The staff has concerns that the planned flow 
testing will not be adequate to provide sufficient data to 
verify adequate seal cooling flow to each pump (while 
maintaining injection pressure at least 50 pounds above the 
RCS pressure) during actual SSF makeup pump injection. The 
licensee should develop more detailed and meaningful 
acceptance criteria for these tests and submit the 
acceptance criteria for staff review. (NRR draft report 
pages ES-5, ES-6, 46, 51, 56-57, 64-66, 119-120; AEOD draft 
report pages xii, 29, 40) 

Response: This open issue was discussed with the NRC on a 
conference call in order to ensure that Oconee completely 
understood the issue. The following information is based on 
the results of the conference call.  

In order to ensure that the SSF reactor coolant (RC) makeup 
pump is capable of providing adequate injection flow to the 
reactor coolant pump (RCP) seals to prevent seal degradation 
or failure during an SSF event, the maximum allowed seal 
leakage rate during normal operation must be limited. The 
maximum allowed seal leakage limit for each Oconee Unit 1 
RCP (the criteria used to determine these limits was 
provided by Westinghouse) is based on the flow rate which 
the SSF RC makeup system is capable of delivering to each 
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RCP's corresponding seal injection line. Currently, the 
flow rate provided by the SSF RC makeup system to the RCP 
seals is based on the flow distribution predicted by a flow 
model of the SSF RC makeup system.  

A flow test will be performed to determine if the flow 
distribution predicted by the SSF RC makeup system flow 
model is valid. Since the pressure drop between the point 
of seal injection into each RCP and the RCS is negligible 
(see discussion below), the pressure present at the point of 
seal injection for all 4 RCPs will be essentially equal to 
RCS pressure. Therefore, in order to perform a flow test 
which accurately demonstrates the SSF RC makeup system flow 
distribution, the back pressure downstream of all 4 SSF RC 
makeup system seal injection lines must be nearly equal 
during the flow distribution test.  

Currently, there is no flow instrumentation installed on 
each of the four SSF RC makeup seal injection lines. In 
addition, measurement of RCS seal leakage is not a 
meaningful way to determine the seal injection flow rate 
since a portion of the seal injection flow rate provided to 
a RCP will be diverted to the RCS.  

The flow distribution test of the SSF RC makeup system will 
be accomplished using one of the following methods: 

1.Accurate temporary flow instrumentation will be installed 
in each of the 4 SSF RC makeup system seal injection 
lines. Flow from the SSF RC makeup system will be 
directed to the RCP's when the RCS is at cold shutdown 
conditions. Since each of the 4 RC pumps will have 
essentially the same RCS back pressure at the point of 
seal injection, the flow distribution demonstrated by 
this test will be the same as the flow distribution which 
would be present if the system were required to operate 
when the RCS is at or above hot shutdown conditions.  
Since the September 19, 1996, meeting between Duke Power 
and the NRC, additional information concerning temporary 
flow instrumentation has been obtained., This additional 
information is being reviewed to determine if the 
installation of the temporary flow instrumentation is 

* practical.  
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2. If it is determined that installation of temporary flow 
instrumentation is impractical (due to the accuracy of 
available instrumentation), the system will be tested by 
disconnecting the seal injection lines from the RCPs.  
The effluent from each of the seal injection lines will 
be captured in a container where it will be measured to 
determine the SSF RC makeup system flow distribution.  
This method of testing is acceptable for the following 
reason: 

The pressure drop between the location where SSF RC 
makeup system flow is injected into a RCP and the RCS 
will be negligible during an SSF event. Therefore, the 
back pressure downstream of each of the four seal 
injection lines will essentially be equal to RCS 
pressure. The back pressure downstream of each of the 
four seal injection lines during testing will be 
atmospheric pressure. Since the back pressure during 
testing is equal, the flow distribution predicted by this 
type of testing will be equal to the flow distribution 
present during an SSF event.  

Pressure Drop Between Point of Seal Injection and the 
Reactor Coolant System 

SSF RC makeup system flow distribution testing using the 
planned RC makeup flow distribution test will provide 
meaningful results since the pressure drop between the point 
of seal injection and the RCS is negligible at the seal 
injection flow rates which will be provided during an SSF 
event. The following Duke test data of the pressure drop 
across a tripped RCP's labyrinth seal at hot shutdown 
conditions shows that the pressure drop between the point of 
seal injection and the RCS was less than 0.5 psid: 

Tripped RC pump Labyrinth Seal D/P Labyrinth Seal D/P 
(in H20) (PSID) 

1A1 5.20 0.19 
1A2 6.00 0.22 
lBl 7.50 0.27 
1B2 6.90 0.25 

Results from an equation provided by Westinghouse also 
indicate that the pressure drop between the point of seal 
injection and the RCS will be small. The Westinghouse 
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equation predicts a 0.41 psid (0.946') pressure drop when 7 
gallons per minute (GPM) pass across the labyrinth seal.  

Therefore, the pressure at the point of seal injection will 
be essentially equal to RCS pressure because the pressure 
drop between the RCS and the point of seal injection is 
relatively small. The magnitude of the RCP seal leakage 
rate which is present during an SSF event will have little 
or no impact on the back pressure seen at the point of seal 
injection.  

Effect of Seal Return Flow on SSF RC Makeup Pump Operation 

During an SSF event, the normal Oconee Unit 1 seal return 
flow path is isolated and flow is directed to the Quench 
Tank via relief valve 1HP-304. 1HP-304 opening and reseat 
pressures will determine the back pressure downstream of the 
number 1 RCP seal. Actual seal leakage rates seen at the 
start of an SSF event will be slightly lower than the 
leakage rates seen during normal operation (less than 1 gpm) 
since the 1HP-304 set pressure is greater than the normal 

* seal return line pressure.  

Normal operation of HPI demonstrates that the seal return 
flow path between the point of seal injection and 1HP-304 is 
functioning properly. The 1HP-304 set pressure (114 psig) 
has been verified by bench testing. As was discussed in the 
previous section, the range of seal leakage rates which 
could be present during an SSF event will have little impact 
on the flow distribution provided by the SSF RC makeup 
system.  

Based on the above discussions, Duke has determined that no 
operability concerns exist with SSF RC makeup system flow 
rates. Also, Duke will perform the above planned RC makeup 
flow distribution test and will provide the test results to 
the NRC. This test will be conducted during the next Oconee 
Unit 1 refueling outage (lEOC17).  

Open Issue #9: Because there are substantial differences in 
the Keowee emergency power start sequence as compared to the 
Keowee normal start sequence, a normal start test may not 
detect failures that could affect the emergency start 
sequence. In addition, some of these failures could affect 
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the Keowee unit's ability to supply an acceptable voltage 
and frequency. The staff therefore believes the Keowee 
units should be tested on a monthly frequency by using an 
emergency start signal to initiate the monthly start test.  
(NRR draft report pages ES-5, 28, 30, 52, 119) 

Response: Device operating differences in a normal versus 
emergency start are highlighted in the following table.  

Keowee Emergency vs. Normal Start 

Device Normal Start Emergency Start 

Field Breaker Closes at -50 RPM Closes immediately 
Field Flashing Closes after Field Closes after Field 
Breaker Breaker Breaker 
Supply Breaker Closes after Field Closes after Field 

Breaker Breaker 
Voltage Regulator Go on when "53" Go on when "53" 

relays are energized relays are energized 
Synchronizer Is turned off during Is turned off 
Operation the monthly test 
Compensating Not bypassed Not bypassed 
Dashpot 
Partial Shutdown Energizes when Energizes initially 
Solenoid connected to Grid drops out -50 RPM 

energizes -122 RPM 

Gate Limit 50% initially 50% initially 
manually adjusted 100% -122 RPM 
based on load 

Key components needed to start the Keowee generator during 
an emergency start are required during a normal automatic 
start. Therefore, failure of these components to function 
properly would be detected during a normal start. The 
emergency start relay contacts that operate these components 
are not verified during normal starts. These relays are 
energized and verified by other tests and the contacts are 
verified in the annual test. Differences between a monthly 
normal start and an emergency start and failure detection 
are as follows: 

1) The field breaker closes immediately on an emergency 
start instead of at approximately 50 rpm on a normal 
start. The field flashing and supply breakers close 
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immediately after the field breaker on both starts.  
Failure of these breakers to close during a normal start 
would be detected because the generator field would not 
flash.  

2) The partial shutdown solenoid energizes initially on an 
emergency start to allow the gates to open to 50 
percent. Failure of the partial shutdown solenoid to 
pick up during a normal start would be detected because 
the generator load capacity would be limited.  

3) The gate limit is driven to its setpoint of 50 percent 
when the unit is shutdown. This occurs regardless of 
whether the unit was started by an emergency start or 
normal start. The gate limit is driven to 100 percent 
during an emergency start to assure there is no 
restriction on adding Oconee loads. Failure of the gate 
to move from its initial setpoint of 50 percent would be 
detected during a normal start because the generator 
load capacity would be limited. Gate position for 
LOCA/LOOP loads is approximately 30 percent. Failure of 
the gate limit would not restrict the loading of 
LOCA/LOOP loads.  

4) The synchronizer is blocked during an emergency start to 
prevent it from operating the voltage regulator and 
governor. The synchronizer is turned off during the 
monthly normal start test to prevent it from operating 
the voltage regulator and governor. Thus, the monthly 
normal start test simulates an emergency start by 
turning .off the synchronizer.  

The current Technical Specifications indicate there will be 
an annual emergency start test, and 18 month testing of 
transfer of the 4160 main feeder buses (MFBs) to the startup 
transformer (emergency power switching logic functional test 
[start from dead stop on an ONS unit]). Degraded grid 
testing is currently performed on an 18 month frequency.  
This surveillance is included in the proposed Oconee 
Technical Specifications Section 3.7 rewrite. In addition, 
the switchyard isolation test which is performed every 18 
months will be included in the proposed Oconee Technical 
Specifications Section 3.7 rewrite via a supplement that 
will be submitted to the NRC by February 28, 1997. A 
proposed technical specification amendment that has been 
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submitted to the NRC adds load rejection and timing testing 
to the Technical Specifications with an 18 month frequency.  
The tests in the proposals will be performed concurrently.  
The combination of the above tests results in three 
emergency start tests from a dead stop, and four from a 
running Keowee unit every two years. Each of these tests 
verifies that the emergency start relays operate.  

The Technical Specification annual test verifies that each 
Keowee unit reaches its specified voltage and frequency 
within the required time of 23 seconds. The monthly normal 
start test verifies that each Keowee unit reaches and 
maintains its specified voltage and frequency. Since the 
synchronizer is turned off during this test, the voltage and 
frequency represent the setpoint of the voltage regulator 
and governor as verified by the annual test.  

The amount of Keowee emergency start testing is comparable 
with the diesel testing which is currently prescribed by 
Standardized Technical Specifications, Regulatory Guide 1.9, 
and NSAC-108. Therefore, Duke believes that the current 
typical number of emergency starts is comparable with the 

specifications of diesel units. In addition, the monthly 
start verifies equipment operation including the governor 
and voltage regulator and their setpoints. Start failures 
during normal starts are investigated for implication on 
emergency start capability and resolved through Duke Power's 
corrective action program. Based on the above, Duke 
believes that the current monthly normal start and emergency 
start data and verification is satisfactory to assure 
reliable operation in an emergency.  

Open Issue #10: The 5 MW load used in the Oconee emergency 
power switching logic (EPSL) functional test would not 
necessarily bound the maximum partial load that might be 
rejected during a three unit LOOP event (e.g. one entire 
Oconee unit including reactor coolant pumps). Also, it does 
not appear that the EPSL functional test procedure provides 
transient voltage or frequency acceptance criteria for the 
load rejection. A bounding test should be provided unless 
the acceptance criteria for the proposed degraded grid and 
switchyard isolation functional test or Keowee load 
rejection test will provide assurance that the single load 
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rejection limits would not be violated if those tests were 
passed. (NRR draft report pages ES-5, 32, 52, 119) 

Response: Transient full load rejections are not part of the 
scope or acceptance criteria for the emergency power 
switching logic (EPSL) functional test as noted in the 
January 31, 1996, submittal to NRC. Governor control (or 
testing) through load rejection of the Keowee units is 
verified during the degraded grid and switchyard isolation 
functional test and the recently submitted Keowee load 
rejection surveillance. These tests contain the acceptance 
criteria for Keowee to attain rated voltage and frequency 
within the committed time. The Keowee units in the EPSL 
test that the NRC reviewed (PT/2/A/0610/J) are started and 
loaded to 5 MW prior to emergency start actuation to 
preclude unnecessary bearing wear on the units. Therefore, 
the 5 MW load rejection is not intended to be a test of its 
full load rejection capabilities. The 5 MW loading and load 
rejection are good engineering practice during a test in 
which Keowee is used.  

As described in the January 31, 1996, submittal to NRC, a 
one-time loss of load test was performed during 1EOC16.  
This test shed approximately 4 MW (2 - 1700hp motors) of the 
total 8 MW load simultaneously from Keowee while continuing 
to supply the remaining auxiliary loads. The Keowee unit 
remained very stable during this loss of load scenario.  
Data recorded during this test shows a negligible effect on 
Keowee frequency and voltage during this transient and is 
included as Attachment 4.  

Restoration of offsite power to Oconee auxiliary loads is 
performed by paralleling the Keowee unit to the system grid 
while supplying the auxiliary loads. This practice results 
in no load rejection transient on the Keowee unit during 
offsite power restoration.  

Open Issue #11: In 1980, a bus connection overheated in 
Oconee Unit 3 cabinet 3B1T-3 as the result of operating the 
Oconee unit auxiliary transformer and the Oconee unit 
startup transformer in parallel. The staff could not 
determine if any follow-up corrective action had been 
implemented. Duke Power should ensure that procedures are 
in place in each Oconee unit to prevent paralleling of the 
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auxiliary transformer and the startup transformer except for 
brief power transfer evolutions. (NRR draft report pages 
ES-5, ES-6, 47, 52, 119; AEOD draft report page 32) 

Response: The current normal power procedures have a limit 
and precaution step which instructs the operator to avoid 
paralleling the normal and startup transformers for an 
extended time beyond that required to operate the switches 
for a transfer of auxiliaries. This precaution is written 
to explicitly prevent this from occurring with the 4160V 
power, although it implies that the same precaution applies 
to the 6900V power.  

The normal power procedures have been revised to include 
explicit directions to prevent extended paralleling of the 
main auxiliary and startup transformers through both the 
4160V and 6900V buses. These changes place "Cautions" in 
the body of the procedure for transferring auxiliaries. The 
limit and precaution segment was revised to explicitly 
prevent extended paralleling of the transformers through 
both buses. A training package for this procedure change 
has also been issued.  

Open Issue #12: In the case of an event which will 
automatically result in load shedding of the Oconee 
switchyard battery chargers and subsequent discharging of 
the switchyard batteries, the staff believes the recovery of 
the chargers should be included in the emergency recovery 
procedures. (NRR draft report pages ES-6, 43, 52, 120) 

Response: AP/1,2,3/A/1700/11, Loss of Power Abnormal 
Procedure, will be revised to include directions to restore 
switchyard feeder breakers A and B (1TE-11 and 2TE-11) which 
energize both the 230 kV and 525 kV switchyard battery 
chargers. The chargers are automatically energized once 
feeder breakers A and B are restored and no further operator 
action is required.  

Open Issue #13: Another staff concern with the SSF relates 
to the small capacity and 10 minute time restriction on 
operation of the SSF makeup pumps, particularly on Oconee 
Unit 1 which has Westinghouse reactor coolant pumps (RCPs).  
At Oconee Unit 1, the operators must get the system up and 
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running within 10 minutes to preclude possible excessive 
increases in RCP seal leakage. Because we have confidence 
that adequate seal cooling can be maintained (assuming 
acceptable integrated test results) if injection is restored 
within 10 minutes, the staff concluded that the licensee 
should place more emphasis on operator training and drills 
to assure this capability can be consistently and 
confidently maintained. (NRR draft report pages ES-7, 78
79, 97, 120; AEOD draft report page 7) 

Response: The Operations and Training departments at Oconee 
have developed and implemented an aggressive program to 
ensure that the licensed operators are qualified to activate 
and operate the SSF systems within the required time 
restraints. This program includes training/testing during 
license preparatory classes and during license 
requalification classes. This training includes time 
critical Job Performance Measures (JPMs). These JPMs 
require the operator to simulate/walk through activating the 
SSF systems within the required time limit. Also, these 
JPMs are used during the annual requal exams and by the 
Training department to conduct unannounced on-shift SSF 
activation drills. These on-shift SSF activation drills are 
conducted on a twice per year frequency for each shift. In 
addition to these drills, the SSF activation time is also 
tested during the Station Appendix R emergency preparedness 
drills. These Station Appendix R emergency preparedness 
drills are conducted every other year. The latest Appendix 
R drill was conducted on July 30, 1996, and the SSF RC 
makeup system was activated at 6 minutes and 56 seconds.  
The SSF auxiliary service water system was activated at 8 
minutes and 29 seconds.  

Open Issue #14: Non-proceduralized Keowee recovery actions 
require the expertise of the on-call technical specialist.  
Given favorable weather conditions, the values estimated for 
the on-call technical specialist seem reasonable, but 
possibly optimistic. However, given severe weather 
conditions, the assumed travel time to the site may be 
questionable. Due to the importance of having a skilled 
technical specialist at the Keowee site during periods of 
severe weather and the unpredictable nature of traveling in 
these conditions, the staff believes that a Keowee technical 
specialist should be stationed at the site in advance, 
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whenever severe weather is predicted to occur. (NRR draft 
report pages ES-7, 78-79, 97, 120) 

Response: Operator training on the emergency electrical 
system has been enhanced for both the Oconee and Keowee 
operators. This training improved the understanding of 
electrical power system interactions and the emergency start 
response of the Keowee units.  

For Keowee personnel, enhancements were implemented in the 
initial operator and technician training programs as well as 
the requalification training program. These programs are 
conducted in accordance with the Oconee Employee Training 
and Qualification System (ETQS) manual and are maintained by 
the Oconee Training department. A complete Job Task 
Analysis was performed for Keowee operators and technicians, 
identifying approximately 75 operator tasks and 24 
technician tasks. A procedure was written, AP/O/A/200/02, 
Keowee Hydro Station - Emergency Start, which deals with 
failures and combinations of failures of the relays and 
breakers associated with Keowee power supplies. A total of 
five Job Performance Measures (JPMs) covering tasks that 
relate to supplying emergency power to Oconee were developed 
for the Keowee operators. The Keowee operators are tested 
on these JPMs annually. All Oconee operators (licensed and 
non-licensed) have been trained in the use of this procedure 
and have a JPM associated with the Keowee power system 
failures. Both Keowee operators and Oconee operators are 
trained on modifications to Keowee.  

The Oconee operators are trained on the Keowee auxiliary 
power system. All Oconee operators are qualified to the 
tasks of supplying auxiliary power to Keowee Hydro Station 
and swapping control of Keowee to the ONS control room. A 
JPM was created on these tasks and this JPM is included on 
the list of JPMs from which the yearly NLO, RO, and SRO 
annual operating exams are selected. Training on various 
loss of power scenarios is conducted on the ONS simulator 
yearly.  

Oconee establishes communication with an on-call Keowee 
Technical Specialist when required by the Keowee or Oconee 
abnormal procedures. Since the Oconee and Keowee operators 
can restore the Keowee auxiliaries, Duke does not feel that 
it is necessary to require that a technical specialist be 
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physically present during periods when severe weather is 
predicted to occur.  

Open Issue #15: The staff feels that the unavailability of 
the Lee combustion turbines in the Keowee PRA may be 
underestimated due to questionable reliability assumptions 
for a grid related LOOP. Duke Power's position is that a 
grid-related LOOP does not fail the entire 100 kV system so 
that all three combustion turbines will be available to 
start. Without further technical information in support of 
this statement, the staff cannot verify this position (given 
that it is inconsistent with the SBO analysis definition of 
a grid-related LOOP). If it is assumed that a grid-related 
LOOP would preclude the use of two of the three Lee 
combustion turbines since only one combustion turbine can 
black start, then the probability of CT-5 failure can be no 
lower than the start failure probability of turbine 4C.  
Another reason the staff feels that the Lee combustion 
turbine unavailability is underestimated is due to the fact 
that Lee station is under the management of Duke Power's 
Fossil Generation Department. Maintenance unavailability 
records are not kept with the Nuclear Generation Department.  
Therefore, verification of any past and future operational 
experience is questionable. The staff believes that due to 
the importance of power from CT-5 to the Oconee ac power 
system, either the modeling of CT-5 power should be expanded 
from a "black box" to explicitly account for all the failure 
modes to determine more accurately its reliability and 
availability, or a more robust screening value should be 
used in the "black box" model. (NRR draft report pages ES-8, 
46, 82-85, 99-100, 121-122) 

Response: In the Keowee PRA, the failure probability 
assigned to Lee as a backup emergency power source for 
Oconee during a grid related LOOP event is a best estimate 
value. Analysis of the failure data for the three-unit Lee 
CTs for the most recent three years (1992-1994) supports the 
values originally selected for this parameter. If only one 
Lee CT is assumed to be available, instead of possibly all 
three, the failure probability of CT-5 under that assumption 
would be higher.  

In the Keowee PRA analysis, the frequency of a grid related 
LOOP event is quantified by considering all LOOP events 
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where the cause of the LOOP originated outside the 
switchyard. It does not necessarily imply the loss of the 
entire utility grid system or a significant portion of the 
utility grid system. For this broad spectrum of conditions, 
it is reasonable to assume that power would be available to 
the Lee station, which is connected to multiple 100 kV 
transmission lines and not just the one originating in the 
Central switchyard. Furthermore, the Lee operating 
procedure to provide emergency power to Oconee requires the 
starting of a backup unit and putting it in standby mode, 
while one unit is supplying power to Oconee. Thus, all 
three units are assumed to be potentially available to 
energize CT-5 if needed during a grid related LOOP.  

Considering the industry LOOP data for the period 1980-1995 
(see EPRI TR-106306), there appears to be no event of the 
severity to cause concurrent ac power failure at Oconee and 
Lee in the 1517.7 reactor unit years of experience. The 
grid related LOOP events analyzed in the Keowee PRA, 
however, used a frequency of 0.0273 per year (one event in 
36.6 reactor unit years).  

Therefore, the failure probability assigned to Lee during 
grid related LOOP with all three Lee combustion turbines 
assumed to be potentially available, instead of just the 
black start unit, is a realistic assumption.  

To provide information on an upper bound impact on Lee 
reliability, the Oconee core damage model has been re
quantified assuming a CT-5 power failure probability of 0.5 
due to .the Lee combustion turbines (the base case value is 
0.0578 for T5FEEDF). The results are presented in the 
following table. As seen, the risk of core damage for LOOP 
increased from 1E-6/yr to 1.6E-6/yr, which represents an 
increase of 6E-7/yr. This increase is very small when 
compared to the total core damage frequency for Oconee of 
approximately 1E-4/yr. Thus, any expected variations in the 
Lee reliability will have only a small impact on the core 
damage risk.  
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Sensitivity Study of LOOP CDF on Lee Reliability 

LOOP Event Lee Fail. Prob. CDF (/yr) 
Case Base Sensitivity Base Sensitivity 
T5WEATH 1. 1. 1E-6 1E-6 
T5FEEDF 0.0578 0.5 -1E-8 5.3E-7 
T5SUBF N/A -1E-8 1E-8 

Total LOOP CDF 1.E-6 1.6E-6 

Note: Lee failure probability includes operator failure 
probability to start Lee and energize CT-5 and 
applicable start and run failure of Lee. For 
T5SUBF events, CT-5 is already energized by power 
from the Central switchyard and if CT-5 is 
initially being energized by Lee because Keowee is 
unavailable, cut sets involving the run failure of 
Lee can be recovered by power from the Central 
switchyard.  

The fact that the Lee Steam Station is under the management 
of another department within Duke should not cause the Lee 
unavailability to be underestimated or overestimated. As a 
complementary task of the Keowee PRA effort, the Duke PRA 
team collected the data from Lee in 1995 for the period 
1992-1994 and confirmed that the Lee reliability numbers 
used in the Keowee PRA are appropriate for the three-unit 
Lee system. This data is now available to the Oconee system 
engineers.  

Concerning the level of detail of the CT-5 power from Lee, 
Duke agrees with the staff assessment that the Oconee ac 
power model should include the CT-5 power source with a 
level of detail sufficient to account for the reliability 
and availability information of Lee. The recent Oconee PRA 
update effort considered this aspect and made use of a more 

37



expanded fault tree for the CT-5 power source. This effort 
included specific events for Lee start and run failures, 
human errors, and CT-5 maintenance.  

Furthermore, and as stated in the Duke letter dated January 
31, 1996, the reliability and availability data on the CT-5 
power source is tracked as part of the maintenance rule 
program.  

Open Issue #16: Due to the importance in the emergency ac 
power system for all three Oconee units, the staff believes 
the licensee should establish reliability goals for the CT-5 
power components, and performance should be tracked and 
monitored under the maintenance rule. Reliability tracking 
would be facilitated by organizing the Lee combustion 
turbines under the Nuclear Generation Department. In a 
letter dated January 31, 1996, the licensee committed to 
including the Lee/Central power system (which includes the 
Lee combustion turbines) in the maintenance rule as a risk 
significant system. It is therefore expected that specific 
failure modes will be considered for reliability monitoring 
under the rule. If the targeted reliability/availability of 
the Lee combustion turbines is not achieved during plant 
operation, the implementation of the SBO rule at ONS may be 
revisited. (NRR draft report pages ES-7, 46, 84, 100, 119, 
121) 

Response: The licensee is tracking the availability and 
reliability of the Lee/Central power system under the 
maintenance rule as committed in the January 31, 1996 letter 
to the NRC. The Lee/Central power system is defined in the 
Plant Design Basis Specification for Oconee Site Systems and 
Structures Listing, Spec. OSS-0254.00-00-4020. The system 
is described to include the onsite components that are 
required to supply electrical power from the Lee Steam 
Station combustion turbines to the Oconee standby bus. Its 
function is to supply power from the Lee combustion turbines 
on a dedicated line to CT-5 when the 230 kV power supply and 
the Keowee power paths are not available.  

Performance of the Lee/Central power system is monitored as 
defined in Selected Licensee Commitments (SLC) 16.8.6, 
Lee/Central Alternate Power System. This SLC requires that 
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the Lee power system be considered unavailable whenever it 
is determined that: 

1.Less than two Lee combustion turbines are available for 
supplying power to the standby buses within one hour of 
demand; 

2.CT-5, the 100 kV power path from Lee, OR both of the SL 
breakers are not available within one hour of demand; 

3. Power from a combustion turbine is lost while supplying 
power to the standby buses OR failure of a Lee combustion 
turbine to start within one hour of demand and resulting 
in Condition 1 above.  

The requirements for energizing the Oconee standby buses are 
described in the Technical Specifications.  

The ability to receive power from the Lee combustion 
turbines has been identified as a maintenance rule risk 
significant function and unavailability and reliability are 
measured for the system. The failure to be able to separate 
from the grid the dedicated path from Lee to Oconee is 
identified as a maintenance rule non-risk significant 
function, unavailability and reliability are also measured 
for this function using the same SLC.  

Unavailability is tracked through monitoring of entry into 
SLC 16.8.6 and has an acceptable performance criteria of 
greater than or equal to 94 percent availability as 
monitored by the maintenance rule. Reliability is tracked 
by monitoring maintenance preventable functional failures 
(MPFFs) as documented in station Problem Investigation 
Process (PIP) documentation. The system is considered A(1) 
for each Oconee unit at this time because the site did not 
have an adequate history of the performance of the system 
during the historical review period as required in the 
maintenance rule implementation guide.  

The maintenance rule requires that if the system fails these 
performance criteria for maintenance related causes, then 
the system will be considered A(1) and a corrective action 
plan will be developed. Because the system was determined 
to be A(1) only because of a lack of an adequate performance 
history, it is being monitored to the same performance 
criteria as if it were A(2) until an adequate performance 
history can be documented. No specific corrective action 

39



plan is required for this system. During the development 
and implementation of the maintenance rule, the NRC has 
emphasized that every effort should be made to track the 
performance of systems at the plant, system or train level 
and they have agreed tracking the performance of individual 
components is unnecessary.  

In addition to tracking system performance under the 
maintenance rule, the system engineer monitors the 
performance of the individual combustion turbines in 
accordance with the engineering support program. The 
engineering support program is contained in the engineering 
directives manual in EDM-201. Using direct communications 
between himself and the Lee operations staff, the engineer 
reviews quarterly reports documenting all starts and each 
failure to start or run. The engineer generates a report 
which includes information on any problems identified and 
the corrective actions taken. Based on the existing 
programs, organization of the Lee combustion turbines under 
the Nuclear Generation Department is not necessary to ensure 
tracking of the Lee combustion turbine reliability.  

NUMARC 87-00 and Regulatory Guide 1.155 require monitoring 
of reliability/availability for the onsite AC emergency 
diesel generator (EDG) and the alternate AC power source for 
SBO. Reliability/availability for the Keowee Hydro Units 
(Oconee's equivalent to an onsite EDG) and the SSF (Oconee's 
alternate AC power source) is monitored. For the SBO rule, 
CT-5 is considered an offsite power source which is 
available to be used for recovery. Keowee is the only 
Oconee AC power source which is considered the onsite EDG.  

Open Issue #17: Since CT-5 and the associated 100 kV line 
are not rugged against severe weather, planned maintenance 
of both Keowee units is done during periods of favorable 
weather conditions. The second most dominant cut set in the 
Oconee-Keowee ac power integrated model consists of a Severe 
Weather LOOP, both Keowee units in maintenance, and a 
modifier of 0.1 (since Keowee is scheduled for mild weather 
periods). The staff believes that the modifier is 
reasonable provided that a program is referenced in the 
administrative controls section of the Oconee Technical 
Specifications, and the program stipulates that pre-planned 
dual maintenance should be avoided and terminated (and 
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equipment restored to operable status) when severe weather 
is imminent. (NRR draft report pages ES-7, 84, 100, 121) 

Response: The Keowee PRA contained a recommendation that a 
formal review of the severe weather potential should be 
instituted for scheduling outages of the Keowee underground 
path or both Keowee units, especially for outages lasting 
longer than a shift. In response to this recommendation, a 
review of the various Keowee procedures which would take the 
underground path or both Keowee units out of service was 
conducted. The Unwatering and Watering-up Keowee Units 
procedure (OP/O/A/2000/038) was identified to take both 
Keowee units out of service for greater than one shift. The 
Keowee - Underground Power Path procedure (OP/0/A/2000/040) 
was identified to take the underground path out of service 
for greater than one shift.  

Both of the procedures identified above were revised in 
October 1995 to include a step to require a review of the 
severe weather potential expected during the outage. The 
step in each procedure requires that the conclusion be 
documented on the procedure process record before proceeding 
with the outage. A favorable review must be obtained prior 
to the start of the outage unless it is an emergency.  

If the weather conditions change while in a dual unit Keowee 
outage, the Keowee units may be returned to an operable 
status. This depends on the nature and status of the Keowee 
outage.  

Based on the procedure requirements discussed above, Duke 
believes that the placement of a Keowee severe weather 
outage program in the Technical Specifications is not 
necessary.  

Open Issue #18: In order for the staff to conclude that 
there is no significant degradation in the reliability of 
Keowee when both units are allowed to generate power to the 
grid (for up to 30 percent of the time), the staff believes 
that the licensee should perform periodic testing of the air 
circuit breakers (particularly ACBs 3 and 4) and their new 
function and their associated logic, to ensure that these 
ACBs can achieve the reported high reliability values. (NRR 
draft report pages ES-7, 89, 102, 121) 
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Response: First, it should be noted that the 30 percent 
dual generation value used in a Duke Power sensitivity study 
is significantly greater than can be achieved. This value 
was selected because it was almost an order of magnitude 
greater than dual unit generation based on historical data.  

Periodic testing of ACBs 1, 2, 3, and 4 to perform their 
functions has been established. The Oconee Technical 
Specifications have been revised to add a surveillance to 
verify the automatic closing circuits of ACBs 3 and 4 
annually. This function was added by modification NSM ON
52966 and tested during the last degraded grid test. The 
overfrequency close permissive for ACBs 1, 2, 3, and 4 was 
also added by modification NSM ON-52966. This function was 
verified during the post-modification testing and is 
scheduled to be tested every 18 months.  

Open Issue #19: In order for the staff to conclude that 
there is no significant degradation in the reliability of 
Keowee when both units are allowed to generate power to the 
grid (for up to 30 percent of the time), the staff believes 
that reliability goals for the ACBs should be established.  
The reliability of these components should be at least 
maintained to the Bayesian updated reliability values used 
for these components in the Keowee PRA. Keowee ACB 
performance should be tracked and monitored against these 
goals under the maintenance rule. (NRR draft report pages 
ES-7, 89, 102, 121) 

Response: The intent of these recommendations is being met.  
Failure related to maintenance of any components that 
prevent the proper operation of the Keowee units to supply 
Oconee emergency power will be monitored as MPFFs and the 
associated lost time will be monitored with the system 
unavailability. Consistent with NRC guidelines on the 
maintenance rule, the reliability goals are set at the 
system and train level and not at the component level. It 
is not practical to validate reliability numbers on the 
order of 1E-4 at the component level for a specific 
component. If the failures cause the system to exceed the 
performance criteria, then a detailed cause evaluation will 
be performed and a corrective.action plan implemented. This 
process does not single out any individual components, but 
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will be applied to all components required to maintain 
Keowee operable.  

The function of the Keowee units to supply power to Oconee 
is considered risk significant and will be monitored on a 
system basis under the maintenance rule. In addition, 
Oconee has committed to monitor Keowee in accordance with 
the station blackout (SBO) rule and reliability is monitored 
per the SBO requirements. The SBO rule includes criteria on 
failures per demand and overall availability for the Keowee 
station. The trigger values which are identified in the SBO 
rule are also considered maintenance rule performance 
criteria. In addition to the SBO criteria, each Keowee unit 
is monitored against an availability criterion and 
reliability is also measured using MPFFs.  

Unavailability is tracked through monitoring of entry into 
the appropriate paragraphs of Technical Specification 3.7.  
Reliability is tracked through the monitoring of MPFFs in 
station Problem Investigation Process (PIP) documentation.  
At this time, Keowee Unit 1 is considered A(1) because of 
breaker maintenance problems in the historical review 
period. The corrective action involves making some changes 
to preventative maintenance procedures to better reduce the 
probability of a similar failure. Keowee Unit 2 is 
classified as an A(2) system.  

Open Issue #20: In order for the staff to conclude that 
there is no significant degradation in the reliability of 
Keowee when both units are allowed to generate power to the 
grid (for up to 30 percent of the time), the staff believes 
that a periodic hot start test should be performed. When a 
unit is generating to the grid and is called on to start for 
emergency power to Oconee it is referred to as a hot start.  
Because no specific hot start test is currently required, 
the DPC PRA analysts did not have adequate data to 
statistically determine these failure probabilities.  
Recently, DPC committed to perform a periodic hot start test 
under a proposed Oconee Technical Specification change which 
will resolve this concern. (NRR draft report pages ES-7, 
23, 33, 76, 87, 89, 101, 102, 121; AEOD draft report page . 20) 
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Response: The Keowee units have been load rejected from a 
high load level for data acquisition and LOOP events 20 
times for Keowee Unit 1 and 18 times for Unit 2. The load 
rejections for the degraded grid and switchyard isolation 
functional tests, on the order of 2 MW, have been performed 
two times. The emergency power switching logic (EPSL) test 
has been performed since 1975. On average there are two 
runs of this procedure per year due to three Oconee units 
with refueling outages every 18 months. It should be noted 
that early core cycle lengths were only 12 months. The EPSL 
test results in another 40 low load rejections, or 20 per 
unit. The total then is about 40 load rejection tests on 
each Keowee unit. Diesels are required to perform load 
rejection testing on a refueling frequency for full load and 
the single largest load. Thus, a diesel unit has about four 
tests every three years. For a 21 year old diesel unit, 
there should be about 28 load rejections. Since Keowee has 
40 load rejections per unit, there is more data available 
for Keowee than a comparable diesel.  

Load rejection testing on a refueling frequency was 
committed to and documented in the NRC SER dated 8-15-95.  
(Amendments 210 , 210, and 207 respectively for ONS Units 1, 
2, and 3). The EPSL testing and the degraded grid and 
switchyard isolation test will continue on refueling 
frequencies. This means, with two outages per year, there 
are approximately four load rejections performed per year on 
the Keowee units.  

