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1.0 Purpose
1.1 Event Description From IR 950579

Following a reactor trip at 11:15 August 24, 1995 each diesel
started as desigred. DG-2 accelerated to the correct idle speed
(500 rpm) but DG-1 accelerated to 900 rpm. DG-1 should not have
accelerated DG-1 to full speed. The full speed signal generated by
low 4160V bus voltage had not actuated. DG-1 was shut down at
approximately 11:45. The problem that caused DG-1 to accelerate to
full speed was determined to be that the governor was in the full
speed position. The governor had been left in the full speed
position on a previous test and not returned to the idle speed
position.

1.2 Analysis Purpose

This analysis is to assess the ability of DG-1 to accelerate the
ESF 4160V and 480V loads in an off normal sequence following a DBA
and a subsequent grid degraded voltage. The sequence of events of
concern is a DBA (Large Break LOCA) requiring automatic ESF
response (Safety Injection Actuation Signal-SIAS and Containment
Spray Actuation Signal-CSAS) followed by an Offsite Power Low
Signal-OPLS actuation due to a degraded offsite power condition.
The OPLS occurs after the final ESF load (VA-7C) on ESF Train A has
begun to accelerate to full speed.

If the engine governor is mispositioned, DG-1 can be operating at
full speed and reenergizes the 4160V and 480V buses before the 480V
Lecad Center undervoltage time/voltage relays and associated fixed
time delay relays have time to initiate the 480V Load Center load
shed. The operating 480V Load Center loads would locad as DG dead
loads (at the time of DG breaker clcsure.) Dead loads could
include both ESF loads and non-safety loads such as an Air
Compressor and Condenser Vacuum Pump.

2.0 Scope

The scope of this analysis is to provide a best estimate of the
event using a computer model of DG-1 and its associated electrical
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distribution system to find the affect of the off normal loading
sequence. The best estimate model will use the nominal ESF Load
Sequencer times (see Attachment 8.1) t. determine the affect of the
loads on DG-1.

Inputs/References

EA-FC-92-072 Diesel Generator Transient Analysis

EA-FC-93-027 Loss of Voltage IAV Relay Setpoints

EA-FC-91-142 Calibration Procedure Setpoint Determination
in Support of MR-FC-89-013 (480V Load Center

Breaker Setpoints and Time vs. Current Curves)

G.E. Letter E.I. Hersh to Bob Mehaffey 8/15/78 Diesel
Generator Exciter

FC03382 Diesel Generator LOCA Loads Revisions 4 and 8

OP-ST-ESF-0002 Diesel Generator No. 1 and Diesel Generator No.
2 Auto Operation

EPRI TR-102814 A Methodology for Determining an EDG’s
Capability to Start Its Emergency Loads

EAR94-017 OPLS Relay Timing Accuracy

Drawings:

161F597 Sheet 8 (9808) ESF Auto Close Circuit

0223RD455 Sheet 10 (9953) DG-1 Breaker Close/Trip Circuit
11405-E-13 Sheet 4 (57238) Bus 1A3 Voltage Relaying
1.405-E-18 Sheet 1 (12254) Bus 1B3A, 1B3A-4A Voltage Relaying
IR 950579 DG-1 Full Speed Start, LER 95 06

ERF Archival Dump DG-1 Voltage Point Y3257 Reactor Trip at
11:15 August 24, 1995 DG-1 Time to Full Speed Estimate
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IAV and Fixed Delay 4160V and 480V Calibration Procedures
(typical)

SP-CP-08-1A3-IAV
SP-CP-08-480-1B3A-4A

USAR Table 14.15-2 Large Break LOCA Sequence of Events
SP-CP-08-DEVAR-1A3 OPLS time delay
Gould Shawmut Amp-trap Fuse Data A25X100

OP-8T-ESF-0009 Channel “A” Safety Injection, Containment Spray
and Recirculation Actuation Signal Test

DG-1 Auto Operation Plot from EA-FC-92-072

Assumptions

This analysis is intended to provide a best estimate of the
response of DG-1 to the off normal load sequence. The
sequencer timers will be at the nominal setpoint.

See the Analysis Section 5.0 for specific assumptions.

MCC contactors drop out on loss of voltage (virtually
instantaneously) and are not of concern in this analysis.
Analysis

Sequence of Events

An investigation was performed to find which of the sequences of
events could result in the Diesel Generator being loaded in an off
normal sequence. The sequence of events of concern is a DBA (Large
Break LOCA) requiring full ESF response (both Safety Injection and
Containment Spray) and a Loss of Offsite Power (LOOP) at some point
in time. There are three possible scenarios:

1

Large Break LOCA coincident with a Loss of Offsite Power-the
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Diesel Generator governor is mispositioned allowing
acceleration to 900 rpm at the maximum rate. See Table 1
Attachment 8.1,

2 Large Break LOCA with a subsequent Loss of Offsite Power-the
Diesel Generator governor is mispositioned allowing
acceleration to 900 rpm at the maximum rate. See Table 2
Attachment 8.1.

