September 22, 2009
SBK-L-09206

Docket No. 50-443

U. 8. Nuclear Regulatory Commission
Attention: Mr. Art Burritt, Chief Branch 3
475 Allendale Ave.

King of Prussia PA 19406-1415

_ Seabrook Station
Regulatory Conference Information

On August 28, 2009, the NRC issued inspection report 05000443/2009007 informing
NextEra Energy Seabrook, LLC (NextEra) of a preliminary white finding. The finding is
associated with a failure to establish adequate design control measures to modify a
cooling water flange that led to a failure of emergency diesel generator-B in February
2009. In response to the inspection report, NextEra submitted a letter on September 2,
2009 stating our intention to attend a regulatory conference to discuss the preliminary
finding.

During a telephone call on September 11, 2009, the NRC staff provided NextEra with
- questions related to the significance of the event. Attachment 1 contains responses to the
questions.

Attachment 2 contains NextEra’s presentation for the regulatory conference on
September 30, 2009. This is a preliminary version of the presentation, which may change
during final preparations for the conference.

If you have any questions regarding this information, please contact Mr. Michael
O’Keefe, Licensing Manager, at (603) 773-7745.

Sincerely,

NextEra Energy Seabrook, LLC

)ﬂé»«- ,_,éf v@/m—

(zene St. Pierre
Vice President North

NextEra Energy Seabrook, LLG, P.0. Box 300, Lafayette Road, Seabrook, NH 03874
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Responses to NRC Questions




REGULATORY CONFERENCE — DGB SDP

Questions from Chris Cahill (and Larry Scholl & Dan Orr), NRC Region 1

L. In an early leiter from Cummins, the vendor did not support the conclusions of your Electrical

September 11, 2009

Analysis. What was the basis for Cummins to revise the letter sent to you in response to your
July 28, 2009 letter? Provide any additional vendor documentation to support the 1-0£-2 SEPS

suceess criteria,

Response: The vendor letter was received-on 08/04/09 and was based on g qualitative analysis.
After the vendor was reguested lo provide the response of the genset under overloaded
conditions factory testing resulls were provided by Cunimins on 08/28/09. These test results

indicated a different behavior that showed improved gensef response. See Figure 1.

Response Preparer:

Kenneth J. Letourneau %ﬁi.h‘m&m 1L

Date:c-@fzmﬁfﬁ

Response Verifier:

Date; 9-22-7

Randy C. J‘amisqn/ﬂ(/[ﬂ/é’,‘ R e s5aad
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2. The Engineering Evaluation (Rev 2) page 9 credits additional SEPS power based on break-in.
How were potential derating facters - such as fuel density/energy/restrictions and air restrictions
identificd in Cummins letter — dealt with?

Response: If the on-site fuel density is higher than the SJuel used during factory testing an
increase in power of 1% can be expected. Con versely, if the on-site fuel density is less then a
decrease in power can be expected. The fuctory Juwel density is equivalent to the fuel density of
the SEPS procured fuel and no reduction or incregse in power oufput is needed,

If the air flow during factory testing was greater than the air flow for the as installed gensets
flien a reduction in power output would be expected, Conversely, if the air flow during Sfuctory
testing was restricted more than the wir flow for the as installed gensets an increase in power
output wonld be expected. The gensels used the same wir filters during testing as the installed
units. At the factory tesi the test cell aiv intake used budiding aii as the supply. The as
installed gensets have a miore direct putdoor uir supply. Althongh the as installed geusets have
a more direct supply of autdoor air the evaluation considers the wir intake to be eqnivalent and
@ power reduction or increase does not need to be used, AIR INTAKE FILTERS

AIR INTAKE FILTERS

O

Factorv Test Facility Seabrook Station Installation

Response Preparer: | Kenneth J. Letournean Mlbauamgrs | Date9.94.09
Response Verifier: | Gregg F. Sessler Date:¢()9.a) 09
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3. Part 1 - Explain the dynamic response of the SEPS governor to increase in load. Specifically
address the ultimate fuel injection state (the equivalent to fuel rack position). How does the
governor maintain a 4% frequency reduction at 2 108% load? Part 2 - If frequency is not
reduced by 4%, would the SEPS genset trip on overload? Part 3 - Is there a possibility that
operators would take actions to maintain frequency at 60 hz causing the SEPS genset to trip on
overload? Part 4 - If the SEPS genset has never been operated above 100% rated engine output,
how is the governor response determined? Provide supporting data.

Response:

Part 1 - The electronic control module (ECM) provides two different fuel pressures to the fuel
injectors, Rail Pressure, and Timing Pressure. Only part of the fuel supplicd to the injectors is
actually used to fuel the engine. The bulance is recirculated bach to the fuel duy tank,

The normal engine driven fuel pump pressure is 380 psia. This pressure is constant and not
load dependent.

The rail pressure is the main fuel supply to injectors and the pressure varies with load, At
~1400 KW the pressure is 100 psia. At 2500 KW the pressure is 175 psia. The actuator valve
that controls rail pressure is electronically controlled from a fuel cavd in the engine control
panel (SEPS-CP-5/6).

The timing pressure adjusts injector fuel delivery timing as the name suggests, This pressure
also varies with load. At ~1400 KW the pressure is 92 psin. At 2500 KW the pressure is 80 psia,
The actuator valve that controls timing pressure is also electronically controlled from the fuel
card in the engine contral panel (SEPS-CP-5/6).

The fuel card interacts with the engine's electronic governor. The fuel card is programmed
with limits on fael delivery such that the rail pressure and timing pressure actuator valves will
not continue to incregse fuel pressure once those limits are reached. Beyond that point
additional load changes will cause the genset to settle into a speed below the target 60 Hz
There is a fuel boost feature designed to handle step load changes and return the genset fo
target speed. Bused on discussions with Cummins, the boost feqture will provide extra fueling
Jor a short period of time when speed drops by about 80 rpm. After the fuel boost times out, the
engine will return to steady state fueling.

The steady state behavior of the genset would be analogous to a truck in « constant gear that
has the fuel pedal fully depressed on @ hill and the incline becomes steeper. The net result of
the increased load would be a decrease forward speed. The truck does not stall as long as the
lill does not become too steep.

Part 2 - If voltage and frequency are maintained at rated values, the overcurrent setpoint will

not be reached since the 509 A current corresponding to the adjusted base load (2936 kW/4.16
kY x SORT 3 x 0.8 = 509 amp) is less than the Ampsentry threshold seiting of 511 A (see the
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Questions from Chris Cahill {and Larry Scholl & Dan Orr), NRC Reglon 1

SEPS Generator Protection Evaluation section in Appendix A of the Engineering Evaluation),

September 11, 2009

Also see respouse to question 12,

Part 3 - There’s no procedural gnidance o control SEPS frequency because fhis parameter is
controlled antomatically via a software setpoint, There is no capability for operator fi ‘equency

adfjustment.