Open Issue #21: In order for the staff to conclude that 
there is no significant degradation in the reliability of 
Keowee when both units are allowed to generate power to the 
grid (for up to 30 percent of the time), the staff believes 
that the licensee should be sensitive to the Keowee hot 
start reliability and should try to make sure that the 
values used in the Keowee PRA are maintained. Reliability 
goals should be established at the values used in the Keowee 
PRA and performance should be tracked and monitored against 
these goals under the maintenance rule. (NRR draft report 
page 102) 

Response: The intent of these recommendations is being met.  
Failures of any components during load rejections (hot 
start) that prevent the proper operation of the Keowee units 
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to supply Oconee emergency power will be monitored as MPFFs 
and the associated lost time will be monitored with the 
system unavailability. Consistent with NRC guidelines on 
the maintenance rule, the reliability goals are set at the 
system and train level and not at the component level. It 
is not practical to validate reliability numbers on the 
order of 1E-4 at the component level for a specific 
component. If the failures cause the system to exceed the 
performance criteria, then a detailed cause evaluation will 
be performed and a corrective action plan implemented. This 
process does not single out any individual components, but 
will be applied to all components required to maintain 
Keowee operable.  

The function of the Keowee units to supply power to Oconee 
is considered risk significant and will be monitored on a 
system basis under the maintenance rule. In addition, 
Oconee has committed to monitor Keowee in accordance with 
the station blackout rule (SBO) and reliability is monitored 
per the SBO requirements. The SBO rule includes criteria on 
failures per demand and overall availability for the Keowee 
station. The trigger values identified in the SBO rule are 
also considered maintenance rule performance criteria. In 
addition to the SBO criteria, each Keowee unit is monitored 
against an availability criterion and reliability is also 
measured using MPFFs.  

Unavailability is tracked through monitoring of entry into 
the appropriate paragraphs of Technical Specification 3.7.  
Reliability is tracked through the monitoring of MPFFs in 
station PIP documentation. At this time, Keowee Unit 1 is 
considered A(1) because of breaker maintenance problems in 
the historical review period. The corrective action 
involves making some changes to preventative maintenance 
procedures to better reduce the probability of a similar 
failure. Keowee Unit 2 is classified as an A(2) system.  

Open Issue #22: In order for the staff to conclude that 
there is no significant degradation in the reliability of 
Keowee when both units are allowed to generate power to the 
grid (for up to 30 percent of the time), the staff believes 
that the licensee should evaluate potential mechanisms for a 
single common cause grid degradation failing both Keowee 
power paths when generating to the grid. It is important to 

45



note that the sensitivity studies for dual unit grid 
generation assume dual unit generation to be 3.4 percent of 
the time. Should this percentage increase, the risk impact 
of this common cause failure increases. Consequently, the 
staff feels that the licensee should determine how this 
event can occur and its likelihood. The staff needs this 
information to conclude there is no significant reduction in 
Keowee's reliability if both units are generating to the 
grid, particularly if the percentage of time that both 
Keowee units are generating to the grid is increased. The 
DPC analysts assigned this event a screening value of 1E-6.  
(NRR draft report pages ES-8, 49, 50, 89, 102, 121) 

Response: The percentage of time that both units generate 
to the grid will always be limited by the water available 
to the units from the lake and by water resource 
management agreements. The value of 30 percent used in 
the sensitivity study was selected because it is nearly 10 
times higher than the historical average and is 
conservatively high in that it could never be approached 
in actual operation. Any conclusions reached about the 
impact of dual unit generation of Keowee should not be 
based on results which use this number as a realistic 
condition. These results truly are for information only.  

The fault or disturbance of concern is one that causes a 
failure of both Keowee units while operating on the grid 
and also causes a LOOP event at Oconee.  

For a fault condition, differential relaying on the 
overhead path and on the red and yellow buses provide the 
primary protection. The generator differential relaying 
will protect the unit from a fault between the generator 
breaker and main step-up transformer. Additionally, 
generator overcurrent protection is provided by 51VR 
relays. These relays (tested annually) will clear faults 
that result in excessive generator current regardless of 
the cause. The critical breakers used by the differential 
relays to clear these faults are the generator output 
breakers ACBs 1 and 2 and the 230 kV switchyard power 
circuit breakers PCBs 8 and 9. The 51VR relays actuate 
the ACBs only.  

A system overload would most likely produce a grid under
frequency condition as well as high currents on the units.  
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The operators at Duke's System Operations Center (SOC) 
should take corrective actions. In addition, load 
shedding will occur to correct the grid. The 51VR relays 
could protect the Keowee units, by tripping ACBs 1 and 2, 
if operator action and/or load shedding do not occur in a 
timely fashion. The external grid protection system 
senses voltage and frequency conditions in the switchyard.  
Conditions imminent of a collapse of the system grid 
result in trips of the switchyard PCBs including PCBs 8 
and 9. Breaker failure protection provides trips to the 
ACBs should PCB 8 or 9 fail to open.  

Diversity is available for detection of conditions that 
threaten the Keowee generators. The common components for 
all of the protective relaying schemes discussed above are 
ACBs 1 and 2, and PCBs 8 and 9. Whatever the challenge to 
Keowee and Oconee, the proper operation of these breakers 
is ultimately required in order to provide separation from 
the disturbance/fault. ACBs 1 and 2 and either PCB 8 or 
PCB 9 (depending on the source of the disturbance/fault) 
will need to open. All three breakers must fail if Oconee 
is to suffer a LOOP and the Keowee units are to be damaged 
by the same fault or disturbance. One method for 
considering the potential for an event to cause a loss of 
offsite power to at least one Oconee unit and also to 
challenge the protection of Keowee would be to consider 
the common cause failure of all three of these breakers.  
In reality, the PCB is a different design and construction 
than the Keowee ACBs and this reduces to some degree the 
potential for common cause failure.  

ACB 1 and 2 are of identical design and operation. The 
ACBs are located in the "switchgear bay" in the Keowee 
Powerhouse. The PCBs are located in the switchyard 
(different environment). These differences in design and 
operation are recognized as a strong defense against 
common cause failure (CCF) of this set of breakers.  

NUREG/CR-5801, Section 5.5.2, provides a table of generic 
MGL parameters. From this table, a 3 of 3 failure is 
computed by multiplying Beta and Gamma for a system size 
m=3. For this case, Beta=0.1 and Gamma=0.27. Thus, the 
CCF multiplier will equal 0.027 or roughly 0.03.  
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Using a breaker fails to open failure rate of 3.OE
03/demand and a CCF multiplier of 0.03 gives a failure 
probability for having Oconee and both Keowee units 
exposed to the same hazard of 9.OE-05. If we further 
assume as an upper limit that the entire frequency of LOOP 
events represents conditions that would cause damage to 
the Keowee units if not separated from the grid, then the 
ac power and core damage frequency (CDF) models developed 
for the Keowee PRA can be used to determine the frequency 
of these conditions for the assumed failure conditions.  

The following table shows the variation of the loss of all 
ac power frequency as the fraction of the time in dual 
generation varies from 0.035 to 0.30 and as the basic 
event K12COM1DEX (Grid Degradation Occurs and Causes 
Failure of Both Keowee Units) is varied from 0.0001 to 
0.05. This failure event was considered to represent a 
nonrecoverable loss of both Keowee units. The base case 
value for the loss of ac power frequency (one unit 
generating to the grid) reported in the Keowee PRA is 
6.4E-05/yr.  

Loss of ac Power Frequency 

Fraction for Dual Generation 

0.035 0.1 0.2 0.3 

1.OE-04 6.2E-05 6.2E-05 6.2E-05 6.2E-05 
K12COM1DEX 5.OE-03 6.6E-05 7.1E-O5 7.8E-05 8.6E-05 

1.OE-02 6.8E-05 7.8E-05 9.4E-05 1.1E-04 

5.OE-02 9.0E-05 1.4E-04 2.2E-04 3.OE-04 

The shaded area represents the range of values for which 
the increase in loss of all ac power change is a factor of 
2 or less. None of the values in the table show an 
increase as much as an order of magnitude from the base 
case. For dual generation at the historical average even 
a value for K12COM1DEX of 0.05 falls in the shaded region.  

This next table provides the CDF results for the same 
range of parameters. The base case value for core damage 
frequency (one unit generating to the grid) reported in 
the Keowee PRA is 1.OE-06/yr.  
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Core Damage Frequency 

Fraction for Dual Generation 
0.035 0.1 0.2 0.3 

1.OE-04 1.1E-06 1.1E-06 1.1E-06 12-06 
K12COM1DEX 5.0E-03 1.2E-06 1.4E-06 1.7E-06 2.1E-06 

1.OE-02 1.3E-06 1.7E-06 2.5E-06 3.3E-06 
5.0E-02 2.3E-0614.9E-06 8.9E-06 1.3E-05 

Again, the shaded region represents the range of parameter 
values for which the change in CDF is less than a factor 
of 2. Only the conditions of K12COM1DEX = 0.05 and the 
fraction of time in dual generation = 0.3 show a CDF from 
blackouts greater than 1E-05/yr.  

These results indicate that a probability of having a loss 
of all ac power or core damage as a result of a common 
cause failure of the Keowee units resulting from grid 
generation is very small. In fact, for the conservatively 
calculated probability of common cause failure (9E-05) 
there is no discernible increase in the loss of ac power 
or core damage frequency results. Duke concludes that 
there is no significant risk associated with the use of 
both Keowee units for grid generation. In addition, dual 
Keowee unit generation has been reviewed and approved by 
the NRC.  

Open Issue #23: Since the availability of the underground 
path from Keowee is risk significant, the staff recommends 
that Duke Power consider an additional Technical 
Specification to pre-align Lee during any CT-4 maintenance 
activity, as is currently stipulated for dual Keowee 
maintenance activities. (NRR draft report pages ES-8, 100, 
122) 

Response: The current Technical Specifications allow the 
underground path to be inoperable for 72 hours. The outage 
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time for the underground path is maintained at a low level 
due to the fact that the Keowee unit outages are performed 
when the Keowee unit is aligned to the overhead power path.  

Given the importance of the underground power path, Duke 
Power believes that it is reasonable to require Lee to 
energize the standby buses if the underground path will be 
unavailable for greater than 24 hours. If the underground 
path is unavailable for 72 hours, a shutdown will commence 
per Technical Specifications. The 24 hours was selected by 
balancing the risk associated with the underground path 
being out of service against the need to start Lee and 
energize the standby buses for underground path outages of 
short duration.  

A proposed Technical Specification will be included in the 
supplement to the Technical Specification 3.7 rewrite. This 
submittal will be made by February 28, 1997. The submittal 
date for the Technical Specification supplement is different 
from the January 31, 1997, date which was provided in the 
meeting between the NRC and Duke Power on September 19, 
1996. Since several of the individuals that are involved 
with the development of the Technical Specification 
supplement are also involved with the integrated ES test 
project team (see the coverletter), an additional month is 
necessary to prepare the Technical Specification supplement.  

Open Issue #24: Dominant contributors to the failure of 
Keowee include clogging of the common intake header of the 
generator cooling water strainers. Therefore, the staff 
recommends that Duke Power consider adding a periodic 
technical specification surveillance to reduce the potential 
for clogging of these strainers. (NRR draft report pages 
ES-8, 97, 122) 

Response: Currently, Oconee has a program in place to clean 
the strainers on a frequency of every other month. In 
addition, if a strainer becomes clogged, an alarm for low 
cooling water flow will be received at Keowee. In an 
emergency, the low cooling water flow will not trip the 
Keowee unit. In response to the alarm, the Keowee operator 
takes the appropriate action to clean or swap the strainers.  
The Keowee operator is trained on the use of the procedure 
to swap and clean the strainer. Operating experience at 
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Keowee indicates that the only occasion when the strainer 
became clogged was in 1983. Based on the Duke surveillance 
program, procedures, and operating experience, it does not 
appear necessary to include a periodic surveillance of the 
strainers in the Technical Specifications.  

Open Issue #25: Many PRAs calculate equipment failure rates 
by pooling all components under the same type code together.  
One benefit of this method is the large amount of data 
available to calculate a failure rate. In order to group 
components together, they should be subjected to the same 
operating environment. Ideally, all components in the same 
group or type code would have the same or similar periodic 
testing frequencies. At Keowee, component demand 
frequencies ranging from daily (for system grid generation) 
to quarterly to every refueling outage are applied the same 
failure probability as components that are demanded daily.  
Furthermore, most of the data used to calculate the type 
code failure rate come from the components that are demanded 
daily. This grouping could bias the results of components 
that are tested infrequently. The licensee should consider 
the potential for differences in the failure probabilities 
of components with widely varying test/demand frequencies.  
The licensee should consider taking opportunities to compare 
actual data for components that are tested/demanded 
infrequently but demanded on an emergency start with the 
data of similar components with more frequent test/demand 
intervals. (NRR draft report pages 90, 94, 98, 103) 

Response: The issue of the applicability of Keowee operating 
experience from the grid generating mode for use in the 
reliability estimates of the Oconee emergency power function 
was considered during the NSAC-60 (1984 study) Oconee PRA 
process. It was considered reasonable to make use of that 
experience base.  

In the Keowee PRA process, the system was modeled, for the 
most part, to the component level. At this level, the 
component reliability is not influenced by whether the 
component is demanded for power generation or for emergency 
power function, at least for the purpose of estimating the 
component reliability. It should be noted that the 
reliability numbers which are reported in the professional 
standards (for example, IEEE-500) do not distinguish whether 
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an electrical bus failure rate is for emergency power 
operating mode or power operating mode. Similarly, the pump 
(LPSW, HPI, etc.) reliability data is derived from the 
available operating data during normal power operation and 
the limited emergency operation experience. Nevertheless, 
the applicability of the data (failure mode, demand count, 
etc.) is considered in the data analysis process, as is the 
case in the Keowee PRA process.  

Since the available reliability data references do not make 
a distinction on failure rates of components on the basis of 
test/demand frequency or intervals, no safety benefit is 
expected from a comparative study on any difference with 
respect to test/demand frequency.  

It should be noted that the total number of component 
failures for the period 1984-1993 at Keowee for the entire 
equipment population of interest (mechanical, electrical, 
and I&C) is only 44. This is not sufficient to characterize 
the approximately 1100 type code failure probabilities (with 
values ranging from 1E-7 to 1E-3) and distinguish between 
them on the basis of any differences in demand/test 
frequency.  

As part of the Duke PRA program, Duke has been collecting 
and analyzing reliability data of plant equipment which is 
important in PRA studies since 1981. The data base includes 
equipment that has accumulated substantial demands from 
normal operation as well as equipment that is demanded for 
infrequent actuations and testing. Although no rigorous 
analysis of the failure rates for the two types of data has 
been performed, Duke has not seen any significant difference 
in the data that can be attributed to frequent demand versus 
infrequent demand, except for the larger statistical 
significance, and possibly, the higher confidence that one 
associates with the larger population of frequently demanded 
components.  

To illustrate the above point, the following data on the 
Oconee high pressure injection pumps is provided. HPI pumps 
A and B are used on a rotating basis during normal operation 
to provide normal makeup to the reactor coolant system and 
the reactor coolant pump seal injection. Also, these pumps 
start during engineered safeguard actuations and are tested 
on a quarterly basis. HPI Pump C, on the other hand, sees 
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infrequent demands since it is not used during the normal 
plant operation. The following data does not show that HPI 
Pump C fails more than its frequently used counterparts 
(Pumps A and B).  

Oconee HPI Pump Failure Data 1975 - 1993 

Date Pump Type of Failure Cause 

10-18-79 3B Start DC ground, damaged cable 

7-13-80 2B Run Bearing failure 

2- 3-83 2A Run Bearing failure 

2-11-89 iC Start Damage from misalignment 

9-20-91 lB Run High bearing temp.  

Estimated Average Annual HPI Pump Start Demands and Run 
Hours 

PMuD # of Starts Run Hours 

A 37 3275 
B 43 3873 
C 19 5 

The discussion on page 90 of the draft NRR report concerning 
the Keowee PRA sensitivity involving the infrequently 
tested/demanded components suggests that some additional 
clarification of this sensitivity study would be helpful.  

The primary objective of the sensitivity study was to 
determine the effect on Keowee reliability assuming higher 
failure probabilities for those components which are 
infrequently tested/demanded. The concern is over the 
validity of using the normal start and run data in the 
characterization of the emergency power function, since not 
all of the components needed for emergency operation are 
challenged during normal operation.  
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For the Keowee PRA, generic data and plant-specific data 
were combined using a Bayesian update. Any standby failures 
were captured in the demand failure rates. The component 
experience base for infrequently tested equipment was 
substantially less than that for the frequently tested 
equipment.  

To investigate the sensitivity of Keowee reliability to the 
failure rates of the infrequently demanded equipment, these 
demand failure rates were arbitrarily increased by a factor 
of 10. This was not intended to imply that the infrequently 
demanded equipment has a significantly higher failure 
probability than the infrequently demanded counterparts.  
However, recognizing that extended periods in the standby 
condition could increase the failure detection probability, 
we believed that a factor of 10 increase represented a large 
enough change to detect any particular sensitivity of the 
results to changes in the demand failure rate.  

The results showed that the start failure probability of the 
overhead unit roughly doubled, the run failure probability 
increased by a scant 2 percent, and the overall (station) 
failure probability increased by about 15 percent. Since a 
ten-fold increase in the demand failure probability of those 
components not tested during a normal start produced only a 
factor of 1.15 increase in the failure probability of the 
unit, it can be concluded that the use of normal Keowee 
start reliability data produces an adequate approximation of 
Keowee emergency start reliability.  

Open Issue #26: External events dominate the total Oconee 
core damage frequency. Duke Power reported that the core 
damage frequency from fires, tornados, seismic and external 
flooding events contribute approximately 72 percent of the 
total CDF of 8.4E-5 per year. The uncertainties associated 
with these external events were not required to be 
explicitly addressed in a licensee's IPEEE. Since external 
event and severe weather event uncertainties can be large, 
the staff believes that these uncertainties should be taken 
into consideration when making decisions regarding the 
availability of the Oconee emergency ac power system. (NRR 
draft report pages ES-9, 113, 122) 
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Response: Duke agrees that there are large uncertainties in 
the probability of occurrence and the plant capability to 
withstand the effect of catastrophic external events. These 
uncertainties could lead to the calculated unavailability of 
the emergency power system and the associated core damage 
risk being both potentially underestimated and 
overestimated.  

With respect to the severe weather events, the assumptions 
made in the Keowee PRA study concerning the simultaneous 
failure of both the Keowee overhead power and the CT-5 power 
is believed to be conservative. Similarly, the assumption 
of all plant equipment being lost during external flooding, 
except possibly the SSF, is a conservative assumption.  
Thus, the external event analysis is considered to employ 
several conservative assumptions. In addition, as mentioned 
in an earlier response, severe weather is considered when 
scheduling outages longer than one shift of both Keowee 
units or the underground power path.  

Open Issue #27: Based on the staff's preliminary review, 
the staff found that the Oconee IPEEE limits the depth of 
its probabilistic external event analysis by concentrating 
on a few catastrophic events which have a high probability 
of disabling most or all of the ac distribution system and 
other safety related equipment (such as EFW). Since the 
licensee analysis focused on catastrophic external events 
that result in widespread destruction of equipment 
(particularly the common turbine building), many of the 
reported core damage scenarios cause multi-unit, not single 
unit core damage. In addition, the contribution of less 
significant but more likely external event scenarios may be 
misrepresented. (NRR draft report pages ES-9, 113, 122, 
123) 

Response: For NSAC-60, the original Oconee PRA, the 
potential external events were selected by reviewing the 
list of external events contained in ANS-2.12-1978. The 
hazards chosen for analysis in the Oconee PRA were taken 
from Section 4 of ANS 2.12. In addition, the hazards listed 
in section 4.2 of the standards were reviewed and were 
judged to be appropriate for exclusion from the Oconee 
model.  
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In addition to the hazards from ANS 2.12, internal fires, 
internal flooding, and turbine missiles were included in the 
external events analysis because of their potential for 
pervasive effects on many plant systems.  

The events were treated on one of three levels: (1) many 
hazards were eliminated from consideration because they are 
inapplicable to the Oconee site (e.g. avalanches, tsunamis, 
volcanic activity); (2) screening calculations were 
performed for some hazards to verify that their frequencies 
of occurrence were so low that they would not present an 
important contribution to core-melt frequency or risk; and 
(3) more detailed analyses were performed for events judged 
to be of more importance. The evaluations for events 
falling into the latter two categories are reported below: 

The approach differs for each external event, but all of 
them can be characterized by four steps: 

1.Estimation of the hazard in terms of frequency of 
occurrence as a function of severity.  

2. Evaluation of the susceptibility of important plant 
equipment and structures to damage or loss of 
function from the hazard.  

3.Determination of plant response to the hazard in 
terms of sequences of events leading to core melt or 
radioactivity release.  

4.Quantification of the frequencies of these event 
sequences.  

For the updated PRA that is used for the IPE response, all 
natural and man-made initiating events were again reviewed.  
PRAs from several plants as well as ANSI/ANS-2.12 and the 
PRA procedures guide NUREG/CR-2300 were used as sources for 
the identification of possible events.  

The potential external events identified were screened in 
order to select significant events for a detailed risk 
quantification. The criteria used to determine the events 
to consider for further evaluation include (1) deleting all 
events included in the definition of another event (or with 
effects similar to another event) and (2) deleting any event 
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that is not expected to occur within the geographical 
location of Oconee Nuclear Station. A scoping study was 
performed on the twenty outstanding external initiating 
events (see Table 3.1-3 of the Oconee IPE Report). Four 
events were identified that required a detailed review.  
These events were earthquakes, floods, tornadoes, and fires.  
For the IPEEE, the updated external events analysis also 
includes an updated review of transportation and nearby 
facility accidents per NUREG-1407. Thus, it is believed 
that all external events of core damage significance have 
been considered and analyzed to provide an estimate of the 
risk of external events for Oconee.  

It should be noted that although the external events have 
the potential for wide spread damage for all three Oconee 
units, the calculated risk of core damage for.Oconee units 
would not equally apply for the other units concurrently.  
This is because most of the core damage sequences involve 
independent failure of the individual unit's equipment. The 
portion of the external flood which causes a consequential 
failure of the Standby Shutdown Facility (SSF) is an 
exception. With the bounding assumptions in this case, all 
three units are assumed to be equally affected (CDF of 2.6E
06).  

Therefore, with the bounding assumptions employed for a 
subset of the catastrophic external events, the 
corresponding core damage affects all three units. Similar 
results are expected for other multi-unit sites when 
considering catastrophic events well beyond the design 
capabilities of the plant.  

Open Issue #28: The staff has not reviewed OSC-5952; but 
the conclusion referenced, that all required loads would 
start and operate on the failed Oconee unit at 11.7 kV, is 
different than what the staff found in other Duke 
investigations that indicated 13.5 kV was found to be 
acceptable voltage for operation of Oconee loads (PIP 0-095
0639 dated 6/7/95 and KC-Unit 1&2-2023 dated 6/4/95).The 
13.5 kV value is also the minimum acceptance voltage 
specified in the Keowee emergency start test as indicated in 
the Duke January 31, 1996, letter). In a recent event 
notification that was later retracted, Duke Power notified 
the NRC that an 11.9 kV setting found on a Keowee voltage 
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regulator may not be an acceptable minimum value for Oconee 
loads. PIP 0-096-0388 appears to indicate that the reason 
for this notification is the same voltage regulator failure 
identified by Duke in the January 31, 1996, letter to the 
staff which indicated that the low voltage resulting from 
the failure (11.7 kV) was acceptable. The staff will pursue 
the question of the minimum Keowee voltage needed for 
acceptable operation of the Oconee loads discussed above.  
(NRR draft report pages 11-12, 14) 

Response: In the NRC's request for additional information 
dated November 2, 1995, requests #6 and #7 requested 
information on whether several specific failure mechanisms 
had been considered in the Keowee voltage regulator system.  
Duke Power reevaluated the design of the regulator for the 
specific failure mechanisms and determined that one credible 
failure mechanism (the voltage adjuster control circuit 
failure) could cause generator voltage to decrease below the 
value previously analyzed and documented in the Keowee 
voltage calculations (OSC-5952). The method of calculation 
used in the CYME analysis does not determine a required 
minimum voltage at Keowee to assure safety system operation, 
it assumes a generator terminal voltage and calculates 
voltages at the various loads to determine their 
operability. The minimum Keowee generator voltage for this 
failure mode was conservatively assumed to be 85 percent of 
nominal, or 11.7 kV. Thus, the system voltage calculation 
was re-analyzed for this scenario using the assumed 11.7 kV 
Keowee terminal voltage. The initial review of data 
indicated that this new minimum was adequate to assure 
proper safety system operation for this scenario. This new 
analysis was to be included in a scheduled revision to OSC
5952.  

In January 1996, during the validation process for the OSC
5952 revision, it was determined that, although the 4 kV 
motors would start and accelerate for the specific scenario 
of 11.7 kV, the voltages on the 600 and 208 VAC MCCs for 
this scenario were below the levels assumed in calculations 
performed for GL 89-10 requirements. At this time, Oconee 
determined the actual minimum voltage for this scenario 
through actual test measurements, rather than relying on the 
assumed 11.7 kV value. It was found that the minimum Keowee 
unit voltage during the postulated failure scenario was 11.9 
kV for Unit 1 and 12.7 kV for Unit 2. Oconee made an event 
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notification (30030) due to questions of past operability 
since an approved analysis based on this actual minimum 
voltage of 11.9 kV were not available. In addition, Oconee 
physically reset the lower limit on the voltage adjuster to 
the previously analyzed value of 13.5 kV. Analysis 
conducted to evaluate the past operability of the system 
concluded that all required safety functions would have been 
accomplished with the failure, and thus the event 
notification was retracted.  

It should be noted that multiple emergency power system 
voltage analyses have been performed assuming several 
different credible failure scenarios, including the failed 
voltage regulator adjuster motor at its lower limit. Due to 
different system loading, it is expected that the voltages 
required at the terminals of the Keowee generator to assure 
proper operation of safety loads will vary, depending on 
which failure scenario is being analyzed. The minimum 
generator voltage that bounds all cases and scenarios for 
the Keowee analyses is 13.5 kV. This is the minimum value 
verified during the various periodic test of Keowee.  

Open Issue #29: From the description of the Keowee monthly 
overhead path synchronization test in the Oconee Technical 
Specifications, it appears that this test is similar to the 
monthly diesel generator load run test contained in the 
ISTS. The ISTS surveillance is a test which loads the 
diesel generator by paralleling to the grid and picking up 
load to its approximate continuous rating. Because the 
Keowee units periodically supply commercial power to the 
grid, they likely satisfy the monthly loading surveillance 
requirement. The staff will verify with Duke Power that 
this test is similar to the ISTS monthly test. (NRR draft 
report pages 28) 

Response: Procedure PT/0/A/0620/09, Keowee Hydro Operation, 
does not put the Keowee unit through a load run. In order 
to meet the guidance of Regulatory Guide 1.9 and the 
Standardized Technical Specifications, a test was conducted 
on August 22-23, 1996, that performed load run testing of 
the Keowee units. During this test, data was trended for 
critical parameters such as temperatures. The test data 
demonstrate that monthly load runs of Keowee are not 
necessary in light of the fact that Keowee is frequently 
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operated to the grid. All of the acceptance criteria for 
the load run were met. The critical parameters stabilized 
during the dual Keowee unit run of 69 MW. During the 
endurance test, critical parameters decreased except for the 
turbine guide bearing temperature, which remained constant.  
For the hot restart portion of the test, both Keowee units 
emergency started and reached rated speed and voltage within 
15.7 and 17.0 seconds, respectively.  

In the Standardized Technical Specifications, the monthly 
tests verify the ability to synchronize with the grid, 
accept loads the size of accident loads, and obtain thermal 
equilibrium. Duke plans to trend data monthly on Keowee 
operation to the grid in order to verify proper heat 
exchanger operation. Normal operation verifies the first 
two surveillance requirements.  

Open Issue #30: The EPSL functional test procedure provided 
does not appear to accomplish what Duke has indicated in 
their responses dated November 17, 1995, and January 31, 
1996, to staff questions. For example, the procedure 
indicates that the Keowee units are started in the normal 
mode vice the emergency mode. In addition, the Keowee units 
are started prior to the simulated loss of power to the 
Oconee unit so that the Keowee underground path unit would 
not undergo a black start when Oconee Unit 1 EPSL test is 
done. There is also no indication of a LOCA signal called 
for in the procedure as indicated in Duke's earlier 
responses. It is noted that in their responses Duke Power 
has indicated that the EPSL testing is actually separated 
into four separate tests - the functional test, the normal 
source voltage sensing test, the startup source voltage 
sensing test, and the standby bus voltage sensing test. It 
may be that the testing criteria Duke has referred to is in 
these other tests. The staff will clarify this issue with 
Duke Power Company. In addition, the staff has not yet seen 
all the data collected during the Unit 1 EPSL test. (NRR 
draft report page 32, 34) 

Response: The procedure provided in the letter dated January 
31, 1996 was for the Oconee Unit 2 EPSL functional test. In 
the Oconee Unit 2 procedure the Keowee units are emergency 
started from the grid generation mode. Step 12.17.2 and 
12.17.3 simulate a loss of main feeder bus to the Oconee 
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unit resulting in the main feeder bus logic timing out and a 
subsequent Keowee emergency start.  

As noted in the January 31, 1996, letter to the staff, the 
black start capability is demonstrated during the Oconee 
Unit 1 EPSL test. Since the staff reviewed an Oconee Unit 2 
EPSL test procedure, this function could not be verified. A 
copy of the portion of the Oconee Unit 1 EPSL test procedure 
that demonstrates the black start capability of the 
underground Keowee unit is provided in Attachment 5. When 
the Oconee EPSL test emergency starts Keowee from commercial 
generation, the underground Keowee unit demonstrates its 
capability to "black run" (continue to operate in the 
emergency mode without AC auxiliaries) until AC power is 
restored to the Keowee unit auxiliaries. During the Oconee 
Unit 1 EPSL test either the "black start" or "black run" 
feature is demonstrated during the test depending on the 
test configuration.  

A LOCA signal is verified during the EPSL functional test 
which was provided with the January 31, 1996, submittal.  
Step 12.35 simulates a LOCA by depressing the manual push 
button on the RZ module. The subsequent steps 12.36, 12.37, 
12.38 and 12.39 demonstrate that this LOCA signal is 
providing the emergency start to the Keowee units.  

Open Issue #31: For components that had not experienced a 
failure, Duke Power used the Chi-Squared variate at the 50 
percent cumulative probability level from an equation 
specified in the Advanced Light Water Reactor Utility 
Requirements Document (ALWRURD). However, this equation 
actually produces a probability value at the 20 percent 
confidence level, not the 50 percent confidence level 
indicated by the ALWRURD and the Keowee study. After review 
of this equation and discussion with statisticians at the 
NRC, the staff believes that the referenced equation is not 
appropriate with respect to the number of degrees of freedom 
that it specifies for the Chi-Squared distribution. Using 
the equation can be misleading since it produces a 
probability estimate that is about a factor of 3 lower that 
the 50 percent confidence value. (The equation referenced 
in the ALWRURD is an industry-wide concern that is currently 
being pursued separately.) A sensitivity study was 

performed by the licensee using the 50 percent upper 
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confidence interval values obtained from the Chi-Squared 
distribution with 2 degrees of freedom, as specified in 
statistical text books. The staff believes the point 
estimate provided by the sensitivity study is a more 
accurate estimation of Keowee reliability than the base case 
estimate. (NRR draft report pages 74, 91, 92) 

Response: The Chi-Squared distribution equation referenced 
here is used in the Keowee PRA (KPRA) for calculating 
failure probabilities when zero failures have been observed.  
This usage is restricted to some plant specific failure 
modes for which a generic equivalent was not identified and, 
therefore, Bayesian updating was not employed in determining 
the failure rate for the base case solution.  

Various methods have been identified for estimating failure 
rates when no failures have been observed. When no failures 
have been observed, the standard technique for estimating 
failure rates (the maximum likelihood and unbiased estimate) 
consists of dividing the number of failures by the total 
demands or operating hours (n/T) and, hence, results in a 
failure rate of zero. A failure rate of zero is generally 

regarded as unrealistic and the assumption is made that the 
operating experience is not adequate for a failure to have 
been seen. An important point here is that observing zero 
failures provides very little information on which to base 
any failure rate calculation. While it is possible to 
establish some confidence on the upper limit of what the 
failure rate might be, there is no method for determining 
just how low the rate might be. If the goal in selecting a 
failure rate is to arrive at a "best estimate", as is the 
usual practice in PRA development, then there is too little 
information available. The choice of method for 
"estimating" the failure rate is in effect a choice of how 
conservative one wishes to be in the estimation.  

Before proceeding into a discussion on the approaches to 
estimating failure rates, it is instructive to restate the 
results of the sensitivity study that has already been 
performed and included in Table 5-4 of the NRC's report. In 
this study, the failure rates affected by the choice of 
estimation technique were increased to the value preferred 
by the KPRA reviewers. The result was an increase from 
7.4E-03 to 7.6E-03 for the Keowee failure probability. This 
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change is less than 3 percent and much smaller than the 
overall uncertainty in this analysis or any other PRA.  

Some common methods for estimating failure rates in the zero 
failure case are: 

1) 1/T 
2) 1/2T = .5/T 

3) 1/3T = .333/T 

4) X2 (a,2n+2)/2T = 1.386/2T = .693/T, for a = 50% and n = 0 

5) X2 (a,2n+l)/2T = 0.455/2T = .227/T, for a = 50% and n = 0 

The last of these methods is the method selected for the 
KPRA. This method was employed in the estimation of 
initiator frequencies for the ALWR as provided in the key 
assumptions and ground rules for the PRA. This calculation 
is also referenced in the PRA procedures guide, NUREG-2300, 
(page 5-50) as a means of calculating the posterior median 
for a Noninformative Prior Distribution. This method is 
also identified in NUREG/CR-4407 (page F-4) as a method that 
gives a more realistic point estimate for cases of zero 
failures.  

The table below provides an example of the results for each 
of these methods for an assumed experience of 1,000 hours 
with no failures. Included is a column which gives the 
probability of seeing zero failures in 1,000 hours for each 
estimate. A Poisson distribution is assumed for calculating 
the probability of zero failures.  

Method Equation Failure rate Probability of zero 
estimate failures 

with T experience 
1 1/T 1.OE-03 0.37 
2 .5/T 5.OE-04 0.61 
3 .333/T 3.3E-04 0.72 
4 .693/T 6.9E-04 0.50 
5 .227/T 2.3E-04 0.80 

As can be seen from these results, any of these methods 
produces an estimate that is consistent with the observed 
experience. However, a failure rate estimated with method 1 
is the least likely to produce a sample consistent with the 
observed data. The 50 percent confidence number with the 
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two degrees of freedom can be viewed as a conservative 
estimate of the expected failure probability as indicated by 
the following example.  

Consider 2 failures in 1000 hours and compare the results of 
three of the methods for this non-zero failure case. In 
each case n is the number of failures and the confidence 

limit (a), where needed, is 50 percent.  

Method C2 (a,2n+2)/2T n/T X2 (a, 2n+l)/2T 
Estimated 2.67E-03/hr 2.OE-03/hr 2.2E-03/hr 
Failure Rate 

It is seen that the estimate from X2 (a,2n+l)/2T produces a 
point estimate closer to the maximum likelihood and unbiased 

estimate (n/T) than does X2 (a,2n+2)/2T. Therefore, if the 
goal is to derive a failure rate that is "best estimate" as 
opposed to biasing the result in the conservative direction, 
then the method employed in the KPRA is a better estimate.  

No universally accepted method for estimating failure rates 
exists when no failures have been identified. The methods 
discussed here, and no doubt some others, produce results 
that are at least believable based on a chi-squared test.  
The method used in the Keowee PRA is a method that has been 
seen in several references. We believe that this method 
provides a reasonable approach to a "best estimate" failure 
rate calculation. Again, it should be noted that for the 
Keowee PRA study use of the conservative method suggested by 
the staff increased the Keowee failure probability from the 
base case value of 7.4E-03 to 7.6E-03, an insignificant 
change.  