3 Large Break LOCA with a subsequent Degraded Offsite Power-the
Diesel Generator governor is mispositioned allowing
acceleration to %00 rpm at the maximum rate. See Table 3
Attachment 8.1.

The data in Attachment 8.1 (based on EAR 94-017) was used to find
the maximum HPSI flow to the core time. Although the subsequent
analysis uses nominal times the data in Attachment 8.1 serves to
identify the sequence of events of concern. Attachment 8.1 Table
4 provides the normal response to a LBLOCA coincident with a LOOP

where the Diesel Generator goes to idle speed. Table 3 of
Attachment 8.1 can be used to find the off normal sequence of
events. Attachment 8.7 provides excerpts of the data used in

Attachment 8.1.

The off normal sequence (with governor mispositioned) is a LBLOCA
where at some point into the DBA when all ESF loads have sequenced
on the offsite power, the offsite power Voltage degrades to the
OPLS setpoint. After the OPLS time delay the offsite power is
tripped, the Diesel Generators given a full speed signal (although
already running at 900 rpm), the ESF load sequencers reset, and the
4160V Load Shed initiated.

The design of the ESF associated electrical system requires that if
offsite power is lost the 480V Load Centers must remain deenergized
for a nominal 2.2 seconds to allow the GE IAV undervoltage
time/Voltage relays and associated Agastat fixed time delay relays
time to operate. This time delay to deenergize the buses is
provided by the time required for the Diesel Generator to
accelerate from idle speed to full speed, see Attachment 8.1.

The under Voltage relays trip the 480V Load Centers’ rotating loads
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to both reduce the total load expected on the Diesel Generator (by
tripping the non-safety related loads) 2nd allow proper ESF load
resequencing on the Diesel Generator. The OPLS setpoint is
designed to maintain 90% of rated motor Voltage on the 480V
distribution system.

Ninety percent (90%) motor voltage is such that, if the OPLS
setpoint were to be reached, the 480V bus Voltage would remain well
above the IAV relay operating range. Attachment 8.2 provides a
discussion of relay setting and relay curves for the 480V IAV
relays.

If DG-1 is operating at full speed, due to engine governor
mispositioning, the time to reenergize the electrical distribution
system (480V Load Centers and 4160V Bus) is expected to be a
nominal one second. The time delays associated with Diesel Breaker
closure are 4160V breaker load shed (virtually instantaneous) and
a fixed delay of second. The nominal one second is less than the
time required for the undervoltage time/Voltage relays and
associated fixed time delay relays to initiate the 480V Load Center
load shed. Operating 480V Load Center loads would load as DG dead
loads. These loads would include both ESF loads and non-safety
loads such as an Air Compressor and Condenser Vacuum Pump.

Attachment 8.3 compares the sequence of events for the normal
response to a DBA-OPLS-DG ESF loading and the off normal sequence
described above. The time delays for the relays are bounding
maximum delays (the nominal one second breaker closure delay is
bounded by an assumed 2-second delay in the sequence of events).
The time for DG acceleration to full speed is taken from test data.

5.2 Diesel Generator Load Model

The off normal load model for DG-1 consists of altering the DG-1
transient analysis model from EA-FC-92-072 to:

18 Have all 480V Load Center ESF Loads start at T=0, the DG
breaker closure time. The loads are SI-2A, AC-3A, SI-2C,
CH-1A, AC-3C, VA-3A, S8I-3A, and VA-7C.

2. Model air compressor CA-1A and Condenser Vacuum Pump FW-8A
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as starting at T=0. This model depicts the plant for most
of the eight days of concern. See Attachment 8.4 for the
operating data.

The DG-1 transient analysis model from EA-FC-92-072 is considered
conservative. The data from diesel generator load calculation
FC03382 shows a load reduction from revision 5 used as the basis
for EA-FC-92-72 to the present expected loading as determined in
Revision 8. The model used for this analysis has not been revised
to reduce the DG loading.

The model and analysis was performed using Electrical Transient
Analyzer Program (ETAP). ETAP is a Personal Computer based
application developed and sold by Operations Technology, Inc. of
Irivine. CA. ETAP version 6.5, serial no. 920MAHAPPD licensed to
Omaha Public Power District was used. The program was run on an
Intel 486DX processor using Microsoft Corp. MS-DOS version 6.00
operating system.

5.3 Computer Model Result
5.3.1 Initial Model

The initial computer model run was as described in Section 5.2.
See Attachment 8.5 for the computer model time versus Voltage
plots.

480V Load Center bus voltage plots show that the 480V bus Voltage
does not recover in sufficient time to prevent the operation of the
480V Load Center load shed. The off normal starting sequence model
must be further refined to account for operation of the 480V Load
Centers’ load shed relays.