Part 4 - Based on overload testing perfornied by Cummins on the QSK23 genset there were no

anomalies identified with governor operation during operation above 100% rated engine

output
Part 1, /’")
Response Preparer: | Greg F. Sessler Pl ~ Date: ﬁ)_agj@]
Response Verifier: | Richard R. Belange?)fﬁ ,(Z)‘@Mﬁ Date: ¢-22-0%
’ o/
Pat2 &4
Response Preparer: | Kenneth J. Letoursieau i J.- aec. | Date: 69-92.09 -

Response Verifier:

L 0rt % 0]

Randy C. Jamison Z# /
P V

Part/l\ P W

Date: ra/zz‘,éa-
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REGULATORY CONFERENCE — DGR SDP
Questions from Chris Cahill {and Larry Scholl & Dan Orr}, NRC Region 1
September 11, 2009

4. Are all of the engine subsystems and support systems evaluated to handle the overload under
the evaluated condition?

Response:
There are five SEPS genset mechanical subsystems:

Lube Oil
Engine Cooling
Fuel

Turbo Chargers
Exhaust

Lube Oil:

The main engine lube oil pump is engine driven, When the SEPS genset loading reaches the
point where engine speed begins 1o decrease the lube oil prunp speed will also start to decrease.
The pump flow change will be approximately divectly proportivnal to the speed change. A
small change in lube oil flow will not canse engine components to lose tubrication or lose the
ability to transfer heat to the oil. However, based on eneigy balance principles, there will be.a
small increase in metal temperatures throughout the engine. The engine cooling system is
conupled to the lube oil system and the small temperature clranges will be passed along to the
cooling system. '

The lube oil temperature change between 1400 KW and 2500 KW is about 25 °F. The
operating temperature at 2500 KW in warm ambient temperature is 225 °F.

Based on this data the expected oil temperature at 2936 KW with warm ambient aiv
temperature would be about 235 °F.

A speed reduction will have a linear affect on flow and therefore a linear affect on differential
temperature. Therefore conservatively assuming a 150 °F differential temperature in the oil
system a 4.2% change in speed would add another 7 °F to the ol temperature, This would be
approximately 242 °F ,

The engine Iube oil shutdown is 260 °F,

Engine Cooling:

The engine cooling system is comprised of two cooling loops, each with its own engine driven
coolant pump, radiator, und thermostatic control valves. One system is a low temperature loop
primarily for turbo charger compressed air cooling and the other is the high temperature loop

that cools the {ube oil, engine block, and power packs {(cylinder assemblies). A single large
electric motor driven fan provides air flow through both radiators. The radiatoss are arranged
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in series with the low temperature radiator upstream of the high temperature radialor in the
Jan air flow path.

The two thermostatic control units modulate cooling flow in their respective cooling loops.

The normal cooling temperature at 2500 KW is 190 °F for the high temperature loop and this
does not vary significantly with ambient air temperature. The temperature ciiange from 1400
KW to 2500 KW is only 10 °F primarily due to the ability of fhe thermostatic control valyes to
adjust flow through the engine, The change from 2500 KW fo 2936 would therefore be ounly
about 4 °F. Since we know that factory acceptance testing did not clrallenge the cooling
system, but we have not observed the behavior of the system above Jactory test loads lets triple
this number to 12 °F. Since the funs and pumps obey affinity laws a correction to differential
temperature must also be applied. Using a similar conservative differential temperature of 102
*F the change in temperature would be 2 tinies 5 °F or 10 °F.

Therefore the final coolant temperature at 2936 KW would be about 212 °F:

The engine high coolant temperature shutdown is 220 °F,

The low temperature cooling loop does not have an engine shutdown feature.

Fuyel:

The fuel system has significant excess flow capacity. Both pumps are engine drive. The only
consequence fo u slightly lower engine speed would be stightly lower recirculated fuel,

The behavior of the ECM unit as speed drops at increased loading was demonstrated by the
Cummins test on q similar engine,

Turbo Chargers:

The turbo chargers are powered by exhanst flow which is a Junction of engine power,
therefore there should not be a significant effect on turbo charger performance,

Exhaust:

The exhaust stacks are very large and there would be negligible effect based on flow rates at
higher engine loads,

Ilectrical Subsystems

The SEPS genset electrical subsystems consist of the PCC-3200 control cabinet, fuel priming
pump, starteys and genset sensors, The PCC-3200 provides monitoring, metering, and confrol,
The control provides an operator interfuce to the geuset, digital voltage regulation, digital
governing, generator set protection and automatic paralleling functions. The control power is
derived from the genset starting batteries, The voliage operating range is 8 VDC to 35 VDC,
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The starting batteries are charged by an engine driven alternator and 120 VAC battery
charger. A slight reduction in engine speed will also canse a slight reduction in glternator
speed, This slight speed reduction will have a minimal affect on alternator ontput, The 120
VAC charger has an operating range of +/- 10%. The 120 VAC supply is provided through g
4807120 VAC transformer. The calculated voltage at the 480 VAC supply is 444 VAC, Using
the +/~ 10% range for the charger the minimum voltage at the 480 VAC supply would need to
be 432 VAC, Based on this assessment the PCC-3200 would receive adequate voltage to
perform the required functions and all genset sensors would provide the required signals, The
Juel priming pump and starters are no longer required after the genset hus started,

Mechanical Subsystems
Response Preparer: Gregg ¥, Sessler oo,
Response Verifier: Richard R. Belanger « .

Date: 9 Iaa! oE ]
~ | Date: 8-z2-0¢
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Electrical Subsystems

Response Preparer: Kenneth J, Letournean 34 | £t amonic Date: 092209

Response Verifier: Randy C. Jamison S Y. 2. .Diriscsn | Date: 422 - 0%
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5. At the calculated 4% frequency decrease, how is the stability of the machine assured? At this
elevated load, would the control system be capable of responding to changes in load? For
example, if a pump were tripped off, would the engine overspeed?

Response: When loud is applied to the generator, tie genset / engine speed drops. As speed
Jalls, the engine speed governor increases fueling, the shaft torque drives the engine /
generator back toward the rated speed / frequency. When the torque from the applied load
“through the generator” is less than the shaft torque supplied by the increased fueling, then
the engine and genset accelerate back to the rated speed, and "settle in" af the rated speed,

When > 100% load is applied, the behavior is the same, except the unit would "seitle in" below
the rated speed. This wonld be where the applied load (now lower acinal load due to the lower
steatdy state speed) "throagh the generator” equals the net shaft power of the engine. The
engine speed governor will drive the engine to maximuym fueling and power at the equilibriim
speed,

When a large load is cyeled off the engine speed governor will temporarily deliver reduced
Jueling and the decrease in net torque will decelerate the genset foward fthe rated speed,
Profotype tests showed that on a Full Load Rejection the Jollowing results were obtained:

Voitage Rise: 15.7 %
Recovery Time: 2.5 Second
Frequency Rise: 4.3 %
Recovery Time: 1.1 Second

Although the genset wounld be operating ut a ligher load than tested the governor woitld be
capable of responding for a load less than the full load rejection.

Response Preparer: Kenneth J, Letourneau K 444 toiiqnosis | Date: 094204
Response Verifier: Randy C. J. amisoaﬁﬁﬁ(/{ VB oirrss | Datei 037 g4
- 7 _
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6. In reference to ANSI C50.41-2000, American National Standard for “Poli - phase Ihduction
Motors," how do you meet the requirements of Section 13.1, specifically section C.