Open Issue #32: The ac power core damage frequency for 
internal events is very sensitive to the SSF. With no 
credit for the SSF, the ac power core damage frequency 
increases by a factor of six. It is anticipated that this 
is also the case for external events core damage frequency.  
In light of its importance, the staff believes that the SSF 
failure probabilities used for the IPE update (which is now 
being performed by DPC) should be examined thoroughly. (NRR 
draft response pages 85, 101) 
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Response: The SSF test data continues to be assessed with 
respect to maintenance rule performance targets as well as 
PRA data implications. The calculated LOOP induced core 
damage frequency would increase from the nominal value of 
1E-6/yr to approximately 5.9E-6/yr if the SSF were assumed 
to be unavailable for the entire year. The failure modes 
assigned to the SSF include human error events (dynamic 
error and latent error), maintenance unavailabilities (SSF 
diesel generator (DG), SSF RCM pump and SSF auxiliary 
service water pump), and hardware failures of basic 
components (pumps, DG, valves, etc.). The failure 
probabilities assigned for the DG and pumps, the components 
that influence the core damage risk, for use in the IPE 
update are based on data collected from the operational and 
testing data base for the period 1988-1993, and they have 
been reviewed for their appropriateness. In considering 
test results, equipment performance not satisfying the 
necessary functional capability for the event of concern is 
treated as a failure.  

Open Issue #33: Since the validity of the SSF data in the 
Oconee IPE is dependent on the adequacy and scope of tests, 
any testing issues associated with the SSF should be 
resolved. (NRR draft report pages 85, 101) 

Response: The following SSF tests will be or have been 
performed to address the SSF testing issues which need to be 
resolved: 

Integrated testing of each Oconee unit's SSF RC makeup 
system will be performed to validate the flow balance 
assumed in SSF calculations. This testing is described in 
detail in the response to Open Item #8.  

A 24 hour test of the SSF DG has been performed to 
demonstrate that the DG is capable of performing its 
function during an SSF event. The SSF auxiliary service 
water pump, the SSF HVAC service water pump, and the SSF 
diesel service water pump were powered by the SSF DG for the 
duration of this test. In order to avoid exceeding the 
containment isolation LCO time limit, the three SSF RC 
makeup systems were only powered by the SSF DG for the first 
two hours of the test.  
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The 24 hour DG test was successfully completed on September 
4, 1996. The DG was emergency started and was used to 
provide power to the following loads which would be present 
during an SSF event for the durations described below: 

1.SSF RC makeup pumps - First 2 hours of test.  
2.SSF auxiliary service water pump, diesel service water 

pump, and HVAC service water pump - 24 hours.  

SSF diesel jacket water system, SSF diesel service water 
system and SSF lube oil system thermal performance data were 
recorded during this test. Thermal equilibrium for these 
diesel support systems was reached within 3 hours after the 
start of the test. SSF DG cylinder temperatures, SSF HVAC 
system air temperatures and the room temperature at various 
locations in the SSF were also monitored during this test.  

Flow and pressure measurements were taken throughout the SSF 
HVAC service water system, the SSF diesel jacket water 
system, and the raw water portion of the SSF ASW System. The 
hydraulic performance data will be used to bench mark and 
validate the SSF service water system flow model.  

The following performance parameters were also recorded 
during this test: 

Main Fuel Oil Storage Tank Level 
Fuel Oil Day Tank Level 
SSF RC Makeup System Flow, Pressure, and Vibration 
SSF Diesel Engine Oil Sump Level Decrease 
SSF DG Kilowatts 
SSF DG Kilovars 
SSF DG Frequency 
SSF DG Amps 
SSF DG Stator Temperature 
SSF DG Power Factor 
SSF DG Voltage 

This test successfully demonstrated the ability of the SSF 
diesel generator to perform its intended function during an 
SSF event.  
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Open Issue #34: It is important to note that the results of 
the uncertainty analysis represent the base case with plant 
specific bayesian-updated data and operator recovery 
actions. This base case applies to grid-related loss of 
offsite power events only, where both underground and 
overhead paths are considered to be available. Therefore, 
these results do not apply to plant centered or severe 
weather loss of offsite power events, where only the 
underground path is assumed to be available. Since the 
uncertainty analysis was performed with plant specific 
bayesian-updated data, this analysis does not encompass the 
concerns the staff has with this data. The staff believes 
that interpretation of the Keowee PRA results should be 
based on generic data rather than plant specific bayesian
updated data. Most of the plant specific data appear to be 
lower than their generic counterparts. The staff cannot 
conclude that these lower estimates are reasonable based on 
Duke Power's assumption that the operating environment for 
Keowee components are more benign than at nuclear power 
plants. (NRR draft report pages 94, 98) 

Response: For the Keowee PRA, it was believed that the use 
of the plant specific data would provide more meaningful 
information on Keowee reliability than that from simply the 
generic equipment data. Thus, the Keowee data on component 
failures and demands/operating hours for the most recent 10 
years were researched and compiled for the Keowee 
reliability qualification.  

In actuality, for the Keowee PRA the available generic data 
was updated with the Keowee specific evidence (failures and 
demands/operating hours) using the bayesian-update 
technique. This is an acceptable way of taking into account 
the generic data and plant specific data. The base case 
results, therefore, represent the combined effect of generic 
data and plant specific data. Where the plant specific data 
is statistically large, the bayesian-updated value is more 
influenced by the plant specific evidence, while it is more 
influenced by the generic data when the plant specific 
evidence is sparse. Furthermore, Duke did not assume that 
the operating environment at Keowee is more benign than that 
at nuclear power plants in computing the equipment failure 
rates. This was offered as one possible explanation of the 
observed differences.  
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To preclude any residual concern on this issue, a re
solution of the Keowee reliability model, of the Oconee ac 
power model, and of the Oconee ac power core damage model 
has been performed using the generic data (except for some 
DEX events --about 50 out of some 1135 basic events-- for 
which the generic data was not available). In this study, 
the breaker fault trees were replaced by a generic breaker 
failure rate of 3E-03/D. The results are shown in the 
following table. As seen, the results are not altered in an 
appreciable way and the conclusions are not affected by the 
use of generic data versus the combined generic and plant 
specific data.  

Comparison of Base Case Results with Generic Data Results 

Base Case Results Generic Data Results 

Overhead Path 6.6E-2 9.5E-2 
Underground Path 8.6E-3 1.2E-2 
Keowee failure prob. 7.4E-3 1.E-2 
Loss of ac power freq. 6.35E-5/yr 1.1E-4/yr 
LOOP core damage freq. 1E-6/yr 1.9E-6/yr 

The figure contained in Attachment 6 presents the 
distribution of the Keowee failure probability taking into 
account the estimated variability in the generic data.  

In addition to this discussion, please review the general 
comment on Keowee PRA data and assumptions.in Attachment 2.  

Open Issue #35: A large amount of the plant specific data 
was obtained from the experience of Keowee -during grid 
generation. Although it is reasonable to assume that the 
majority of this experience data would be applicable to 
emergency demand situation, there are some subtle 
differences in operation, such as the voltage adjust, for 
which grid generation experience applicability may be 
questionable. The Keowee PRA does not provide justification 
for the applicability of these cases. (NRR draft report 

pages 94, 98) 
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Response: As discussed in response to Issue #25, there is 
no compelling reason for distinguishing an estimated 
component failure probability on the basis of whether the 
component is demanded by a signal that originates for grid 
generation need versus emergency power need. The component 
failure probabilities are calculated by the classical 
equation: 

failure rate = number of failures divided by the number of 
demands or hours in service, as appropriate.  

If the component is demanded only with an emergency start 
signal, the plant specific failures and opportunities for 
failure are adjusted accordingly. This treatment is 
summarized in Table C.1-2 of the Keowee PRA report.  

For a system or sub-system, made up of many components, the 
failure probability is determined by considering the 
specific frequency of challenge to the individual 
components. This way, components which are challenged only 
with an emergency start signal are allocated with the 
exposure time, and associated failure probabilities, for 
emergency start conditions instead of the exposure time 
associated with the normal startup.  

The response to Open Issue #9 identified various devices 
which operate differently during an emergency start than 
during a normal start. The set of components whose 
emergency operation is different than the normal operation 
is relatively small. The voltage regulator is the most 
noteworthy example, while some small differences in the 
governor operation do exist. Some voltage regulator 
failures may not be detected during starts for grid 
generation. The auto synchronizer will establish the 
voltage needed for connection to the grid, potentially 
masking some failures in the voltage or base adjust portions 
of the regulator. Therefore, the monthly normal start test 
is performed with the auto synchronizer turned off and with 
the voltage regulator in automatic. The voltage regulator 
operation in this test is the same as would be expected 
during an emergency start. Both the voltage adjust and base 
adjust functions of the regulator are available for this 
mode of operation.  
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Failure of the voltage regulator to function in the 
automatic mode will leave the regulator in manual where the 
voltage is set by the base adjust setpoint. Testing of the 
regulator in a manner that detects failures of the base 
adjust setting is a planned improvement. Currently, the 
plans are to include the verification of the base adjust 
setting in the monthly normal start test procedure.  

Certain simplifying, conservative assumptions were made in 
the Keowee PRA with respect to the role of the voltage 
regulator (voltage adjust and base adjust subsystems).  
First, a failure of the voltage regulator is assumed to fail 
the Keowee unit even if the base adjust was correctly set.  
In reality, the Keowee generator will supply adequate 
voltage with the regulator in manual (base adjust). Second, 
the Keowee PRA assumes that an incorrect setting on the base 
adjust fails the Keowee unit even though the voltage adjust 
will compensate for the failure or error in the base adjust 
and maintain voltage near its rated value.  

Open Issue #36: The failure probability of the Keowee 
system given either a plant-centered LOOP or a severe 
weather LOOP is equal to the failure probability of the 
underground path and its aligned Keowee unit. These failure 
probabilities were not discussed in the text or tables of 
the Keowee PRA. (The values are implicitly accounted for in 
the calculation of station blackout probability in the 
integration of the Keowee PRA with the Oconee IPE).  
Explicitly including these values in the Keowee PRA would 
have provided a clearer representation of the Keowee failure 
probability. (NRR draft report page 99) 

Response: The following table containing the frequency of 
the three LOOP initiators and the conditional failure 
probability of Keowee is provided for completeness.  
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LOOP Initiators and Conditional Keowee Failure Probability 
(Base Case Results) 

LOOP Event Event Freq. Conditional Keowee 
Failure Prob.  

Grid related 0.0273/yr 0.0074 
Switchyard related 0.0486/yr 0.0086 
Weather related 0.0144/yr 0.0086 

Open Issue #37: It is important to note that Technical 
Specifications (TS) provide the framework and constraints 
for many of the assumptions and data analysis techniques 
(e.g. component exposure times) in typical nuclear power 
plant PRAs. Much of the testing performed for Keowee and 
many of the assumptions in the Keowee PRA are not included 
in TS. Therefore, the Keowee PRA was performed under a less 
stringent framework than typical plant PRAs. For this 
reason, the staff and licensee should be sensitive to 
changes in operating practices, test frequencies, time in 
configurations, etc., and their impacts should be addressed 
accordingly. (NRR draft report page 103) 

Response: The assumptions employed in the PRA analyses are 
preferred to be realistic rather than conservative to the 
extent possible. Both safety and non-safety systems and 
equipment covered by the Technical Specifications and not 
covered by the Technical Specifications can be assumed 
available if they are expected to be available for the event 
of interest. Although the assumed test intervals are often 
consistent with the Technical Specifications, the normal 
operating practices are also considered in defining the 
number of demands and exposure time. This does not imply 
such a PRA is less reliable than one with assumptions fully 
supported by Technical Specifications.  

The Keowee PRA was performed by estimating the parameters of 
interest as realistically as possible. This approach is 
consistent with the Commission's Final Policy Statement 
dated August 10, 1995, on the use of PRA (FR Vol. 60 No. 158 
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P.42622) which encourages PRA evaluations to be as realistic 
as possible.  

Concerning the impact of plant changes (equipment 
configuration, test frequency, etc.) on the PRA, it is 
pointed out that the Oconee PRA update process is structured 
to update the important assumptions and parameter values 
which influence the PRA results. This process is expected 
to capture any significant changes affecting the Oconee 
emergency power system.  

Open Issue #38: The seismic cutset frequencies in table 3-4 
of the IPEEE will need to be explored further; the cutsets 
appear to total 1.7E-04, not 3.6E-05. (NRR draft report 
page 107) 

Response: As detailed in the IPEEE submittal, the 
seismically-induced core melt frequency (CMF) was determined 
using the SEISM computer program which uses a Monte Carlo 
simulation as a means to obtain a sampled mean value.  

Each structure or component used in the logic model is 
expressed in terms of a median fragility (i.e., the 
acceleration level at which there is a 50/50 chance of 
failure). Each fragility has associated with it standard 
deviations for the randomness and uncertainty of the median 
fragility values. This information can be used to describe 
lognormal distributions (i.e., a 'family of curves') of the 
fragilities. These distributions are broken down into 
several acceleration intervals. SEISM performs numerous 
random samples along each distribution to obtain a sampled 
mean failure probability at the midpoint of the acceleration 
intervals. Cut set fragility values are then calculated at 
these midpoints by combining the component/structural 
fragility values through the cut set equations. The cut set 
failure probabilities at each acceleration interval midpoint 
are then multiplied by the corresponding failure frequency 
intervals from the plant seismicity curve. The resulting 
values from each interval are added together to create a 
total failure frequency for each cut set and appear in the 
"Cut Set Frequency" column (the values in Column 1 of Table 
3-4 of the IPEEE report). The value of each cut set 
represents the mean seismic CMF if that cut set were the 

only cut set in the logic model.  
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* Adding the individual cut set values together would create 
an 'artificially high" value for the mean seismic CMF since 
the solution of the seismic logic model is performed using 
Boolean algebra in the form of: 

AU B = A+B-AB 

Therefore, SEISM takes the values listed in the "Cut Set 
Frequency" column and sequentially adds them as shown above.  
For example, consider a simple logic model with the 
following cut set values: 

Cut Set A = 2E-01 
Cut Set B = 3E-02 

Cut Set C = 4E-01 

Cut Set D = 5E-03 

Simply adding these values together would result in a 
failure frequency of: 

A + B + C + D = (2E-01) + (3E-02) + (4E-01) + (5E-03) = 

6.35E-01 

However, adding these values using Boolean algebra gives a 
frequency of: 

A u B = (2E-01) + (3E-02) - (2E-01) (3E-02) = 2.24E-01 

(A u B) u C = (2.24E-01) + (4E-01) - (2.24E-01) (4E-01) = 

5.34E-01 

((A B) u C) u D = (5.34E-01) + (5E-03) - (5.34E-01) (5E

03) = 5.36E-01 

By performing this operation on the seismic cut sets, SEISM 
calculates a mean seismic CMF of 3.6E-05, rather than the 
1.7E-4 obtained by summation of the values in the "Cut Set 
Frequency" column.  

The values listed in the "Cut Set Frequency" column can be 
used to rank the cut sets in order of their contribution to 
the total seismic CMF. Hence, the dominant cut sets can be 
easily denoted.  
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The values in the "Per Cent Contribution' column are 
determined by dividing the values in the "Cut Set Frequency" 
column by the total summation of cut set frequencies (in 
this case, 1.7E-04) and multiplying by 100.  

Thus, the correct estimated value for the seismic core melt 
frequency is 3.6E-05/yr. On a relative basis, the frequency 
of a specific cut set is obtained by multiplying 3.6E-05 by 
the per cent contribution for that cut set and then dividing 
by 100.  

Open Issue #39: Failure of equipment due to internal floods 
is dominated by submerged equipment. Examination of the 
internal fault trees indicates the potential for crediting 
the Keowee or Lee power sources through the link to the 
internal events electric power fault trees. It is assumed 
that these power supplies were included but unclear what, if 
any, impact they had on the results. (NRR draft report page 
110) 

Response: Random failures of equipment in the ac power 
system are included in the analysis for the internal floods.  
However, the ac power system is quite reliable and no 
equipment in the ac power system is impacted directly by a 
flood in the Turbine Building Basement. Consequently, there 
is little impact on the CDF from internal floods as a result 
of ac power failures.  

Open Issue #40: Operator performance has been a factor in 
several events involving the emergency power system. The 
emergency power system at Oconee is a very complex system 
compared to most diesel generator systems. Because of this 
complexity, operators may not have sufficient understanding 
of the system upon which to base operating decisions, 
compared to the situation at a plant that has diesel 
generators. The October 1992 event identified weaknesses in 
the ability of the Oconee and Keowee staff to correctly 
operate that complex system. Based on this concern, the 
operator procedures and training need to be upgraded for 
emergency power system operations. One example of an 
upgrade that could enhance the operability of the Keowee 
would be to improve the operator procedures and training for 
restoration of Keowee following an inadvertent protective 

74



relay actuation. Finally, simulator practice of much of the 
manual operations which could improve operator performance 
is precluded since much of the emergency power system is not 
modeled on the Oconee simulator. (AEOD draft report pages 
xi-xii, 11, 22, 25-26, 28, 37-38, 40) 

Response: Oconee recognizes the complexity of the Keowee 
emergency power system and has taken actions to increase the 
knowledge of the operators. Since the October 1992 event, 
operator training on the emergency electrical system has 
been enhanced for both the Oconee and Keowee operators.  
This training improved the understanding of electrical power 
system interactions and the emergency start response of the 
Keowee units.  

For Keowee personnel, enhancements were implemented in the 
initial operator and technician training programs as well as 
the requalification training program. These programs are 
conducted in accordance with the Oconee Employee Training 
and Qualification System (ETQS) manual and are maintained by 
the Oconee Training Department. A complete Job Task .  
Analysis was performed for Keowee operators and technicians, 
identifying approximately 75 operator tasks and 24 
technician tasks. A procedure was written, AP/O/A/200/02, 
Keowee Hydro Station - Emergency Start, which deals with 
failures and combinations of failures of the relays and 
breakers associated with Keowee power supplies. A total of 
five Job Performance Measures (JPMs) covering tasks that 
relate to supplying emergency power to Oconee were developed 
for the Keowee operators. The Keowee operators are tested 
on these JPMs annually. All Oconee operators (licensed and 
non-licensed) have been trained in the use of this procedure 
and have a JPM associated with the Keowee power system 
failures. Both Keowee operators and Oconee operators are 
trained on modifications to Keowee.  

The Oconee operators are trained on the Keowee auxiliary 
power system. All Oconee operators are qualified to the 
tasks of supplying auxiliary power to Keowee Hydro Station 
and swapping control of Keowee to the Oconee control room.  
A JPM was created on these tasks and this JPM is included on 
the list of JPMs from which the yearly NLO, RO, and SRO 
annual operating exams are selected. Training on various 
loss of power scenarios is conducted on the ONS simulator 
yearly.  
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The AEOD report states that improved operator performance is 
precluded since much of the emergency power system is not 
modeled on the Oconee simulator. The Oconee training 
simulator replicates the Oconee emergency power scheme in a 
functional manner. The operator can perform all operations 
dictated by Oconee procedures to mitigate loss of power 
events on the simulator. The following are examples of the 
evolutions that are included in the operator training 
program: 

* Manual and automatic startup/shutdown of the Keowee 
units.  

* Alignment of the Central switchyard to the main feeder 
buses via the standby buses.  

* Alignment of a Lee combustion turbine to the main feeder 
buses via the standby buses.  

" Emergency starting the Keowee units.  

* Live bus transfers involving CT-4 and CT-1 

* Dead bus transfers involving CT-5.  

* Switchyard isolation event.  

* Restoration of the 230 kV switchyard following a 
switchyard isolation signal.  

The simulator does not replicate actual hardware such as 
relays, contacts, etc., of the power switching logic 
electrical/electronic scheme and therefore is not suitable 
for instruction on troubleshooting or maintenance.  

Open Issue #41: The Keowee reliability assessment model is 
intended to reflect the current condition of the plant and 
is not an indicator of past Keowee availability. Operating 
experience review has identified lack of testing of crucial 
systems and inappropriate operator actions as factors which 
cause concern regarding actual equipment and operator 

performance compared to the assumption of the risk analyses.  
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The complexity of the electrical system and the operating 
experience to date indicate that Oconee assumptions for 
operator actions may be overly optimistic. Also, past 
availabilities due to design vulnerabilities would have 
rendered Keowee inoperable to respond if both Keowee units 
had been operating to the grid during a LOOP event. The 
risk due to past vulnerabilities was not included in past 
risk calculations and may have represented a large and 
unrecognized portion of LOOP related risk. Also, the risk 
values are derived for Oconee Unit 3 and do not consider the 
impact of the other two reactor units. The study also, does 
not include an assessment of the reliability of the 
switchyard, alternate offsite power sources (such as from 
the Lee station), or the impact of operation of two Keowee 
units to the grid. (AEOD draft report pages xii, 20, 28, 
33-35, 37) 

Response: As stated by the AEOD staff, the Keowee PRA is 
intended to indicate the current reliability of the plant.  
For the Keowee PRA effort, the equipment performance and 
events involving human error of the past 10 years at Keowee 
were reviewed. Those failure events considered applicable 
for the current plant conditions were used in compiling the 
plant specific data characterization.  

It is recognized that the LER events reported in the past 
involved several equipment failures and in a number cases 
the recognition of a condition where the Keowee design 
criteria (for example, ability to satisfy single failure 
criterion) would not have been met for some combination of 
conditions. This does not mean that Keowee was incapable of 
providing emergency power for the most probable set of LOOP 
conditions for any extended period of time in an unplanned 
manner. An October 1993 assessment by the Duke PRA team of 
the Oconee LERs involving the emergency power system for the 
previous 7 years indicated that 27 of the 28 LER events had 
little core damage significance. The October 19, 1992, LOOP 
event and the accompanying equipment failure and weakness in 
human response, however, have been recognized to have 
produced a conditional core damage probability greater than 
the precursor threshold. The plant enhancements in terms of 
hardware, procedures, and operator training have rectified 
the weaknesses. The Keowee PRA study does take credit for 
these enhancements.  
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The LOOP related core damage risk reported in the Keowee PRA 

report is for one Oconee unit, with Oconee Unit 3 being 
considered as a representative unit. Although some LOOP 
events would affect more than one unit, the risk of core 
damage in more than one unit would be much lower than the 
one unit value (1E-6/yr) since additional equipment failures 
and/or operator failures would be needed for this situation.  

The Keowee PRA study does include the effect of both units 
operating on the grid. This is presented in Sections 4.8.8 
and 7.5.8 and Appendix E of the Keowee PRA report. The 
study also includes the switchyard model as it affects the 
operation of power to the startup transformer from Keowee 
(Appendix A.2). Since the LOOP initiating event frequency 
and the probability of recovering offsite power are derived 
from empirical data, the switchyard models for these inputs 
were deemed unnecessary. As for the alternate power source, 
a simplified model for CT-5 is included (Figure A.9-8, p. 52 
of Oconee PRA Report, Rev. 1), and the reliability 
parameters for Lee used in the study were confirmed by 
performing an analysis of the Lee start and run failure data 
for the period 1992-1994. In the new update of the Oconee 
PRA model, a more detailed model of CT-5 and Lee power are 
included.  

Open Issue #42: Auxiliary power to the SSF is lost 
following a LOOP event at Oconee Unit 2 and operator actions 
are required to restore power to the SSF battery charger.  
The Oconee control room operators' should be provided the 
instrumentation and procedures to monitor and respond to a 
degraded SSF battery condition. (AEOD draft report page 31) 

Response: The only operator actions that are required to 
restore power to the SSF battery chargers following an 
Oconee Unit 2 LOOP are those actions that restore power to 
the SSF. The SSF loads are supplied power from either of 
two sources; the Oconee Unit 2 main feeder buses or the SSF 
diesel generator. The actions required to repower the SSF 
are addressed in the Oconee Unit 2 Loss of Power abnormal 
procedure (AP/2/A/1700/11). Once SSF power is restored, the 
SSF battery chargers regain power and recharge the SSF 
batteries with no further operator action. In addition, 
procedure AP/O/A/1700/25, SSF EOP, requires the operator to 
verify that the SSF batteries, chargers, and inverters are 
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in service. In addition, actions are being incorporated 
into the Oconee Unit 2 Loss of Power abnormal procedure to 
verify that the SSF batteries and chargers are operating 
properly following an Oconee Unit 2 LOOP.  

Open Issue #43: The circuit breakers supplying the RCP 
switchgear have insufficient fault current ratings. Circuit 
breakers with sufficient fault current ratings should be 
installed. (AEOD draft report pages xii, 32, 40) 

Response: Oconee calculations OSC-2059, 2060, and 2061 
examine zero impedance faults within the 6900V distribution 
system. The 6900V distribution system consists of two 6900V 
metalclad switchgear groups, each of which can be supplied 
from either the unit auxiliary transformer or from the unit 
startup transformer. Each 6900V metalclad switchgear group 
has two source circuit breakers and two feeder circuit 
breakers which supply two reactor coolant pump motors. The 
circuit breakers which isolate the 6900V metalclad 
switchgear groups from the Keowee overhead power path are 
the 6900V unit startup source breakers. For all the faults 
assumed in the above calculations, the fault interrupting 
capability of these breakers is not exceeded.  

The three fault locations in the 6900V system analyzed are: 
1) a fault on the switchgear, 2) a fault at the reactor 
building reactor coolant pump motor penetration, and 3) a 
fault at the reactor coolant pump motor cable termination 
point. Of these three analyzed fault locations, the second 
and third locations described above are considered to be the 
most likely fault locations. Duke's analysis shows that no 
fault duty rating is exceeded for any faults assumed at the 
second and third locations.  

For faults assumed at the switchgear, the normal source 
breakers are overdutied and could see fault duties up to 
approximately 11 percent above their published ratings. It 
should be noted that these analyses conservatively assume an 
unlikely bolted (zero impedance) three phase fault.  

The 6900V switchgear are located at the east side of the 
turbine building, while the safety-related 4160V switchgear 
are located at the west side of the turbine building.  

79



Therefore, physical separation exists between the 6900V and 
4160V switchgear groups.  

In summary, 6900V startup source breakers which may be 
called upon to isolate the 6900V system from the overhead 
path are not overdutied. In addition, all of the breakers 
are within their interrupting capability for an assumed 
three phase fault at the electrical penetration and reactor 
coolant pump motor cable termination points. The analysis 
conservatively assumes zero impedance faults in its 
calculations and the 6900V and 4160V switchgear are 
physically separated from each other. Based on the 
calculations and equipment separation, replacement of these 
6900V switchgear breakers is not warranted.  

Open Issue #44: The emergency electrical system at Oconee 
can obtain a level of safety comparable to that of a plant 
with diesel generators assuming that the emergency 
electrical system ability to function following a LOOP is 
periodically tested. The emergency electrical system should 
be tested from standby conditions and grid operation, to 
maintain appropriate levels of equipment performance and to 
exercise operator actions. Since there is a lack of 
periodic testing, the operators do not routinely obtain 
experience with delivering emergency ac power to emergency 
loads as usually occurs once per refueling interval at 
plants that have diesel generators. This periodic testing 
should be at a reasonable level to ensure that the 
reliability of the system is being maintained commensurate 
with the risk analysis. (AEOD draft report pages xii, 11, 
14-15, 17, 19-21, 25, 28, 37, 39) 

Response: Based on operating experience and as reported in 
the Keowee PRA, start and run reliabilities for Keowee are 
99.5 percent and 98.8 percent, respectively. Also, failure 
data for all Keowee starts that could impact emergency 
operation indicate only 29 failures out of 6488 demands and 
2 failures out of 113 during emergencies or emergency start 
demands. The Keowee PRA used this information and 
additional data to model Keowee and calculate Keowee 
reliability for emergency conditions. The calculated 
failure rate is approximately 0.008/yr which is comparable 
to the failure rate of a typical diesel generator plant (see 
Open Issue #46 for additional information).  
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In addition, the periodic testing performed at Oconee 
assures that the operators receive adequate experience with 
the operation of the emergency power system. This 
experience is complemented by a training program which 
emphasizes an understanding of the emergency power system 
interactions and responses. An important part of this 
training is the simulator training on alignment of the power 
system, transfer of power paths, starting of the Keowee 
units, and restoration of the switchyard. Additional 
information on the operator training for the emergency power 
system is provided in response to Open Issue #40.  

Periodic testing of the emergency power system is done in 
accordance with the Technical Specifications and Selected 
Licensee Commitments (SLC) manual. The Technical 
Specifications require verification of the ability of the 
emergency power system to perform its intended safety 
function. This includes testing the Keowee units, 
energizing Oconee loads with the emergency power sources, 
transferring between the power sources, and isolation and 
recovery of the switchyard.  

For example, Technical Specification 4.6.4 requires that 
swapping of power to available sources after a LOOP for an 
Oconee unit is verified on a refueling outage frequency.  
Oconee shutdown loads are actually powered from the 
different sources by simulating a loss of power. During the 
test for each Oconee unit, the Keowee units experience an 
emergency start. Testing includes both standby and hot 
starts, depending on the Oconee unit being tested. As a 
result of these tests, the Keowee units are tested three 
times per 18 months.  

Per Technical Specification 4.6.2, the Keowee units are 
emergency started from standby annually to verify that they 
can reach rated speed and voltage within the time required.  
During this test the Keowee units are loaded to the 
equivalent of Oconee LOCA/LOOP loads for one unit. ACB 3 
and 4 are verified to close automatically if a fault occurs 
in an overhead path breaker.  

Per Technical Specification 4.6.1, the Keowee units are 

automatically started from the Oconee Unit 1 and 2 control 
room using the normal start circuitry. This test ensures 
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that each Keowee unit can energize the underground power 
path and the 230 kV switchyard.  

During testing for degraded grid switchyard isolation, the 
Keowee units are emergency started and reject load to verify 
the speed transient. ACB 1, 2, 3, and 4 operation will also 
be verified during this test.  

Over a three year period, these tests initiate an emergency 
start of the Keowee Units a total of 13 times. Both standby 
and hot starts are included in these emergency starts.  

Open Issue #45: The recent instance of errors in voltage 
regulator settings have been identified, some due to simple 
personnel error, and others due to uncertain criteria for 
Keowee voltage. In order to maintain the proper voltage 
regulator settings, the operations and maintenance training 
and procedures need to be improved, along with additional 
testing of the system. (AEOD draft report page 25) 

Response: Due to the occurrence of the problems associated 
with the Keowee voltage regulator mis-setting, Oconee has 
taken several corrective actions. First, an analysis was 
performed to determine the technical basis for regulator 
system settings. This analysis was used to develop a 
maintenance procedure that will control both the periodic 
and corrective calibration activities. In addition, the 
Oconee maintenance technicians have received class room 
training on the system, have been responsible for the 
maintenance procedure development, and have gained hands on 
experience while performing the procedure. These steps have 
greatly enhanced our ability to properly maintain these 
systems, and should prevent recurrence of the problems cited 
in the AEOD report. In addition, the Keowee emergency start 
abnormal procedure will be revised to include instructions 
to ensure proper operation of the voltage regulator.  

Open Issue #46: Because the staff believes that the 
unreliability of CT-5 power is potentially underestimated, 
the validity of the comparison of the total Oconee emergency 
power system to two 100 percent EDGs is questionable. (NRR 
draft report page 84; AEOD draft report page xii) 
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Response: Referring to the IPE papers in NUREG-0149 (1995 
Water Reactor Safety Conference), the IPE results for core 
damage frequency for SBO events for PWRs range from 1E-7/yr 
to approximately 7E-5/yr, with an average value of 
approximately 1E-5/yr. The corresponding result for Oconee, 
as calculated in the Keowee PRA, is 1E-6/yr. Further, and 
as shown in the sensitivity study in response to Open Issue 
#15, the Oconee SBO core damage risk is still in the low 
(better) end of the spectrum even when the CT-5 power from 
Lee is assumed very unreliable. A recent AEOD study on 
diesel generator reliability (INEL-95/0035, March 1996) 
reports the failure rate of an average diesel generator 
train from the IPEs for a 24 hour mission time as 0.142.  
The total failure probability for a Keowee unit, including 
maintenance unavailability and power path unavailability is 
0.082 for overhead power and 0.031 for underground power.  
These data are indicative of good overall reliability of the 
total Oconee emergency power system as compared to the 
typical EDG system.  

Open Issue #47: Demand frequencies of components such as 

relays, for which plant specific data was calculated by 
combining all components of the same type into a type code, 
range from daily (for system grid generation) to quarterly 
to every refueling outage. Ideally, all components in the 
same group should have the same or similar periodic testing 
frequencies. At Keowee, some components that are only 
challenged every refueling outage are applied the same 
failure probability as components that are demanded daily.  
Therefore, the staff believes the results of the generic 
data sensitivity study are more robust than the base case.  
(NRR draft report page 98) 

Response: Duke agrees that for an ideal and precise 
characterization of the reliability of a component, the 
failure rate data should come from identical components with 
identical operating, service, testing and maintenance 
conditions. All of the statistical data sources employ 
simplifying assumptions and some consideration of similarity 
and equivalence. No strong influence of test frequency on 
the estimated component failure rates is evident, except for 
the obvious statistical significance. That is, with 

frequent testing there would be more data than otherwise.  
The generic data is an aggregate of data from many plants 
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with different test, demand, and operating attributes. The 
aggregation process does not seem to have considered the 
test frequency attributes. Also, the generic data sources 
contain no statements of limitations of the use of the data
for any specific test frequency class of equipment.  

The process of compiling the failure data for relays at 
Keowee included all relays that were included in the fault 
tree models without consideration of the demand frequency.  
Duke believes this simplification is consistent with data 
available from generic sources and with plant specific data 
collection for PRAs in general. Duke views this 
simplification as just another source of uncertainty in PRA 
calculations. Duke believes the level of effort required to 
perform PRAs if this simplification was not made would 
increase dramatically without a commensurate improvement in 
the necessary accuracy and usability.  

A review of the failures in the Keowee PRA database 
identified only one failure of an infrequently 
tested/demanded component. This was the October 22, 1992, 
failure of relay 52-1TD. It is worth noting that this was a 
degraded condition identified during a normal inspection as 
opposed to an actual failure observed during a test. Had an 
unusual number of failures been observed on any of the 
components in the model, Duke believes the review of the 
Keowee PRA data would have captured this information. Also, 
Duke believes that the programs in place (e.g., maintenance 
rule and PIP) provide an adequate opportunity for the 
identification of any "bad actors" in the Keowee systems.  

The number of components in the Keowee model that are not 
challenged by the normal starts is relatively small 
(reference table E-3 of the Keowee PRA report). It is 
observed that many of these components relate to the 
external grid trouble protection system (EGTPS) and to the 
PCBs in the switchyard and do not directly effect the 
ability of the Keowee units to supply power. Many of the 
EGTPS failures are part of redundant functions where no 
single failure has any impact.  

Open Issue #48: Duke classified certain basic events as 
"undeveloped events". For these basic events, Duke could 
not find applicable generic data. Therefore, the 
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"undeveloped event" failure rates were calculated using 
Keowee plant specific data only and remained at their plant 
specific values for the base case (bayesian-updated case) 
and the generic data sensitivity study. Because of this, 
the generic data result is not a completely generic data 
assessment. There are approximately 64 undeveloped basic 
events (of 1135 basic events total). (NRR draft report page 
98) 

Response: One of the principal objectives of the Keowee PRA 
study, as identified in the project plan, was to develop an 
analytical model of Keowee to estimate the Keowee 
reliability (analytically) that can be compared to the 
estimated reliability obtained from Keowee experience 
comprising normal (grid) operation, emergency starts, and 
tests. For this objective, it was deemed appropriate to 
model the facility to a level of detail for which 
reliability data could be obtained. Because at least 10 
years of recent operational data on Keowee equipment was 
considered available, use of Keowee data, to the extent 
possible, was preferred for this effort. Availability of 
generic data was investigated, and when found to be 
available, the generic data was combined with the Keowee 
specific evidence by using the Bayesian formulation. This 
approach was considered to be appropriate, and the base case 
analysis, therefore, represents a generic-Keowee combined 
component reliability data as opposed to a pure generic or 
pure plant specific set.  

In the course of the study, it was felt that a sensitivity 
study involving just the generic data would be informative.  
However, it turned out that for the so-called "undeveloped 
events", no generic counterparts could be found. Therefore, 
the sensitivity study involving generic data made use of the 
Keowee specific reliability data instead of a generic set.  
Accordingly, the result designated as "based on generic 
data" is not a pure generic set, as pointed out by the 
staff.  