5.3.2 Revised Model

The sequence of events is defined in Attachment 8.3 Table 2. The
480V Load Center load shed occurs approximately 1.2 seconds after
DG Breaker closure. Bus voltage decay may increase this time delay
a small percentage. The 480V bus voltages do not recover to a
point high enough to pick up the IAV relays. See Attachment 8.2
for additional discussion on the IAV relays.
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The 1.2 seccnds is based on total time for the IAV relay to operate
on loss of voltage (1.2 seconds) and the nominal fixed time delay
of one second less the nominal DG output breaker closure delay time
of one second. Any additional time required for voltage decay and
relay time uncertainty is accounted for by the difference in the
1.2 seconds after output breaker closure and the first load group
breaker closure time. From the timer surveillance data of 9/28/95
the earliest load group 1 breaker closure occurs at 2.8 second, see
Attachment 8.7. This allows approximately 1.6 second margin for
uncertainties while keeping the model valid. During the 1.6 second
margin, time the 480V Bus voltage remains low assuring a 480V Load
Center load shed. Data from the ESF DG Auto Operation refueling
surveillance test indicates bus voltage decay is complete in 0.5
seconds however IAV relay operation begins in approximately 0.1
seconds, see Attachment 8.7 for the DG-1 test data. The voltage
decay time is not considered significant. The model isg considered
valid for the eight days in question.

Each ESF breaker circuit is equipped with an undervoltage load shed
bypass from the sequencer circuit. The undervoltage load shed
would be removed at the time the sequencer closes the breaker (B
relay contacts are used from the same relay that closes the
breaker.) This circuit normally prevents breaker tripping from
possible 480V bus Voltage transients during ESF motor starting.
The bypass circuit will also serve to prevent a trip free condition
in the event the bus Voltage has not cleared the IAV 480V Load
Center Load Shed signal.

The computer model was revised from that described in Section 5.2
by making the following changes:

- Circuit breakers were placed between each 480 Volt motor
and the bus that feeds them.

2. At t=1.2 seconds after generator breaker closure, all of
the 480 Volt loads are disconnected from their respective
480 Volt busses.

: The breaker for each 480 Volt ESF motor is then closed at
the normal load sequence time.
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The ETAP scftware has limits to the number of switching events that
can be gimulated with it's Dynamic Stability module. This limit
allows simulation of 18 seconds of the event after generator
breaker closure.

5.4 Revised Model Results

The ETAP model results show that DG-1 would start and successfully
operate the ESF 4160V and 480V loads associated with ESF Train A.
Bus voltages would be depressed at generator breaker closure
causing the 480 volt busses to trip on undervoltage. The sequenced
ESF loads would then start at their normal time.

Plots of gerierator, bus and motor parameters were compared to the
results of the original study, EA-FC-92-072. The comparison shows
that after the 480 Volt motors are shed at 1.2 seconds after
generator breaker closure, all of the parameters match the original
study from 3 seconds (first load sequence time) to 18 seconds where
the analysis ends.

5.4.1 Affect on ESF Motor Acceleration Time

The 480V Load Center and 4160V ESF motor acceleration times remain
the same as those analyzed in EA-FC-92-072. Motor Operated Valves
modeled in EA-FC-92-072 have already been opened by the offsite
power. The initial low Voltage on the buses is not a factor for
the MOV's.

Concentrated boric acid pump CH-4A and the Control Room HVAC unit
are the remaining significant dead loads. Their start is delayed
by 1.2 seconds. The delay is not considered critical.

The concentrated boric acid pump is use to supply the suction of
Charging Pumps. The first Charging Pump sequences on at the second
load group (8 seconds) allowing adequate time for the boric acid
pumps to accelerate. There is also available a gravity feed
independent of the boric acid pumps.

The 1.2 second delay in Control Room HVAC is not expected to result
in any significant Control Room heat up. The Control Room’'s
pressure is not expected to change significantly, as such, in
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leakage of radiocactive gases is not expected.

The off normal sequence of events begins reloading the ESF
equipment approximately 8 seconds earlier than the normal sequence.
The off normal sequence does not have the 8 second idle to full
speed acceleration time.

Motor Current Transients
Motor transient currents during the 1.2 seconds following the DG-1
breaker closure are not high and would not trip the supply breaker.
Motor starting currents are proportional to motor terminal voltage.
The motor voltages are low, reducing the motor current well below
locked rotor current.

Motor Starts - Thermal Damage

The off normal sequence of events would have exposed the motors to
one additional start. This start would have occurred on initial
DG-1 Breaker closure. This *“start” is of short duration,
approximately 1.2 seconds. The additional start is truncated when
the 480V Load Center IAV relay load shed occurs. Motor terminal
voltage during this start is low (typically less than 50% Voltage.
The reduced motor terminal voltage reduces motor starting current,
minimizing motor winding heating. Motors would not have been
expected to be damaged by this additional start attempt.

Affects on the Diesel Generator Exciter

The Diesel Generator Exciter is rated for 149 amps @ 175V operation
for 1 minute. The demand placed on the exciter during the 1.2
seconds before the 480V Load Center load shed actuation is not
expected to damage the exciter. In the off normal sequence,
neither the magnitude, or the duration excitation voltage peaks are
more severe than normal sequence starting transients during the
initial 1.2 seconds after generator breaker closure.