Response: Section 13.1 permits induction motor operation at rated load with variations of {a)
+-10% voltage with rated frequericy, (b) 5% frequency with rated voltage, and (c) combined
voltage and frequency of 10% provided frequency is within +/-5% of rated. These are the same
limits as provided in NEMA Standard MG-1, Section 12.44.1 to which Seabrook’s motor were
Dpurchased (ref. specification 128-1).

The frequency reduction with one SEPS genset supplying the LOOP load is 4.2%, which is
within the +/-5% allowance.

Attachwment C provides terminal voltages for various loads when supplied by one SEPS genset,
The maximum voltage reduction. at the terminals for all motors is 9.4% whicl is within the
+10% dallowarnce.

For the 4000 V motors, the maximum voltage reduction at the motor terminals is 4.2% which
when combined with the 4.2% frequency reduction resulls in 8:4% which is within the 10%
contbined allowance. About half of the 460 V motors required for safe shutdown nieet the 10%
combined criterin. The other half exceed the 10% criteria with the worst case bein 2 q voltuge
redirction af the motor terminals of 9.6% witich when combined with the 4.2% Jrequency
reduction resnlts in 13.8%. The 460 V motors that exceed the 10% criteria are acceptable as
Jollows. '

The terminal voltages provided in Attachment C were determined using ihe conservative
loading developed in the SEPS lpading calculation vs. the actual loading discussed in
Appendix A of the Engineering Evaluation. A sensitivity voltage drop case was run using the
ETAP program with bus loading more representative of the actual loading analyzed in
Appendix A of the Engineering Evaluation. The results showed a 1-2% improvement in the
460 V motor voitages with a few more of the safety related motors meeting the 10% combined
criteria. The remaining motors are discussed further in the following paragraphs.

A literature search using text books and the internet was condiccted and motor vendors were
consuited to determine the effect of the reduced voltage and frequency on the motors that still
do not meet the 10% combined criterin, The results are as follows.

The most significant effects of the reduced voltage and frequency operation are increased
motor heating and a reduction in the available horsepower (hp) the motor can supply. These
effects are interrelated in that the temperature will increase if the supplied hp reinains the
same as the voltage and frequency are reduced but the temperature increase will be minimized
if the hp required by the loads decrease as the voltage and frequency reduces.
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The temperature increase is Wypically in the range of 6-7° C. Given the motors’ insulation
ratings, this relatively small increase in temperainre would not be an immediate failure
concern but could effect the long term insulation life if the motors operated at the reduced
voltage and frequency for an extended period of time. Considering the relative short duration
of a LOOP event as compared to the motors” qualified life, the increased temperature shonld
not effect the capability of the motors to perform their safe shutdown functions. Also, the
temperature increase should not be as great as expected as explained in the next paragraph.

As explained in the affinity analysis section of Appendix A of the Engineering Evaluation, the
power required by the centrifugal pumps and fans will be reduced to 88% of that required at
rated frequency. Most safely related 460 V motors are operaied at a hp less than.rated. Most of
these motors also have a service factor of 1.15. Togetlier, these fuctors mean that the actnal
motor load at the reduced voltage and frequericy shotifd be close to-the available capacity such
that the temperature increase should be less than discussed in the previous paragraph.

It was also found that 60 Hz rated motors could generally be operated on g 50 Hg system as
long as the voltage was reduced to mainiain the appropriate volts per herty vatio (V/Hy) vatio
Jor acceptable motor excitation and the motor load was approprigtely reduced to limit motor
heating. This provides support for acceptable notor operation for the single genset condition
since the reduced voltage and frequency is less than the 60/50 Hy operation and tie V/HY ratio
is slightly reduced,

As discussed in the response to-Question 11, the crew may take a procedure devidtion to
reduce engine load prior to TSC activation. At that time, voltage and frequency would return
to rated eliminating the reduced voltage and frequency operation concern,

Buased on the above discussion, it is conciuded that the safety related miotors are able to
perform their safe shutdown fanctions given the reduced voltage and frequency condition for
the single genset operation, See the response o question 14 for additional discussion of the
effect os motors of the reduced voltage and frequency.

Response Preparer: Randy C. J. amisor; I A <pmaresn) | Date: (}/zz’ Y
Response Verifier: | Kenneth J. Letournean 444 inua v . | Date: 999209
K '\J 7 +
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7. What is the impact on instrumentation, transformers, and componeni protection and bus work
at reduced voltage & frequency?

Response: Seabrook’s electrical equipment procurement specifications typically include power
source requirements with a +/-10% voltage and a +/-5% frequency variation, as applicable,
with no specific requirement to consider combined variations. In general, electrical
component and cable overcurrent profection is sized with a minimum 1.25 murgin so load
operation af reduced frequency and voltage should not result in spurious protective device

tripping.

Bus work is not divectly gffected by the reduced voltage and Jrequency operation; and there is
sufficient margint in bus ratings to accept any increused current from loads operafing at
reduced voltage and frequency.

Transformer loading should decrease because the overall load decreases (see guestion 14).
Since the % voliage decrease is greater than the % frequency decrease, the Volts per Herty
{(V7Hz) ratio will be less af the reduced voltage and frequency point so transformer excitation
should not be a concern. Likewise, PT and CT excitation would not be affected so that they
can perform their functions to support electrical protection,

Plant instrumentation is typically powered from uninterruptible power supplies (UPSs) so the
instrumentation power souirce is not directly affected by the voltage and frequenicy variation.
The UPS has a rectifier section supplied by the 460 V ac power system and an inverter section
supplied by the outpnt of the rectifier or the station 125 V dc power system. Because of the
rectification process, it is expected that the volfage and frequency variation will not effect the
rectifier’s dc oufput. If it is degraded, then the inverter would continue to operafe on the 125V
de power system providing adequate power to the instrumentation, Instrumeniation that is
supplied from the 120 V ac power system Is expected to include an inpat power supply wirich
would isolate the instrumentation from the voltage and frequency variation.

The station battery chargers are similar to the UPS rectifiers such that it is expected that the
voltage and frequency variation will not affect the charger’s de ouipat. If it is degraded, then
the de system would operate from the station batteries which huve sufficient capacily (ie.,
greater than 4 hours) until the operators take appropriate actions to restore volinge and
[frequency. Based on this discussion, it is concluded that the non-motor loads on the ac system
will not be degraded by the reduced voltage and frequency in a manner that will effect their
capabifity fo perform their safe shutdown function. Motors are addressed in Question 6.

Response Preparer: | Randy C. Jamison ,if;,/J/‘_/ Ly Bimimess x| Date: 9209
Response Verifier: Kenneth J. Letourneau ¥4 ¢4 tati a yprci | Dateitd 22.09
U e, N L4
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8. What loads start on the sequencer - specifically for SEPS? How does operation of sequencer
impact single SEPS operation? Is the sequence timing based on the recovery of the large power
souree?