Open Issue #49: The seismic fragility curves relating 
equipment failure probability versus ground acceleration 
will need to be reviewed further to assess the 
reasonableness of their current estimates. (NRR draft 
report page 107) 

85



Response: The Oconee seismic fragility calculations were 
originally performed in 1981. The equipment fragilities 
were developed by Structural Mechanics Associates, seismic 
consultants for the project with expertise in fragility 
development. These fragilities were used in the original 
Oconee PRA, which was published in 1984 as NSAC-60.  

The NSAC-60 study received considerable peer review by 
experts within the industry during its development. Also, 
in March 1986, NUREG/CR-4374 was published, documenting the 
Brookhaven National Laboratory review of NSAC-60. As stated 
in NUREG/CR-4374 in the Executive Summary Section, 
"Fragility Analysis - From the review of the fragility 
analysis and the resulting parameter values, the capacities 
used in the Oconee PRA are believed to be conservatively 
low. Generic median values were used for many of the 
components which resulted in conservative capacities." 

In August of 1986, some revised fragilities were developed 
by National Technical Systems to incorporate additional data 
into the fragility analysis. Those fragilities revised 
included the dominant risk contributors, as identified by 
the systems and risk analysis, as well as some additional 
components where more recent information indicated that 
revised fragilities would be appropriate. Some of the more 
important items of information used in the updated 
fragilities, which were not available for the original 
calculations, include the results of the masonry blockwall 
testing program conducted for Oconee in response to IE 
Bulletin 80-11 and more current information on results of 
historical performance of equipment and off-site power when 
subjected to seismic excitation. In general, for all the 
revised fragilities, either the median capacity increased or 
the variabilities decreased. These updated fragilities were 
incorporated into the revised PRA submitted with the IPE in 
November 1990.  

For IPEEE, the deterministic seismic margins methodology 
defined in EPRI NP-6041 was used for the walkdown screening 
and associated evaluations. The information gathered using 
this methodology was used to verify the adequacy of the 
fragilities in the existing PRA or to make adjustments as 
necessary.  
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The deterministic methodology for development of a High 
Confidence of Low Probability of Failure (HCLPF) as defined 
in EPRI NP-6041 is based on the assumption that the review 
level earthquake is defined as an 84th percentile earthquake 
and is termed a HCLPF. 4 . If the screening criteria of EPRI 
NP-6041 is met, the component is considered to have a 
HCLPF84 in excess of 0.8g peak ground acceleration, where 
spectral acceleration is defined in the free field. For a 
NUREG/CR-0098 median spectral shape, the free field peak 
ground acceleration corresponding to 0.8g spectral 
acceleration is 0.38g. Therefore, the HCLPF84 is 0.38g.  
This is contingent on the component having anchorage 
capacity to meet this free field peak ground acceleration.  
If the anchorage capacity is less than this acceleration 
demand, then a lower HCLPF84 is calculated.  

The fragility curves developed for the Oconee seismic PRA 
are consistent with the original fragilities and are 
conservative in their development relative to a NUREG/CR
0098 median spectral shape. Since the deterministic IPEEE 
HCLPFs are also developed relative to the NUREG/CR-0098 
median spectral shape, it is also convenient to use the 
deterministic HCLPFs directly and adjust them from a HCLPF.4 
to a HCLPF50 . Using the deterministic method for 
calculating HCLPF, referred to as HCLPF.4 , the HCLPF is 
defined to correspond to the ground motion reported at the 
84 percent non-exceedance probability level. This is in 
contrast to the seismic PRA HCLPF50 that corresponds to the 
ground motion at the 50 percent non-exceedance probability 
level .  

The adjustment of the HCLPF. 4 to HCLPF5 0 can be made by 
considering the ratio of the 84th percentile/50th percentile 
NUREG/CR-0098 spectral shape in the amplified acceleration 
range. At 7 percent damping, this ratio is about 1.25.  
Seven percent damping is used as an average value for 
response near the elastic limit for structures. Structural 
response is the driving mechanism for equipment mounted in 
the structures. Therefore, if a component has a HCLPF84 of 
0.38g, it corresponds to a HCLPF5 of .38/1.25 = 0.3g.  

As a result of the IPEEE effort, additional improvements 
have been made to the structural and component fragilities.  
Fragilities developed for the existing PRA, as discussed 
above, are based on a NUREG/CR-0098 median spectral shape.  
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NUREG-1407 recommends that the spectral shape be consistent 
with current estimates of ground motion. Recent studies by 
Lawrence Livermore National Lab (LLNL) and Electric Power 
Research Institute (EPRI) define the shape of the response 
spectrum associated with the free field ground motion as a 
uniform hazard spectrum (UHS); i.e., every point on the 
ground motion response spectrum has an equal probability of 
occurrence. For eastern U.S. sites, the UHS differ 
considerably from the NUREG/CR-0098 spectral shape.  

Comparing the median UHS for a 10,000 year return period 
with a median NUREG/CR-0098 spectrum, the amplification of 
the peak ground response is less for the UHS than for the 
NUREG/CR-0098 spectrum below about 14 Hz, corresponding to 
the fundamental modes of most major structures.  
Consequently, most of the existing Oconee structural 
fragilities and fragilities of equipment mounted in these 
structures are conservatively defined when indexed to the 
NUREG/CR-0098 spectral shape. An exception to this is the 
Auxiliary Building which has a fundamental frequency in one 
direction of about 16 Hz. Therefore, in order to base the 
fragilities on the UHS which defines the seismic hazard, 
factors of conservatism were calculated for each structure 
to define the conservatism in the median capacity of the 
existing fragilities.  

The random variability will also be different due to the 
fact that there are differences between the 85 percent and 
50 percent amplification factors for the UHS and NUREG/CR
0098 spectral shapes. The random variability associated 
with the EPRI Uniform Hazard Spectral Shape is somewhat less 
at most frequencies. Then given the HCLPF5 0 , the fragility 
curve is developed by estimating the randomness and 
uncertainty and computing the median value.  

The net effect is that fragilities developed for Oconee 
relative to a NUREG/CR-0098 spectrum are conservative 
because of a lower median capacity and a larger spread 
between the median and HCLPF as compared to fragilities 
defined relative to the Oconee UHS. The exception to this 
is for components mounted in the Auxiliary Building above 
basemat. The Auxiliary Building is a relatively stiff 
structure, resulting in a factor of conservatism less than 
unity, 0.89.  
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EQE, a seismic consultant with expertise in fragility 
analysis and a part of the IPEEE team, revised the 
fragilities listed in the IPEEE submittal from those listed 
in the Oconee PRA to reflect the need to base the 
fragilities on the UHS which defines the seismic hazard.  
The median capacity has been adjusted by the appropriate 
factor of conservatism for the component, depending on where 
the component is located. Appropriate adjustments were also 
made to the randomness variable.  

The Oconee site is made up of a shallow soil layer over 
rock. The major structures at Oconee are founded on rock.  
A NUREG/CR-0098 median ground response spectrum anchored at 
0.18g at top of rock was used for the review level 
earthquake for the Oconee site. This corresponds to a 0.3g 
free-field acceleration as recommended in NUREG-1407.  

A major comment of the peer review team early in the review 
process involved the interpretation of NUREG-1407 guidelines 
with respect to the definition of the seismic input motion.  
The review level earthquake for Oconee is 0.3g peak ground 
acceleration. NUREG-1407 states that "the ground motion 
should be considered at the surface in the free field." 
Therefore, deconvolution using the appropriate soil profile 
and properties was used to develop an equivalent top of rock 
acceleration of 0.18g pga NUREG/CR-0098 spectral shape which 
was input into the rock-founded structures for developing 
review level earthquake in-structure response spectra or 
scaling existing spectra. Therefore, components passing 
screening using these in-structure response spectra were 
initially assumed to have a HCLPF 84 equal to 0.3g when 
defined at the surface in the free field.  

However, since Oconee is responding to IPEEE by using the 
existing PRA, the peer review team questioned whether this 
technique was appropriate. After further review, noting 
that Oconee is defined as a rock site for probabilistic 
seismic hazard purposes, it was decided that deconvolution 
may not be appropriate.  

The major area impacted by this decision was the method for 
equipment screening. The screening for IPEEE was completed 
using the EPRI NP-6041 screening criteria. By meeting these 
screening rules, the components are stated to have a HCLPF84 
capacity of 0.80g spectral acceleration relative to the 
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ground motion spectrum. For a NUREG/CR-0098 spectral shape 
as specified for IPEEE margin studies, a 0.80g spectral 
acceleration relates to a 0.38g pga. This may be assumed to 
be the HCLPF84 value for the equipment if the equipment 
anchorage is adequate for this level of ground motion input.  
Thus, any component screened out on the basis of the EPRI 
NP-6041 screening criteria would have a HCLPF84 of 0.38g pga 
conditional on the anchorage having equal or greater HCLPF.  
For the PRA, the associated HCLPF using 50 percent non
exceedence probability response spectral acceleration 
factors, HCLPF50, is about 0.38/1.25 or 0.3g relative to a 
NUREG/CR-0098 spectral shape.  

For the PRA, the anchorage evaluations which used the top of 
rock acceleration of 0.18g pga NUREG/CR-0098 spectral shape 
can only be defined as having a HCLPF5 0 of approximately 
0.18/1.25 or 0.14g relative to a NUREG/CR-0098 spectral 
shape. However, the vast majority of the equipment 
anchorage evaluations showed significant additional capacity 
margin above this HCLPF value. Therefore, the anchorage 
evaluations were factored up for this additional margin and 
appropriate surrogate fragilities were included in the PRA 
to represent these screened out components.  

Not all components are explicitly modeled in the PRA. Many 
components were screened out based upon the original 
fragility evaluations. Others were screened during the PRA 
due to low seismic-induced failure rates. In the A-46 / 
IPEEE program, walkdown screening was conducted on all 
components on the safe shutdown equipment list, even those 
components previously screened from consideration in the 
PRA. Surrogate elements were developed as appropriate to 
represent these screened out components in the PRA.  
Surrogate fragilities were added to represent many of the 
Auxiliary Building and Standby Shutdown Facility components 
which were screened out during the walkdown and associated 
anchorage review and did not have individual fragilities 
developed.  

A conservative surrogate fragility is defined as having a 
median value of twice the HCLPFs0 . Taking into account the 
additional margin in the anchorage evaluations discussed 
above, the surrogate element for the Auxiliary Building has 
a median acceleration capacity of 0.34g with a randomness 
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variable 13 = 0.24 and an uncertainty variable In = 0.18.  
The Standby Shutdown Facility (SSF) has a median 
acceleration capacity of 0.48g with the same variables as 
the Auxiliary Building. Individual fragilities are 
developed for components having less seismic capacity than 
the surrogate values for those buildings.  

Emergency Electrical Power System 

For the NSAC-60 study, it was judged that the Keowee dam 
would be the governing element at the hydro station. The 
overhead power transmission from the hydro station to the 
plant was assumed to have a generic fragility equivalent to 
that provided for loss of offsite power. This generic 
fragility was based on only limited data on ceramic failures 
in switchyards during prior earthquakes. Transformers CT-1, 
2, and 3, which are fed by the 230 kV overhead transmission 
lines, were assumed to also have fragilities the same as the 
switchyard. The underground transmission which feeds 
transformer CT-4 at 13.8 kV had been seismically restrained 
from sliding but not for rocking and the fragility for the 
underground transmission was based upon the threshold of 
transformer CT-4 uplift. Fragilities of the high voltage 
bus ducts from transformers CT-1, 2, 3, and 4 to the 4.16 kV 
switchgear were estimated from simple hand calculations.  
The 100 kV Lee feeder line leading to transformer CT-5 were 
also assumed to have a generic fragility associated with 
ceramic failure.  

As discussed previously, several fragilities were updated in 
1986 and included in the IPE submittal. These fragilities 
were revised to reflect upgrades of the transformers 
anchorages and further collection of data on switchgear 
failures. The generic fragility for ceramic failure was 
increased to reflect more data from actual earthquakes.  
Transformers CT-1, 2, 3, and 5 were restrained from sliding 
but, being high voltage, were still estimated to be governed 
by generic fragilities for ceramics. CT-4 was upgraded to 
provide rocking restraint and a fragility was derived to 
reflect the new anchorage condition. The 100 kV Lee feeder 
was assumed to have the revised generic fragility for 
ceramic failure.  
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In the original PRA, the site was treated as a rock site and 
the seismic hazard was defined at a rock outcrop.  
Fragilities for surface-founded components such as start-up 
transformers, took into consideration the amplification of 
the soil layer, thus the higher acceleration at the surface.  
The design basis amplification was used in the 1981 and 1986 
fragility evaluation. In the current study, a specific 
analysis using the computer program, SHAKE, was conducted to 
develop top of soil response spectra.  

For IPEEE, Oconee is defined as a rock site and the pga 
defined at the free field is considered at a rock outcrop.  
The soil column is amplified by a factor of 1.67 and the 
spectral shape at the soil surface is different from the UHS 
at rock. Fragilities for components founded on soil 
surfaces are developed relative to rock considering the soil 
amplification and change in spectral shape. Thus, 
fragilities developed from deterministic HCLPFa4,, the 
fragility is defined relative to the acceleration at rock to 
be consistent with the existing fragilities for the 
remainder of the plant.  

Also, the emergency power system components outside the 
plant are mostly ground surface mounted or on the basemat of 
a surface founded structure, resulting in low frequency 
ground response. The ground response for the UHS is much 
less than the NUREG/CR-0098 in the low frequency range, 
resulting in increased fragility values for these 
components.  

Emergency power components inside the plant either have 
individual fragilities or are represented by the surrogate 
element listed for specific buildings.  

Conclusion 

The fragilities for the Oconee components have been 
"enhanced" by 1) making sure that the information collected 
from the extensive plant walkdowns and anchorage reviews are 
incorporated into the fragilities, 2) taking advantage of 
the additional information compiled in the earthquake 
experience database over the past several years, 3) and 
revising the basis for fragilities from the NUREG/CR-0098 
response spectra to the Uniform Hazard Spectra as currently 
recommended. The use of the NUREG/CR-0098 spectral shape 
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for development of fragilities in the previous work was 
conservative in many areas of the plant compared to the 
current Uniform Hazard Spectra.  
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ATTACHMENT 2 

GENERAL COMMENTS ON THE DRAFT NRC REPORTS 
AND CLARIFICATIONS ON THE INFORMATION 

IN THE DRAFT NRC REPORTS 

This attachment provides a list of general comments and 
factual clarifications associated with the NRR and AEOD 
draft reports on the Oconee emergency power system. Each 
comment or clarification references the associated NRC draft 
report statements and page numbers.  

General Comments and Factual Clarifications 

Item 1: The NRR draft report (pages ES-2, 4-5, and 54) and 
AEOD draft report (pages 3 and 4) indicate that the SSF RC 
makeup system is capable of providing makeup for RCS volume 
shrinkage and other leakage. Specifically, page 54 of the 
NRR draft report states that "[ilt is assumed in the SSF 
licensing analyses that the makeup pump has sufficient 

capacity such that a portion of the seal injection flow will 
exit via the number 1 seal leakoff lime of each RCP to 
makeup for RCP seal leakage while the remainder flows into 
the RCS to makeup for volume shrinkage and other RCS 
leakage." 

Comment: In the unlikely event that the plant is operating 
with the maximum allowed total combined RCS leakage rate 
(16.9 gpm for Oconee Unit 1 and 24.7 gpm for Oconee Unit 2 
and 3) at the time of the SSF event, the SSF RC makeup flow 
rate would be slightly greater than the leakage from the RCS 
and the RC pump seals in an accident which requires 
operation of the SSF RC makeup system. In this case, the 
SSF RC makeup system would be unable to provide any 
appreciable additional inventory for the RCS volume 
shrinkage which occurs when the RCS cools down from full 
power operation to hot shutdown conditions.  

Duke calculations indicate that makeup for shrinkage which 
results from going from a hot power operating condition to a 
hot shutdown condition is not required to maintain RCS 
natural circulation flow. Thermal-hydraulic analyses using 
the RETRAN computer code (contained in OSC-2130) show that 
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makeup for RCS volume shrinkage is not required to maintain 
RCS natural circulation flow. A bounding analysis was 
performed which assumed that makeup flow from the SSF RC 
makeup system equals leakage out of the RCS. This analysis 
verifies that the worst case voiding which could occur in 
the RCS hot legs will be less than the amount of voiding 
required to interrupt RCS natural circulation flow.  

Item 2: On page 4 of the NRR draft report, the potential 
power sources that are available to Oconee via manual 
alignment are described. This report lists the power 
sources which are manually available as backcharging through 
the Oconee unit main stepup transformer and energizing the 
standby buses from the Central switchyard or dedicated Lee 
gas turbine via transformer CT5.  

Comment: It should be noted that the ability to share the 
Oconee startup CT transformers provides an additional power 
source which is manually available to Oconee.  

Item 3: In the NRR draft report (pages 5 and 54), the NRC 
states that "[elach set of two tanks will supply sufficient 
air to start the diesel unit five successive times." 

Comment: This statement is correct when the tanks are fully 
charged. Normal operation of the SSF diesel generator air 
receiver tanks is in a pressure range between 160 psig and 
fully charged. At 160 psig, each set of two receiver tanks 
contain enough air for four successive starts of the SSF 
diesel generator.  

Item 4: Reference to Nuclear Station Modification (NSM) ON
52966 is made in the NRR draft report (pages 10, 13, 17, 35, 
67 and 87). This reference indicates that the modification 
will be implemented.  

Comment: Installation of NSM ON-52966 was completed in 
April of 1996.  

Item 5: Reference to minor modifications OE-7432 and OE
8226 which move the maximum volts-per-hertz trip to the 
emergency lockout circuit is made in the NRR draft report 
(pages 10 and 13). This reference indicates that the minor 
modification will be implemented.  
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Comment: OE-7432 and OE-8226 are scheduled to be installed 
by the end of December 1996.  

Item 6: On page 13 of the NRR draft report, the current 
undervoltage protection on the emergency power paths is 
discussed. The NRR draft report indicates that "[t]he 47 
percent and 87 percent undervoltage relays on the 
underground and overhead path respectively would then 
respond to trip the Keowee units on the low voltage 
(accompanied by the low frequency)." 

Comment: Actually, the undervoltage relays which are set at 
87 percent and 47 percent do not trip the Keowee units. The 
relays trip the associated E and S breakers to allow EPSL to 
transfer to the next available emergency power source.  

Item 7: The NRR draft report (page 16) describes the 
current testing methodology which loads the Keowee units at 
approximately 60 percent voltage and frequency with 
approximately 2 MVA of shutdown loads. The report states 
that "[t]he 2 MVA of shutdown loads energized in the tests, 
also did not likely consist of large motors which draw a 

large inrush MVA as seen in design basis scenarios.  

Comment: During the described testing which loads Keowee, 
the shutdown loads include, as a minimum, the 4 kV LPI and 
LPSW motors which are activated by ECCS actuation. These 
motors are considered large motors which draw a large inrush 
MVA.  

Item 8: In the NRR draft report (page 18), the potential to 
lockout both Keowee units during a ground fault when both 
Keowee units are generating to grid is discussed.  
Specifically, the report states "[a] subsequent single 
failure of a safety-related breaker to clear a fault on the 
overhead emergency power path could potentially cause the 
lockout of both Keowee units if they were generating to the 
grid." 

Comment: It should be noted that a single breaker failure 
will not cause the lockout of both Keowee units during 
periods of dual Keowee unit grid generation and a .  
simultaneous ground fault. Both ACB 1 and 2 would need to 
fail in order to lockout both Keowee units in the postulated 
scenario.  
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Item 9: On page 21 of the NRR draft report, the NRC 
discusses the tests that are included in the testing program 
for the Oconee/Keowee emergency electrical power system.  
The report indicates that Duke has identified thirteen 
specific tests (Duke letters dated November 17, 1995, and 
January 31, 1995) in the emergency electrical power system 
testing program. In addition, the NRR draft report (pages 
28 and 29) indicates that a couple of the Technical 
Specification surveillances for the emergency power system 
are not included in the list of the thirteen specific tests.  

Comment: The list of the thirteen specific tests in the 
Duke letters referenced above is not all inclusive. This 
list was developed, after discussions with the staff, based 
on Duke's understanding of the scope of information 
requested by the staff. Unfortunately, it appears that Duke 
misinterpreted the level of detail requested by the staff 
associated with the testing program. As is pointed out in 
the NRR report, additional testing of the AC and DC 
distribution systems is required by Technical 
Specifications. The tests that periodically verify the 
operability of the emergency power paths and the Keowee 
units ability to start via a normal start were not included 
in the Duke letters referenced above.  

Item 10: Item 6 and item 10 of Table 3-2 of the NRR draft 
report (page 23 and 24) indicate that Technical 
Specification surveillance 4.6.2.a requires an emergency 
start of the Keowee units on an annual frequency.  

Comment: The annual emergency start test verifies that the 
voltage and frequency is within the test acceptance limits.  
In addition, the time required for the Keowee units to reach 
the rated voltage and frequency limits is verified by the 
emergency start test.  

Item 11: Item 7 of Table 3-2 of the NRR draft report (page 
23) indicates that ONS performs a loss of load test per 
Technical Specification 4.6.4.  

Comment: Technical Specification 4.6.4 requires 
verification of the operability of the EPSL system. During 
this test, Keowee energizes the Oconee shutdown loads on the 
main feeder buses. As part of a one-time test during the 
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last Oconee Unit 1 refueling outage (lEOC16), a loss of load 
was performed to determine the potential impact on the 
Keowee units. Since this was a one-time test, item 7 of 
Table 3-2 should be listed as "no similar Technical 
Specification required Keowee Hydro Unit test." In 
addition, the 5 MW load rejection that is performed during 
the EPSL system test does not have any required acceptance 
criteria. The load rejection load selected is based on the 
objective of reducing the wear on the Keowee units.  

Item 12: In Table 3-2 on page 24 of the NRR draft report, 
item 9 indicates that the Oconee Unit 2 EPSL test procedure 
requires operation of the Oconee unit shutdown loads via the 
overhead and underground emergency power paths.  

Comment: In addition to the operation of the shutdown 
loads, the EPSL test verifies the ability to load shed non
essential loads from the specific Oconee main feeder buses.  
Another aspect of the EPSL test is that the Keowee units are 
started from standby during one of the Oconee unit's EPSL 
test and separated from the grid following power generation 
on the other two Oconee units' EPSL tests. The EPSL test 
verifies that the Keowee units reach rated voltage and 
frequency and carry the Oconee units shutdown loads.  

Item 13: Item 13 of Table 3-2 of the NRR draft report (page 
25) indicates that no Technical Specification surveillance 
for the Keowee units is similar to the diesel generator hot 
restart test.  

Comment: This item should be marked "not applicable" for 
the Keowee units. The concern associated with the diesel 
generator's ability to start at high diesel temperatures 
does not exist at Keowee.  

Item 14: Item 17 in Table 3-2 of the NRR draft report (page 
27) discusses the requirements of the Degraded Grid and 
Switchyard Isolation Functional test.  

Comment: The energization of the underground emergency 
power path to the SK breakers is an additional requirement 
of the Degraded Grid and Switchyard Isolation Functional 
test.  
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Item 15: In the NRR draft report (pages 29 and 30), the NRC 
describes the Keowee Emergency Start test and the associated 
test acceptance criteria. In the discussion, the acceptance 
criteria for the reclosure timers associated with the Keowee 
ACBs are shown to be 6 to 7 seconds for Keowee Unit 1 and 4 
to 5 seconds for Keowee Unit 2.  

Comment: The-implementation of NSM ON-52966 revised the 
reclosure time for the Keowee ACBs. Currently, the 
reclosure timers are set at 8.2 to 8.8 seconds for Keowee 
Units 1 and 2. The acceptance criterion in the Keowee 
emergency start test is that the ACBs close at a time 
greater than 4 seconds.  

Item 16: On page 32 of the NRR draft report (Section 
3.1.6.7), the EPSL sensing circuit tests are discussed.  

Comment: The information contained in this section is in 
agreement with the information provided by Duke in the 
January 31, 1996, letter. The earlier Duke response should 
have indicated that the verification of the two-of-three 
circuits via test lights is for the normal source voltage 
and startup source voltage sensing tests. The standby bus 
source undervoltage logic is not verified using test lights.  
During the standby bus source undervoltage sensing test, 
each logic chain is actuated to ensure that the resulting 
retransfer to startup signal is achieved. The two-of-three 
verification is not necessary for the standby bus 
undervoltage logic since a single failure is necessary in 
order to require actuation of this logic.  

Item 17: On page 34 of the NRR draft report, a one-time 
test of the loading of a Keowee unit at low power during 
acceleration was discussed. In this discussion, the report 
points out that "[t]he EPSL logic at Oconee will load the 
Keowee underground path unit with the Oconee unit accident 
loads during Keowee acceleration (at approximately 11 
seconds) if a LOCA were followed very quickly by a LOOP. If 
the overhead path were to fail, the Keowee underground path 
unit would also have to pick up the other two Oconee units' 
LOOP loads shortly after Keowee came up to full speed and 
voltage." 
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Comment: In the last quoted sentence above, the word 
shortly is used to quantify the time between Keowee reaching 
rated speed and voltage and the loading of the LOOP loads on 
the underground path. The approximate time between the 
Keowee units reaching rated speed and voltage and the 
loading of the underground is 15 seconds. This is based on 
the fact that the LOOP loads will transfer to the 
underground at 31 seconds and the Keowee units will reach 
rated speed and voltage at approximately 16 seconds.  
Finally, it should be noted that the main purpose of the 
one-time Keowee low power test was to verify the stability 
of the Keowee units when rejecting individual large loads.  

Item 18: In the NRR draft report (page 36), the report 
indicates that additional loads can be manually energized 
from the Oconee emergency power sources. As an example, the 
report identified the reactor coolant pumps as a potential 
load which could be manually energized.  

Comment: It should be noted that the manual loading of the 
load shed equipment can only be accomplished once the load 
shed signal has been reset. Also, the reactor coolant pumps 
are only available on the overhead emergency power path.  

Item 19: The Lee gas turbines are discussed beginning on 
page 38 of the NRR draft report. In the report, the NRC 
discusses the fact that the 6C Lee gas turbine is generally 
connected to Oconee in order to keep the other Lee gas 
turbines available for peaking power. The report continues 
by indicating that commercial operation of the Lee gas 
turbines would not be possible if the 4C or 5C Lee gas 
turbines were connected to Oconee.  

Comment: When the SC Lee gas turbine is connected to 
Oconee, the 4C Lee gas turbine would still be available for 
generation to the 100kV grid.  

Item 20: In the NRR draft report (page 56), the report 
discusses the impact of the spent fuel pool temperature 
increase on the SSF RC makeup system. Duke's evaluation of 
the temperature increase led to LERs on the SSF in 1993.  
The report states that "[t]the results were not enough seal 
injection flow on Unit 1, too much seal injection flow 

(overfill potential) on Units 2 and 3, and an eventual 
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potential "pressure lock" at the suction of the RCM positive 
displacement pumps (i.e., loss of makeup flow)." 

Comment: Actually, pressure locking was not associated with 
the suction of the RC makeup positive displacement pumps.  
Instead, the evaluation concluded that inadequate NPSH would 
be available for the SSF RC makeup pump due to "pressure 
lock" of the suction stabilizer.  

Item 21: On page 57 of the NRR draft report, the maximum 
allowed limit for controlled leak-off in the Westinghouse 
RCPs is listed as about 4.5 gpm per pump. This controlled 
leak-off becomes RCS leakage during periods when there is no 
injection flow. In the AEOD draft report (page 30), the 
seal leakage limit is listed as less than 4.5 gpm.  

Comment: The actual Duke limits are listed below for the 
Oconee Unit 1 reactor coolant pumps.  

1A1 - 4.7 gpm 

1A2 - 4.5 gpm 
1B1 - 4.7 gpm 
1B2 - 4.7 gpm 

Item 22: The NRR draft report (pages 57 and 59) makes 
reference to the fact that the SSF RC makeup injection needs 
to be maintained 50 pounds greater than the RCS pressure.  
Specifically, page 57 of the draft report states that 
"...the flow to each [reactor coolant] pump must be more 
than the leak-off rate to maintain injection along the pump 
shaft (injection pressure must be maintained about 50 pounds 
higher than RCS pressure) into the RCS in lieu of reactor 
coolant out-leakage along the shaft." 

Comment: It should be noted that the 50 psid is 
significantly higher than the actual differential pressure 
required to maintain injection along the pump shaft into the 
RCS. Test data indicates that the differential pressure 
across a tripped RC pump varied between 0.19 psid and 0.27 
psid. The test data indicates that the pressure at the 
point of SSF RC makeup injection is essentially equal to RCS 
pressure. The differential pressures of 7.5 psid and 50 
psid have been used as conservatisms in the calculations 
which demonstrate the SSF RC makeup system operability.  
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Item 23: On the top of page 60 in the NRR draft report, the 
installation of a modification to allow remote makeup 
capability for the spent fuel pool is discussed. In this 
discussion, the report indicates that the Oconee Unit 1 and 
2 modifications have been completed and the Oconee Unit 3 is 
scheduled for July 1996.  

Comment: The Oconee Unit 3 modification to install a remote 
makeup capability to the spent fuel pool has been completed.  
Completion of this modification and the associated 
procedures address the concerns identified in Inspection 
Report 269, 270, 287/94-31 (AEOD report page 29).  

Item 24: On page 64 of the NRR draft report, the report 
indicates that the SSF RC makeup integrated test development 
will not occur until at least July 1996.  

Comment: The SSF RC makeup system integrated test is 
scheduled for the next Oconee Unit 1 refueling outage. The 
test development is still in the initial phase and will not 
be completed until the first quarter of 1997.  

Item 25: The discussion on page 83 of the NRR draft report 
addresses the relative importance of the overhead and CT5 
power paths to Oconee.  

Comment: Some clarification on the terminology associated 
with CT5 and Lee is in order. Much of the discussion 
centers on the importance of the CT5 supply and proceeds 
into a discussion of Lee reliability. This tends to equate 
CT5 with Lee as a supply to Oconee. Equating CT5 with Lee 
is not valid. Transformer CT5 connects Oconee to Duke's 100 
kV transmission system as a source of ac power and not just 
to the Lee gas turbines. A loss of Lee has a different 
impact than does the loss of CT5. In particular it is 
possible to recover power to Oconee from the 100 kV system 
for the switchyard initiated LOOP events without any 
reliance on Lee. A failure of CT5 will not permit Lee or 
the 100 kV system to supply Oconee.  

The following table gives the frequencies for core damage 
due to LOOPs and loss of all ac power for an assumed loss of 
the identified components. These numbers can be compared to 
the base results of 1.0E-06/yr for the CDF and 6.3E-05/yr 
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for a blackout. It is seen that the underground path is by 
far the most important and that CT5 has a greater impact 
than Lee. It is also easy to see how the interpretation is 
made that the overhead path is less important than Lee and 
CT5.  

CDF Loss of ac Power 

Base Case 1.OE-06 6.3E-05 

Underground Path 7.2E-04 1.5E-02 
Failed 

CT5 Failed 8.9E-06 2.6E-04 

Lee Failed 2.2E-06 1.OE-04 

Overhead Path no change from no change from 
Failed base case base case 

The results given above for Lee and CT5 assume that dual 
unit maintenance at Keowee would not be done with the Lee 
power path out of service, as restricted by the Oconee 
Technical Specification. If it is assumed that dual unit 
maintenance at Keowee would be performed even in the absence 
of an alternate power source, the results for these cases 
are as given below.  

CDF Loss of ac Power 

CT5 Failed 1.6E-05 6.7E-04 

Lee Failed 9.3E-06 5.1E-04 

It is worth noting that the apparent lack of importance of 
the overhead path is influenced by several factors. First, 

as noted in the report the overhead path has a relatively 
high unavailability. This is because whenever a single 

Keowee unit is taken out of service the operable unit is 
always aligned to the underground path. Second, the PRA 
also considers the occurrence of three distinct classes of 

LOOP events. Switchyard and severe weather initiated LOOPs 
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are assumed to render the overhead path inoperable. This 
means that for -67 percent of the total LOOP frequency the 
overhead path is assumed to be unavailable. This is a 
modeling assumption and is not firmly based on plant 
specific evidence. The results presented are sensitive to 
this assumption. A different overhead path importance would 
likely result if, instead of 67 percent, only 10 percent of 
the LOOP frequency resulted in loss of the overhead path.  
Finally, the apparent overhead path importance is minimized 
because of the high reliability of the underground path.  
Whenever the underground unit is unavailable, the overhead 
unit is generally also unavailable, e.g. dual unit 
maintenance. The unavailability due to transformer 
maintenance is quite small by comparison. If the 
underground path had a significantly higher unavailability, 
then the overhead path importance would rise.  

When determining the relative importance of the various 
power paths supplying Oconee it is important to consider the 
key assumptions inherent in the calculation.  

The results of the calculation in response to Open Issue #15 
show that the increase in LOOP core melt frequency is 6E-7 
when Lee is assumed to have a failure probability of 0.5.  
These results imply only a small to moderate importance for 
Lee for the nominal conditions. The importance of Lee is 
primarily associated with providing a dedicated source of 
emergency power when Keowee is taken out of service.  

In summary, the overhead path is seen to be slightly less 
important than Lee for the following reasons: 

1. the high reliability of the underground path, 
2. the significance of Lee when both Keowee units are 

in maintenance, and 
3. the assumption of loss of the overhead path for a 

large fraction of the LOOP frequency.  

Item 26: The NRR draft report (page 86) discusses the 
differences between a Keowee start from standby and 
commercial generation. Specifically, the report states 
"[t]he actions necessary for a Keowee start that are unique 
to a unit in standby include generator excitation breakers 

change of state and base adjust set within the acceptable 

range."



Comment: The base adjuster is preset to ensure that the 
generator voltage would be 13.8 kV during emergency 
operation if a voltage regulator control circuit failure 
necessitates it to operate in manual. The base adjuster is 
never used to control voltage, except when the unit is in 
manual. Operating procedures do not allow the unit to be 
operated to the grid with the voltage regulator in manual.  
Therefore, it is unlikely that the base adjuster is not at 
the proper position for emergency operation.  

Item 27: The NRR draft reports contain comments on the 
generic versus the plant specific data (NRR draft report 
page 98), on the realistic/best-estimate versus conservative 
assumptions (NRR draft report page 98), and on making the 
PRA assumptions agree with the plant Technical 
Specifications (NRR draft report page 103).  

Comment: The NRC's comments seem inconsistent with the 
conventional PRA process. In the PRA process it is 
considered acceptable to use generic data, plant specific 
data, or a combination of both (NUREG-2300). Irrespective 
of the source of the data, the estimated failure probability 
of the equipment is intended to be an estimation of the 
future performance of that equipment in that plant. It has 
been Duke's approach to use plant specific data, 
irrespective of whether the number is larger or smaller than 
the generic number, for those basic events which affect the 
results if such plant specific data could be obtained with 
reasonable effort and in sufficient statistical quantity.  
This approach is consistent with the NRC's guidance for IPE 
(NUREG-1335), which states "Generally, plants with several 
years of experience should use plant specific experience for 
these types of items." 

It is recognized that the estimates of the equipment failure 
probabilities are not precise and that there is an 
uncertainty in the estimated bottom line results. The basic 
importance measures and the probability distribution (taking 
into account the estimated variability in the individual 
parameters) of the end result provide the means to assess 
the significance of the imprecision. Generally, decisions 
are not made on the basis that the result is an exact number 
but made with the consideration that the calculated result 
would fall within some expected range of values.  
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Similarly, the assumptions employed in the PRA analyses are 
preferred to be realistic rather than conservative to the 
extent possible. Both safety and non-safety systems and 
equipment covered by the Technical Specifications and not 
covered by the Technical Specifications can be assumed 
available if they are expected to be available for the event 
of interest. Although the assumed test intervals are often 
consistent with the Technical Specifications, the normal 
operating practices are also considered in defining the 
number of demands and exposure time. This does not imply 
such a PRA is less reliable than one with assumptions fully 
supported by Technical Specifications.  

The Keowee PRA was performed by estimating the parameters of 
interest as realistically as possible. This approach is 
consistent with the Commission's Final Policy Statement 
dated August 10, 1995, on the use of PRA (FR Vol. 60 No. 158 
P.42622) which encourages PRA evaluations to be as realistic 
as possible.  