The exciter is equipped with a field current forcing circuit that
allows higher exciter output for motor starting and faulted
conditions. The field current forcing adds a self excitation
current to the normal solid state exciter output when the generator
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terminal voltage is low. The field forcing component is additive
to the normal exciter output and is added after the exciter
protective fuses. The exciter goes to maximum output plus current
forcing on the normal sequencing of the ESF loads. In the off
normal sequence, neither the magnitude, or the duration excitation
voltage peaks are more severe than normal sequence starting
transients during the initial 1.2 seconds after .generator breaker
closure. Note: The DG-1 generator over current protection is
bypassed in an emergency start, as such a generator output breaker
trip is not expected.

5.4.5 Affects on the Generator

The affect on the Generator is I’t (current squared time) heating
caused by the additional 1.2 second off normal transient. This
heating is not considered significant because of its short duration
(from Attachment 8.6 the field current that drives the generator
current is well below the the first load group field current.) The
worst case winding mechanical stresses are a result of the magnetic
stress of a bolted fault on the on the generator terminals. The
bolted fault is more severe than the lcad impedance current
limiting off normal load case.

5.4.6 Diesel Engine Mechanical Loading

Mechanical loading of the engine at the time of generator breaker
closure is minimal due to the low output voltage. Motor torque
decreases with the inverse of the motor voltage squared which
keeps the engine loading minimal for the initial 1.2 seconds.

5.5 Model Conservatism

The ESF system associated with DG-1 has in it certain
conservatism’s. The conservatism ensures that the results of the
DG-1 load model are correct.

The DG-1 model includen the operation of the motor operated valves
that are automatically repositioned in a DBA. These valves would
have already been repositioned on offsite power before the
initiation of OPLS. The loads would not be present on DG-1.
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5.6 ETAP Computer Program Verification

The ETAP computer program is a commercial program. Its adequacy
for use in a Safety Related analysis is verified by its use in a
test case. This test case consists of a comparison of the results
of an ETAP transient load calculation of the FCS ESF system as it
operates in the refueling outage AUTO Operation surveillance test
with the actual data recorded during that test. The results of
this comparison are contained in EA-FC-92-072 Diesel Generator
Irxansient Analvgis. Results of this verification show that ETAP
provides conservative results.

In addition to the FCS model verification the program has also been
verified in EPRI TR-102814.

Electrical equivalent circuits for the compressor and vacuum pump
motors were determined using the ETAP parameter estimation module.
This same module was used and validated by EA-FC-92-072.

ETAP standard speed-torque characteristics for the air compressor
and the vacuum pump were used to model the driven equipment. The
air compressor was modeled as a reciprocating compressor. The
vacuum pump is modeled as a centrifugal compressor.

6.0 Results and Conclusions

DG-1 and the ESF equipment supplied by DG-1 were operable during
time when the DG-1 governor was positioned at the full speed
setting.

7.0 Design Basis and/or Licensing Basis Changes

This analysis is for an off normal condition. The event was

reported to the NRC in LER 95 06. There is no change to the Design
cor Licensing Basis because of this analysis.

8.0 List of Attachments

8.1 DBA Sequence of Events to Define Off Normal Sequence
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Table 1 LBLOCA Coincident LOOP DG Governor Set at 900 RPM
Table 2 LBLOCA followed by OPLS Due to a Loss of Offsite

Power Actuated during HPSI Start DG Governor Set at
900 RPM

Table 3 LBLOCA followed by OPLS Actuated during HPSI Start
DG Governor Set at 900 RPM

Table 4 LBLOCA Coincident LOOP
480V IAV Relays Setting and Voltage vs Time Curve
Sequence of Events for:

Table 1 Expected Normal Response to a DBA-OPLS-DG ESF
Loading

Table 2 Off Normal Response Sequence Loading including
expected 480V Load Center Load Shed

Table 3 Comparison of the Sequence of Events for the
Expected Response and the Off Normal Response
Sequence Loading

Equipment Operating Data

Computer Model Results All - ESF Equipment, CA-1A and FW-8A
Starting

Computer Model Results ESF Equipment 480V Load Shed After DG
Breaker Closure

Miscellaneous Input Data

OP-8ST-ESF-0002 Diesel Generator No. 1 and Diesel Generator No.
2 Auto Operation Excerpt

ERF Archival Dump DG-! Voltage Point Y3257 Reactor Trip at
11:15 August 24, 1995 DG-1 Time to Full Speed Estimate
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IAV and Fixed Delay 4160V and 480V Calibration Procedures
(typical) Excerpts

SP-CP-08-1A3-1IV
SF-CP-08-480-1B3A-4A

USAR Table 14.15-2 Large Break LOCA Sequence of Events
SP-CP-08-DEVAR-1A3 OPLS time delay Excerpt
Gould Shawmut Amp-trap Fuse Data A25X100