Response:

The emergency power sequencer (EPS) staris the sume safe shutdown loads whether the
emergency bus is re-energized after a LOOP by the emergency diesel generator, both SEPS
gensets operating in parallel, or one SEPS genset. As discussed in Appendix A of the
Engineering Evaluation, the single SEPS genset load after the EPS completes load
sequencing exceeds the adjusted base rating. The dcceptability of this exceedence is
demonstrated in the evaluation and the responses to these questions. The varions loads are
assigned to specific fixed EPS time steps to limif the magnitude of the load step and allow the
diesel generator voltage and frequency to recover to acceptable levels prior to start of the loads
at the next step. The wiinimum EPS time step interval is 5 seconds. Surveillance testing shows
that the emergency diesel generators (lurge power source) are able fo restore voltuge and
JSrequency prior to start of the loads on the next EPS step. The SEPS demonstration test
showed that two SEPS gensets operating in parallel could likewise restore veltage and
frequency prior to start of the loads on the next EPS step, No specific site sequence testing is
avaiiable for the single genset operation. Cummins provided prototype test data for step lowad
additions of 0-50%, 50-100%, 75-100%, and 0-100% of rated load that showed a single geriset
could recover voltage and frequency in at least 3.6 seconds which is less than tite 5 seconds., It
is also noted that for the LOOP event being anaiyzed, the large 4160 V motors are actually
started with at least one step between them providing at least 10 seconds for recovery.

Response Preparer; | Randy C. Jamison Kl fa 2 -mrtrcs | Date:g-22. 7
Response Verifier: Kenneth J. Letourneau ¥ | 44 inuamocct | Date:9-22-09
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9. Part 1 - How is the failure-to-run question evaluated? If one engine trips after successful
Joading, how would the remaining machine respond? Part 2 - If that machine trips, what
procedural guidance is available for recovery?

Response:;

Part 1 ~ SEPS electrical margin analysis is based on a single SEPS DG being available at the
beginning of the scenario (i.e., the second SEPS DG fails to start). If both SEPS DGs initially
start, the load on Bas E6 may exceed the max load capacity for one SEPS DG as additional
loads that are added by procedure, If one SEPS DG fails fo continue to run, the remaining
SEPS DG could trip off on overload resulting in another loss of power 1o the bus.

Part 2 - Operators would re-enter ECA-0.0 in response fo the stafion blackout from trip of the
SEPS genset and perform coping actions which include starting SEPS. If remote power
restoration from the MCB is not successful, Operators would disable pump loads per Step 6
and attempt local actions to restore emergency bus power source, including starting SEPS in
Step 8 and Attachment D. Once an emnergency bus is energized, crew would either transition fo
ECA-0.1 or ECA-0.2 both of which provide SEPS loading guidance prior te siarting punips
that were disabled in ECA-0.0 step 6.

Pari 1
Response Preparer; | Kenneth J. Letourneau 4 i g phnuiamiget.. | D8990 ney |
Response Verifier: | Randy C. Jamison g/d# 9,4 /i TN M o | Date: 2209
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Response Preparer: | David F. Kelly /AKX e3AA ~ | Date: 99216}
Response Verifier: | Kenneth J. Browne- 2 /7 Date: 9‘/2;/957

ATTACHMENTF EE03-002 Rev.03 Page 43 of 53




REGULATORY CONFERENCE — DGB SDP
Questions from Chris Cahill (and Larry Schell & Dan Orr}, NRC Region 1
Septermiber 11, 2009

10. Besides the loads identified in ECA-0.0, what other loads may be on the bus initially and
added by the subsequent procedures?

Response: For a LOOP (non-ST) start, no additional loads would be expected to be on the bus
initially. If only one SEPS DG is operating, no additional loads would be added in the short
ferm based on the procedure guidance in Attachment A of ECA-0.0.

ot WY o WP

Response Preparer: | David F. Kelly e Date: 422 {ch)
Response Verifier: | Kenneth J. Browne=——=#%y )~ Date: %22/
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11. Part 1 - How long could a single SEPS operate under the proposed conditions? Part2 -
When can it be assumed that operators would take aetion to reduce load below 100%7?

Response:

Part 1 - When the genset is loaded above the adjusted base rating the speed of the engine
reduces resulting in a slight decrease in ﬁ'eqaency and voltage and settles in at a constant
speed. If the load changes such as a reduction in load the genset is regulated to the new load
until the genset reaches the equilibrivm point. This cyclical operation can continue for about
250 hours based on profotype testing. As part of prolotypé festing Cummins conducted o
durability test. During this fest the generntor set was subjected {0 « minimum of 250 hours
endurance testing and was operated at variable loads to verify structural soundness and
durability of the design.

Piiit 2 - Operators would be locally manitoring SEPS status in approximately 20 minutes of
the station blackout event, At this point, the Operating crew would delermine if the engine
load exceeds procedure upper limit and consulf with plant engineering for guidance, The crew
nay take a procedure devigtion to reduce engine load prior to TSC activation. The TSC, whiclt
is staffed within one hour, wonld provide guidance fo reduce SEPS load as necessary within
the SEPS mission time.

Part 1
Response Preparer: Kenneth J. Letourneau W Lo tooins el Date9992-09
Response Verifier: | Randy C. Jamison 47497, B.warmesord | Date: 9-22-99
. Ay it

Parf2. o~ - A
Response Preparer: | David F. Kelly LB/W\ Date: 112216}

Response Verifier: | Kenneth J. Browne %7 Date: ?/a.a/o_}?

P g
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12. In the event that the engine performs better than analyzed, what would be the impact on
overcurrent protection?

Response:

If the engine performs better than expected such that the engine speed does not decrease to
the same level, frequency and voltage would be slightly higher and the load would not
decrease as much when using the affinity law and the load current would increase slightly.
When considering the full adjusted base load of 2936 kW and normal frequency and voliage
the generator output current would be 509 amps ( 2936 kW/4.16 kV X SORT 3 x 0.8 = 509

artp).  The overcurrent threshold setting of 511 amps for the AmpSentry would not be
renched.

To demonstrate the effect if the engine performs beiter than expected such that the engine
speed does not decrease to the same level, a case will be analyzed with a frequency reduction
between ruted frequency (no drop) and the 4.2% worst case from the test, For example, if
Jrequency were to decreased by 3.0% the voituge would decrease by approximiately 4.25% (See
Figure 1). Applying the affinity law the load would also decrease. When considering this
example the generator output current would be:

Portion of Adjusted base Load applicable to the affinity law = 2936 x 80% =2349 kw

Load not applicable to the affinity law = 2936 kW « 2349 kW = 587 kW

Affinity reduction (Power is proportional to the cube of shaft speed)

Affinity reduction @ 3%/58.2 Hz = {58.2 /60)° = 0.913

Affinity reduced foad =2349 kW x 0,913 = 2145 kW

Total load at 58.8 Hz = 2145 kW + 587 kW = 2732 kW

4.25% voitage reduction: = 4016 volts <<<.9575 x 4194 = 4016

Amperage at reduced voltage and reduced power:

1 =P/ (V x 5QRT 3 x PF) = 2732/{4.016 x SQRT 3 x 0.8) = 491 amps
At this intermediate point the current level of the AmpSentry setpoint is not reached.

AMPSENTRY threshold setting = 511 amps
AMPSENTRY 110% setting = 515 amps
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Therefore, if the engine perforims befter than expected such that the engine speed does not
decrease 1o the same level, the resulting current will be less than the threshold limit such that
the overcurrent protection will not trip.