Item 28: Figure 3-1 of the NRR draft report shows the 
standby battery charger (SBBC) at Keowee can be powered from 
1XS.  

Comment: The standby battery charger (SBBC) can be supplied 
from either 1XS or 2XS through a kirk key interlock.  

Item 29: Page xi of the AEOD draft report contains a list 
of major system improvements which Oconee has undertaken for 
the emergency power system. The list of major system 
improvements indicates that the SSF 24 hour run test and 
inclusion of Lee/Central in the maintenance rule are pending 
commitments.  

Comment: The reference in the AEOD report was correct when 
the draft report was issued. However, the SSF 24 hour run 
test was successfully completed on September 4, 1996. Also, 
Lee/Central was included in the maintenance rule program in 
July 1996.  

Item 30: The AEOD draft report (page 1) states that "both 
Keowee units are routinely used together for generating to 

the grid, approximately 4 hours per day." Also, page 2 of 
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the AEOD draft report indicates that the Keowee is used 
daily to provide power to the Duke system grid.  

Comment: During the periods of generation, the average 
generation time of each Keowee unit is approximately 6 
percent per year. For the periods that Keowee is used for 
commercial power generation, the use of the Keowee units for 
dual unit grid generation is only approximately three 
percent per year. Based on the above information, it is 
evident that the Keowee units do not run approximately four 
hours per day on a daily basis. It should be noted that the 
Keowee PRA assumes that the Keowee unit which was available 
for grid generation was operated daily but it.does not mean 
four hours per day.  

Item 31: The AEOD draft report (pages 1, 4 and 6) compares 
the Oconee emergency power system to the emergency power 
systems at most of the nuclear power plants. These 
discussions indicate that typically one diesel generator 
powers one safety division/train while the other diesel 
supplies power to the second division/train. For Oconee, 
the report indicates that a single Keowee unit may be 
powering all the emergency loads.  

Comment: The report points out that the Oconee design does 
not have the same type of independence of the emergency 
power loads as a typical nuclear power plant. It should be 
noted that, as a positive feature, the Oconee design will 
allow for operation of all of the emergency loads following 
the failure of one of the Keowee units. However, the 
typical emergency power system for a nuclear plant will have 
only one division/train available following a failure of the 
diesel. Therefore, Oconee could tolerate an emergency power 
path failure and individual emergency load failures and 
still be able to mitigate the accident. A typical two train 
diesel system is not as tolerant of additional failures as 
is the Oconee design. The report should acknowledge this 
design feature.  

Item 32: Page 1 of the AEOD draft report indicates that 
"the standby buses are required to be energized by Central 
or Lee gas turbine through CT5 when both Keowee 

* hydroelectric units are out of service for maintenance." 
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Comment: CT5 is kept normally energized by the Central 
Switchyard; however, the standby buses are not energized.  
The Oconee Technical Specifications require that the Oconee 
standby buses be energized by the Lee gas turbines for 
outages of both Keowee units, an extended outage of a Keowee 
unit, or an extended outage of the Keowee main stepup 
transformer. During the outages described above, the Lee 
gas turbines must be separated from the Duke system grid 
(Central Switchyard). The Central Switchyard is used as a 
maintenance source of power during Oconee unit outages for 
brief periods of time.  

Item 33: Page 2 of the AEOD draft report states "a failure 
in the overhead path through the switchyard can both cause a 
LOOP and disable one of the emergency power paths." Page 5 
of the AEOD draft report states "for Oconee, the overhead 
path is likely to be disabled by the switchyard event which 
caused the original LOOP leaving the underground path as the 
only connection for the Keowee hydroelectric units to the 
Oconee units." Similar statements are also made on pages 1, 
3, 4 and 5 of the AEOD draft report. In addition, the NRR 
draft report (page 69) indicates that the PRA assumption 
that the overhead emergency power path would be lost during 
a switchyard LOOP was consistent with the Oconee design.  

Comment: The Oconee emergency power system design is such 
that a single fault or failure will not result in the loss 
of the overhead emergency power path and a LOOP. If a 
fault/failure results in a LOOP at Oconee, then an 
additional single failure is necessary to prevent the 
overhead emergency power path from being available to the 
Oconee units.  

The assumption that all switchyard related LOOP events would 
cause the overhead power path to be inoperable which was 
used in the Keowee PRA and the Oconee IPE model was 
conservative. This assumption was made because data to 
determine the likelihood of a fault/failure which would 
cause a LOOP and another fault/failure which would take out 
the overhead power path were not readily available.  

Item 34: Page 3 of the AEOD draft report lists the concerns 
with the Keowee units relative to the normal configuration 
of diesels. The first concern listed states "...starting 

and load change dynamics of the large hydraulic turbine 
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results in extended voltage and frequency transients 
compared to diesels." 

Comment: The EPSL functional test which was performed on 
the last Oconee Unit 1 refueling outage at the end of 1995 
verified that the loss of a large load (approximately 4 MVA) 
would not affect the Keowee units. The test data shows that 
there was only a very small transient following the partial 
load rejection. In addition, the Oconee Unit 3 reactor trip 
which occurred during the performance of the Switchyard 
Isolation Functional Test in March of 1996 provides 
additional data to support that load changes on the Keowee 
units would not result in significant transients. During 
the trip, the voltage varied less than 1.25 percent and the 
frequency varied less than 1 percent. The voltage and 
frequency recovered to steady state within approximately 
0.04 seconds.  

Item 35: On page 3 of the AEOD draft report, the third 
concern listed in the report discusses the impacts of a 
postulated Keowee governor and voltage regulator failure.  
Specifically, the report states that "...a failure of the 

Keowee governor or voltage regulator may affect all 
redundant safety equipment for all three Oconee units." 
This concern is repeated on page 6 of the AEOD draft report.  

Comment: Assuming no other failures have occurred, a 
failure of the Keowee governor or voltage regulator will not 
affect all redundant safety equipment on all three Oconee 
units. For LOOP scenarios where the overhead power path is 
supplying the Oconee loads, a postulated single failure of 
the voltage regulator or governor will impact only minimal 
loads on the three ONS units. This is due to the fact that 
all redundant safety loads are not normally operating during 
a LOOP. For a LOCA scenario, a failure of the Keowee 
governor or voltage regulator could impact all of the safety 
loads for a single Oconee unit.  

For LOOP/LOCA scenarios, a failure of one of the power paths 

is required to place all of the loads on a single Keowee 

unit. For this unlikely scenario, an additional failure of 

the Keowee voltage regulator or governor may impact some of 
the redundant safety loads on the three Oconee units.  
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Item 36: Table 1 on Page 4 of the AEOD draft report lists 
"Lee thermal power station" and SSF as a backup power source 
for a switchyard loss of offsite power.  

Comment: The "Lee thermal power station" should be "Lee gas 

turbines". The AEOD report could mislead the reader to 
believe that the Lee fossil steam station (coal fired plant) 

could be a backup power source. Also, it should be noted 

that Table 1 does not include the fact that the Central 

switchyard could be used as a backup power source for any 

LOOP that was related to the Oconee switchyard.  

Item 37: On Page 9 of the AEOD draft report, the operating 

experience review of the Keowee units begins with a 
discussion of a postulated unavailability of the Keowee 

units during grid generation. This discussion starts by 

stating that this postulated unavailability applies for 

certain lake levels. Following this statement, the report 
concludes that "...Keowee would have been unavailable to 

provide emergency power following a LOOP during periods of 

Keowee operation to the grid." In addition, the operating 

experience review on pages 17 and 18 of the AEOD draft 

report provides additional discussion on this issue.  

Comment: The concluding statement does not mention that the 

potential failure was based on certain lake levels for both 

Lake Keowee and the Keowee unit tailrace. Also, the fact 

that the power generation level is part of the formula to 

determine if the Keowee units were available was not 
mentioned. In addition, it should be noted that this 

initial report was made due in large part to a lack of data 
to support an operability conclusion. In recent years, 

additional data has been obtained through load rejection 

tests of Keowee at various power levels and lake levels.  

This test data allows for operation of the Keowee units to 

the grid at levels near the rated capacity for single unit 

operation. Dual unit operation is allowed at a lower 

generation level. During the upcoming years, additional 

test data may be obtained to allow the acceptable levels of 

Keowee power generation to be expanded.  

Another consideration in the review of this operating 

experience item is that the a single Keowee unit provides 

commercial generation approximately 6 percent of the year 

and dual Keowee unit generation is approximately 3 percent 
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of the year. Based on the above information, the conclusion 
of this operating experience should be that for brief 
periods of time the Keowee units may not have been available 

following a LOOP during Keowee grid generation. On page 18, 
the description of the May 16, 1994, revision to the 
associated LER does not indicate that the overhead power 
path would have been available. The problem with the 

overhead power path did not prevent operation of the path; 
instead the overspeed condition would result in a few 

seconds delay of the loading of the overhead power path (35 
seconds instead of the committed 33 seconds).  

Item 38: On page 10 of the AEOD draft report, LER 270/92

004 is described. This description indicates that for much 

of the time during the LOOP event in October 1992 both 
Keowee units were unavailable to supply emergency power.  
Also, a discussion of the recovery from the event on the 

same page indicates when Keowee Unit 2 was inadvertently 
tripped that Keowee Unit 1 failed to restart.  

Comment: Keowee Unit 2 provided power to Oconee Unit 2 

during approximately the first 1.5 hours of the LOOP event.  

Following this time, Keowee Unit 2 was inadvertently tripped 

while shutting down Keowee Unit 1. However, offsite power 
had been restored to the red bus and the EPSL system 

transferred Oconee Unit 2 to the offsite power source.  
Keowee Unit 1 did restart following the Keowee Unit 2 trip 
and was available to supply emergency power if necessary at 

this point in time. Keowee Unit 1 did not close into the 

yellow bus since the switchyard isolate signal had been 

reset. If offsite power was not available, the switchyard 
isolation signal would have occurred automatically and 
Keowee Unit 1 would have been connected to Oconee Unit 2.  

Therefore, a Keowee unit was available at all times to 

supply power to Oconee Unit 2. Keowee power was available 
to Oconee Units 1 and 3 through the underground path for 
much of this time.  

Item 39: Emergency power system testing is discussed in the 

draft AEOD report (pages 12, 14 and 15). The description of 

the testing states that "no record of an "integrated test" 

in which the Keowee units supply power to the ECCS equipment 

to pump water was found." The report points out that the 

emergency power system and ECCS pumps are tested separately 
which results in the control logic and switchgear operations 
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being tested without connecting the emergency power system 
to emergency loads. This point is repeated in paragraph 
three on page 13 and Table 5 on page 13 of the AEOD draft 
report.  

Comment: During each EPSL functional test, the Keowee units 
supply power to a minimum of one LPI and one LPSW pump which 
are emergency 4 kV loads. The pumps are started and used to 
pump water during the test. The EPSL test is performed on a 
refueling frequency for each Oconee unit. Since the EPSL 
functional test is performed periodically and loads the 
Keowee units with emergency loads, the last row in Table 5 
should indicate 2 MVA for each column. In regards to the 
statement that no record of an integrated test was found, 
please refer to Open Issue #3 for a discussion of the 
preoperational integrated ES functional tests.  

Item 40: Table 5 on page 13 of the AEOD draft report 
contains the times that the LOCA and LOOP loads are loaded 
on the overhead and underground emergency power path. The 
text above the table indicates that the first block under 
the emergency power paths contains LOCA load information and 
the second block contains LOOP load information.  

Comment: The loading times under the standby and grid 
overhead power path columns appear to be reversed. For 
example, the LOCA loading time for the standby overhead 
Keowee unit is 20 seconds and the LOOP loading time for the 
standby overhead Keowee unit is 15 seconds. For the grid 
generating overhead Keowee unit, the LOCA loading time is 31 
seconds and the LOOP loading time is 26 seconds.  

Item 41: The first paragraph of page 14 of the AEOD draft 
report describes the design and actual loading for the 
overhead Keowee unit. The design loading is listed as 10 
kVA and the actual loading is listed as 4 kVA.  

Comment: The design and actual loading of the overhead 
Keowee unit should be in the units of "MVA", not "kVA." 

Item 42: Table 6 on page 14 of the AEOD draft report 
contains data which pertains to the LOOP scenarios. This 
table differentiates between the response of a standby and 
grid generation Keowee unit for a three unit LOOP and a 
single unit LOOP.  
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Comment: The table needs to be revised to incorporate the 
following corrections. 1) The table needs to indicate that 
the loading of all three Oconee units on a single Keowee 
unit occurs on the overhead power path. 2) Block load 
timing of the three Oconee units or a single Oconee unit on 
a standby overhead Keowee unit should be changed from 31 
seconds to 15 seconds. This change is due to the voltage 
protection on the overhead power path which limits loading 
of the overhead Keowee unit until after voltage has reached 
87 percent of the nominal rating. 3) Since the overhead 
will not load until voltage is at 87 percent of the nominal 
voltage, the minimum voltage and frequency percentage should 
be 87 percent rather than 60 percent. 4) Also, the minimum 
voltage and frequency for a standby underground Keowee unit 
should be changed from 60 percent to 100 percent. This is 
due to the fact that the LOOP loads will not go to the 
underground power path unless a single failure occurs on the 
overhead power path. 5) Following a load rejection of the 
Keowee units from commercial generation, the overhead power 
path will be loaded at 26 seconds instead of 31 seconds for 
the single Oconee unit and three Oconee unit LOOP scenarios.  
6) Periodic testing of the LOOP loads on the underground 
power path occurs with the EPSL functional test. Therefore, 
the periodic loading information for the underground 
scenarios should contain 2 MVA as the periodic tested loads.  
7) The footnote for Table 6 should indicate that the initial 
loading of the LOOP loads is not the same as the LOCA/LOOP 
because the external grid protection system (EGTPS) starts 
the Keowee units at T = 0 not at T = 20 seconds.  

Item 43: In Table 7, the AEOD draft report (page 16) 
contains the calculated voltage minimums for a LOOP. The 
table contains information for the underground path, 
overhead path, and Lee dedicated path.  

Comment: The recovery time to 80 percent given in the table 
for Underground LOCA/LOOP, LOOP units should be 1 second, 
not 4 seconds. The data summarized for the overhead path 
appear to summarize the results of Case 6L and 7L from page 
11-12 of OSC-5701. Both of these cases are based on a full 
load rejection of the Keowee units. Case 6L has Unit 2 and 
3 LOOP Units loads loading followed later by the Unit 1 LOCA 
loads. Case 7L is similar to Case 6L except that the Unit 1 
LOCA loads and the Unit 2 and 3 LOOP loads are assumed to 
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load simultaneously and was a conservative way of modeling a 
3-unit LOOP. In neither of these cases was there a 
frequency limit on which loading could occur. Loading was 
based on the predicted response of the 27E undervoltage 
relay. Presently, loading onto Keowee via the overhead path 
is limited to 110 percent frequency or less. Appendix K 
considers this case with the Unit 2 and 3 LOOP units loading 
first followed later by the Unit 1 LOCA loads. Results 
tabulated similar to Table 7 are as follows: 

Values are voltage Overhead LOCA/LOOP 
in percent rated 

LOCA Unit LOOP Unit 

Initial Source -
4160 Bus 0.658 0.673 

600V Bus 0.552 0.660 
208V Bus 0.553 0.676 

Recovery to 80 0.67 seconds Less than 0.5 
percent seconds 
Source Document OSC-5701, Rev. 01 OSC-5701, Rev. 01 

Page 104 Page 104 

In the above tabulation, the LOOP unit column contains the 
voltages on the LOOP units. Since the LOCA unit loads 
following the LOOP units, a transient is not seen by the 
LOCA unit loads when the LOOP unit loads start.  

Item 44: Page 16 of the AEOD draft report describes the 
impact of loading LOOP loads on the Keowee unit which is 
carrying the Oconee LOCA loads. The report indicates that 
the LOOP loads are loaded on the Keowee unit at 5 to 10 
seconds after the first block load.  

Comment: Actually, the LOOP loads are loaded on Keowee at 9 
or 14 seconds (depending on the scenario) following the 
loading of the Oconee LOCA loads. The 9 second loading 
occurs when the Keowee unit has been generating to the grid 
and the overhead power path is assumed to fail. The 14 

second loading occurs when the Keowee unit starts from 
standby and the overhead power path is assumed to fail.  
These scenarios are analyzed in an Oconee calculation, and 
all of the emergency loads will start and perform their 
intended safety function.  
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Item 45: Regarding sequential starting of the governor oil 
pumps at Keowee, page 17 of the AEOD draft report states 
"the design requirements should be translated into the test 
documents to verify its expected performance. In addition, 
the PIP notes that the Keowee mission time has not been 
demonstrated." 

Comment: The PIP which was written on the testing of the 
Keowee design requirements has been closed out. The closure 
of the PIP was based on the justification that the current 
testing program includes all of the design requirements.  
The November 17, 1995, letter from Duke to the NRC is 
referenced in the PIP as describing the adequacy of the 
current testing program. Therefore, no additional changes 
to the testing program were made based on the PIP since the 
current testing program encompasses the design requirements.  

Item 46: The AEOD draft report (page 17) references an 
acknowledgment mentioned in Duke's letter dated January 31, 
1996, concerning a gap in the Oconee testing program.  

Comment: Duke's letter dated January 31, 1996, does not 
indicate that a gap exists in the current testing program 
for any of the Oconee systems. The use of the word "gap" in 
the earlier letter meant the difference between the 
emergency power system design and the functional tests 
performed on the emergency power systems. The functional 
tests are performed on portions of the emergency power 
system and provide adequate overlap to ensure the 
operability of the emergency power system. However, a 
periodic, fully integrated test is not practical.  
Therefore, design analyses are used to support the overlap 
testing methodology for the emergency power system. This 
design and testing methodology is not uncommon in the 
nuclear industry.  

Item 47: In the operating experience discussion on page 18 
of the AEOD draft report, the report discusses LER 269/94
003 which covers a lockout of a Keowee unit.  

Comment: The 10CFR50.72 notification for this event was 
retracted and the letter which rescinded LER 269/94-03 was 
submitted to the NRC on August 31, 1994.  
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Item 48: In the operating experience discussion on page 18 

of the AEOD draft report, the report discusses LER 269/93

009 which covers a condition where one channel of load shed 

would not have functioned.  

Comment: The LER indicates that the load shed channel would 

have functioned to mitigate the accident. The load shed 

channel would have relied on the actuation of non-safety 

relays to perform the intended safety load shed function.  

Since non-safety relays were required to actuate the load 

shed channel, the LER indicates that the system was declared 

inoperable even though it would have functioned.  

Item 49: Page 22 of the AEOD draft report states "the 

undervoltage and underfrequency protection relays currently 

installed may not be suitable for their application. The 

present design uses Westinghouse CV-7 relays... the relays 

are required to function during both undervoltage and 

underfrequency conditions and may not be suited for this 

application." 

Comment: The 27E undervoltage relay tap settings are 87.5 

percent of nominal. These relays provide close and trip 

permissives in the startup breakers for voltages values 

above and below this setting. With Keowee as the source, 

the voltage and frequency are maintained at a constant 

ratio. Frequency deviations from nominal of this magnitude 

do not significantly impact the operation of these relays.  

Although a frequency-compensated relay could possibly be 

used in this application, the general purpose CV-7 relays 

perform adequately.  

Item 50: Page 22 of the AEOD draft report indicates that 

Oconee utilizes CV-22 relays in a degraded grid application.  

Comment: The CV-22 relays are installed in the external 

grid protection system which detects the loss of the system 

grid. The CV-22 relays are not utilized in the degraded 

grid protection system which protects Oconee's safety 

equipment from degraded voltage during a LOCA.  

Item 51: The AEOD draft report (page 23) lists event 

notifications 30030 and 30031 for low voltage regulator 

settings. The draft report indicates that event 
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notification 30031 may be withdrawn at a latter date pending 
further study.  

Comment: Event notification 30030 was a voluntary 
notification to provide the NRC with advanced information 
about a potential problem at Oconee. The followup event 
notification (30031) was a report made in accordance with 10 
CFR 50.72. After completion of further study, the 10 CFR 
50.72 notification was retracted on March 28, 1996.  

Item 52: The AEOD draft report (page 23) discusses PIP 0
095-1477. in this discussion, the draft report indicates 
that the Oconee loads would have been loaded to a degraded 
Keowee unit if an emergency start would have occurred.  

Comment: The PIP was not considered an operability issue 
due to the fact that the configuration had been successfully 
tested between 1984 and 1987 on a periodic basis by the EPSL 
functional test. In addition, testing as a result of the 
PIP indicated that the relays would have allowed proper 
operation of the Keowee units during an emergency. Thus, 
the setting of the voltage regulator was appropriate.  

Item 53: In the AEOD draft report (page 23), an issue from 
NRC inspection report 93-24 indicates that the operators 
were not aware of the proper setting for the Keowee voltage 
regulator.  

Comment: After reviewing the NRC inspection report, Duke 
cannot find any reference to the fact that the operators 
were.not aware of the proper setting of the Keowee voltage 
regulator.  

Item 54: In the AEOD draft report (page 24), references are 
made to voltage regulator failures discussed in the listed 
NRC inspection reports. In the AEOD discussions of these 
failures, the draft report indicates that no root cause was 
identified for the associated voltage regulator failures.  
For one of the failures, the AEOD draft report indicates 
that the Keowee unit would have been connected without 
automatic voltage control during a LOOP at the time of the 
failure.  

Comment: At the time of the voltage regulator failures, no 
root cause could be identified initially because the failure 
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was an intermittent problem which did not recur during 
troubleshooting. Duke suspected that the failure was caused 
by a faulty adjuster cam switch. Until a root cause could 
be determined, interim administrative controls were 
implemented to ensure that this problem would not have 
impacted emergency operation. Later, after a hard failure, 
the root cause of the problem was determined to be a bad 
synchronizer module. Since the synchronizer is deenergized 
by the emergency start signal, this would not have impacted 
the unit during an emergency start.  

Item 55: Pages 25-26 of the AEOD draft report state that 
"much of the emergency power system is not modeled on the 
Oconee simulator." 

Comment: Duke believes that the Oconee simulator 
appropriately models the emergency power system. All 
emergency power related operator actions performed in the 
control room are modeled in the Oconee simulator. Please 
see the response to Open Issue #40.  

Item 56: Page 27 of the AEOD draft report states that a 
licensed reactor operator has been assigned to the Keowee 
control room.  

Comment: It is true that a licensed operator was assigned 
to the Keowee control room shortly after the October 1992 
event. However, the October 27, 1992, letter which notified 
the NRC that a licensed operator was stationed at Keowee 
indicated that this would only be in effect until the Oconee 
site management considered the Keowee operator performance 
adequate. Since the Keowee operator performance and 
training has been improved, the placement of a licensed 
operator at Keowee has been discontinued.  

Item 57: Item 18 in the NRR draft report (page 27) 
indicates that there is no similar Technical Specification 
requirement for the standard diesel generator test of 
reaching rated voltage and frequency within a specified 
time.  

Comment: The annual emergency start test verifies that 
Keowee can obtain the rated voltage and frequency within the 

test acceptance limits. In addition, the time required for 
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the Keowee units to reach the rated voltage and frequency 
limits is verified by the emergency start test.  

Item 58: Page 33 of the AEOD draft report states, "[t]hese 
results show that Keowee is slightly less reliable than a 
typical diesel system." 

Comment: The AEOD draft report offers no industry data to 
support this statement. Based on Duke's review of industry 
data, it appears that the Keowee units are actually more 
reliable than an average or typical diesel system (see 
response to Open Issue #46) 
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ATTACHMENT 3 

LIST OF COMMITMENTS 

This list summarizes the Duke Power commitments made in 
response to the NRC's open issues and recommendations. This 
list does not contain any commitments that were made as part 
of an earlier submittal to the NRC. Detailed information on 
each commitment is contained in the referenced response.  

1. Modify the voltage and frequency protection on each 
Keowee unit to include over and under voltage and 
frequency protection. (Open Issue #5) 

2. Modify the voltage and frequency protection on the 
dedicated Lee path at Oconee to include over and under 
voltage and frequency protection. (Open Issue #6) 

3. Provide an implementation date for the modifications 
described in Open Issues #2, #5, and #6 by February 28, 
1997.  

4. Perform a one-time integrated engineered safeguards 
(ES) test using the Keowee underground power path to 
energize the Oconee loads to demonstrate the adequacy 
of the current testing program. If the integrated ES 
test is performed duringthe current outage of the 
three Oconee units, Duke does not intend to perform an 
additional integrated ES test as was discussed in Open 
Issue #3.  

5. Perform a one-time integrated engineered safeguards 
test using the Lee dedicated power source to energize 
the Oconee loads to demonstrate the adequacy of the 
current testing program. If the integrated ES test is 
performed during the current outage of the three Oconee 
units, Duke does not intend to perform an additional 
integrated ES test as was discussed in Open Issue #4.  

6. Provide a decision, in writing, on the performance of 
the integrated ES test during the current outage of all 
three Oconee units by November 22, 1996. If the 
integrated ES test is not performed during the current 
outage of the three Oconee units, provide a test



schedule for the integrated ES tests described in Open 
Issues #3 and #4 by February 28, 1997.  

7. Revise the Keowee Emergency Start abnormal procedure to 
include instructions to ensure proper operation of the 
voltage regulator. (Open Issue #45) 

8. Revise the Oconee Unit 2 Loss of Power Abnormal 
Procedure to ensure that the SSF batteries and chargers 
are operating properly. (Open Issue #42) 

9. Revise the Loss of Power Abnormal Procedure for Oconee 
Units 1, 2, and 3 to include instructions for the 
restoration of the switchyard battery chargers. (Open 
Issue #12) 

10. Submit an amendment to the Oconee Technical 
Specifications, by February 28, 1997, to require 
energization of the standby buses from Lee for outages 
of the underground power path in excess of 24 hours.  
(Open Issue #23) 

11. Supplement the proposed rewrite of the Oconee Technical 
Specification Section 3.7, by February 28, 1997, to 
include the Lee Step Load test in the Technical 
Specifications. (Open Issue #7) 

12. Perform a flow distribution test of the SSF reactor 
coolant makeup pump for each Oconee unit. (Open Issue 
#8)



ATTACHMENT 4 

OCONEE UNIT 1 EPSL FUNCTIONAL TEST DATA 
AND OCONEE UNIT 3 TRIP DATA 

This attachment contains the graphs and data from the Oconee 
Unit 1 EPSL functional test and the Oconee Unit 3 trip.  
Graph 1 and 2 are for the Oconee Unit 1 EPSL functional test 
loading and partial load rejection. Graphs 3, 4, and 5 are 
for the Oconee Unit 3 trip which occurred in March of 1996 
during the performance of a post modification test. The 
data which correspond with the graphs are located directly 
after the appropriate graphs.  

Graph 1 shows the loading of Keowee at approximately 11 
seconds with the Keowee unit accelerating. The maximum 
inrush loading for the Keowee unit reached approximately 4.8 
MVA and the steady state loading was approximately 1 MVA.  

Graph 2 shows the partial load rejection of the Keowee 
unit's load from approximately 8 MVA to approximately 3.6 
MVA. The load rejection was accomplished by turning off two 
condenser circulating water (CCW) pumps (1750 hp).  

Graph 3 shows the loading of Keowee Unit 2 with Oconee Unit 
3 hot shutdown loads. The maximum inrush load for the 
Oconee Unit 3 hot shutdown loads was approximately 18 MVA.  
The steady state loading was approximately 6.6 MVA.  

Graph 4 shows the addition of Oconee Unit 3 loads to Keowee 
Unit 2. The major loads that were added to Keowee Unit 2 
consisted of a hotwell pump (1000hp) followed by a 
condensate booster pump (2000hp). The hotwell pump was 
added on at 14:03:53 and the condensate booster pump was 
added on at 14:04:17. The addition of these two major loads 
raised the steady state load on Keowee Unit 2 from 
approximately 8 MVA to approximately 9.6 MVA.  

Graph 5 shows the load changes that resulted from the 
condensate booster pump and hotwell pump being turned off.  
The condensate booster pump dropped the Keowee Unit 2 
loading from approximately 10 MVA to approximately 9 MVA.  
When the hotwell pump is turned off, the Keowee Unit 2 load 
drops from approximately 9000 kVA to approximately 8400 kVA.
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Keowee Load During Startup 

Time Volts Frequency Power 
3.00 36 1.2930351 0 
3.02 36 1.4013971 0 
3.03 36 1.285885 0 
3.05 36 1.195466 0 
3.07 36 1.17994 0 
3.08 36 1.02823 0 
3.10 36 1.134796 0 
3.12 36 0.747905 0 
3.13 36 0.867749 0 
3.15 36 0.966602 0 
3.17 36 1.013174 0 
3.18 36 1.122543 0 
3.20 36 1.077846 0 
3.22 36 1.123911 0 
3.23 36 1.283492 0 
3.25 36 1.428548 0 
3.27 36 1.465715 0 
3.28 36 1.035675 0 
3.30 36 0.871283 0 
3.32 36 1.038639 0 
3.33 36 1.05187 0 
3.35 36 1.008614 0 
3.37 36 1.138851 0 
3.38 36 0.994807 0 
3.40 36 1.084951 0 
3.42 36 1.195466 0 
3.43 36 1.365857 0 
3.45 36 1.218385 0 
3.47 36 1.181242 0 
3.48 36 1.122543 0 
3.50 36 1.272671 0 
3.52 36 1.054788 0 
3.53 36 1.043068 0 
3.55 36 1.005562 0 
3.57 36 0.985495 0 
3.58 36 1.079271 0 
3.60 36 1.1721 0 
3.62 36 1.1402 0 
3.63 36 1.089192 0 
3.65 36 1.029723 0 
3.67 36 1.282294 0 
3.68 36 1.325894 0 
3.70 36 1.110154 0 
3.72 36 1.186434 0 
3.73 36 1.010136 0 
3.75 36 1.128005 0 
3.77 36 0.976094 0 
3.78 36 0.947332 0 
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Keowee Load During Startup 

Time Volts Frequency Power 
3.80 36 1.1252771 0 
3.82 J 36 0.878311 0 
3.83 36 1.189022 0 
3.85 36 1.3681051 0 
3.87 36 1.2221631 0 
3.88 34.8 1.2894651 0 
3.90 34.8 1.108768 | 0 
3.92 34.8 1.2470561 0 
3.93 34.8 1.26419 0 
3.95 34.8 1.144236 0 
3.97 34.8 0.950571 0 
3.98 34.8 0.724952 0 
4.00 34.8 1.048944 0 
4.02 36 0.940821 0 
4.03 37.2 1.1482581 0 
4.05 40.8 1.0297231 0 
4.07 42 1.205706 0 
4.08 43.2 1.204431 0 
4.10 45.6 1.4166661 0 
4.12 48 1.580724 0 
4.13 51.6 1.123911 0 
4.15 56.4 0.982371 0 
4.17 61.2 1.08778 0 
4.18 64.8 1.254428 0 
4.20 69.6 0.910946 0 
4.22 73.2 1.019223 0 
4.23 78 0.990162 0 
4.25 84 1.1509321 0 
4.27 88.8 0.924343 0 
4.28 94.8 1.389283 0 
4.30 98.4 1.499914 0 
4.32 102 1.215859 0 
4.33 105.6 1.032704 0 
4.35 108 1.478242 0 
4.37 108 1.077846 0 
4.38 106.8 1.144236 0 
4.40 103.2 1.066379 0 
4.42 98.4 0.932619 0 
4.43 91.2 1.094821 0 
4.45 82.8 1.005562 0 
4.47 75.6 1.23218 0 
4.48 69.6 1.031214 0 
4.50 67.2 0.982371 0 
4.52 68.4 1.247057 0 
4.53 73.2 1.255653 0 
4.55 81.6 1.310741 0 
4.57 93.6 1.383741 0 
4.58 108 1.013174 0 
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Keowee Load During Startup 

Time Volts ]Frequency Power 
4.60 126 1.086367| 0 
4.62 144 1.093417 0 
4.63 160.8 1.104603 0 
4.65 171.6 1.09201 0 
4.67 176.4 0.869518 0 
4.68 175.2 1.094821 0 
4.70 165.6 1.528332 0 
4.72 152.4 2.318494 0 
4.73 142.8 3.003413 0 
4.75 138 3.425538 0 
4.77 138 3.818013 0 
4.78 142.8 4.320286 0 
4.80 152.4 4.568543 0 
4.82 169.2 4.748973 0 
4.83 188.4 4.77672 0 
4.85 210 4.883933[ 0 
4.87 232.8 5.205607 0 
4.88 250.8 5.269859 0 
4.90 255.6 5.496518 0 
4.92 244.8 5.49428 0 
4.93 232.8 5.588292 0 
4.95 225.6 5.699921 0 
4.97 224.4 5.730575 0 
4.98 226.8 5.760529 0 
5.00 232.8 5.560172 0 
5.02 238.8 5.347724 0 
5.03 246 5.454138 0 
5.05 250.8 5.424189 0 
5.07 252 4.91 6859 0 
5.08 252 4.860277 0 
5.10 259.2 4.899013 0 
5.12 270 4.69495 0 
5.13 283.2 4.760932 0 
5.15 296.4 4.636986 0 
5.17 308.4 4.544936 0 
5.18 314.4 4.363113 0 
5.20 313.2 4.151224 0 
5.22 303.6 4.153444 0 
5.23 296.4 3.949769 0 
5.25 316.8 3.865612 0 
5.27 342 3.485132 0 
5.28 366 2.995214 0 
5.30 380.4 3.060684 0 
5.32 380.4 3.273686 0 
5.33 362.4 2.744621 0 
5.35 331.2 2.580717 0 
5.37 315.6 2.547153 0 
5.38 339.6 2.687478 0 
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Keowee Load During Startup 

Time Volts Frequency Power 
5.40 390 2.518027 0 
5.42 430.8 2.392861 0 

5.43 450 2.136358 0 
5.45 439.2 2.005769 0 
5.47 400.8 2.07135 0 
5.48 369.6 1.802388 0 
5.50 381.6 1.763604 0 
5.52 434.4 1.278694 0 
5.53 487.2 1.3937 0 
5.55 505.2 1.532349 0 
5.57 481.2 1.47512 0 
5.58 427.2 1.1721 0 
5.60 408 1.41232 0 
5.62 433.2 1.378177 0 
5.63 494.4 1.2556531 0 
5.65 546 1.266619 0 
5.67 542.4 1.254428 0 
5.68 490.8 1.176026 0 
5.70 465.6 0.705616 0 
5.72 482.4 1.478242 0 
5.73 532.8 1.639891 0 
5.75 588 2.651788 0 
5.77 577.2 2.756355 0 
5.78 536.4 3.208731 0 
5.80 524.4 3.614993 0 
5.82 546 4.45616 0 
5.83 589.2 4.36593 0 
5.85 626.4 4.775755 0 
5.87 598.8 4.684136 0 
5.88 583.2 4.994999 0 
5.90 591.6 5.148616 0 
5.92 616.8 5.094608 0 
5.93 642 5.202653 0 
5.95 633.6 5.010664 0 
5.97 634.8 4.992538 0 
5.98 645.6 5.324975 0 
6.00 657.6 5.21475 0 
6.02 660 5.204424 0 
6.03 669.6 5.154582 0 
6.05 691.2 5.389801 0 
6.07 708 5.984013 0 
6.08 704.4 6.507584 0 
6.10 681.6 6.938445 0 
6.12 720 7.168727 0 
6.13 759.6 7.335281 0 
6.15 770.4 7.505101 0 
6.17 738 7.641056 0 
6.18 717.6 7.726653 0 
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Keowee Load During Startup 