OP-ST-ESF-0009 Channel “A” Safety Injecticn, Containment Spray
and Recirculation Actuation Signal Test

DG-1 Auto Operation Plot from EA-FC-92-072

G.E. Letter E.I. Hersh to Bob Mehaffey 8/15/78 Diesel
Generator Exciter
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DBA Sequence of Events to Define Off Normal Sequence
Table 1 LBLOCA Coincident LOOP DG Governor Set at 900 RPM

Table 2 LBLOCA followed by OPLS Due to a Loss of Offsite Power
Actuated during HPSI Start DG Governor Set at 900 RPM

Table 3 LBLOCA followed by OPLS Actuated during HPSI Start DG
Governor Set at 500 RPM

Table 4 LBLOCA Coincident LOOP



Table 1 Off Normal Respnse Time Line to Deliver HPS| Water to the Core to Meet USAR Section 14-15
Assumptions Time Delays Maximized
LBLOCA Coincident LOOP DG Governor Set at 900 RPM
Time Into Event Description Discussion of Data
LBLOCA
Coincident LOOP
T=0 sec. Event Starts  lLarge Break LOCA |
T=1 sec. SIAS Setpoint Reached - 1= RCS Depresurizes 1 sec.
Relay Actuation Delay 1 sec. (USAR delay from |
T=2 sec. SUAS Actuates-LOOP Assumed H_f"f LOCA 097 sec) ki
T=2 Sec. DG's Start to Full Speed | SIAS Assume for _Dg_Start 5=
IAV UV 1.6 sec+1.05 sec. fixed delay (cal
TERAS Mo 90V 1.0 Shet ~_|data)+0 5 decay (assumed original design)
- IAV UV 1.6 sec+2.06 sec. fixed delay (cal
THE:19- 006 A1V Led S“‘?f’ _|data)+0.5 decay (assumed original design)
T=10.2 sec. DG's Accelerate to Full Speed g:':emor Left at full speed 8.2 sec from 8/24/95 |
_ , el i - e
- . 2 sec bounds AC-XX relay 1 sec setpomt t from
T=12.2 sec. DG's Breaker; Close  |161F597sh. 8
T=15.7 sec. HPS! Breaker Closes First Load Group Sequencer Time Delay 3.5 sec. |
7 _|(test max limit) L
T=18.7 sec. HPSI Pump Accelerates ~ 3 sec Based on Test and Calc Data h_
T=20.7 sec. HPSI Pipe Fill-HPSI to Core Begms Expected ECCS Performance
T=31.57 sec. HPSI| Required Delivery to the Core USAR Table 14.15-2
10/2/951:15 PM Page 1 DGLDSQUE XLSDG Full Speed



Table 2 Off Normal Respnse Time Line to Deliver HPS| Water to the Core to Meet USAR Section 14-15
Assumptions Time Delays Maximized

LBLOCA followed by OPLS Due to a Loss of Offsite Power Actuated during HPSi Start DG Governor Set at

900 RPM
Time into Event Description Discussion of Data
LBLOCA followed
by LOOP during
HPS! Start
T=0 sec EventStats | | Large Break LOCA
T=1 sec. SIAS Setpoint Reached |  RCS Depresurizes 1 sec. (USAR 6 sec) |
Relay Actuation Delay 1 sec. (USAR delay from
T=2 sec. | SIAS Actuzinesu o |LocA0.97 sec) L e,
T=2 Sec DG's Start to Full Speed 7 SIAS Assume for DG Start
= First Load Group Sequencer Time Delay 3.5 sec.
T=5.5 sec. HPSI Breaker Closes 3 (test max limit) T
T=5.5sec. Offsite Power Lost Assumptuon for worst case HPS| Delay
P IAV Loss of Vonage 2.1sec(1 6 relay on 95%
T=71 Sec ﬂ DG Full Speed Signal Loss of Voltage curve+0.5 voltage decay)
IAV UV 1.6 sec + 1.05 sec. fixed delay + 0.5 sec
T=8 65 sec 480V Load Shed voltage decay boar
= IAV UV 1.6 sec+2.06 sec. fixed delay (cal
bt 4100% Losd Snea ~ |data)+0.5 decay (assumed original design)
1210 2 sec DG's Accelerate to Full Speed c?aci:emor Left at full speed 8.2 sec from 8/24/95
T=11.5 sec. (6 sec | OPLS Duplicates DG full speed Start |6 sec. used to bound OPLS Relays max delay of
delay) and 4160V Load Shed 475 sec |
T=12.2 Sec. DG's Breakers Close 42 sec bounds AC-XX relay, 1 sec setpoint |
N First Load Group Sequencer Time Delay 3.5 sec.
T=15.7 Sec. HPS| Breaker Closes (test max limit)
T=19 Sec. HPS| Pump Accelerates : Based on Test and Calc Data 3 Sec
T=21 Sec. HPSI Pipe Fill-HPSI to Core Begins Expected ECCS Performance
T=31.57 sec. HPSI| Required Delivery to the Core USAR Table 14.15-2