Response Preparer: | Kenneth J. Letoumeaulf’\ Ao LU A ans 42 Date:aa,g?_@c?
Response Verifier: | Randy C. Jamison 2444 7., “D..pgrtvcssd | Date: 9-22.09
= 7
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13. For a single SEPS operation, are there any additional operator actions? If so, have HRAs

been completed?

Response:

No additional operator actions are required for long term load management. However, ECA-
0.0 Attachment A provides gmdance Jor single SEPS loading. Operators are instructed not to
exceed SEPS load limit prior to star tmg pumps. Subsequent actions for SEPS load
tnanagement are not explicitly modeled in the PRA. Such actions would be considered long
tersit actions, performed in consuligtion with system experts including the TSC staff, and

would be expected to be highly relighle,

Pttt} /\‘, P
) B Y

Response Preparer:

David F. Kelly

Date: U5 [

Response Verifier:

Kenneth J. Browne._,/,r%;/ ¥

Date: 9 /22/09
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14. The combination of reduced voltage & frequency impact the efficiency of the motors and
such things as magnetizing currents. Did you evaluate these conditions for each load to ensure
the total load (magnetizing and working current) does not cause you to reach the generator
overcurrent setpoint?

Response:

Appendix A of the Engineering Evaluation evaludated generator ovércurient profection
considering both reduced frequency and voltage. First, the effect of the reduced frequency on
the centrifugal pump and fan motor load was acecounted for in the affinily rule analysis by
reducing the power required by the motors by a cubed functioir fromi 2349 kW to 2067 kW.
Second, the remaining 587 kW of non-centrifugal pump and fan meotor load was
conservatively ussumed to be constant power loads, i.e., not reduced by tie reduced frequency.
Third, these were combined fo provide a total load af the reduced freguency of 2654 k¥ (2067
kW + 587 kW). This total load was then divided by the 8% reduced voltuge of 3860 V to
provi‘de a working current of 496 A. Using the minimum voltage results in a worst case
maximuin current, i.e., the lower the voltage for a given load, the ligher the cirrent. The 496
A is less thun the 511amp. Ampsentty threshold setling so the electrical protection will not irip,
Magnetizing current decreases in direct proporfion to the veltage reduction so its contribution

was not sepurately quantified.

Response Preparer: | Randy C. Jamison 7/ 4, f.myparcgs | Dater 9 -22-99
Response Verifier: | Kenneth J. Letonineau 4 | ,uLU:m et | Dateiengzo9
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Letourneau, Kenneth
From: cary.j.marstongleummins.com
Jent: Friday, August 28, 2000 12:29 #M
1o Letournsau, Kenneth; Jamison, Randy; Kotkowski, Gerald
Ceo: Weaks, Doug; Callins, Michagl, Nobie, Rick; jefi.g.anderson@cummins.com
Subloct: Vollage versus Fraeguency for QSK23-G3 Test

Kan, Randy and Gervy,

er our diseussion, please find fiere the updated voltage curve altached showing the actual points run on our tests,

Cary
Testing of QSK23-G3 Engine an Ganset
104 8% :
. « Sieacly State Voitage ?
102.0% - WS ® _F
k3 ,‘
% g 1000% : §
5 .
& .o 98.0% - [Valtage Decreased wih Degrensed
> 9 e Frequency When Additional Load
[ Apgl;ed o Ganerator
g ¢ 860% *
b ‘n :
T EAYAN .\ /
w .,g 840% Voltage al Madimarn Sleady State
A Power= Baseline
920% \&\
BU.U% T ¥ 1 T Y T
0% 1% 2% 3% 4% 5% 6%
Steady Sate Freyuency {% Drop from Baseline Frequency)

Cary J. Marston
Chief Engineer, G-Drive Engineering
Cummins Power Genaeration

Volce: 812-377-8333
Cell: $12-343-3892
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Letourneau, Kenneth
From: cary. L.marston@cummins.com
Sent: Friday, August 28, 2009 7,09 AM
To: Letourneau, Kenneth
Cg: Weeks, Doug; Kotkowski, Gerald; jeff.g. anderson@cumimins.cam; Collins, Michael; Jamison,
Randy, Nable, Rick
Subject: RE: FW: FW: Cumimins Lelter for Seabrook Stalion Generator Sets

Ken,

iiere are the plots we discussed last night. These show the results obtained for a QSK23-G3 engine on a genset from our
test facility.

The first ﬁgure shows the steady state power versis frequency for operation below the farget frequency. This is
generated by adding load above 100%, which "ugs the engina /'ganset” down to a lower speed / frequancy.

The sacond figure shows the volts / hz curve for these tests. Please note that the voltage at 4.2% lower frequenay, is
92% of the baseline voltage.

The second figure-shéws the same data, with the "customer load" dala you provided, based oh your analysis. The

Intérsection of these curves océurs at a frequency 4.2% tielow the baseline frequency. This Is where the genset load ‘
matches the "custorner load". i
Sincersly,

Cary
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Testing of OSK23-G3 Engine on Gahset
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Testing of QSK23.G3 Engling on Ganset
108.0% -

%w e Steady State Genset Power

B 108.0% -

& Customer's Load (Afiinfly Law)
5 2 104.0% e :
§ g Elpcifical Oulput Decroased
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Cary J. Marston
Chief Engineer, G-Dive Englineering
Gunmimins Power Genaration

Volce: 812-377-8333
Cell: 812-343-3992
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Electrical Analysis of SEPS Capacity

September 22, 2009

Kenneth.J. Letonmeay E;. i iﬂf_tgg IANAALE .. 09 -22-09
Preparer for Appendix A Date

?-22-69

Randy C. Jamison J& SWLE eg it
Independent Reviewer fo¥ Appendix A Date
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LOP Loads With One SEPS Generator Set
Engineering Evaluation

The Supplemental Electrical Power System (SEPS) provides two diesel generator (DG) sets for
powering the emergency loads during a Loss of Power (LOP) event. This evaluation will
determine if one SEPS DG can support the emergency loads based on actual running values.

Backeround

The design of the SEPS is capable of providing the required safety related loads in the event of a
loss of offsite power if both emergency diesel generators fail (o start and load, During these
events it is assumed that there is no seismic event or an event that requires safeguards actuation
(SI, CBS, CVI, C], etc.). Selection of the required loading connected to SEPS is based on PRA
Evaluation 03-007. In addition to providing power to the required loads, the total combined
output of the SEPS system can supply either the RHR pump or the SI pump. The analysis
conservatively ineludes the RER pump but it would not be sequenced on unless already running
prior to the LOP. The SEPS system equipment except the emergeney bus breakers are classified
as non-safety-refated, non-Class 1E, non-seismic (Safety Class N) and are not within the
requirements of the Operational Quality Assurance Program (OQAP).

The Supplemertal Electrical Power System provides two 2700 kW (3375 kVA) gensets for a
total of 5400 kW capacity with a slight reduction for SEPS auxiliaries (138 kW), The highest
total calculated load for Bus E6 load is 4425 kW. The emergency power requirements are based
on a modified (LLOP) load and are described in Caleulation C-S-1-38016. During commissioning
a test was petformed which simulated an LOP event with SEPS aligned to Bus E6. The recorded
results show the total connected load after the completion of Emergency Power Sequencer (EPS)
step 12 as 2903 kW with a voltage of 4183 volis at SEPS-CP-1.