Time Volts Frequency Power 
6.20 787.2 7.726653 0 
6.22 826.8 7.663748 0 
6.23 800.4 8.08242 0 
6.25 739.2 8.059954 0 
6.27 798 8.306334 0 
6.28 868.8 7.931377 0 
6.30 858 8.230132 0 
6.32 775.2 8.818718 0 
6.33 800.4 9.040714 0 
6.35 898.8 9.342156 0 
6.37 898.8 9.278776 0 
6.38 810 9.281756 0 
6.40 830.4 9.624595 0 
6.42 943.2 10.0109 0 
6.43 943.2 10.05272 0 
6.45 855.6 9.912323 0 
6.47 879.6 10.02455 0 
6.48 987.6 9.956098 0 
6.50 966 10.17956 0 
6.52 903.6 10.65053 0 
6.53 951.6 10.93965 0 
6.55 1046.4 10.88501 0 
6.57 985.2 11.35189 0 
6.58 956.4 11.38271 0 
6.60 1017.6 11.36799 0 
6.62 1064.4 11.50504 0 
6.63 1012.8 11.51906 0 
6.65 1029.6 11.65856 0 
6.67 1093.2 11.4645 0 
6.68 1069.2 11.61776 0 
6.70 1058.4 11.83997 0 
6.72 1088.4 11.99381 0 
6.73 1111.2 12.39393 0 
6.75 1111.2 12.54784 0 
6.77 1129.2 12.66935 0 
6.78 1138.8 12.74083 0 
6.80 1156.8 12.72502 0 
6.82 1174.8 12.54784 0 
6.83 1161.6 12.53203 0 
6.85 1190.4 12.58635 0 
6.87 1232.4 12.25477 0 
6.88 1209.6 11.96276 0 
6.90 1213.2 11.7895 0 
6.92 1278 11.83893 0 
6.93 1248 11.89849 0 
6.95 1222.8 12.63084 0 
6.97 1318.8 13.18468 0 
6.98 1287.6 13.96289 0 
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Keowee Load During Startup 

Time Volts Frequency Power 
7.00 1249.2 14.52825 0 
7.02 1364.4 14.73755 0 
7.03 1318.8 14.87455 0 
7.05 1285.2 15.04017 0 
7.07 1416 15.05579 0 
7.08 1351.2 15.18092 0 
7.10 1339.2 15.26249 0 
7.12 1467.6 15.19175 0 
7.13 1366.8 15.05477 0 
7.15 1393.2 14.97248 0 
7.17 1501.2 14.929 0 
7.18 1384.8 14.84725 0 
7.20 1454.4 15.2635 0 
7.22 1504.8 15.16421 0 
7.23 1423.2 15.20641 0 
7.25 1528.8 15.09504 0 
7.27 1496.4 15.16725 0 
7.28 1476 15.01338 0 
7.30 1584 14.9849 0 
7.32 1510.8 14.84498 0 
7.33 1546.8 14.66763 0 
7.35 1596 14.44636 0 
7.37 1570.8 14.62303 0 
7.38 1623.6 14.84601 0 
7.40 1603.2 14.61347 0 
7.42 1620 14.70937 0 
7.43 1644 14.92797 0 
7.45 1658.4 14.87393 0 
7.47 1664.4 14.46199 0 
7.48 1694.4 14.4723 0 
7.50 1711.2 14.20987 0 
7.52 1 1689.6 14.236451 0 
7.53 1746 14.48641 0 
7.55 1699.2 14.97228 0 
7.57 1791.6 14.96961 0 
7.58 1777.2 15.04201 0 
7.60 1788 15.09687 0 
7.62 1843.2 15.06814 0 
7.63 1752 14.91572 0 
7.65 1882.8 14.76214 0 
7.67 1777.2 14.31997 0 
7.68 1910.4 14.11471 0 
7.70 1858.8 14.59632 0 
7.72 1906.8 14.80548 0 
7.73 1940.4 14.831 0 
7.75 1890 14.76318 0 
7.77 2007.6 15.00017 0 
7.78 1899.6 14.98695 0 
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Keowee Load During Startup 

Time Volts Frequency Power 
7.80 2062.8 15.16482 | 0 
7.82 1934.4 14.72201 0 
7.83 2073.6 14.652221 0 
7.85 1965.6 14.26471 0 
7.87 2066.4 14.41975 0 
7.88 1993.2 14.42017 0 
7.90 2049.6 14.47145[ 0 
7.92 2019.6 14.350421 0 
7.93 2053.2 14.69359 1 0 
7.95 2058 14.73568[ 0 
7.97 2072.4 14.54147 0 
7.98 2094 14.52783 0 
8.00 2108.4 14.36315 0 
8.02 2132.4 14.30784 0 
8.03 2144.4 14.80652[ 0 
8.05 2161.2 14.74933 | 0 
8.07 2182.8 15.15255 | 0 
8.08 2192.4 15.0142 0 
8.10 2211.6 14.77764| 0 
8.12 2221.2 14.87641 0 
8.13 2241.6 14.568921 0 
8.15 2266.8 14.66532| 0 
8.17 2268 14.95883 0 
8.18 2325.6 15.1795 0 
8.20 2302.8 15.56951 0 
8.22 2402.4 15.99588 0 
8.23 2332.8 15.96838 0 
8.25 2476.8 15.9284 0 
8.27 2366.4 15.4842 0 
8.28 2528.4 15.78847 0 
8.30 2396.4 15.55282 0 
8.32 2545.2 15.59594 0 
8.33 2458.8 15.88695 0 
8.35 2540.4 16.01192 0 
8.37 2542.8 16.14819 0 
8.38 2524.8 16.30191 0 
8.40 2617.2 16.28805 0 
8.42 2510.4 16.06576 0 
8.43 2652 16.10675 0 
8.45 2563.2 15.871181 0 
8.47 2673.6 16.21704 0 
8.48 2662.8 16.35649 0 
8.50 2667.6 16.73405 0 
8.52 2724 16.45364 0 
8.53 2677.2 16.52214 0 
8.55 2745.6 16.30135 0 
8.57 2739.6 16.32904| 0 
8.58 2767.2 116.218371 0 

Page 7



Keowee Load During Startup 

Time Volts Frequency Power 
8.60 2786.4 16.30116 0 
8.62 2810.4 16.6488 0 
8.63 2808 17.1502 0 
8.65 2846.4 17.27136 0 
8.67 2856 17.25917 0 
8.68 2847.6 17.31322 0 
8.70 2938.8 17.20316 0 
8.72 2876.4 17.43765 0 
8.73 2922 17.64606 0 
8.75 2990.4 18.00776 0 
8.77 2910 17.79858 0 
8.78 3028.8 17.88162 0 
8.80 3010.8 17.93688 0 
8.82 2961.6 17.77076 0 
8.83 3115.2 17.79772 0 
8.85 3036 17.90927 0 
8.87 3037.2 18.67222 0 
8.88 3175.2 18.79519 0 
8.90 3073.2 18.78186 0 
8.92 3114 18.89329 0 
8.93 3223.2 18.71275 0 
8.95 3126 18.10148 0 
8.97 3178.8 18.20214 0 
8.98 3267.6 18.26997 0 
9.00 3195.6 18.57362 0 
9.02 3234 18.78137 0 
9.03 3309.6 18.71243 0 
9.05 3273.6 18.71177 0 
9.07 3289.2 18.58792 0 
9.08 3345.6 18.82428 0 
9.10 3345.6 18.7527 0 
9.12 3355.2 19.06009 0 
9.13 3380.4 19.11437 0 
9.15 3399.6 19.28165 0 
9.17 3436.8 19.33625 0 
9.18 3435.6 19.18362 0 
9.20 3432 19.32265 0 
9.22 3494.4 19.42047 0 
9.23 3532.8 19.71115 0 
9.25 3480 20.23691 0 
9.27 3507.6 19.97483 0 
9.28 3618 19.79346 0 
9.30 3594 19.75297 0 
9.32 3528 20.11315 0 
9.33 3610.8 20.48733 0 
9.35 3716.4 20.54171 0 
9.37 3655.2 20.73694 0 
9.38 3598.8 20.63909 0 
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Keowee Load During Startup 

Time Volts Frequency Power 
9.40 3699.6 20.69592 0 
9.42 3794.4 20.23708 0 
9.43 3740.4 20.07055 0 
9.45 3681.6 20.3078 0 
9.47 3768 20.37737 0 
9.48 3861.6 20.65243 0 
9.50 3844.8 20.77743 0 
9.52 3789.6 20.76448 0 
9.53 3825.6 20.79154 0 
9.55 3907.2 20.91571 0 
9.57 3933.6 21.16535 0 
9.58 3916.8 21.51169 0 
9.60 3920.4 21.30416 0 
9.62 3958.8 21.083 0 
9.63 3985.2 20.90227 0 
9.65 3999.6 21.26336 0 
9.67 4027.2 21.66579 0 
9.68 4066.8 21.92798 0 
9.70 4076.4 21.99705 0 
9.72 4059.6 21.91389 0 
9.73 4065.6 21.89923 0 
9.75 4122 22.24656 0 
9.77 4200 22.38539 0 
9.78 4228.8 22.58006 0 
9.80 4190.4 22.39918 0 
9.82 4150.8 22.26072 0 
9.83 4166.4 22.37186 0 
9.85 4248 22.23254 0 
9.87 4339.2 22.09539 0 
9.88 4374 22.43996 0 
9.90 4345.2 22.41351 0 
9.92 4296 22.69085 0 
9.93 4281.6 22.50896 0 
9.95 4326 22.53871 0 
9.97 4402.8 23.02271 0 
9.98 4472.4 22.81506 0 

10.00 4503.6 23.39594 0 
10.02 4503.6 23.12016 0 
10.03 4489.2 23.3686 0 
10.05 4485.6 23.34333 0 
10.07 4503.6 23.53478 0 
10.08 4538.4 23.56258 0 
10.10 4575.6 23.85367 0 
10.12 4600.8 23.70069 0 
10.13 4621.2 23.49433 0 
10.15 4632 23.52439 0 
10.17 4651.2 24.21569 0 
10.18 4678.8 24.18686 0 
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Keowee Load During Startup 

Time Volts Frequency Power 
10.20 4720.8 24.52077 0 
10.22 4767.6 24.42476 0 
10.23 4814.4 23.99281 0 
10.25 4848 24.21403 0 
10.27 4868.4 24.35275 0 
10.28 4876.8 24.56192 0 
10.30 4873.2 24.00734 0 
10.32 4868.4 23.8692 0 
10.33 4862.4 24.28595 0 
10.35 4863.6 24.56104 0 
10.37 4869.6 24.82483 0 
10.38 4887.6 24.78289 0 
10.40 4910.4 24.78476 0 
10.42 4942.8 25.15713 0 
10.43 1 4976.4 25.503471 0 
10.45 | 5013.6 25.6708 0 
10.47 5049.6 25.71118 0 
10.48 5084.4 25.37983 0 
10.50 5118 25.17099 0 
10.52 5150.4 25.48823 0 
10.53 5179.2 25.89075 | 0 
10.55 5206.8 25.7534 0 
10.57 5232 25.83562 0 
10.58 5257.2 25.80728 0 
10.60 5283.6 25.83596 0 
10.62 5308.8 26.12808 0 
10.63 5336.4 26.37641 0 
10.65 5366.4 26.05723 0 
10.67 5397.6 25.98832 0 
10.68 5430 26.07191 0 
10.70 5466 26.26512 0 
10.72 5500.8 26.46063 0 
10.73 5539.2 26.29424 0 
10.75 5571.6 26.12631 0 
10.77 5602.8 26.50095 0 
10.78 5625.6 26.9166 0 
10.80 5641.2 27.12434 0 
10.82 5644.8 27.06888 0 
10.83 5642.4 27.09657 0 
10.85 5634 27.01478 0 
10.87 5626.8 27.861 0 
10.88 5623.2 27.49937 0 
10.90 5631.6 27.62353 0 
10.92 5655.6 27.41564 0 
10.93 5691.6 27.05668 0 
10.95 5738.4 27.3603 0 
10.97 5784 27.49869 0 
10.98 5826 27.45691 0 
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Keowee Load During Startup 

Time Volts Frequency Power 
11.00 5852.4 27.22302 0 
11.02 5870.4 27.50104 0 
11.03 5883.6 27.81822 0 
11.05 5908.8 28.27632 0 
11.07 5943.6 28.11019 0 
11.08 5986.8 28.23613 0 
11.10 6021.6 28.45569 0 
11.12 6032.4 28.82969 0 
11.13 6020.4 28.96857 0 
11.15 6001.2 28.67742 0 
11.17 6014.4 28.27544 0 
11.18 6073.2 28.41489 0 
11.20 6164.4 28.95462 0 
11.22 6238.8 29.06471 0 
11.23 6254.4 29.06502 0 
11.25 6212.4 28.80377 0 
11.27 6166.8 29.273691 0 
11.28 6183.6 29.41185 0 
11.30 6270 29.64681 0 
11.32 6368.4 29.32961 0 
11.33 6406.8 29.3562 0 
11.35 6374.4 29.23246 0 
11.37 6348 29.56408 0 
11.38 6376.8 29.27297 0 
11.40 6446.4 29.4807 0 
11.42 6494.4 29.75969 0 
11.43 6505.2 30.07646 0 
11.45 6523.2 30.17557 0 
11.47 6560.4 30.00817 0 
11.48 6579.6 30.71458 0 
11.50 6574.8 30.5896 0 
11.52 6613.2 30.61681 0 
11.53 6698.4 30.70072 0 
11.55 6733.2 30.56175 0 
11.57 6680.4 30.60402 0 
11.58 6675.6 30.74288 0 
11.60 6798 30.60362 0 
11.62 6878.4 30.5343 0 
11.63 6808.8 30.74159 0 
11.65 6770.4 31.0752 0 
11.67 6902.4 31.0884 0 
11.68 6998.4 30.72953 0 
11.70 6916.8 31.36545 0 
11.72 6902.4 31.62877 0 
11.73 7035.6 31.94779 0 
11.75 7077.6 31.71397 0 
11.77 7020 31.82426 0 
11.78 7068 31.89289 0 
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Keowee Load During Startup 

Time Volts Frequency Power 
11.80 7149.6 32.156281 0 
11.82 7149.6 31.975 0 
11.83 7170 31.7549 1200 
11.85 7204.8 31.92179 0 
11.87 7222.8 31.85147 0 
11.88 7268.4 32.1702 0 
11.90 7252.8 32.14219 1200 
11.92 7225.2 32.43295 0 
11.93 7324.8 32.78005 2400 
11.95 7304.4 32.68263 4800 
11.97 7233.6 32.87653 3600 
11.98 7375.2 33.26464 3600 
12.00 7345.2 33.22316 3600 
12.02 7263.6 33.04252 3600 
12.03 7435.2 32.86189 3600 
12.05 7384.8 32.98684 3600 
12.07 7362 33.29178 3600 
12.08 7534.8 33.486191 3600 
12.10 7440 33.45974 3600 
12.12 7495.2 33.37531 3600 
12.13 7600.8 33.6953 3600 
12.15 7527.6 34.10996 3600 
12.17 7633.2 34.05485 2400 
12.18 7647.6 33.87448 3600 
12.20 7664.4 33.91568 3600 
12.22 7728 34.09567 2400 
12.23 7758 34.15115 2400 
12.25 7789.2 34.26247 2400 
12.27 7827.6 34.33304 2400 
12.28 7894.8 34.414941 2400 
12.30 7856.4 34.38778 2400 
12.32 7999.2 34.85799 2400 
12.33 7929.6 34.98416 1200 
12.35 8056.8 35.15032 2400 
12.37 8059.2 34.92735 1200 
12.38 8070 34.98274 1200 
12.40 8188.8 35.46945 1200 
12.42 8091.6 35.50976 1200 
12.43 8293.2 35.05361 1200 
12.45 8152.8 35.28777 1200 
12.47 8355.6 35.46885 1200 
12.48 8241.6 35.49588 1200 
12.50 8396.4 35.69015 1200 
12.52 8329.2 36.14737 1200 
12.53 8427.6 36.02195 1200 
12.55 8412 35.80158 1200 
12.57 8474.4 36.13509 1200 
12.58 8486.4 36.5762 1200 
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Keowee Load During Startup 

Time Volts Frequency Power 
12.60 8526 36.67368 1200 
12.62 8565.6 36.59121 1200 
12.63 8584.8 36.43881 1200 
12.65 8652 36.86759 1200 
12.67 8636.4 36.673751 1200 
12.68 8756.4 36.79837 1200 
12.70 8684.4 36.42493 1200 
12.72 8863.2 36.4805 1200 
12.73 8727.6 36.88188 1200 
12.75 8942.4 37.13063 1200 
12.77 8808 37.44987 1200 
12.78 8976 37.56155 1200 
12.80 8936.4 37.39435 1200 
12.82 8979.6 37.79604 1200 
12.83 9052.8 37.86555 1200 
12.85 9013.2 38.04526 1200 
12.87 9105.6 37.79604 1200 
12.88 9110.4 37.65803 1200 
12.90 9150 37.79628 1200 
12.92 9174 37.83784 1200 
12.93 9258 37.96244 1200 
12.95 9205.2 38.22624 1200 
12.97 9320.4 38.21228 1171 
12.98 9354 38.36562 1171 
13.00 9295.2 38.86372 1171 
13.02 9498 39.05801 1171 
13.03 9450 38.9333 1171 
13.05 9451.2 39.0991 1171 
13.07 9655.2 39.15527 1171 
13.08 9603.6 39.12762 1141 
13.10 9640.8 39.15464 1141 
13.12 9808.8 39.34829 1141 
13.13 9808.8 38.93368 1141 
13.15 9850.8 39.11353 1141 
13.17 9957.6 39.40417 1141 
13.18 10010.4 39.79247 1141 
13.20 10090.8 39.87596 1141 
13.22 10128 39.82043 1141 
13.23 10166.4 39.97415 1141 
13.25 10312.8 40.41526 1141 
13.27 10380 40.38901 1141 
13.28 10321.2 40.69302 1141 
13.30 10398 40.55434 1141 
13.32 10568.4 40.61038 1171 
13.33 10555.2 40.37482 1171 
13.35 10461.6 40.54035 1171 
13.37 10528.8 40.66581 1171 
13.38 10654.8 40.51276 1171 
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Keowee Load During Startup 

Time Volts Frequency Power 
13.40 10639.2 40.58244 1171 
13.42 10558.8 40.85906 1171 
13.43 10575.6 40.95654 1171 
13.45 10654.8 41.37196 1171 
13.47 10687.2 41.5937 1171 
13.48 10693.2 41.45469 1141 
13.50 10726.8 41.80188[ 1141 
13.52 10766.4 41.82968 1141 
13.53 10767.6 42.05185 1141 
13.55 10770 41.58 1141 
13.57 10828.8 41.70624 1141 
13.58 10936.8 41.42697 1141 
13.60 11011.2 41.8164 1141 
13.62 10993.2 42.07895 1141 
13.63 10932 42.10591 1141 
13.65 10916.4 42.18962 1141 
13.67 | 10983.6 42.7577 1141 
13.68 11096.4 42.63289 1141 
13.70 11185.2 42.92441 1141 
13.72 11212.8 43.229 1141 
13.73 11198.4 43.04986 1141 
13.75 11180.4 42.89712 1141 
13.77 11188.8 42.86875 1171 
13.78 11228.4 43.1048 1171 
13.80 11281.2 42.95211 1171 
13.82 11322 43.17408 1171 
13.83 11346 43.34061 1171 
13.85 11359.2 43.46429 1171 
13.87 11376 43.70099 1171 
13.88 11406 44.2547 1171 
13.90 11454 43.85239 1171 
13.92 11512.8 44.03441 1141 
13.93 11574 44.21359 1141 
13.95 11629.2 44.39303 1141 
13.97 11671.2 44.10174 1141 
13.98 11697.6 44.39289 1171 
14.00 11712 44.10196 1171 
14.02 11719.2 44.17155 1141 
14.03 11721.6 44.32413 1141 
14.05 11726.4 44.76727 1141 
14.07 11733.6 44.61491 1171 
14.08 11748 44.62983 1171 
14.10 11768.4 44.83625 1171 
14.12 11794.8 45.07297 1141 
14.13 11824.8 45.40552 1141 
14.15 11859.6 45.32247 1141 
14.17 11895.6 45.50164 1171 
14.18 11934 45.44671 1200 
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Keowee Load During Startup 

Time Volts Frequency Power 
14.20 11974.8 45.502861 1200 
14.22 12013.2 45.26683 1200 
14.23 12051.6 45.41929 1229 
14.25 12088.8 45.23892 1259 
14.27 12124.8 45.58586 1259 
14.28 12159.61 45.973161 1259 
14.30 12190.8 46.1255 1259 
14.32 12217.2 46.361541 1288 
14.33 12237.6 46.36126 1288 
14.35 12252 46.52828 1288 
14.37 12260.4 46.43226 1259 
14.38 12265.2 46.80477 1229 
14.40 12267.6 46.48578 1259 
14.42 12270 46.52828| 1229 
14.43 12276 46.305951 1229 

14.45 | 12289.2 46.680861 1229 
14. 4.4 46.74931_1 1259 
14.48 1 12352.8 147.05436 1259 
14.50 f12405.6 147.09636 1288 
14.52 12464.4 47.22132 1317 
14.53 12524.4 47.428451 1288 
14.55 12574.8 47.539271 1317 
14.57 12609.6 47.62376 1288 
14.58 12626.4 47.7618 1288 
14.60 12632.4 47.35911 1317 
14.62 12638.4 47.78933 1317 
14.63 12651.6 47.80273 1346 
14.65 12676.8 47.66456 1376 

14.67 12710.4 47.99722 1376 
14.68 12741.6 47.98245 1346 
14.70 12758.4 48.20497 1376 
14.72 12760.8 48.38421 1346 
14.73 12758.4 48.37039 1317 
14.75 12769.2 48.343451 1317 
14.77 12806.4 48.37097 j 1346 
14.78 12868.8 48.45413 1317 
14.80 12938.4 48.73086 1376 
14.82 12982.8 48.67602 1405 
14.83 12978 48.7737 1434 
14.85 12936 48.82841 1463 
14.87 12898.8 48.77324 1463 
14.88 12913.2 48.93995 1463 
14.90 12990 49.35605 1493 
14.92 13093.2 49.38295 1493 
14.93 13159.2 48.98197 1493 
14.95 13148.4 49.30004 1463 
14.97 13082.4 49.41 1434 
14.98 13033.2 49.6737 1405 
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Keowee Load During Startup 

Time Volts Frequency Power 
15.00 13062 49.7983 1346 
15.02 13160.4 49.68753 1317 
15.03 13257.6 49.61817 1288 
15.05 13276.8 50.18648, 1288 
15.07 13222.8 49.9511 1288 

15.08 13171.2 50.11763 1288 
15.10 13194 49.79936 1346 
15.12 13280.4 49.84034 1376 
15.13 13354.8 50.25591 1405 
15.15 13359.6 49.96467 1405 
15.17 13317.6 50.50493 1434 
15.18 13299.6 50.54706 1434 
15.20 13339.2 50.57434 1376 
15.22 13402.8 50.83797 1405 
15.23 13432.8 50.93525 1405 
15.25 13424.4 50.97671 1463 
15.27 13420.8 50.90755 1463 
15.28 13446 50.93542 1463 
15.30 13478.4 50.72729 1493 
15.32 13496.4 50.68519 1434 
15.33 13510.8 50.99031 1376 
15.35 13538.4 50.93542 1317 
15.37 13560 51.32266 1346 
15.38 13558.8 51.48965 1346 
15.40 13556.4 51.57248 1405 
15.42 13592.4 51.89101 1405 
15.43 13644 51.78074 1346 
15.45 13650 51.76735 1288 
15.47 13611.6 51.83602 1288 
15.48 13610.4 51.96106 1229 
15.50 13680 51.84992 1171 
15.52 13732.8 51.78074 1141 
15.53 13694.4 51.69721 1112 
15.55 13632 51.91931 1054 
15.57 13671.6 52.27886 1024 
15.58 13766.4 52.48748 966 
15.60 13762.8 52.33516 907 
15.62 13666.8 52.43258 849 
15.63 13651.2 52.50103 849 
15.65 13754.4 52.47451 849 
15.67 13802.4 52.8199 907 
15.68 13707.6 52.79225 907 
15.70 13635.6 52.61203 907 
15.72 13726.8 52.83325 907 
15.73 13815.6 52.77843 907 
15.75 13736.4 52.91718 907 
15.77 13635.6 53.09719 849 
15.78 13706.4 52.98639 820 
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Keowee Load During Startup 

Time Volts Frequency Power 
15.80 13820.4 53.08418 820 
15.82 13764 53.13859 761 
15.83 13641.6 53.4295 702 
15.85 13692 53.61002 644 
15.87 13820.4 53.34683 585 
15.88 13773.6 53.52631 585 
15.90 13645.2 53.6653 556 
15.92 13690.8 53.87272 556 
15.93 13820.4 54.0808 556 
15.95 13776 53.52671 527 
15.97 13645.2 53.55478 498 
15.98 13693.2 53.87283 439 
16.00 13821.6 53.95594 439 
16.02 13765.2 53.99781 439 
16.03 13641.6 53.98419 439 
16.05 13706.4 54.13619 439 
16.07 13825.2 54.53837 410 
16.08 13750.8 54.48318 351 
16.10 13641.6 54.71843 351 
16.12 13725.6 54.5798 380 
16.13 13824 54.51081 380 
16.15 13726.8 54.49713 410 
16.17 13644 54.55248 439 
16.18 13752 54.60773 439 
16.20 13821.6 54.44132 439 
16.22 13704 54.53815 410 
16.23 13653.6 54.649 410 
16.25 13776 54.83077 410 
16.27 13803.6 55.21767 439 
16.28 13676.4 55.27275 468 
16.30 13672.8 55.1344 498 
16.32 13800 55.09427 527 
16.33 13780.8 55.14891 556 
16.35 13656 55.30111 498 
16.37 13695.6 55.12005 527 
16.38 13809.6 55.1488 556 
16.40 13746 55.03763 585 
16.42 13646.4 55.1354 615 
16.43 13729.2 55.49494 644 
16.45 13814.4 55.64723 673 
16.47 13712.4 55.57845 673 
16.48 13648.8 55.34246 615 
16.50 13760.4 55.75786 644 
16.52 13800 55.77178 673 
16.53 13678.8 55.9386 732 
16.55 13666.8 55.89627 790 
16.57 13789.2 55.95275 849 
16.58 13776 1 55.91124 8781 
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Keowee Load During Startup 

Time Volts Frequency Power 
16.60 13653.6 56.17352 878 
16.62 13687.2 56.007721 820 
16.63 1 13800 56.09099] 820 
16.65 13737.6 55.855581 849 
16.67 13636.8 56.021621 907 
16.68 13718.4 56.174231 937 
16.70 13803.6_ 56.298761 937 
16.72 13700.4 56.340091 937 
16.73 13634.4 56.36806 907 
16.75 13746 56.56228 907 
16.77 13789.2 56.72912 907 
16.78 13665.6 56.88128 907 
16.80 13647.6 56.71467 907 
16.82 13774.8 56.4105 937 
16.83 13770 56.32608 907 
16.85 13641.6 56.61783 878 
16.87 13666.8 56.57594 878 
16.88 | 13789.2 56.82587] 878 
16.90 | 13738.8 56.83953 907 
16.92 13626 57.00637 937 
16.93 13695.6 57.14432 966 
16.95 13802.4 57.46283 966 
16.97 13714.8 57.518641 966 
16.98 13624.8 57.130951 937 
17.00 13726.8 57.11656 937 

17.02 13803.6 57.19933 937 
17.03 13690.8 57.28404| 966 
17.05 13634.4 57.1856 995_ 
17.07 13759.2 57.14449 1024 
17.08 13802.4 57.130041 1054 
17.10 13672.8 57.44884 1024 
17.12 13646.4 57.51874 995 
17.13 13778.4 57.60135 966 
17.15 13785.6 57.50439 937 
17.17 13650 57.6575 937 
17.18 13658.4 57.64293 907 
17.20 13792.8 57.7817 907 
17.22 13771.2 57.90676 849 
17.23 13636.8 57.93397 790 
17.25 13669.2 57.698031 761 
17.27 13797.6 57.69866 732 
17.28 13747.2 57.86425 702 
17.30 13623.6 57.89222 732 
17.32 13686 57.92078 761 
17.33 13806 57.71196 761 
17.35 13735.2 57.82388 732 
17.37 13620 57.92014 732 
17.38 13698 58.28023 761 
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Keowee Load During Startup 

Time Volts Frequency| Power 
17.40 13807.2 58.39108 790 
17.42 13718.4 58.57131 820 
17.43 13621.2 58.39187 849 
17.45 13719.6 58.48782 907 
17.47 13815.6 58.34988 907 
17.48 13712.4 58.23949 878 
17.50 13626 57.87834 849 
17.52 13734 57.97546 849 
17.53 13814.4 58.28054 849 
17.55 13699.2 58.30828 878 
17.57 13629.6 58.47492 878 
17.58 13750.8 58.47465 878 
17.60 13813.2 58.6824 878 
17.62 13688.4 58.69599 1 878 
17.63 13629.6 58.79343 849 
17.65 13755.6 58.6134 849 
17.67 13801.2 58.641141 878 
17.68 13670.4 58.47439 878 
17.70 13634.4 58.46028 907 
17.72 13768.8 58.51609 937 
17.73 13797.6 58.75166 907 
17.75 13662 58.77966 849 
17.77 13641.6 58.654691 790 
17.78 13779.6 58.83485 790 
17.80 13791.6 59.07083 790 
17.82 13656 59.00156 790 
17.83 13657.2 58.72353 820 
17.85 13795.2 58.93205 849 
17.87 13788 58.903841 878 
17.88 13650 159.18144 878 
17.90 13664.4 159.08449 907 
17.92 13798.8 59.1398 F -937 
17.93 13771.2 58.8767 907 
17.95 13636.8 58.94626 937 
17.97 13672.8 59.12632 966 
17.98 13803.6 59.18155 995 
18.00 13759.2 59.23657 966 
18.02 13630.8 58.84907 937 
18.03 13682.4 59.40339 937 
18.05 13808.4 59.37535 937 
18.07 13747.2 59.54153 937 
18.08 13630.8 59.57018 937 
18.10 13705.2 59.54195 937 
18.12 13819.2 59.34808 937 
18.13 13740 59.20885 907 
18.15 13630.8 58.96047 937 
18.17 13717.2 59.57043 966 
18.18 13818 1 59.01471 995 

Page 19



Keowee Load During Startup 

Time Volts Frequency Power 
18.20 13719.6 59.38982 995 
18.22 13628.4 59.2785 995 
18.23 13731.6 59.625 995 
18.25 13814.4 59.65334 995 
18.27 13701.6 59.48603 966 
18.28 13627.2 59.55559 966 
18.30 13744.8 59.55566 966 
18.32 13809.6 59.66629 995 
18.33 13686 59.47221 995 
18.35 13638 59.51443 995 
18.37 13768.8 59.07026 995 
18.38 13807.2 59.41704 966 
18.40 13675.2 59.52798 937 
18.42 13647.6 59.62439 907 
18.43 13780.8 59.66629 937 
18.45 13792.8 59.72277 937 
18.47 13656 59.86064 966 
18.48 13659.6 60.02651 995 
18.50 13795.2 60.15148 1024 
18.52 13778.4 59.88847 1024 
18.53 13644 59.80568 1024 
18.55 13675.2 59.95746 1024 
18.57 13806 59.63925 1024 
18.58 13760.4 59.69442 1024 
18.60 13638 59.63915 1024 
18.62 13700.4 59.55544 1054 
18.63 13816.8 59.70824 1054 
18.65 13741.2 59.88867 1024 
18.67 13634.4 60.26276 966 
18.68 13719.6 60.16556 995 
18.70 13815.6 60.041121 1024 
18.72 13713.6 60.20766 1024 
18.73 13634.4 60.16546 1024 
18.75 13744.8 59.98489 1054 
18.77 13813.2 59.7776 1054 
18.78 13693.2 60.06922 1024 
18.80 13641.6 59.99941 1024 
18.82 13766.4 59.84676 1024 
18.83 13800 60.20674 1024 
18.85 13668 60.12368 1024 
18.87 13652.4 60.31788 1024 
18.88 13786.8 59.79137 1054 
18.90 13784.4 60.28985 1083 
18.92 13652.4 60.26267 1083 
18.93 13669.2 60.53963 1054 
18.95 13798.8 60.35957 1083 
18.97 13761.6 60.67868 1083 
18.98 13635.6 60.553771 1054 
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Keowee Load During Startup 

Time Volts lFrequency Power 
19.00 13689.6 60.62253 1054 
19.02 13809.6 60.47037 1054 
19.03 13740 60.24917 1054 
19.05 13629.6 60.15164 1054 
19.07 13710 60.29092 1054 
19.08 13809.6 60.30435 1054 
19.10 13713.6 60.58102 1083 
19.12 13628.4 60.89981 1083 
19.13 13735.2 60.74744 1112 
19.15 13810.8 61.0113 1112 
19.17 13694.4 61.10776 1112 
19.18 13632 60.88677 1112 
19.20 13753.2 60.91406 1112 
19.22 13800 60.44346 1112 
19.23 13670.4 60.3872 1112 
19.25 13638 60.58111 1141 
19.27 13772.4 60.52563 1141 
19.28 13791.6 60.96903 1141 
19.30 13656 60.74713 1141 
19.32 13647.6 61.10736 1112 
19.33 13783.2 61.01054 1112 
19.35 13776 61.20542 1141 
19.37 13640.4 61.28808 1141 
19.38 13660.8 60.84426 1141 
19.40 13795.2 60.90072 1171 
19.42 13766.4 61.24672 1171 
19.43 13632 61.14996 1112 
19.45 13668 61.13627 1083 
19.47 13797.6 61.09376 1112 
19.48 13750.8 61.17705 1112 
19.50 13622.4 61.20522 1112 
19.52 13678.8 61.17776 1141 
19.53 13803.6 61.14931 1141 
19.55 13742.4 61.399 1141 
19.57 13621.2 61.1775 1112 
19.58 13683.6 61.55142 1083 
19.60 13803.6 61.67635 1083 
19.62 13734 61.73188 1112 
19.63 13616.4 61.64897 1112 
19.65 13689.6 61.37132 1112 
19.67 13806 61.55176 1141 
19.68 13732.8 61.16377 1141 
19.70 13617.6 61.53776 1141 
19.72 13689.6 61.62039 1141 
19.73 13806 61.48209 1112 
19.75 13734 61.59307 1112 
19.77 13617.6 61.82831 1112 
19.78 13688.4 62.11949 1112 
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Keowee Load During Startup 

Time Volts Frequencyl Power 
19.80 13804.8 62.091821 1112 
19.82 13738.8 61.967151 1112 
19.83 13620 61.73188 1112 
19.85 13678.8 62.09177 1112 
19.87 13800 61.96773 1083 
19.88 13746 62.16151 1083 
19.90 13620 61.48244 1083 
19.92 13666.8 61.96753 1083 
19.93 13790.4 62.13346 1054 
19.95 13753.2 62.0778 1083 
19.97 13627.2 61.96693 1083 
19.98 13648.8 62.14709 1083 
20.00 13777.2 62.21692 1112 
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Partial Load Rejection Test for Keowee 
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Partial Load Rejection Test For Keowee 

Cycles KVA FREQ. Voltage 
0 7800 59.08 13632 
1 8100 59.08 13644 
2 7800 59.08 13644 
3 7800 59.08 13644 
4 8100 59.08 13656 
5 8100 59.08 13656 
6 8100 59.08 13656 
7 8100 59.08 13668 
8 7800 59.08 13668 
9 7800 59.08 13680 

10 8100 59.08 13680 
11 8100 59.08 13680 
12 8400 59.08 13680 
13 8400 59.08 13680 
14 8100 59.08 13680 
15 7500 59.08 13680 
16 6900 59.08 13680 
17 6000 59.08 13692 
18 5400 59.08 13728 
19 5100 59.08 13740 
20 4500 59.08 13764 
21 4500 59.08 13776 
22 4500 59.08 13764 
23 4500 59.08 13752 
24 4500 59.08 13740 
25 4200 59.08 13728 
26 3900 59.08 13716 
27 3600 59.08 13704 
28 3600 59.08 13704 
29 3600 59.08 13680 
30 3600 59.08 13680 
31 3600 59.08 13680 
32 3600 59.08 13668 
33 3600 59.08 13668 
34 3600 59.08 13656 
35 3600 59.08 13656 
36 3600 59.08 13644 
37 3600 59.08 13644 
38 3600 59.08 13632 
39 3600 59.08 13632 
40 3600 59.08 13632 
41 3600 59.08 13620 
42 3600 59.08 13620 
43 3600 59.08 13608 
44 3600 59.08 13608 
45 3600 59.08 13608 
46 3600 59.08 13608 
47 3600 59.08 13608 
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Partial Load Rejection Test For Keowee 

Cycles KVA FREQ. Voltage 
48 3600 59.08 13596 
49 3600 59.08 13608 
50 3600 59.08 13596 
51 3600 59.08 13596 
52 3600 59.08 13596 
53 3600 59.08 13596 
54 3600 59.09 13608 
55 3600 59.09 13608 
56 3600 59.09 13620 
57 3600 59.09 13620 
58 3600 59.09 13620 
59 3600 59.09 13620 
60 3600 59.09 13620 
61 3600 59.09 13632 
62 3600 59.09 13632 
63 3600 59.09 13632 
64 3600 59.09 13644 