10/2/851:15 PM

Page 2

DGLDSQUE XLSDG Full Speed



" Table 3 Off Normal iupnu Time Line to Deliver HPS| Water to the Core to Meet USAR Section 14-15
Assumptions Time Delays Maximized

LBLOCA followed by OPLS Actuated during HPS| Start DG Governor Set at 900 RPM

10/2/851:15 PM

Time Into Event Description Discussion of Data
LBLOCA followed
by OPLS Actuated
during HPS! Stant
~ T=0 sec. Event Stats Large Break LOCA
= =1sec. e ~ SIAS Setpoint Reached 1 RCS Depresurizes 1 sec. (USAR 6 sec.)
Reiay Actuation Delay 1 sec. (USAR delay from
Tedwe. | SiASAdumes = LocA087mec)
~ T=28ec. |  DG's Start to Full Speed SIAS Assume for DG Start
First Load Group Sequencer Time Delay 3.5 sec.
2 il R P st IR | (test max limit)
OPLS Setpoint Reached Relay
T=55 sec. e " begins to time out e Assumption for worst case HPS| Delay
T=1 0 2 s DG s Acosiacals o Full Spe od ?.c::emor Left at full speed 8.2 sec from 8/24/85
T=11.5 sec. (6 sec. | OPLs Actuation - 4180V Load Shed 6 sec. used to bound OPLS Relays max delay of
delay) | & 4.75 sec

" DG's Breakers Close

Page 3

2 sec bounds AC-XX relay. 1 sec setpoint

DGLDSQUE XLSDG Full Speed



Table 4 Normal Response Time Line to Deliver HPS| Water to the Core to Meet USAR Section 14-15
Assumptions Time Delays Maximized
LBLOCA Coincident LOOP
Time Into Event Description Discussion of Data
LBLOCA
Ceincident LOOP
T=0 sec Event Starts - ~__Large Break LOCA |
T=1sec. ~ SIAS Setpoint Reached i RCS Depresurizes 1 sec. ]
Relay Actuation Delay 1 sec. (USAR delay from
| Tﬁzwsec. SIAS Actuates-LOOP AssumedA f-ig_re LOCA 097 sec) o
T=2Sec. ~ DG'sStat ~ SIAS Assume for DG Stat
1IAV Loss of Voltage 2.1 sec (18 relay on 95%
T=4.1 Sec. | DG Full Speed Sngnal Loss of Vohage curve+0.5 vohage decay) .
IAV UV 1.6 sec+1.05 sec. fixed delay (cal
T=5.15 sec. ‘ 480V Load Shed |data)+0 5 decay (assumed original design)
IAV UV 1.6 sec+2.06 sec. fixed delay (cal
T-6 16 sec. 4160V Load Shed |data)+0.5 decay (assumed original design)
10 Second Start Ready to Load at Voltage based |
T=12 sec. DG's Accelerate to Full Speerc‘!m on surviellance criteria
2 sec bounds AC-XX relay, . 1 sec setpoint from |
.T=14 sec. DG's Breakers C!ose  |1etFsersh.8 s
First Load Group Sequencer Time Delay 3.5 sec.
| »T=17 5 sec. HPSI Breaker Closes  |est max limity
T=20.5 sec. HPSI Pump Accelerates i ~ Based on Test and Calc Data
T=22.5 sec. HPSI Pipe Fill-HPSI to Core Begms  Expected ECCS Performance
T=31.57 sec. HPS!| Required Delivery to the Core USAR Table 14.15-2

10/2/851:15 PM

Page 4
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480V IAV Relays Setting and Voltage vs Time Curve



IAV Relay Setting Evaluation

The basis for the IAV Undervoltage Relay settings are provided in
EA-FC-93-027 Losg of Voltage IAV Relay Setpoints. The IAV relay
setpoints are designed to prevent motor winding accelerated aging
damage in the event of low bus voltage. Low bus voltages will
cause high motor currents.

To determine the IAV trip time the actual bus voltage must be
scaled to the IAV relay 100% voltage setpoint. This is
accomplished through a series of steps to scale 480V bus voltage to
Percent Voltage Required to Close the Right Contact. The IAV right
contact is the undervoltage contact used at FCS for equipment
protection. The left contact is the overvoltage contact use at FCS

for annunciation.

The 480V bus voltage is first divided by the potential transformer
ratio to obtain the IAV relay input voltage. The 480V load center
PT ratio is 480V to 120V or 4 to 1. The IAV input voltage is then
divided by the 100% IAV voltage setpoint. From EA-FC-93-027 the
setpoint selected is 94 volts. At this voltage the IAV relay will
not trip. After the percent IAV relay voltage is found the relay
curve (next page) is used to determine the trip time. The FCS
relays are adjusted to their most sensitive curve setting of 95%.
On a total loss of voltage the relay will trip in 1.2 seconds
(bounding value.) The second curve attached to this discussion
provides a direct relation of IAV relay trip time plus the 1 second
fixed Agastat relay to the 480V bus voltage in percent of 480V.