The rating of a single SEPS generator is 2832 kW (105°C) and the nominal engine gross output
kW is 2790 kW (3740 BHP). The generator 125°C rating is 3024 kW,

An extended load duration factory test was conducted on each genset. Genset BO4K395120
obtained an output of 2717 kW and genset BO4K395130 obtained an output of 2727 kW. The
achieved output for these tests are considered the nominal base rating,

After gensets have operated 100 hours the available output increases by one percent as provided
by Cwmmins, This increase is attributed to engine break in. Once the engine operates
approximately 100 hours the frictional losses are reduced which increases the available power
for output generation. When applying this factor to the test results the available output capacity
for genset BO4K395120 increases to 2744 kW and genset BO4K395130 increases to 2754 kW.
These ratings are referred to as the adjusted base rating. The output capacity for genset
BO4K395120 the smaller of the two is used for calculations in this evaluation since the loading
can be supplied by either genset.

Cummins Power Generation Division was contacted fo ascertain genset response data during

overloaded conditions. The text and tables below provide the expected results for the Seabrook
Cummins gensets.
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SEPS Load Evaluation

The SEPS system was tested by Complex Procedure OS05-01-02 and documented on Work
Order WO 0513168. The test performed a simulated LOP event with SEPS aligned to Bus E6.
The recorded results show the total connected load after the completion of Emergency Power
Sequencer (EPS) step 12 as 2903 kW with a voltage of 4183 volts. This is 66% of the caleulated
load as shown in calculation C-S-1-38016. The loading evaluation will use the actual recorded
value since it is more indicative of the real loads as compared to the calculated load,

The SEPS loading was measured at SEPS-CP-1 control panel using a Square D Digital Power
meter Class 3020. Using the vendor’s specifications in FP35421 the accuracy is determined as
follows:

Power function meter accuracy (PA) = /- 0.5% (reading) +/- 0.05% (Full scale adjustment) =
+{- 0.55%

Meter drift (MD) = assumed +~ 0.5%

Instrument transformer accuracy (IA) = +/-0.3%

Reading Accuracy = VIAY* + (PA + MD) ? =+ 0.09% + 1.1% =1.09%
Using +1.09% meter accuracy the kW load reading is applied to the actual test value,
2903 kW x 1,0109 =2935 kW

The test alignment for service water, PCCW, and charging pumps was the same as for
responding to an actual LOP using procedure ECA 0.0, Loss of all AC Power.

With only one SEPS genset running 60 kW for the radiator cooling fan for the INOP genset can
be subtracted from the total recorded load. Since the load metered point during the test was at
SEPS-CP-1 the SEPS auxiliaries were not measured. To account for these loads an additional
78 kW is added to the test load resulting in a load of 3013 kW,
SEPS auxiliary loads = 138 kW (Ref. Calculation C-S8-1-38016)

138 kW - 60 kW =78 kW

2935 kW + 78 kW = 3013 kW
During testing all of the 4 kV motors were operating in similar conditions as in an LOP event
except the RHR and the EFW pump motor. Under normal full power operations with an LOP

without SI the RHR pump would not be loaded on at step three of the load sequencer if it was not
already operating before the LOP, During the glycol leak the RHR pump was not operating
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which is typical during normal power operations. The RHR pump motor would account for a
further reduction, The RHR pump was in the recirculation mode during the test with a load of
203.2 kW. The reduction of 203.2 kW would result in a total load of 2810 kW,

3013 kW -203.2 kW = 2810 kW

The RHR pump was operated on 02/24/09 for 39 minutes for surveillance. This evaluation
assumes the pump as not being available as an emergency load. The PRA evaluation will
address the probability of this pump being available as an LOP load.

The EFW pump was in the recirculation mode during the test with a flow of approximately 225
gpm and BHP of 560 (94MMODS525). In actual operation, the EFW pump, at 650 gpm, requires
720 BHP. This 160 HP difference- would result in an additional load to the obtained test load of
125.9 kW resulting in a load of 2936 kW.

2810 kW + 1259 kW =2936 kW (2936 kW will be used as adjusted base load}

During the. period of 02/02/09 to 03/01/09 the selector switch S8-5441 for FAH-FN-11B was in
the NORMAL mode which would not allow the fan to be sequenced on during an LOP except
for the time that a surveillance was being performed, Specifically, this fan was on for twelve
hours to perform surveillance duting the evaluated time period on 02/06/09. When the fan is in
the NORMAL mode a deduction of 53 kW is used to reduce the load to 2883 kW.

2936 kW — 53 kW = 2883 kW

However, during this same period that the FAH fan was available (in NORMAL mode), CAH-
FN-1D was not available for an automatic start during an LOP. When considering the 106 kW
for this fan during this period the SEPS loads would be reduced to 2830 kW,

2936 kW — 106kW = 2830 kW

The FAH fan was also available for a time period between 2/20/09 and 02/21/09. The attached
plot shows the FAH fan running at the same time the CBA B Train equipment was not available,
For all other times this evaluation assumes the FAH fan as not being available as an emergency
load during the evaluated period and not included.

The Control Building CBA system equipment CBA-P-435B and CBA-CP-178 were included as
loads during the SEPS demonstration test. Pump CBA-P-434B or CBA-P-435B is selected to
run but not both for a load of 13 kW. When one of the pumps is in operation the CBA chiller
control panel CP-178 also operates with a load of 67 kW. During the evaluated period up until
02/23/09, this equipment was in OFF and not available for an automatic start for an LOP event.
When the equipment was not available the total emergency load would be reduced to 2803 kW.

2883 kW - 13 kW - 67 kW = 2803 kW
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To determine a more precise loading for the evaluated period, the following table and attached
plot were used showing the various equipment availability and loading. The following
composite loading shows the major time periods and load variations using the adjusted base load
of 2936 kW from the demonstration test.

Date (Time) Unavailable Loads | Base Load Deduction kW | Available Load kW
2/1/09(2330) to CBA-P-434B/435B | 13 — 2697
2/6/09 (0105) CBA-CP-178 67 239

FAH-FN-11B 53

CAH-EN-1D 106
2/6/09 (0105} to CBA-P-434B/435B | 13 2750
2/6/09 (1127) ‘CBA-CP-178 67 | 186

CAH-FN-1D 106 _|
216/09 (1127) to CBA-P-434B/435B | 13 — 2697
2/9/09 (1013) CBA-CP-178 67 239

FAH-FN-11B 53

CAH-FN-1D 106 _|
2/9/09 (1013) to CBA-P-434B/435B | 13 2803
2/20/09 (0504) CBA-CP-178 67 | 133

FAH-FN-11B 53 _
2/20/09 (0504) to CBA-P-434B/4358 | 13 2856
200009 (1713) | CBA-CP-178 67 I 80 |
2/20/09 (1713) 1o CBA-P-434B/435B | 13 2803
2/23/09 (803) CBA-CP-178 687 [ 133

FAH-FN-11B 53 |
2/23/09 (0803) to FAH-FN-11B 53 2883
3/1/G9
Adjusted Base Load 2936

Calculation C-8-1-38016 also analyzed operation of the Cooling Tower pumps on the SEPS
DGs, The Train B Cooling Tower pump was not operating between 2/2/09 and 03/01/09 and
does not need to be included in this loading evaluation. The Cooling Tower pump and fans are
only operated periodically and not included in the normal base load.
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SEPS Veltage Evaluation

Based on testing performed by Cummins on the QSK class of gensets, the voltage and frequency
begins to decrease slightly as loading is increased above the genset base nameplate rating. The
table below indicates these reduetions associated with the level of overload (See Attachment E).