65 3600 59.09 13644 
66 3600 59.09 13644 
67 3600 59.09 13656 
68 3600 59.09 13656 
69 3600 59.09 13656 
70 3600 59.09 13668 
71 3600 59.09 13668 
72 3600 59.09 13680 
73 3600 59.1 13680 
74 3600 59.1 13680 
75 3600 59.1 13692 
76 3600 59.1 13704 
77 3600 59.1 13704 
78 3600 59.1 13704 
79 3600 59.1 13704 
80 3600 59.1 13716 
81 3600 59.1 13716 
82 3900 59.1 13716 
83 3900 59.1 13728 
84 3900 59.1 13728 
85 3900 59.11 13728 
86 3600 59.11 13728 
87 3600 59.11 13728 
88 3900 59.11 13728 
89 3900 59.11 13740 
90 3900 59.11 13740 
91 3900 59.11 13740 
92 3600 59.11 13740 
93 3900 59.11 13740 
94 4200 59.11 13740 
95 4200 59.11 13740 
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Partial Load Rejection Test For Keowee 

Cycles 1 KVA FREQ. Voltage 
961 4200 59.12 13740 
971 4200 59.12 13752 
981 3900 59.12 13740 
991 4200 59.12 13740 

1001 4200 59.12 13752 
101 4200 59.12 13740 
102 4500 59.12 13752 
103 4500 59.12 13740 
104 4500 59.12 13740 
105 4200 59.13 13740 
1061 3900 59.13 13740 
1071 3600 59.13 13740 
108 3600 59.13 13740 
109 3600 59.13 13728 

112 3600 59.13 13728 

111 3600 59.13 13728 
1121 3600 59.13 13728 
1131 3600 59.14 13716 
1141 3600 59.14 13716 

1151 3600 59.14 13716 
1161 3600 59.14 13716 
1171 3600 59.14 13704 
118 3600 59.14 13704 
119 3600 59.14 13704 
1201 3600 59.14 13704 
1221 3600 59.15 13680 
1221 3900 59.15 13680 
1231 3900 59.15 13680 
1241 3900 59.15 13668 
1251 3900 59.15 13668 
1261 3600 59.15 13656 
1271 3600 59.16 13656 
1281 3600 59.16 13656 
1291 3600 59.16 13656 
1301 3600 59.16 13644 
1321 3600 59.16 13644 
132 3600 59.16 13632 
133 3600 59.16 13620 
134 3600 59.17 13620 
135 3600 59.17 13608 
1361 3600 59.17 13608 
1371 3600 59.17 13596 
138 3600 59.17 13596 
139 3600 59.17 13596 
140 3600 59.18 13596 
141 3600 59.18 13584 
142 3600 59.18 13572 
143 3600 59.18 13572 
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Partial Load Rejection Test For Keowee 

Cycles KVA FREQ. I Voltage 
144 3600 59.18 13572 
145 3600 59.19 13560 
146 3600 59.19 13560 
147 3600 59.191 13560 
148 3600 59.191 13560 
149 3600 59.191 13560 
150 3600 59.191 13560 
151 3600 59.2 13560 
152 3600 59.2 13560 
153 3600 59.2 13560 
154 3600 59.2 13560 
155 3600 59.2 13572 
156 3600 59.21 13560 
157 36001 59.21 13572 
158 3600 59.211 13572 
159 3600 59.211 13572 
160 3600 59.211 13572 
161 3600 59.211 13584 
162 3600 59.221 13596 
163 3600 59.22 13596 
164 3600 59.22 13608 
165 3600 59.22 13608 
166 3600 59.22 13608 
167 3600 59.23 13620 
168 3600 59.23 13620 
169 3600 59.23 13620 
170 3600 59.23 13632 
171 3600 59.231 13644 
172 3600 59.241 13644 
173 3600 59.241 13656 
174 3600 59.241 13656 
175 3600 59.241 13668 
176 3600 59.241 13668 
177 3600 59.25 13668 
178 3600 59.251 13668 
179 3600 59.251 13668 
180 3600 59.251 13668 
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GRAPH 3 
KVA 
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Unit e Loading on Keowee Unit 2 

Time KVA Frequency 
13:19:01 4200 60.25 
13:19:02 4200 60.27 
13:19:03 4200 60.3 
13:19:04 4200 60.33 
13:19:05 4200 60.35 
13:19:06 4200 60.36 
13:19:07 4200 60.38 
13:19:08 3600 60.42 
13:19:09 3600 60.47 
13:19:10 3600 60.53 
13:19:11 3600 60.59 
13:19:12 3600 60.65 
13:19:13 3600 60.68 
13:19:14 3600 60.71 
13:19:15 3600 60.72 
13:19:16 4200 60:72 
13:19:17 180001 60.71 
13:19:18 11400 60.66 
13:19:19 6600 60.58 
13:19:20 6600 60.51 
13:19:21 6600 60.45 
13:19:22 6000 60.42 
13:19:23 6600 60.42 
13:19:24 6600 60.42 
13:19:25 6600 60.42 
13:19:26 6600 60.41 
13:19:27 6600 60.4 
13:19:28 6600 60.39 
13:19:29 6600 60.39 
13:19:30 6600 60.4 
13:19:31 6000 60.44 
13:19:32 6000 60.49 
13:19:33 6000 60.55 
13:19:34 7200 60.59 
13:19:35 7200 60.61 
13:19:36 7200 60.61 
13:19:37 7200 60.59 
13:19:38 7200 60.57 
13:19:39 7200 60.55 
13:19:40 7200 60.56 
13:19:41 6600 60.56 
13:19:42 6000 60.58 
13:19:43 6000 60.61 
13:19:44 6000 60.64 
13:19:45 6000 60.67 
13:19:46 6000 60.7 
13:19:47 6000 60.74 
13:19:48 6000 60.76 
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Unit e Loading on Keowee Unit 2 

Time KVA Frequency 
13:19:491 6600 60.78 
13:19:50 6600 60.79 
13:19:51 6600 60.81 
13:19:52 6600 60.83 
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GRAPH 4 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:02:37 
14:02:37 8400 60.98 
14:02:38 8400 60.97 
14:02:39 8400 60.95 
14:02:40 8400 60.95 
14:02:41 8400 60.97 
14:02:42 8400 61.02 
14:02:43 8400 61.07 
14:02:44 7800 61.12 
14:02:45 7800 61.17 
14:02:46 7800 61.21 
14:02:47 7800 61.25 
14:02:48 7800 61.27 
14:02:49 7800 61.27 
14:02:50 8400 61.25 
14:02:51 8400 61.2 
14:02:52 8400 61.15 
14:02:53 8400 61.1 
14:02:54 8400 61.05 
14:02:55 8400 61.02 
14:02:56 8400 60.99 
14:02:57 8400 60.98 
14:02:58 8400 60.98 
14:02:59 8400 60.98 
14:03:00 8400 61.01 
14:03:01 8400 61.04 
14:03:02 8400 61.08 
14:03:03 8400 61.1 
14:03:04 8400 61.11 
14:03:05 8400 61.12 
14:03:06 8400 61.13 
14:03:07 8400 61.14 
14:03:08 8400 61.15 
14:03:09 8400 61.15 
14:03:10 8400 61.15 
14:03:11 8400 61.15 
14:03:12 8400 61.14 
14:03:13 8400 61.13 
14:03:14 8400 61.11 
14:03:15 8400 61.11 
14:03:16 8400 61.1 
14:03:17 8400 61.09 
14:03:18 8400 61.09 
14:03:19 8400 61.08 
14:03:20 8400 61.06 
14:03:21 8400 61.05 
14:03:22 8400 61.05 
14:03:23 8400 61.05 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:03:24 7800 61.06 
14:03:25 8400 61.08 
14:03:26 8400 61.09 
14:03:27 7800 61.11 
14:03:28 7800 61.13 
14:03:29 8400 61.15 
14:03:30 7800 61.18 
14:03:31 7800 61.22 
14:03:32 7800 61.25 
14:03:33 7800 61.27 
14:03:34 7800 61.28 
14:03:35 7800 61.27 
14:03:36 8400 61.24 
14:03:37 8400 61.2 
14:03:38 8400 61.15 
14:03:39 8400 61.12 
14:03:40 8400 61.11 
14:03:41 8400 61.11 
14:03:42 7800 61.12 
14:03:43 7800 61.14 
14:03:44 7800 61.16 
14:03:45 7800 61.17 
14:03:46 7800 61.19 
14:03:47 7800 61.19 
14:03:48 7800 61.19 
14:03:49 7800 61.19 
14:03:50 8400 61.18 
14:03:51 8400 61.17 
14:03:52 7800 61.17 
14:03:53 11400 61.17 
14:03:54 9600 61.17 
14:03:55 8400 61.16 
14:03:56 8400 61.16 
14:03:57 8400 61.16 
14:03:58 8400 61.15 
14:03:59 8400 61.13 
14:04:00 8400 61.11 
14:04:01 8400 61.08 
14:04:02 8400 61.05 
14:04:03 8400 61.02 
14:04:04 8400 61.02 
14:04:05 8400 61.03 
14:04:06 8400 61.05 
14:04:07 8400 61.06 
14:04:08 8400 61.08 
14:04:09 8400 61.09 
14:04:10 8400 61.1 
14:04:11 8400 61.1 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:04:12 8400 61.1 
14:04:13 8400 61.11 
14:04:14 8400 61.11 
14:04:15 8400 61.11 
14:04:16 13800 61.11 
14:04:17 16200 61.09 
14:04:18 16200 61.03 
14:04:19 16200 60.94 
14:04:20 13800 60.85 
14:04:21 10800 60.76 
14:04:22 10800 60.7 
14:04:23 10800 60.65 
14:04:24 10800 60.64 
14:04:25 10800 60.65 
14:04:26 10800 60.69 
14:04:27 10800 60.76 
14:04:28 10800 60.84 
14:04:29 10800 60.91 
14:04:30 10800 60.98 
14:04:31 10200 61.02 
14:04:32 10800 61.04 
14:04:33 10800 61.03 
14:04:34 10800 61.02 
14:04:35 10800 60.99 
14:04:36 10800 60.96 
14:04:37 10800 60.92 
14:04:38 10800 60.89 
14:04:39 10800 60.86 
14:04:40 10800 60.83 
14:04:41 10800 60.82 
14:04:42 10800 60.81 
14:04:43 10800 60.81 
14:04:44 10200 60.81 
14:04:45 10200 60.82 
14:04:46 10200 60.84 
14:04:47 10200 60.86 
14:04:48 10200 60.89 
14:04:49 10200 60.93 
14:04:50 10200 60.96 
14:04:51 10200 60.98 
14:04:52 10200 61.01 
14:04:53 10200 61.04 
14:04:54 10200 61.09 
14:04:55 10200 61.15 
14:04:56 10200 61.19 
14:04:57 10200 61.22 
14:04:58 10200 61.23 
14:04:59 10200 61.23 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:05:00 10200 61.21 
14:05:01 10200 61.2 
14:05:02 10200 61.17 
14:05:03 10200 61.15 
14:05:04 10200 61.12 
14:05:05 10200 61.1 
14:05:06 10200 61.1 
14:05:07 10200 61.1 
14:05:08 10200 61.12 
14:05:09 9600 61.13 
14:05:10 9600 61.14 
14:05:11 9600 61.14 
14:05:12 9600 61.12 
14:05:13 9600 61.1 
14:05:14 9600 61.08 
14:05:15 9600 61.07 
14:05:16 9600 61.07 
14:05:17 9600 61.07 
14:05:18 9600 61.09 
14:05:19 9600 61.1 
14:05:20 9600 61.12 
14:05:21 9600 61.14 
14:05:22 9600 61.14 
14:05:23 9600 61.17 
14:05:24 9600 61.19 
14:05:25 9600 61.21 
14:05:26 9600 61.23 
14:05:27 9600 61.25 
14:05:28 9000 61.26 
14:05:29 9000 61.28 
14:05:30 9000 61.31 
14:05:31 9000 61.34 
14:05:32 9000 61.35 
14:05:33 9000 61.34 
14:05:34 9000 61.32 
14:05:35 9000 61.3 
14:05:36 9600 61.26 
14:05:37 9600 61.22 
14:05:38 9600 61.18 
14:05:39 9600 61.14 
14:05:40 9600 61.11 
14:05:41 9600 61.09 
14:05:42 9600 61.09 
14:05:43 9600 61.1 
14:05:44 9600 61.11 
14:05:45 9600 61.12 
14:05:46 9600 61.14 
14:05:47 9600 61.14 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:05:48 9600 61.14 
14:05:49 9600 61.14 
14:05:50 9600 61.13 
14:05:51 9600 61.12 
14:05:52 9600 61.1 
14:05:53 9600 61.1 
14:05:54 9600 61.09 
14:05:55 9600 61.07 
14:05:56 9600 61.06 
14:05:57 9600 61.05 
14:05:58 9600 61.04 
14:05:59 9600 61.04 
14:06:00 9600 61.04 
14:06:01 9600 61.04 
14:06:02 9600 61.07 
14:06:03 9600 61.12 
14:06:04 9000 61.17 
14:06:05 9000 61.22 
14:06:06 9000 61.26 
14:06:07 9000 61.28 
14:06:08 9000 61.3 
14:06:09 9000 61.3 
14:06:10 9000 61.28 
14:06:11 9600 61.25 
14:06:12 9600 61.21 
14:06:13 9600 61.18 
14:06:14 9600 61.16 
14:06:15 9600 61.16 
14:06:16 9000 61.17 
14:06:17 9000 61.18 
14:06:18 9000 61.19 
14:06:19 9000 61.19 
14:06:20 9600 61.18 
14:06:21 9600 61.17 
14:06:22 9600 61.15 
14:06:23 9600 61.13 
14:06:24 9600 61.1 
14:06:25 9600 61.07 
14:06:26 9600 61.06 
14:06:27 9600 61.06 
14:06:28 9600 61.05 
14:06:29 9600 61.04 
14:06:30 9600 61.04 
14:06:31 9600 61.04 
14:06:32 9600 61.05 
14:06:33 9000 61.07 
14:06:34 9000 61.11 
14:06:35 9000 61.14 

Page 5



Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:06:36 9000 61.18 
14:06:37 9000 61.22 
14:06:38 9000 61.24 
14:06:39 9000 61.25 
14:06:40 9000 61.24 
14:06:41 9000 61.23 
14:06:42 9600 61.21 
14:06:43 9600 61.17 
14:06:44 9600 61.14 
14:06:45 9600 61.11 
14:06:46 9600 61.09 
14:06:47 9600 61.07 
14:06:48 9600 61.05 
14:06:49 9600 61.04 
14:06:50 9600 61.04 
14:06:51 9600 61.04 
14:06:52 9600 61.05 
14:06:53 9600 61.07 
14:06:54 9600 61.07 
14:06:55 9600 61.07 
14:06:56 9600 61.07 
14:06:57 9600 61.07 
14:06:58 9600 61.08 
14:06:59 9600 61.09 
14:07:00 9600 61.08 
14:07:01 9600 61.07 
14:07:02 9600 61.06 
14:07:03 9600 61.06 
14:07:04 9600 61.07 
14:07:05 9600 61.08 
14:07:06 9600 61.09 
14:07:07 9600 61.09 
14:07:08 9600 61.1 
14:07:09 9600 61.11 
14:07:10 9600 61.11 
14:07:11 9600 61.12 
14:07:12 9600 61.12 
14:07:13 9600 61.12 
14:07:14 9600 61.12 
14:07:15 9600 61.13 
14:07:16 9600 61.13 
14:07:17 9600 61.13 
14:07:18 9600 61.13 
14:07:19 9600 61.14 
14:07:20 9600 61.16 
14:07:21 9600 61.18 
14:07:22 9000 61.22 
14:07:23 9000 61.25 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:07:24 9000 61.27 
14:07:25 9000 61.25 
14:07:26 9600 61.22 
14:07:27 9600 61.17 
14:07:28 9600 61.12 
14:07:29 9600 61.08 
14:07:30 9600 61.07 
14:07:31 9600 61.07 
14:07:32 9600 61.09 
14:07:33 9600 61.1 
14:07:34 9600 61.11 
14:07:35 9600 61.12 
14:07:36 9600 61.13 
14:07:37 9600 61.14 
14:07:38 9600 61.14 
14:07:39 9600 61.15 
14:07:40 9600 61.15 
14:07:41 9600 61.15 
14:07:42 9600 61.16 
14:07:43 9600 61.17 
14:07:44 9600 61.19 
14:07:45 9000 61.21 
14:07:46 9600 61.23 
14:07:47 9600 61.24 
14:07:48 9600 61.24 
14:07:49 9600 61.21 
14:07:50 9600 61.18 
14:07:51 9600 61.14 
14:07:52 9600 61.11 
14:07:53 9600 61.1 
14:07:54 9600 61.11 
14:07:55 9600 61.13 
14:07:56 9600 61.15 
14:07:57 9600 61.16 
14:07:58 9600 61.17 
14:07:59 9600 61.18 
14:08:00 9600 61.19 
14:08:01 9600 61.18 
14:08:02 9600 61.17 
14:08:03 9600 61.16 
14:08:04 9600 61.14 
14:08:05 9600 61.13 
14:08:06 9600 61.12 
14:08:07 9600 61.12 
14:08:08 9600 61.13 
14:08:09 9600 61.15 
14:08:10 9600 61.18 
14:08:11 9000 61.21 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:08:12 9600 61.24 
14:08:13 9000 61.27 
14:08:14 9600 61.3 
14:08:15 9000 61.32 
14:08:16 9000 61.32 
14:08:17 9600 61.3 
14:08:18 9600 61.28 
14:08:19 9600 61.25 
14:08:20 9600 61.22 
14:08:21 9600 61.18 
14:08:22 9600 61.16 
14:08:23 9600 61.15 
14:08:24 9600 61.15 
14:08:25 9600 61.17 
14:08:26 9600 61.2 
14:08:27 9600 61.25 
14:08:28 9000 61.3 
14:08:29 9000 61.33 
14:08:30 9000 61.35 
14:08:31 9000 61.36 
14:08:32 9600 61.35 
14:08:33 9600 61.32 
14:08:34 9600 61.29 
14:08:35 9600 61.25 
14:08:36 9600 61.21 
14:08:37 9600 61.17 
14:08:38 9600 61.13 
14:08:39 9600 61.1 
14:08:40 9600 61.07 
14:08:41 9600 61.04 
14:08:42 9600 61 
14:08:43 9600 60.98 
14:08:44 9600 60.98 
14:08:45 9600 61 
14:08:46 9600 61.03 
14:08:47 9600 61.06 
14:08:48 9600 61.08 
14:08:49 9600 61.09 
14:08:50 9600 61.11 
14:08:51 9600 61.12 
14:08:52 9600 61.12 
14:08:53 9600 61.13 
14:08:54 9600 61.12 
14:08:55 9600 61.1 
14:08:56 9600 61.08 
14:08:57 9600 61.06 
14:08:58 9600 61.04 
14:08:59 9600 61.04 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:09:00 9600 61.03 
14:09:01 9600 61.04 
14:09:02 9600 61.04 
14:09:03 9600 61.02 
14:09:04 9600 61 
14:09:05 9600 60.98 
14:09:06 9600 60.96 
14:09:07 9600 60.93 
14:09:08 9600 60.91 
14:09:09 9600 60.91 
14:09:10 9600 60.91 
14:09:11 9600 60.92 
14:09:12 9600 60.96 
14:09:13 9600 61 
14:09:14 9600 61.05 
14:09:15 9600 61.09 
14:09:16 9600 61.14 
14:09:17 9600 61.17 
14:09:18 9600 61.19 
14:09:19 9600 61.19 
14:09:20 9600 61.18 
14:09:21 9600 61.16 
14:09:22 9600 61.13 
14:09:23 9600 61.1 
14:09:24 9600 61.07 
14:09:25 9600 61.05 
14:09:26 9600 61.04 
14:09:27 9600 61.04 
14:09:28 9600 61.04 
14:09:29 9600 61.04 
14:09:30 9600 61.05 
14:09:31 9600 61.06 
14:09:32 9600 61.08 
14:09:33 9600 61.1 
14:09:34 9600 61.12 
14:09:35 9600 61.13 
14:09:36 9600 61.14 
14:09:37 9600 61.15 
14:09:38 9600 61.15 
14:09:39 9600 61.15 
14:09:40 9600 61.14 
14:09:41 9600 61.13 
14:09:42 9600 61.11 
14:09:43 9600 61.08 
14:09:44 9600 61.05 
14:09:45 9600 61.04 
14:09:46 9600 61.04 
14:09:47 9600 61.06 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:09:48 9600 61.1 
14:09:49 9600 61.15 
14:09:50 9600 61.19 
14:09:51 9000 61.22 
14:09:52 9600 61.24 
14:09:53 9600 61.25 
14:09:54 9600 61.26 
14:09:55 9600 61.26 
14:09:56 9600 61.24 
14:09:57 9600 61.21 
14:09:58 9600 61.16 
14:09:59 9600 61.11 
14:10:00 9600 61.07 
14:10:01 9600 61.04 
14:10:02 9600 61.02 
14:10:03 9600 61.01 
14:10:04 9600 61 
14:10:05 9600 61 
14:10:06 9600 60.99 
14:10:07 9600 60.98 
14:10:08 9600 60.98 
14:10:09 9600 60.98 
14:10:10 9600 61 
14:10:11 9600 61.04 14:10:12 9600 61.08 
14:10:13 9600 61.12 
14:10:14 9600 61.15 
14:10:15 9600 61.18 
14:10:16 9600 61.19 
14:10:17 9600 61.21 
14:10:18 9600 61.22 
14:10:19 9600 61.22 
14:10:20 9600 61.21 
14:10:21 9600 61.21 
14:10:22 9600 61.22 
14:10:23 9600 61.23 
14:10:24 9600 61.25 
14:10:25 9600 61.26 
14:10:26 9600 61.25 
14:10:27 9600 61.23 
14:10:28 9600 61.19 
14:10:29 9600 61.15 
14:10:30 9600 61.11 
14:10:31 9600 61.07 
14:10:32 9600 61.05 
14:10:33 9600 61.04 
14:10:34 9600 61.04 
14:10:35 9600 61.05 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:10:36 9600 61.07 
14:10:37 9600 61.06 
14:10:38 9600 61.05 
14:10:39 9600 61.05 
14:10:40 9600 61.06 
14:10:41 9600 61.07 
14:10:42 9600 61.08 
14:10:43 9600 61.07 
14:10:44 9600 61.06 
14:10:45 9600 61.04 
14:10:46 9600 61.02 
14:10:47 9600 61.02 
14:10:48 9600 61.02 
14:10:49 9600 61.01 
14:10:50 9600 61.01 
14:10:51 9600 61.01 
14:10:52 9600 61.01 
14:10:53 9600 61.02 
14:10:54 9600 61.02 
14:10:55 9600 61.02 
14:10:56 9600 61.02 
14:10:57 9600 61.02 
14:10:58 9600 61.05 
14:10:59 9600 61.08 
14:11:00 9600 61.12 
14:11:01 9600 61.14 
14:11:02 9600 61.17 
14:11:03 9600 61.19 
14:11:04 9600 61.2 
14:11:05 9600 61.22 
14:11:06 9600 61.24 
14:11:07 9600 61.26 
14:11:08 9600 61.29 
14:11:09 9600 61.31 
14:11:10 9600 61.32 
14:11:11 9600 61.31 
14:11:12 9600 61.28 
14:11:13 9600 61.24 
14:11:14 9600 61.19 
14:11:15 9600 61.13 
14:11:16 9600 61.06 
14:11:17 9600 61 
14:11:18 9600 60.96 
14:11:19 9600 60.93 
14:11:20 9600 60.93 
14:11:21 9600 60.94 
14:11:22 9600 60.97 
14:11:23 9600 61.02 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:11:24 9600 61.1 
14:11:25 9600 61.17 
14:11:26 9600 61.22 
14:11:27 9600 61.26 
14:11:28 9600 61.28 
14:11:29 9600 61.28 
14:11:30 9600 61.27 
14:11:31 9600 61.26 
14:11:32 9600 61.24 
14:11:33 9600 61.23 
14:11:34 9600 61.21 
14:11:35 9600 61.2 
14:11:36 9600 61.19 
14:11:37 9600 61.17 
14:11:38 9600 61.16 
14:11:39 9600 61.13 
14:11:40 9600 61.11 
14:11:41 10200 61.09 
14:11:42 9600 61.08 
14:11:43 9600 61.08 
14:11:44 9600 61.08 
14:11:45 9600 61.08 
14:11:46 9600 61.08 
14:11:47 9600 61.07 
14:11:48 9600 61.06 
14:11:49 9600 61.06 
14:11:50 9600 61.06 
14:11:51 9600 61.06 
14:11:52 9600 61.07 
14:11:53 9600 61.08 
14:11:54 9600 61.09 
14:11:55 9600 61.09 
14:11:56 9600 61.09 
14:11:57 9600 61.08 
14:11:58 9600 61.07 
14:11:59 9600 61.05 
14:12:00 9600 61.05 
14:12:01 9600 61.04 
14:12:02 9600 61.03 
14:12:03 9600 61.01 
14:12:04 9600 60.98 
14:12:05 9600 60.97 
14:12:06 9600 60.98 
14:12:07 9600 61.01 
14:12:08 9600 61.08 
14:12:09 9600 61.16 
14:12:10 9600 61.25 
14:12:11 9000 61.33 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 14:12:12 9600 61.39 
14:12:13 9600 61.41 
14:12:14 9600 61.38 
14:12:15 9600 61.32 
14:12:16 9600 61.24 
14:12:17 9600 61.17 
14:12:18 9600 61.1 
14:12:19 9600 61.04 
14:12:20 9600 61.01 
14:12:21 9600 61 
14:12:22 9600 61.02 
14:12:23 9600 61.07 
14:12:24 9600 61.13 
14:12:25 9600 61.2 
14:12:26 9600 61.25 
14:12:27 9600 61.29 
14:12:28 9600 61.31 
14:12:29 9600 61.32 
14:12:30 9600 61.3 
14:12:31 9600 61.26 
14:12:32 9600 61.21 
14:12:33 9600 61.17 
14:12:34 9600 61.14 
14:12:35 9600 61.14 
14:12:36 9600 61.14 14:12:37 9600 61.15 
14:12:38 9600 61.14 
14:12:39 9600 61.13 
14:12:40 9600 61.12 
14:12:41 9600 61.1 
14:12:42 9600 61.09 
14:12:43 9600 61.09 
14:12:44 9600 61.1 
14:12:45 9600 61.1 
14:12:46 9600 61.11 
14:12:47 9600 61.12 
14:12:48 9600 61.14 
14:12:49 9600 61.15 
14:12:50 9600 61.17 
14:12:51 9600 61.19 
14:12:52 9600 61.19 
14:12:53 9600 61.18 
14:12:54 9600 61.17 
14:12:53 9600 61.14 
14:12:56 9600 61.12 
14:12:57 9600 61.09 
14:12:58 9600 61.06 0 14:12:59 9600 61.05 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:13:00 9600 61.05 
14:13:01 9600 61.06 
14:13:02 9600 61.08 
14:13:03 9600 61.13 
14:13:04 9600 61.18 
14:13:05 9600 61.24 
14:13:06 9600 61.28 
14:13:07 9600 61.32 
14:13:08 9600 61.35 
14:13:09 9600 61.36 
14:13:10 9600 61.38 
14:13:11 9600 61.38 
14:13:12 9600 61.36 
14:13:13 9600 61.34 
14:13:14 9600 61.32 
14:13:15 9600 61.3 
14:13:16 9600 61.27 
14:13:17 9600 61.24 
14:13:18 9600 61.22 
14:13:19 9600 61.19 
14:13:20 9600 61.17 
14:13:21 9600 61.14 
14:13:22 9600 61.12 
14:13:23 9600 61.09 
14:13:24 9600 61.07 
14:13:25 9600 61.05 
14:13:26 9600 61.04 
14:13:27 9600 61.04 
14:13:28 9600 61.04 
14:13:29 9600 61.05 
14:13:30 9600 61.07 
14:13:31 9600 61.1 
14:13:32 9600 61.13 
14:13:33 9600 61.17 
14:13:34 9600 61.21 
14:13:35 9600 61.25 
14:13:36 9600 61.29 
14:13:37 9600 61.3 
14:13:38 9600 61.29 
14:13:39 9600 61.25 
14:13:40 9600 61.2 
14:13:41 9600 61.15 
14:13:42 9600 61.11 
14:13:43 9600 61.08 
14:13:44 9600 61.06 
14:13:45 9600 61.05 
14:13:46 9600 61.05 
14:13:47 9600 61.05 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:13:48 9600 61.06 
14:13:49 9600 61.07 
14:13:50 9600 61.07 
14:13:51 9600 61.07 
14:13:52 9600 61.07 
14:13:53 9600 61.07 
14:13:54 9600 61.08 
14:13:55 9600 61.09 
14:13:56 9600 61.1 
14:13:57 9600 61.12 
14:13:58 9600 61.13 
14:13:59 9600 61.13 
14:14:00 9600 61.12 
14:14:01 9600 61.1 
14:14:02 9600 61.08 
14:14:03 9600 61.05 
14:14:04 9600 61.04 
14:14:05 9600 61.02 
14:14:06 9600 61.01 
14:14:07 9600 61 
14:14:08 9600 60.99 
14:14:09 9600 60.98 
14:14:10 9600 60.98 
14:14:11 9600 60.99 
14:14:12 9600 61.01 
14:14:13 9600 61.04 
14:14:14 9600 61.06 
14:14:15 9600 61.09 
14:14:16 9600 61.12 
14:14:17 9600 61.13 
14:14:18 9600 61.15 
14:14:19 9600 61.16 
14:14:20 9600 61.16 
14:14:21 9600 61.16 
14:14:22 9600 61.15 
14:14:23 9600 61.15 
14:14:24 9600 61.16 
14:14:25 9600 61.16 
14:14:26 9600 61.17 
14:14:27 9600 61.19 
14:14:28 9600 61.22 
14:14:29 9600 61.25 
14:14:30 9600 61.28 
14:14:31 9600 61.3 
14:14:32 9600 61.31 
14:14:33 9600 61.32 
14:14:34 9600 61.3 
14:14:35 9600 61.25 
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Oconee Adding Loads on Keowee Unit 2 

Time I KVA Frequency 
14:14:36 9600 61.2 
14:14:37 9600 61.14 
14:14:38 9600 61.08 
14:14:39 9600 61.03 
14:14:40 9600 61 
14:14:41 9600 61 
14:14:42 9600 61 
14:14:43 9600 61 
14:14:44 9600 61.03 
14:14:45 9600 61.07 
14:14:46 9600 61.11 
14:14:47 9600 61.14 
14:14:48 9600 61.18 
14:14:49 9600 61.22 
14:14:50 9600 61.25 
14:14:51 9600 61.26 
14:14:52 9600 61.26 
14:14:53 9600 61.26 
14:14:54 9600 61.26 
14:14:55 9600 61.25 
14:14:56 9600 61.25 
14:14:57 9600 61.26 
14:14:58 9600 61.28 
14:14:59 9600 61.3 
14:15:00 9600 61.36 
14:15:01 9600 61.4 
14:15:02 9600 61.46 
14:15:03 9600 61.49 
14:15:04 9600 61.5 
14:15:05 9600 61.49 
14:15:06 9600 61.45 
14:15:07 9600 61.4 
14:15:08 9600 61.35 
14:15:09 9600 61.28 
14:15:10 9600 61.22 
14:15:11 9600 61.15 
14:15:12 9600 61.09 
14:15:13 9600 61.05 
14:15:14 9600 61.02 
14:15:15 9600 61.01 
14:15:16 9600 61.01 
14:15:17 9600 61.02 
14:15:18 9600 61.03 
14:15:19 9600 61.05 
14:15:20 9600 61.07 
14:15:21 9600 61.08 
14:15:22 9600 61.08 
14:15:23 9600 61.07 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 14:15:24 9600 61.06 
14:15:25 9600 61.05 
14:15:26 9600 61.04 
14:15:27 9600 61.04 
14:15:28 9600 61.05 
14:15:29 9600 61.07 
14:15:30 9600 61.09 
14:15:31 9600 61.11 
14:15:32 9600 61.13 
14:15:33 9600 61.15 
14:15:34 9600 61.15 
14:15:35 9600 61.14 
14:15:36 9600 61.12 
14:15:37 9600 61.09 
14:15:38 9600 61.05 
14:15:39 9600 61.01 
14:15:40 9600 60.97 
14:15:41 9600 60.93 
14:15:42 9600 60.9 
14:15:43 9600 60.89 
14:15:44 9600 60.89 
14:15:45 9600 60.9 
14:15:46 9600 60.93 
14:15:47 9600 60.96 
14:15:48 9600 60.99 
14:15:49 9600 61.04 
14:15:50 9600 61.06 
14:15:51 9600 61.07 
14:15:52 9600 61.08 
14:15:53 9600 61.09 
14:15:54 9600 61.09 
14:15:55 9600 61.09 
14:15:56 9600 61.08 
14:15:57 9600 61.08 
14:15:58 9600 61.1 
14:15:59 9600 61.13 
14:16:00 9600 61.16 
14:16:01 9600 61.18 
14:16:02 9600 61.2 
14:16:03 9600 61.22 
14:16:04 9600 61.22 
14:16:05 9600 61.2 
14:16:06 9600 61.18 
14:16:07 9600 61.15 
14:16:08 9600 61.12 
14:16:09 9600 61.11 
14:16:10 9600 61.1 
14:16:10 9600 61.1 0 14:16:11 9600 61.1 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:16:12 9600 61.11 
14:16:13 9600 61.12 
14:16:14 9600 61.13 
14:16:15 9600 61.14 
14:16:16 9600 61.13 
14:16:17 9600 61.13 
14:16:18 9600 61.14 
14:16:19 9600 61.14 
14:16:20 9600 61.14 
14:16:21 9600 61.16 
14:16:22 9600 61.17 
14:16:23 9600 61.19 
14:16:24 9600 61.2 
14:16:25 9600 61.22 
14:16:26 9600 61.23 
14:16:27 9600 61.24 
14:16:28 9600 61.27 
14:16:29 9600 61.31 
14:16:30 9600 61.33 
14:16:31 9600 61.32 
14:16:32 9600 61.3 
14:16:33 9600 61.29 
14:16:34 9600 61.27 
14:16:35 9600 61.25 0s 14:16:36 9600 61.23 
14:16:37 9600 61.19 
14:16:38 9600 61.15 
14:16:39 9600 61.12 
14:16:40 9600 61.09 
14:16:41 9600 61.07 
14:16:42 9600 61.05 
14:16:43 9600 61.05 
14:16:44 9600 61.05 
14:16:45 9600 61.05 
14:16:46 9600 61.06 
14:16:47 9600 61.07 
14:16:48 9600 61.08 
14:16:49 9600 61.09 
14:16:50 9600 61.09 
14:16:51 9600 61.1 
14:16:52 9600 61.1 
14:16:53 9600 61.08 
14:16:54 9600 61.07 
14:16:55 9600 61.04 
14:16:56 9600 61.01 
14:16:57 9600 60.98 
14:16:58 9600 60.96 
14:16:59 9600 60.96 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:17:00 9600 60.98 
14:17:01 | 9600 61 
14:17:02 9600 61.03 
14:17:03 9600 61.06 
14:17:04 9600 61.07 
14:17:05 9600 61.09 
14:17:06 9600 61.1 
14:17:07 9600 61.11 
14:17:08 9600 61.13 
14:17:09 9600 61.13 
14:17:10 9600 61.14 
14:17:11 9600 61.16 
14:17:12 9600 61.18 
14:17:13 9600 61.2 
14:17:14 9600 61.21 
14:17:15 9600 61.21 
14:17:16 9600 61.21 
14:17:17 9600 61.21 
14:17:18 9600 61.21 
14:17:19 9600 61.22 
14:17:20 9600 61.23 
14:17:21 9600 61.22 
14:17:22 9600 61.21 
14:17:23 9600 61.2 14:17:24 9600 61.18 
14:17:25 9600 61.16 
14:17:26 9600 61.15 
14:17:27 F 9600 61.14 
14:17:28 I 9600 61.14 
14:17:29 9600 61.13 
14:17:30 9600 61.11 
14:17:31 9600 61.1 
14:17:32 9600 61.08 
14:17:33 9600 61.05 