The relay trip curves are only valid for decreasing voltage. In
the case where voltage is increasing as the Diesel Generator
energizes the bus, the relay resets only after the voltage has
increase above the nominal 100% level.
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IAV Chart §

IAV Relay 95% Curve Plus Fixed Time Delay
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Attachment 8.3
Sequence of Events for:
Table 1 Expected Normal Response to a DBA-OPLS-DG ESF Loading

Table 2 Off Normal Response Sequence Loading including expected
480V Load Center Load Shed

Table 3 Comparison of the Sequence of Events for the Expected
Response and the Off Normal Response Sequence Loading



Table 1 EA-FC-95-027 Diesel Generator Offnormal Loadin

1xpected Eesponseflme Line to Have Full ESF in 5porat»on Maxlmnzm

Due to a Full Speed Start

1 Load, Time Belays Nominal

LBLOCA followed by OPLS Actuation During VA 7C Start

Time Into Event -

LBLOCA followed by Description Discussion of Data
OPLS Actuation
T=0 sec. Event Starts Large Break LOCA
T=1 sec SIAS Setpoint Reached | RCS Depresurizes 1 sec. (USAR 6 sec )
W Relay Actuation Delay 1 sec. (USAR delay

T=2 sec SIAS Actgates  |from LOCA 0.97 sec)
T=2 Sec. DG's Start _ SIAS Assume for DG Start
T=5 sec DG's Accelerate to Idle 3 sec |estimation-not a critical value S

T=50 sec to T=48
sec ESF Loads
sequence on offsite

Load Group 1, 3 sec SI-/A AC-10A, SI-2A,
AC-3A Load Group 2, 8 sec. SI-2C, CH-1A,
AC-3C Load Group 3, 18 sec. AC-10C, VA

3A. Load Group 4, 31 sec. FW-8, SI-3A,

Nominal Load Group Times from OP-ST-
ESF-0002

power Load Group 5, 48 sec. VA-7C
Yosa OPLS Setpoint Reached Relay begins to [Assumption for After Start of the: Last ESF |
il tmeout |Load va-7C L
T=54 5 sec (4.5 sec OPLS Actuation-DG Full Speed Signal,
delay) 4160V Load Shed OPLS Relays c?hbtatvonfetpomj
T=56.7 sec 480V Load Shed IAV UV 1.2 sec + 1 sec. fixed delay =2.2 sec.
T=62 5 Sec DG's Accelerate to Full Speed 8 sec. from OPLS used from ESF Testing
T=635 Sec DG's Breakers Close " AC-XX relay, 1 sec setpoint
T=635 sec First Load Group Sequencers Operate 30 sec maximum time delay i
T=715 Sec Second Load Group Sequencers Operate 8 sec_nominal maximum time delay
T=815 Sec Third Load Group Sequencers Operate 18 sec nommal time delay
T=94 5 Sec Fourth Load Group Sequencers Operate 31 sec. nominal time delay
T=1115 Sec Fifth Load Group Sequencers Operate 48 sec_nominal time delay
10/2/954 34 PM Page 1 DGLDSQUE XLSDG Analysis Nom




Table 2 EA-FC-95-027 Diese, Generator Offnormal Loading Due {0 a Full Speed Start

Off Normal Response Time Line to Have Full ESF in Operation Maximizin DG-1 Load, Time Delays Nominal
LELO%A followed by OPLS Actuation 5um1¢A-7C Stanﬁﬁéwomor Set at 900 RPM

Time Into Event -

LBLOCA follrwed by Description Discussion of Data
OPLS Actuation
=0 sec Event Starts ~Large Break LOCA
T=1 sec SIAS Setpoint Reached _T' RCS Depresurizes 1 sec (USAR 6 sec) |
- Relay Actuation Delay 1 sec. (USAR delay
T=2 sec SIAS &:ttﬁ;atgs |from LOCA 0 97 sec )
T=2 Sec DG's Start  SIAS Assume for DG Start

T=50 sec. to T=48
sec ESF Loads
sequence on offsite
power

T=102 sec

T=50 sec

T=54 5 sec (4.5 sec 4
delay)
T=5556 Sec

T=56.7 sec

T=58.5 sec

T=63 5 Sec
T=735 Sec
T=86.5 Sec
T=103.5 Sec

Load Group 1, 3 sec. SI-1A, AC-10A, SI-2A,

AC-3A Load Group 2, 8 sec. SI-2C, CH-1A,
AC-3C Load Group 3, 18 sec. AC-10C, VA
3A, Load Group 4, 31 sec. FW-6, SI-3A,
Load Group 5, 48 sec. VA-7C

DG's Accelerate to Full Speed

OPLS Setpoint Reached Relay begins to
time out

OPLS Actuation - 4160V Load Shed
DG's Breakers Close
480V Load Shed

Load Group 1, 3 sec SI-1A, AC-10A, SI-2A,
AC-3A
Load Group 2, 8 sec SI-2C, CH-1A, AC-3C
Load Group 3, 18 sec. AC-10C, VA-3A
Load Group 4, 31 sec FW-6, SI-3A
Load Group 5, 48 sec VA-7C

|

Nominal Load Group Times from OP-ST-
ESF-0002

Governor Left at full speed 8 2 sec from
8/24/95 data

|Assumption for After Start of the Last ESF

Load VA-7C .