Table 1
% Load Above Genset % Frequency Reduction/Hz % Voltage Reduction
Capagity
7.0 _ 4.2 8%

The cumulative kW loading from Step 1 up to EPS step 8 is within the adjusted base rating of
one SEPS genset and voltage and fiequency are maintained. At step 9 when the SW-P-41D is
sequenced on and at step 12 the load exceeds the adjusted base rating of one SEPS genset. Table
2 below provides the loading at these steps associated with the cumulative kW load and the
percent loading above the adjusted standby capacity. When caleulating the step loading the
obtained test kW adjusted base loading of 2936 kW including tolerances is used. To determine
the percent overload the genset adjusted base rating of 2744 kW is used.

Table2
EPS Step Caleulated kW Loading % Over Adjusted Bage Rating
1 through § 2936 — 494 -131 = 2311 0
9 2311 + 494 = 2805 (2805 KW/2744 kW) -1 X100 =
2.2%
i2 2805 + 131 = 2936 (2936 kW/2744 kW) -1 X100 = 7%

To determine the available voltage at the emergency loads, voltage study cases using ETAP were
peiformed. ETAP is the software program that is used at Seabrook Station for voltage regulation
calculations. The ETAP model consists of a one line diagram of the on-site electrical distribution
system which includes the characteristics of plant loads, interconnecting cables, normal powsr
supplies and emergency power supplies including SEPS.

Since the recorded test voltage of 4183 volts was measured at SEPS-CP-1 the voltage at the
SEPS generator terminals must be calculated to account for the interconnecting cables. This is
determined by using an iterative process where the assumed voltage at the generator terminals is
adjusted until the test voltage level at SEPS-CP-1 is obtained. To replicate the loading during
the SEPS commissioning testing the ETAP Step 12 steady state full load is used. When using
this process the voltage for the SEPS DG output is calculated as 4194 volts.

EE(09-002 Rev. 03 Page 14 of 53




LOP Loads With One SEPS Generator Set
Engineering Evaluation

Voltage case studies were performed for steps 7 (FW-P-37B start), 9 (SW-P-41D start) and for
the steady state loading after step 12 which will be referred to as step 12P. For the motor starting
cases the previously started loads are analyzed as running. For step 12P all loads are analyzed as
running.

During starting conditions the voltage dip at the generator terminals is determined by the
generator lock rotor starting curve contained in Calculation C-$-1-38016, This curve is used for
study cases 7 and 9. The cwrve is based on 4160 volts and is adjusted for the SEPSDG output
voltage {[100 - % DROP] X 4194). For EPS Step 12P the generator output voltage is reduced by
8% for a 92% DG terminal voltage {(92.8 on a 4160 volt base) as a result of the 7% overload.
Table 3 below provides the generatortexminal voltages that are used for these study cases.

Table3
2]
EPS Step % Transient Voltage Drop SEPS DG % Voltage
7 (5051 skVA) 24 76.6 (3187)
9 (4016 skVA) 20 80.7 (3357)
12P 8% 92.8 (3860)

The obtained voltages at these steps for the equipment are listed in Attachment C and are
evaluated below..

Per REG GUIDE 1.9 the general industry practice is to specify a voltape reduction of 10-15 percent when
starting large motors from large-capacity power systems, and a maximum voltage reduction of 25-30
percent when starting these motors from limited-capacity power sources such as diesel generators, When
evaluating the results of the calculated voltages using for the ETAP study cases a maximum voltage
reduction between 25-30 percent will be used.

Voltage study case for Step 7 calculates the voltage reduction for the loads when the EFW pump (FW-P-
37B) is started. The calculated voltage for the 4 kV motors are in the range of 78.5% to 78.9%. The
calculated voltages for the 460 volt loads are in the range of 72.8% to 78.7%. Using the criteria in REG
GUIDE 1.9 the caleulated voltages duting starting of the EFW pump are acceptable.

Voltage study case for Step 9 calculates the voltage reductioni for the loads when the Service- Water pump
(SW-P-41D) is started. The calculated voltage for the 4 kV motors are in the range of 82.3% to 83.2%.
The calculated voltages for the 460 volt loads are in the range of 77.4% to 83%. Using the criferia in
REG GUIDE 1.9 the calculated voltages during starting of the SW pump are acceptable.

Voltage study case for Step 12P calculates the steady state voltages for loads when the SEPS DG is
overfoaded by 7%. The calculated voltage for all 4 kV motors and 460 volt loads receive more than
90%. Using the criteria in REG GUIDE 1.9 the calculated voltages during steady state conditions are
acceptable,
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LOP Loads With One SEPS Generator Set
Engineering Evaluation

Affinity Law Power Reduction

Based on the affinity laws, power is proportional to the cube of motor shaft speed for centrifugal
pumps and fans. A reduction in generator frequency results in a reduction of power to the motor
loads and therefore the total connected running load is also reduced. The following calculations
are used to determine the percent of motor load contribution to the adjusted base load and
determines the load reduction based on the affinity law:

% Qverload above adjusted base rating:

2936 KW/2744 kW = 7%

Frequency Reduction for applied Load (See Attachment E):

7.0% Overload Equilibritim Point = 4.2% frequengy reduction

Total Centrifugal Pump & Fan motor load = 2979 kW (W/0 RHR Pump)
{Ref: C-5-1-38015 and 065DCRO0B)

Total Calculated load ~ RHR Pump — One SEPS Fan = 3741 kW {Ref: C-5-1-38016 and 06DCR008)
% Calculated MotorLoad Applicable to Affinity Law = 2979/3741 = 80%

Portion of Adjusted base Load applicable to the affinity law = 2936 x 80% =2349 kW

Load not applicable to the affinity law = 2936 kW — 2349 kW = 387 kW

Affinity reduction {Power is proportional to the cube of shaft speed)

Affinity reduction @ 4.2%/57.48 Hz = (57.48 /60)* = 0.88

Affinity reduced load =2349 kW x 0.88 = 2067 kW

Total load at 57.48 Hz = 2067 KW + 587 kW = 2654 kW

After the generator is overloaded by 7% the steady state load would be reduced to 2654 kW with
the frequency reduction of 4.2%.

SEPS Generator Protection Evaluation

The SEPS genset protection is set for a load that exceeds 110% of the nameplate capacity and
will teip at 2970 kW (515 amps) after 235 seconds (See attachment B).

1.1 x 2700 kKW = 2970 kW or 1.1 x (3375 KVA/[4.16 kV x V3]) = 515 amperes
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LOP Loads With One SEPS Generator Set
Engineering Evaluation

The overcuirent protection is provided by AmpSentry which is part of the generator protection
integral to the PowerCommand control. The AmpSentry uses input signals from instrument
transformers that sense the generator output. To determine the accuracy of the cumrent loop an
assumed accuracy of +/- 1% will be used. When using this accuracy and applying to the 110%
trip setting the minimum frip point is determined as follows:

(110% - 1%) x 2700 kW = 2943k W or

(110% - 1%)(3375 kKVA/[4.16 kV x Y3])= 511 amperes

A load of 109% or 2943 kW will be used as a conservative threshold since the generator Jong
time overload protection at the generator control panel is disabled below 110% with
consideration of the accuracy of the overload protection.