14:17:34 9600 61.03 
14:17:35 9600 61.01 
14:17:36 9600 61.01 
14:17:37 9600 61.02 
14:17:38 9600 61.03 
14:17:39 9600 61.05 
14:17:40 9600 61.08 
14:17:41 9600 61.12 
14:17:42 9600 61.17 
14:17:43 9600 61.23 
14:17:44 9600 61.27 
14:17:45 9600 61.3 

* 14:17:446 9600 61.31 
14:17:47 9600 61.3 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:17:48 9600 61.28 
14:17:49 9600 61.27 
14:17:50 9600 61.28 
14:17:51 9600 61.29 
14:17:52 9600 61.3 
14:17:53 9600 61.29 
14:17:54 9600 61.26 
14:17:55 9600 61.2 
14:17:56 9600 61.12 
14:17:57 9600 61.05 
14:17:58 9600 60.98 
14:17:59 9600 60.93 
14:18:00 9600 60.91 
14:18:01 9600 60.91 
14:18:02 9600 | 60.92 
14:18:03 9600 60.95 
14:18:04 9600 60.99 
14:18:05 9600 61.04 
14:18:06 9600 61.08 
14:18:07 9600 61.13 
14:18:08 9600 61.17 
14:18:09 9600 61.19 
14:18:10 9600 61.19 
14:18:11 9600 61.16 
14:18:12 9600 61.11 
14:18:13 9600 61.05 
14:18:14 9600 61 
14:18:15 9600 60.96 
14:18:16 9600 60.94 
14:18:17 9600 60.95 
14:18:18 9600 60.97 
14:18:19 9600 61 
14:18:20 9600 61.03 
14:18:21 9600 61.06 
14:18:22 9600 61.1 
14:18:23 9600 61.13 
14:18:24 9600 61.15 
14:18:25 9600 61.15 
14:18:26 9600 61.15 
14:18:27 9600 61.13 
14:18:28 9600 61.11 
14:18:29 9600 61.09 
14:18:30 9600 61.09 
14:18:31 9600 61.11 
14:18:32 9600 61.15 
14:18:33 9600 61.19 
14:18:34 9600 61.23 
14:18:35 9600 61.26 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:18:36 9600 61.28 
14:18:37 9600 61.28 
14:18:38 9600 61.27 
14:18:39 9600 61.25 
14:18:40 9600 61.22 
14:18:41 9600 61.19 
14:18:42 9600 61.18 
14:18:43 9600 61.17 
14:18:44 9600 61.16 
14:18:45 9600 61.16 
14:18:46 9600 61.16 
14:18:47 9600 61.18 
14:18:48 9600 61.21 
14:18:49 9600 61.24 
14:18:50 9600 61.27 
14:18:51 9600 61.28 
14:18:52 9600 61.29 
14:18:53 9600 61.27 
14:18:54 9600 61.26 
14:18:55 9600 61.23 
14:18:56 9600 61.2 
14:18:57 9600 61.16 
14:18:58 9600 61.13 
14:18:59 9600 61.1.  14:19:00 9600 61.09 
14:19:01 9600 61.09 
14:19:02 9600 61.09 
14:19:03 9600 61.09 
14:19:04 9600 61.09 
14:19:05 9600 61.09 
14:19:06 9600 61.09 
14:19:07 9600 61.12 
14:19:08 9600 61.15 
14:19:09 9600 61.2 
14:19:10 9600 61.26 
14:19:11 9600 61.32 
14:19:12 9600 61.38 
14:19:13 9600 61.41 
14:19:14 9600 61.42 
14:19:15 9600 61.4 
14:19:16 9600 61.35 
14:19:17 9600 61.28 
14:19:18 9600 61.21 
14:19:19 9600 61.14 
14:19:20 9600 61.08 
14:19:21 9600 61.03 
14:19:22 9600 61 
14:19:23 9600 60.98 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:19:24 9600 60.97 
14:19:25 9600 60.98 
14:19:26 9600 60.99 
14:19:27 9600 61.01 
14:19:28 9600 61.03 
14:19:29 9600 61.06 
14:19:30 9600 61.09 
14:19:31 9600 61.12 
14:19:32 9600 61.13 
14:19:33 9600 61.13 
14:19:34 9600 61.14 
14:19:35 9600 61.13 
14:19:36 9600 61.12 
14:19:37 9600 61.11 
14:19:38 9600 61.1 
14:19:39 9600 61.09 
14:19:40 9600 61.09 
14:19:41 9600 61.1 
14:19:42 9600 61.11 
14:19:43 9600 61.11 
14:19:44 9600 61.09 
14:19:45 9600 61.08 
14:19:46 9600 61.07 
14:19:47 9600 61.05 
14:19:48 9600 61.04 
14:19:49 9600 61.03 
14:19:50 9600 61.01 
14:19:51 9600 60.99 
14:19:52 9600 60.98 
14:19:53 9600 60.98 
14:19:54 9600 60.98 
14:19:55 9600 60.99 
14:19:56 9600 61.01 
14:19:57 9600 61.04 
14:19:58 9600 61.06 
14:19:59 9600 61.09 
14:20:00 9600 61.1 
14:20:01 9600 61.11 
14:20:02 9600 61.09 
14:20:03 9600 61.07 
14:20:04 9600 61.03 
14:20:05 9600 60.99 
14:20:06 9600 60.96 
14:20:07 9600 60.96 
14:20:08 9600 60.96 
14:20:09 9600 60.98 
14:20:10 9600 61 
14:20:11 9600 61.01 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:20:12 9600 61.02 
14:20:13 9600 61.04 
14:20:14 9600 61.07 
14:20:15 9600 61.1 
14:20:16 9600 61.13 
14:20:17 9600 61.16 
14:20:18 9600 61.19 
14:20:19 9600 61.2 
14:20:20 9600 61.21 
14:20:21 9600 61.2 
14:20:22 9600 61.19 
14:20:23 9600 61.18 
14:20:24 9600 61.17 
14:20:25 9600 61.16 
14:20:26 9600 61.15 
14:20:27 9600 61.14 
14:20:28 9600 61.12 
14:20:29 9600 61.11 
14:20:30 9600 61.11 
14:20:31 9600 61.12 
14:20:32 9600 61.12 
14:20:33 9600 61.1 
14:20:34 9600 61.08 
14:20:35 9600 61.04 
14:20:36 9600 61.01 
14:20:37 9600 61 
14:20:38 9600 61 
14:20:39 9600 61.01 
14:20:40 9600 61.02 
14:20:41 9600 61.04 
14:20:42 9600 61.07 
14:20:43 9600 61.1 
14:20:44 9600 61.12 
14:20:45 9600 61.14 
14:20:46 9600 61.16 
14:20:47 9600 61.17 
14:20:48 9600 61.17 
14:20:49 9600 61.16 
14:20:50 9600 61.16 
14:20:51 9600 61.14 
14:20:52 9600 61.11 
14:20:53 9600 61.09 
14:20:54 9600 61.05 
14:20:55 9600 61.01 
14:20:56 9600 60.98 
14:20:57 9600 60.97 
14:20:58 9600 60.97 
14:20:59 9600 60.98 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:21:00 9600 61 
14:21:01 9600 61.02 
14:21:02 9600 61.04 
14:21:03 9600 61.05 
14:21:04 9600 61.05 
14:21:05 9600 61.06 
14:21:06 9600 61.06 
14:21:07 9600 61.07 
14:21:08 9600 61.08 
14:21:09 9600 61.1 
14:21:10 9600 61.13 
14:21:11 9600 61.16 
14:21:12 9600 | 61.21 
14:21:13 9600 61.26 
14:21:14 9600 61.3 
14:21:15 9600 61.32 
14:21:16 9600 | 61.32 
14:21:17 9600 61.3 
14:21:18 9600 61.28 
14:21:19 9600 61.25 
14:21:20 9600 61.23 
14:21:21 9600 61.22 
14:21:22 9600 61.21 
14:21:23 9600 61.21 
14:21:24 9600 61.2 
14:21:25 9600 61.19 
14:21:26 9600 61.18 
14:21:27 9600 61.18 
14:21:28 9600 61.19 
14:21:29 9600 61.19 
14:21:30 9600 61.18 
14:21:31 9600 61.17 
14:21:32 9600 61.17 
14:21:33 9600 61.17 
14:21:34 9600 61.17 
14:21:35 9600 61.16 
14:21:36 9600 61.16 
14:21:37 9600 61.14 
14:21:38 9600 61.13 
14:21:39 9600 61.13 

14:21:40 9600 61.13 
14:21:41 9600 61.13 
14:21:42 9600 61.14 
14:21:43 9600 61.14 
14:21:44 9600 61.15 
14:21:45 9600 61.14 
14:21:46 9600 61.13 

e14:21:47 9600 61.11 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:21:48 9600 61.08 
14:21:49 9600 61.05 
14:21:50 9600 61.05 
14:21:51 9600 61.05 
14:21:52 9600 61.06 
14:21:53 9600 61.08 
14:21:54 9600 61.12 
14:21:55 9600 61.15 
14:21:56 9600 61.19 
14:21:57 9600 61.22 
14:21:58 9600 61.25 
14:21:59 9600 61.26 
14:22:00 9600 61.25 
14:22:01 9600 61.24 
14:22:02 9600 61.22 
14:22:03 9600 | 61.2 
14:22:04 9600 | 61.18 
14:22:05 9600 | 61.18 
14:22:06 9600 61.18 
14:22:07 9600 61.2 
14:22:08 9600 61.22 
14:22:09 9600 61.24 
14:22:10 9600 | 61.23 
14:22:11 9600 61.2 
14:22:12 9600 61.17 
14:22:13 9600 61.13 
14:22:14 9600 61.09 
14:22:15 9600 61.07 
14:22:16 9600 61.06 
14:22:17 9600 61.05 
14:22:18 9600 61.05 
14:22:19 9600 61.07 
14:22:20 9600 61.1 
14:22:21 9600 61.13 
14:22:22 9600 61.15 
14:22:23 9600 61.18 
14:22:24 9600 61.2 
14:22:25 9600 61.22 
14:22:26 9600 61.22 
14:22:27 9600 61.19 
14:22:28 9600 61.15 
14:22:29 9600 61.09 
14:22:30 9600 61.04 
14:22:31 9600 61 
14:22:32 9600 60.99 
14:22:33 9600 61 
14:22:34 9600 61.03 
14:22:35 9600 61.07 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:22:36 9600 61.13 
14:22:37 9600 61.19 
14:22:38 9600 61.23 
14:22:39 9600 61.26 
14:22:40 9600 61.27 
14:22:41 9600 61.25 
14:22:42 9600 61.21 
14:22:43 9600 61.18 
14:22:44 9600 61.14 
14:22:45 9600 61.1 
14:22:46 9600 61.08 
14:22:47 9600 61.07 
14:22:48 9600 61.07 
14:22:49 9600 61.06 
14:22:50 9600 61.06 
14:22:51 9600 61.08 
14:22:52 9600 61.1 
14:22:53 9600 61.12 
14:22:54 9600 61.14 
14:22:55 9600 61.15 
14:22:56 9600 61.15 
14:22:57 9600 61.15 
14:22:58 9600 61.14 
14:22:59 9600 61.12 
14:23:00 9600 61.1 
14:23:01 9600 61.09 
14:23:02 9600 61.07 
14:23:03 9600 61.05 
14:23:04 9600 61.05 
14:23:05 9600 61.06 
14:23:06 9600 61.07 
14:23:07 9600 61.08 
14:23:08 9600 61.09 
14:23:09 9600 61.09 
14:23:10 9600 61.06 
14:23:11 9600 61.04 
14:23:12 9600 61.02 
14:23:13 9600 61.01 
14:23:14 9600 61.02 
14:23:15 9600 61.02 
14:23:16 9600 61.02 
14:23:17 9600 61.03 
14:23:18 9600 61.03 
14:23:19 9600 61.02 
14:23:20 9600 61.02 
14:23:21 9600 61.03 
14:23:22 9600 61.06 0 14:23:23 9600 61.1 
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Oconee Adding Loads on Keowee Unit 2 

Time | KVA Frequency 
14:23:24 9600 61.14 
14:23:25 9600 61.17 
14:23:26 9600 61.19 
14:23:27 9600 61.2 
14:23:28 9600 61.19 
14:23:29 9600 61.17 
14:23:30 9600 61.15 
14:23:31 9600 61.12 
14:23:32 9600 61.09 
14:23:33 9600 61.06 
14:23:34 9600 61.04 
14:23:35 9600 61.02 
14:23:36 9600 61 
14:23:37 9600 61 
14:23:38 9600 61.01 
14:23:39 9600 61.02 
14:23:40 9600 61.04 
14:23:41 9600 61.06 
14:23:42 | 9600 61.08 
14:23:43 9600 61.11 
14:23:44 9600 61.14 14:23:45 9600 61.16 
14:23:46 9600 61.18 
14:23:47 9600 61.19 
14:23:48 9600 61.2 
14:23:49 9600 61.21 
14:23:50 9600 61.2 
14:23:51 9600 61.19 
14:23:52 9600 61.18 
14:23:53 9600 61.17 
14:23:54 9600 61.17 
14:23:55 9600 61.16 
14:23:56 9600 61.17 
14:23:57 9600 61.17 
14:23:58 9600 61.18 
14:23:59 9600 61.21 
14:24:00 9600 61.24 
14:24:01 9600 61.28 
14:24:02 9600 61.32 
14:24:03 9600 61.34 
14:24:04 9600 61.33 
14:24:05 9600 61.3 
14:24:06 9600 61.27 
14:24:07 9600 61.22 
14:24:08 9600 61.17 
14:24:09 9600 61.14 
14:24:10 9600 61.12 
14:24:11 9600 1 61.11 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:24:12 9600 61.11 
14:24:13 9600 61.11 
14:24:14 9600 61.11 
14:24:15 9600 61.11 
14:24:16 9600 61.11 
14:24:17 9600 61.11 
14:24:18 9600 61.12 
14:24:19 9600 61.14 
14:24:20 9600 61.17 
14:24:21 9600 61.2 
14:24:22 9600 61.22 
14:24:23 9600 61.24 
14:24:24 9600 61.26 
14:24:25 9600 61.27 
14:24:26 9600 61.26 
14:24:27 9600 61.24 
14:24:28 9600 61.22 
14:24:29 9600 61.21 
14:24:30 9600 61.19 
14:24:31 9600 61.17 
14:24:32 9600 61.16 
14:24:33 9600 61.15 
14:24:34 9600 61.15 
14:24:35 9600 61.16 
14:24:36 9600 61.18 
14:24:37 9600 61.19 
14:24:38 9600 61.2 
14:24:39 9600 61.2 
14:24:40 9600 61.19 
14:24:41 9600 61.17 
14:24:42 9600 61.15 
14:24:43 9600 61.13 
14:24:44 9600 61.12 
14:24:45 9600 61.11 
14:24:46 9600 61.1 
14:24:47 9600 61.08 
14:24:48 9600 61.06 
14:24:49 9600 61.03 
14:24:50 9600 61 
14:24:51 9600 60.98 
14:24:52 9600 60.97 
14:24:53 9600 60.97 
14:24:54 9600 60.97 
14:24:55 9600 60.98 
14:24:56 9600 61.01 
14:24:57 9600 61.05 
14:24:58 9600 61.08 
14:24:59 9600 61.11 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:25:00 9600 61.13 
14:25:01 9600 61.13 
14:25:02 9600 61.12 
14:25:03 9600 61.11 
14:25:04 9600 61.09 
14:25:05 9600 61.08 
14:25:06 9600 61.08 
14:25:07 9600 61.08 
14:25:08 9600 61.09 
14:25:09 9600 61.1 
14:25:10 9600 61.11 
14:25:11 9600 61.12 
14:25:12 9600 61.11 
14:25:13 9600 61.1 
14:25:14 9600 61.1 
14:25:15 9600 61.1 
14:25:16 9600 61.11 
14:25:17 9600 61.15 
14:25:18 9600 61.19 
14:25:19 9600 61.22 
14:25:20 9600 61.24 
14:25:21 9600 61.27 
14:25:22 9600 61.29 
14:25:23 9600 61.32 
14:25:24 9600 61.33 
14:25:25 9600 61.34 
14:25:26 9600 61.34 
14:25:27 9600 61.33 
14:25:28 9600 61.3 
14:25:29 9600 61.25 
14:25:30 9600 61.19 
14:25:31 9600 61.12 
14:25:32 9600 61.06 
14:25:33 9600 61.02 
14:25:34 9600 60.98 
14:25:35 9600 60.96 
14:25:36 9600 60.96 
14:25:37 9600 60.97 
14:25:38 9600 61 
14:25:39 9600 61.04 
14:25:40 9600 61.07 
14:25:41 9600 61.07 
14:25:42 9600 61.07 
14:25:43 9600 61.07 
14:25:44 9600 61.07 
14:25:45 9600 61.07 
14:25:46 9600 61.09 
14:25:47 9600 61.11 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:25:48 9600 61.13 
14:25:49 9600 61.16 
14:25:50 9600 61.18 
14:25:51 9600 61.2 
14:25:52 9600 i 61.2 
14:25:53 9600 61.18 
14:25:54 9600 61.16 
14:25:55 9600 61.13 
14:25:56 9600 61.11 
14:25:57 9600 61.11 
14:25:58 9600 61.12 
14:25:59 9600 61.15 
14:26:00 9600 61.18 
14:26:01 9600 61.2 
14:26:02 9600 61.22 
14:26:03 9600 61.23 
14:26:04 9600 61.22 
14:26:05 9600 61.2 
14:26:06 9600 61.18 
14:26:07 9600 61.14 
14:26:08 9600 61.09 
14:26:09 9600 61.05 
14:26:10 9600 61.02 
14:26:11 9600 61.02 
14:26:12 9600 61.03 
14:26:13 9600 61.06 
14:26:14 9600 61.09 
14:26:15 9600 61.12 
14:26:16 9600 61.14 
14:26:17 9600 61.15 
14:26:18 9600 61.16 
14:26:19 9600 61.15 
14:26:20 9600 61.13 
14:26:21 9600 61.1 
14:26:22 9600 61.08 
14:26:23 9600 61.05 
14:26:24 9600 61.03 
14:26:25 9600 61.02 
14:26:26 9600 61.02 
14:26:27 9600 61.03 
14:26:28 9600 61.06 
14:26:29 9600 61.11 
14:26:30 9600 61.16 
14:26:31 9600 61.21 
14:26:32 9600 61.25 
14:26:33 9600 61.26 
14:26:34 9600 61.26 0 14:26:35 9600 61.24 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:26:36 9600 61.22 
14:26:37 9600 61.2 
14:26:38 9600 61.2 
14:26:39 9600 61.2 
14:26:40 9600 61.19 
14:26:41 9600 61.2 
14:26:42 9600 61.2 
14:26:43 9600 61.22 
14:26:44 9600 61.24 
14:26:45 9600 61.26 
14:26:46 9600 61.29 
14:26:47 9600 61.33 
14:26:48 9600 61.36 
14:26:49 9600 61.37 
14:26:50 9600 61.36 
14:26:51 9600 61.34 
14:26:52 9600 61.32 
14:26:53 9600 61.29 
14:26:54 9600 61.26 
14:26:55 9600 61.24 
14:26:56 9600 61.23 
14:26:57 9600 61.23 
14:26:58 9600 61.23 
14:26:59 9600 61.22 
14:27:00 9600 61.2 
14:27:01 9600 61.18 
14:27:02 9600 61.14 
14:27:03 9600 61.1 
14:27:04 9600 61.06 
14:27:05 9600 61.04 
14:27:06 9600 61.04 
14:27:07 9600 61.04 
14:27:08 9600 61.04 
14:27:09 9600 61.05 
14:27:10 9600 61.07 
14:27:11 9600 61.09 
14:27:12 9600 61.1 
14:27:13 9600 61.11 
14:27:14 9600 61.11 
14:27:15 9600 61.11 
14:27:16 9600 61.11 
14:27:17 9600 61.11 
14:27:18 9600 61.1 
14:27:19 9600 61.08 
14:27:20 9600 61.06 
14:27:21 9600 61.04 
14:27:22 9600 61.04 0 14:27:23 9600 61.04 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:27:24 9600 61.04 
14:27:25 9600 61.04 
14:27:26 9600 61.04 
14:27:27 9600 61.06 
14:27:28 9600 61.09 
14:27:29 9600 61.13 
14:27:30 9600 61.17 
14:27:31 9600 61.21 
14:27:32 9600 61.25 
14:27:33 9600 61.28 
14:27:34 9600 61.3 
14:27:35 9600 61.3 
14:27:36 9600 61.29 
14:27:37 9600 61.27 
14:27:38 9600 61.24 
14:27:39 9600 61.2 
14:27:40 9600 61.13 
14:27:41 9600 61.07 
14:27:42 10200 61 
14:27:43 9600 60.96 
14:27:44 9600 60.93 
14:27:45 9600 60.93 
14:27:46 9600 60.94 
14:27:47 9600 60.96 
14:27:48 9600 60.99 
14:27:49 9600 61.02 
14:27:50 9600 61.05 
14:27:51 9600 61.08 
14:27:52 9600 61.11 
14:27:53 9600 61.14 
14:27:54 9600 61.17 
14:27:55 9600 61.2 
14:27:56 9600 61.23 
14:27:57 9600 61.27 
14:27:58 9600 61.3 
14:27:59 9600 61.31 
14:28:00 9600 61.31 
14:28:01 9600 61.3 
14:28:02 9600 61.28 
14:28:03 9600 61.26 
14:28:04 9600 61.25 
14:28:05 9600 61.24 
14:28:06 9600 61.24 
14:28:07 9600 61.23 
14:28:08 9600 61.21 
14:28:09 9600 61.2 
14:28:10 9600 61.18 0 14:28:11 9600 61.15 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:28:12 9600 61.1 
14:28:13 9600 61.06 
14:28:14 9600 61.03 
14:28:15 9600 61.01 
14:28:16 9600 61.01 
14:28:17 9600 61.01 
14:28:18 9600 61.03 
14:28:19 9600 61.07 
14:28:20 9600 61.12 
14:28:21 9600 61.17 
14:28:22 9600 61.22 
14:28:23 9600 61.25 
14:28:24 9600 61.25 
14:28:25 9600 61.23 
14:28:26 9600 61.19 
14:28:27 9600 61.14 
14:28:28 9600 61.1 
14:28:29 9600 61.07 
14:28:30 9600 61.06 
14:28:31 9600 61.05 
14:28:32 9600 61.05 
14:28:33 9600 61.07 
14:28:34 9600 61.09 
14:28:35 9600 61.12 14:28:36 9600 61.13 
14:28:37 9600 61.14 
14:28:38 9600 61.13 
14:28:39 9600 61.13 
14:28:40 9600 61.13 
14:28:41 9600 61.13 
14:28:42 9600 61.14 
14:28:43 9600 61.15 
14:28:44 9600 61.17 
14:28:45 9600 61.19 
14:28:46 9600 61.2 
14:28:47 9600 61.21 
14:28:48 9600 61.2 
14:28:49 9600 61.18 
14:28:50 9600 61.15 
14:28:51 9600 61.11 
14:28:52 9600 61.07 
14:28:53 9600 61.02 
14:28:54 9600 60.99 
14:28:55 9600 60.97 
14:28:56 9600 60.96 
14:28:57 9600 60.96 
14:28:58 9600 60.98 
14:28:59 9600 61 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:29:00 9600 61.02 
14:29:01 9600 61.04 
14:29:02 9600 61.06 
14:29:03 9600 61.07 
14:29:04 9600 61.07 
14:29:05 9600 61.07 
14:29:06 9600 61.08 
14:29:07 9600 61.08 
14:29:08 9600 61.09 
14:29:09 9600 61.08 
14:29:10 9600 61.08 
14:29:11 9600 61.08 
14:29:12 9600 61.09 
14:29:13 9600 61.11 
14:29:14 9600 61.12 
14:29:15 9600 61.12 
14:29:16 9600 61.13 
14:29:17 9600 61.13 
14:29:18 9600 61.13 
14:29:19 9600 61.13 
14:29:20 9600 61.13 
14:29:21 9600 61.14 
14:29:22 9600 61.16 
14:29:23 9600 61.2 
14:29:24 9600 61.24 
14:29:25 9600 61.29 
14:29:26 9600 61.32 
14:29:27 9600 61.34 
14:29:28 9600 61.33 
14:29:29 9600 61.31 
14:29:30 9600 61.3 
14:29:31 9600 61.27 
14:29:32 9600 61.23 
14:29:33 9600 61.18 
14:29:34 9600 61.14 
14:29:35 9600 61.1 
14:29:36 9600 61.06 
14:29:37 9600 61.03 
14:29:38 9600 61.01 
14:29:39 9600 61 
14:29:40 9600 61 
14:29:41 9600 61.03 
14:29:42 9600 61.05 
14:29:43 9600 61.07 
14:29:44 9600 61.09 
14:29:45 9600 61.11 
14:29:46 9600 61.12 
14:29:47 9600 61.14 

Page 34



Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:29:48 9600 61.17 
14:29:49 9600 61.21 
14:29:50 9600 61.24 
14:29:51 9600 61.28 
14:29:52 9600 61.3 
14:29:53 9600 61.31 
14:29:54 9600 61.32 
14:29:55 9600 61.32 
14:29:56 9600 61.31 
14:29:57 9600 61.29 
14:29:58 9600 61.25 
14:29:59 9600 61.2 
14:30:00 9600 61.16 
14:30:01 9600 61.12 
14:30:02 9600 61.1 
14:30:03 9600 61.09 
14:30:04 9600 61.08 
14:30:05 9600 61.08 
14:30:06 9600 61.09 
14:30:07 9600 61.12 
14:30:08 9600 61.14 
14:30:09 9600 61.18 
14:30:10 9600 61.2 
14:30:11 9600 61.21 
14:30:12 9600 61.23 
14:30:13 9600 61.22 
14:30:14 9600 61.2 
14:30:15 9600 61.17 
14:30:16 9600 61.12 
14:30:17 9600 61.09 
14:30:18 9600 61.07 
14:30:19 9600 61.07 
14:30:20 9600 61.07 
14:30:21 9600 61.06 
14:30:22 9600 61.05 
14:30:23 9600 61 
14:30:24 9600 60.95 
14:30:25 9600 60.91 
14:30:26 9600 60.88 
14:30:27 9600 60.87 
14:30:28 9600 60.88 
14:30:29 9600 60.9 
14:30:30 9600 60.93 
14:30:31 9600 60.97 
14:30:32 9600 61.01 
14:30:33 9600 61.06 
14:30:34 9600 61.09 
14:30:35 9600 61.12 
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Oconee Adding Loads on Keowee Unit 2 

Time KVA Frequency 
14:30:36 9600 61.15 
14:30:37 9600 61.18 
14:30:38 9600 61.21 
14:30:39 9600 61.24 
14:30:40 9600 61.27 
14:30:41 9600 61.3 
14:30:42 9600 61.34 
14:30:43 9600 61.37 
14:30:44 9600 61.39 
14:30:45 9600 61.38 
14:30:46 9600 61.35 
14:30:47 9600 61.31 
14:30:48 9600 61.26 
14:30:49 9600 61.21 
14:30:50 9600 61.16 
14:30:51 9600 61.12 
14:30:52 9600 61.1 
14:30:53 9600 61.09 
14:30:54 9600 61.09 
14:30:55 9600 61.09 
14:30:56 9600 61.1 
14:30:57 9600 61.1 
14:30:58 9600 61.11 
14:30:59 9600 61.12 
14:31:00 9600 61.14 
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Oconee Unit 3 Removing Load from Keowee Unit 2 

Time KVA Frequency 
15:00:56 9600 61.25 
15:00:57 9600 61.25 
15:00:58 9600 61.25 
15:00:59 9600 61.23 
15:01:00 9600 61.2 
15:01:01 10200 61.16 
15:01:02 10200 61.11 
15:01:03 10200 61.07 
15:01:04 10200 61.03 
15:01:05 10200 61.01 
15:01:06 10200 60.99 
15:01:07 10200 60.99 
15:01:08 10200 61.02 
15:01:09 9600 61.06 
15:01:10 9600 61.12 
15:01:11 9600 61.18 
15:01:12 9600 61.23 
15:01:13 9600 61.25 
15:01:14 9600 61.24 
15:01:15 10200 61.22 
15:01:16 9600 61.18 
15:01:17 10200 1 61.13 
15:01:18 10200 61.09 
15:01:19 10200 61.06 
15:01:20 10200 61.05 
15:01:21 10200 61.04 
15:01:22 10200 61.04 
15:01:23 10200 61.05 
15:01:24 10200 61.07 
15:01:25 10200 61.1 
15:01:26 9600 61.12 
15:01:27 9600 61.14 
15:01:28 9600 61.16 
15:01:29 10200 61.15 
15:01:30 9600 61.14 
15:01:31 10200 61.11 
15:01:32 10200 61.08 
15:01:33 10200 61.04 
15:01:34 10200 61.01 
15:01:35 10200 60.99 
15:01:36 10200 60.99 
15:01:37 10200 60.99 
15:01:38 10200 61.02 
15:01:39 10200 61.05 
15:01:40 10200 61.09 
15:01:41 9600 61.12 
15:01:42 9600 61.16 0 15:01:43 9600 61.19 
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Oconee Unit 3 Removing Load from Keowee Unit 2 

Time KVA Frequency 
15:01:44 9600 61.21 
15:01:45 9600 61.23 
15:01:46 9600 61.24 
15:01:47 9600 61.25 
15:01:48 9600 61.26 
15:01:49 9600 61.27 
15:01:50 9600 61.27 
15:01:51 9600 61.26 
15:01:52 9600 61.25 
15:01:53 9600 61.24 
15:01:54 9600 61.24 
15:01:55 9600 61.23 
15:01:56 9600 61.23 
15:01:57 9600 61.22 
15:01:58 9600 61.2 
15:01:59 10200 61.19 
15:02:00 10200 61.2 
15:02:01 9600 61.2 
15:02:02 9600 61.19 
15:02:03 10200 61.17 
15:02:04 10200 61.15 
15:02:05 10200 61.11 
15:02:06 10200 61.07 
15:02:07 10200 61.03 
15:02:08 10200 60.99 
15:02:09 10200 60.96 
15:02:10 10200 60.95 
15:02:11 10200 60.96 
15:02:12 10200 60.98 
15:02:13 10200 61.02 
15:02:14 10200 61.07 
15:02:15 9600 61.11 
15:02:16 9600 61.15 
15:02:17 9600 61.19 
15:02:18 9600 61.23 
15:02:19 9600 61.26 
15:02:20 9000 61.29 
15:02:21 8400 61.32 
15:02:22 8400 61.35 
15:02:23 9000 61.36 
15:02:24 9000 61.34 
15:02:25 9000 61.31 
15:02:26 9000 61.28 
15:02:27 9000 61.25 
15:02:28 9000 61.23 
15:02:29 9000 61.23 
15:02:30 9000 61.25 0 15:02:31 9000 61.28 
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Oconee Unit 3 Removing Load from Keowee Unit 2 

Time KVA Frequency 
15:02:32 9000 61.31 
15:02:33 8400 61.34 
15:02:34 9000 61.35 
15:02:35 9000 61.33 
15:02:36 9000 61.31 
15:02:37 9000 61.27 
15:02:38 9000 61.22 
15:02:39 9000 61.19 
15:02:40 9000 61.18 
15:02:41 9000 61.18 
15:02:42 9000 61.2 
15:02:43 9000 61.23 
15:02:44 9000 61.25 
15:02:45 9000 61.27 
15:02:46 9000 61.29 
15:02:47 9000 61.3 
15:02:48 9000 61.3 
15:02:49 9000 61.3 
15:02:50 9000 61.3 
15:02:51 9000 61.31 
15:02:52 9000 61.32 
15:02:53 9000 61.33 
15:02:54 9000 61.34 
15:02:55 9000 61.32 
15:02:56 9000 61.3 
15:02:57 9000 61.27 
15:02:58 9000 61.25 
15:02:59 9000 61.22 
15:03:00 9000 61.22 
15:03:01 9000 61.22 
15:03:02 9000 61.23 
15:03:03 9000 61.24 
15:03:04 9000 61.25 
15:03:05 9000 61.28 
15:03:06 9000 61.3 
15:03:07 9000 61.32 
15:03:08 9000 61.34 
15:03:09 9000 61.34 
15:03:10 9000 61.32 
15:03:11 9000 61.28 
15:03:12 9000 61.22 
15:03:13 9000 61.15 
15:03:14 9000 61.07 
15:03:15 9000 61 
15:03:16 9000 60.96 
15:03:17 9000 60.96 
15:03:18 9000 60.98 
15:03:19 9000 61.02 
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Oconee Unit 3 Removing Load from Keowee Unit 2 

Time KVA Frequency 
15:03:20 9000 61.07 
15:03:21 9000 61.12 
15:03:22 9000 61.17 
15:03:23 9000 61.22 
15:03:24 9000 61.26 
15:03:25 9000 61.28 
15:03:26 9000 61.3 
15:03:27 9000 61.31 
15:03:28 9000 61.32 
15:03:29 9000 61.33 
15:03:30 8400 61.33 
15:03:31 8400 61.32 
15:03:32 8400 61.3 
15:03:33 8400 61.27 
15:03:34 8400 61.24 
15:03:35 8400 61.2 
15:03:36 8400 61.15 
15:03:37 8400 61.11 
15:03:38 8400 61.08 
15:03:39 8400 61.07 
15:03:40 8400 61.07 
15:03:41 8400 61.06 
15:03:42 8400 61.05 
15:03:43 8400 61.04 
15:03:44 8400 61.02 
15:03:45 8400 61 
15:03:46 8400 60.99 
15:03:47 8400 60.98 
15:03:48 8400 60.98 
15:03:49 8400 61 
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ATTACHMENT 5 

PORTION OF THE OCONEE UNIT 1 EPSL 

FUNCTIONAL TEST



PT/1/A/0610/01J 

Page 10 of 35 

11.3 Reclosure time for 1TC-2 (1X7): A57 and 63 seconds.  

11.4 Reclosure time for 1TD-2 (1X5): 33 and < 37 seconds.  

11.5 Reclosure time for ITE-2 (1X6): 30 and a 34 seconds.  

12.0 PROCEDURE 

12.1 Conduct pre-job briefing with Shift Operating crew and Keowee 
Technical Support, including the following: 

* Personnel responsibilities described in Section 3.0.  
* Test method described in Section 9.0.  
* Declaration of LCOs for Units 2 and 3.  
* Stress importance of review by Control Room crew of 

transfer related Compensatory Actions listed in Enclosures 
13.7 through 13.9.  

* During transfers the Keowee Unit connected to underground 
will lose auxiliary power when ITC is de-energized.  

NOTE: Steps 12.2 through 12.12 may be performed concurrently.  

NOTE: SL1 and SL2 will not be closed when energizing CT-5.  

4_a_._12.2 Energize CT-5 by Lee Gas Turbines per OP/0/A/1107/03 (100 KV 

Power Supply). Do QT close SL1 and SL2 Breakers.  

12.3 Verify "AUTO-MAN" transfer switches in "AUTO": 

MFB1 "AUTO" LkL MFB2 "AUTO" 

1TA "AUTO" 1TB "AUTO" 

12.4 Verify the following: 

lB AND lC LPI Pumps providing decay heat removal.  

RCS > 100 inches Pressurizer level.  

RBCU fans "OFF" OR stop all RBCU fans.  

Unit 1 Operator Aid Computer operable.  

CT-2 and CT-3 Transformers energized.  

Unit 2 and 3 ES Channels 1 or 2 =Q tripped QR in TEST.  

DC System Load Survey Test has isolated the 125VDC 
Vital Instrumentation and Control Systems on all three 
units. This places Units 2 and 3 in LCOs per Technical 
Specification 3.7.2.f.



ATTACHMENT 6 

KEOWEE FAILURE PROBABILITY DISTRIBUTION FIGURE



C:\GENERIC\KRA REC.CUT Page :2 
Date 7/29/96 

M - Mean 1.05E-02 
- 5% 4.40E-03 
- 50% 8.95E-03 

- 95% 2.11E-02 
Standard Deviation 8.01 E-03 
Skewness : 1.08E+01 
Kurtosis 2.46E+02 
Sample Size : 5000 
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