O S Relays calibration setpoint

AC-XX relay, 1 sec setpoint

IAV UV 1.2 sec + 1 sec. fixed delay =2.2 sec.

3.0 sec. maximum time delay

8 sec nominal maximum time delay
18 sec_nominal time delay
31 sec. nominal time delay
48 sec_nominal time delay

off normal

10/2/954 34 PM

Page 2
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Table 3 EA-FC-95-027 Diesel Generator Offnormal L
EweaedRewueTmLmtoHaveFuESFnOperm\Mmu\gDGd Load,

Due to a Full Start

OﬂNademeLmbmFUESFnOwMWDGJLM

Time Delays Nominal Time Delays Nominal
LBLOCA fol { by OPLS Actuation D VA-7C Start LBLOCA followed by OPLS Actuation During VA-7C Start DG Govemor Set at 900
Time Into Time Into
Event - Event -
Description Discussion of Discussion of Data
foliowed by of Data foliowed by e of
OPLS OPLS
Actuation Actuation
T=0sec _ EventStats Large Break LOCA _T=0sec. Event Starts ___ lLargeBreak LOCA
T=1 sec SIAS Setpoint Reached RCSDepresa;\i:sc;sec(USAR Yot ant SIAS S p—— RCS Depresurizes 1 sec. (USAR
- - ’ Relay Actuation Delay 1 sec. - » Actuation
T=2 sec SIAS Actuates (USAR delay from LOCA 0.97
5. U e _|sec)
T=28ec. - stStnn £ SIASAsame[o_rD_G_Stan
~T=5sec. | DG's Accelerate to Idle 3 sec es(mabon—mtacrwdvahe
Load Group 1, 3 sec. SI-1A, AC- .
T=5.0sec.to | 10A, SI-2A  AC-3A Load Group T=50sec.to | 10A, SI-2A, AC-3A Load Gtow
T=48 sec. ESF| 2,8 sec. SI-2C, CH-1A, AC-3C ) T=48 sec. ESF| 2, 8 sec. SI-2C, CH-1A, AC-3C .
Loads | Load Group 3, 18 sec. AC-10C, “°""'"‘o";‘f;‘:i‘§‘:o;";’ fom | loads | Load Group 3, 18 sec. AC-10C, '“'"“O:ggw W
sequence on | VA-3A, Load Group 4, 31 sec. sequence on | VA-3A, Load Group 4, 31 sec.
offsite power | FW-6, SI-3A, Load Group §, 48 offsite power | FW-6, SI-3A, Load Group 5, 48
sec VA-7C SR NI A __sec VAJC PSS SO |
S A : Governor Left at full speed 8 2 sec
. b T=102fec 1 DGsAcoelentetoFdSpeed |rom 824/95 data »
T=50 sec Assumption for After Start of the 0Dt OPLSSeWiRead\edRehy Assumption for After Start of the
________ ___ beginstotimeout  |LastESF Load VA-7C . | beginstotimeout |LastESF Load VA-7C
T=545 sec | T=54.5 sec. !
OPLSN:IMm-DGFmSpeed . ) OPLS Actuation - 4160V Load :
(4.5 sec ignal, 4160V Load Shed OPLS Relays calibration setpoint (4.5.e)c. Shed OPLS Reilays calibration setpoint
e T=555 Sec. DG's Breakers Ciose JAC-)O(nl-v.uecM
T=56.7 sec 480V Load Shed W1 20" 1 20c. Snddiing LN A 480V Load Shed VUV 12 008 + 1 oc. find
=22 sec. =22 sec.
- R . ] T=585sec F"'L“de'“"’s‘“"”' 3.0 sec. maximum time delay
T=625Sec. | DG's Accelerate to Full Speed (7 56 "o OPLS used from ESF - ) |
esting ik &
10/2/954 29 PM Page 1 DGLDSQUE XLSDG Analysis C-Non




Table 3 EAFC-95.027 Diesel Generator Offnormal

Time Desay - Nominal

; Due to a Full
'Emaﬁm'i"mm»m £~ £SF in Operation Maximizing DG-1 Load, |Off Normal Response Time Line to Have Full ESF in Operation Maximizing DG-1 Load.

Start

Time Delays Nominal

LBLOCA foilowed by OPLS Actuation During VA-7C Start

LBLOCA foliowed by OPLS Actuation During VA-7C Start DG Govemnor Set at 300

Time into
Event -
LBLOCA

Description Discussion of Data

Discussion of Data

T=111.5 Sec.

10/2/954 29 PM Page 2
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Equipment Operating Data
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