The 2943 kW corresponds to a threshold current of 2943kW/(4.16 kV x 3 SQRT % 0.8) = 5114
The adjusted base load corresponds to.a load current of 2936 kW/{4.16 kV x 3 SQRT x 0.8} = 509A

When the running load exceeds the adjusted base genset rating the diesel engine encounters a
slight drop in speed. As a result of the slight drop in speed the steady state power reduced with a
drop in voltage to 92.0% (8% Voltage reduction) and frequency decreases by 4.2% for a load of
7.0% over base capacity. Power is proportional to the cube of shaft speed. A reduction in
frequency resuits in a reduction of power and therefore the total running load is also reduced to
2654 kW (See affinity law reduction above).

With a voltage reduction of 8% in generator output voltage of 4194 v the output voltage would
be 3860 volis. The drop in voltage and frequency will also result in a drop in the steady state
loading, To determine the current level of the load when this occurs the steady state power
reduction from applying the affinity law and expected voltage reduction will be used.
8% voltage reduction; (See Tabie3) = 3860 volts

Total load at 57.48 Hz = 2654 kw

Amperage al reduced voltage and reduced power:

1 = P/ {VXSQRT 3 x PF) = 2654/(3.86 x SQRT 3 x 0.8) = 496 amps
AMPSENTRY threshold setting = 511 amps

When using 109% of the genset nameplate capacity it can be seen that one genset would not trip

on long time ovetload for a normal base load of 2936 kW when the power consumed by the
motor loads are reduced fram the decrease in frequency.
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LOP Loads With One SEPS Generator Set
Engineering Evaluation

The maximum calculated load for the normal base load of 2936 kW does not exceed the
generator winding thermal limit (125°C). Per the generator test certificate the 125°C load
capability is 3024 k'W.

SEPS Diesel Engine Evaluation

The diesel engine has a power output rating of 2790 kW (flywheel) for Standby Service. This
rating is less than the ultimate capability of the engine because of inherent conservatism in
vendor ratings.

Typically maximum engine power is controlled by the power limiter setting, This setting can be
set to limit the maximum power output of the engme This setting has been disabled such that
there is no governed power limit. If the engine monitoring parameters are within ratige, the
genset limitation is the generator protection, When monitoring the engine parameters during
periodic surveillance tests it was obseived that the lube oil and jacket water cooling systems had
high margins to the shutdown points during full load operation. This would indicate the ability to
support an increased load above nameplate.

Based on Cummins testing of similar QSK gensets with the same control system and fuel system
the engine response to various incremental load incréases over the nominal base rating resulted
in slight decreases in frequency and voltage. Although there was a decrease in voltage and
frequency the engine continued to operate. As discussed in the loading evaluation, the engine is
capable of supporting a generator overload over the adjusted base rating to supply the adjusted
base load.

Based on the testing (See Table 1) the overcurrent is likely to trip first since the frequency
reduction for 110% overload would not reach the under frequency setpoint. Since the load is not
expected to reach the 110% trip point or undel frequency trip setting the engine should support
the load.

If the load exceeds the engine adjusted base rating there will be a slight decrease in engine speed.
Based on the evaluation in Attachment D it was determined that the safety related pumps would
operate to perform their safety related functions with a 4.2% frequency reduction on the SEPS
generator.
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LOP Loads With One SEPS Generator Set
Engineering Evaluation

Operator Action

Operating 2 SEPS genset over nameplate rating for an extended period of time is not desirable.
In the event that this condition was to occur there is sufficient time to reduce loading after
personnel are dispatched to the SEPS equipment enclosures to determine the running status.

Emergency Operating Procedure ECA-0.0 provides actions to restore emergeney bus power in
response to a station blackout event. ECA-0.0 step 5b provides actions to close the SEPS supply
breaker to the emergency bus in the event the main Emergency DGs fail to start. It is estimated
that time for the connecting the SEPS DGs to the bus is approximately eight minutes. Once the
sequencer connects loads to the bus, ECA-0.0 step 5 provides direction fo maintain SEPS load
limit per Attachment A. This Attachment provides direction to locally dispatch personnel to the
SEPS equipment to determine status and load condition. It is estimated that time to arrive at the
SEPS gensets is approximately 10 minutes of being notified by control room. In the event that
only one SEPS DG is running and SEPS-CP-5 or CP-6 indicates an overload kW condition,
SEPS DG-2A/2B Panel SEPS-CP-5/6 local alarm responses would direct operators to reduce
load (Ref. LAR-SEPS-CP-5 or LAR-SEPS-CP-6). ECA 0.0, Attachment A also provides
instruction to limit start of additional pumps to prevent exceeding SEPS nameplate load
capabilities. This action will provide the necessary steps to manage the loading within the
nameplate capabilities in the event of an alarm condition and provide the assurance of continued
operation of the genset to supply the safety related loads.

References
[1] Cale. C-5-1-38016 (06DCRO08); Supplemental System Voltage Regulation
[2] FP35489 2195350 001 SEPS Genset Data Package

[3]1 EMAIL, 8/27/09, C.J.Marstor/K Letourneau (Cummins/Nextera); Genset response to
overloaded conditions

[4] EMAIL, 8/24/09, C.J.Marston/K.Letourneau (Cummins/Nextera); % Ovetload, frequency &
voltage reduction

[5] EMAIL, 8/19/09, C.J.Marstori/K.Letourneau (Cummins/Nextera); Genset adjusted base
capacity basis

[6] Work Order 0513168; Perform SEPS Demonstration Test on Bus E6

[7] FP35421; Square D Digital Power Meter Class 3020
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LOP Loads With One SEPS Generator Set
Engineering Evaluation

Conclusion

When considering the loading profile for the evaluated period of 02/02/09 to 03/01/09 and the
adjusted base load (2936 kW), the total load is within the capability of a single SEPS genset. The
single genset can supply the load without tripping. The loading above the adjusted base rating
results in a drop in generator frequency and voltage. The safe shutdown loads can perform their
function to mitigate the LOP event at the reduced voltage and frequency values.

See Attachment F for the responses to questions received from the NRC; these responses provide
additional support that the safe shutdown loads can perform their function.
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LOP Loads With Oune SEPS Generator Set
Engineering Evalaation

ATTACHMENT A PAGE 1

LOP Loads With One SEPS Generator Set Engineering Evaluation

LOADING FOR ONE SEPS DG

GENERATOR CAPABILETY (3024 k\N) .
8000 _108% GENERATOR GVERCURRENT (2e43iiny """ """
2800 ENG!NE NAMEPLATE RATING (2790 kWm) 2603 T1_zees | ADJIUSTED BASE LOAD (2936 kW)
............... g+ i ¢ o+ e e e e e e R T R
. |_zenv
2097
2600
:.-g: 2400
2200
2000
| IS N N OO PV ENEN S SO HNN N SV VOO NN AN SN S T FUURY WU R N S T DUNN I R O
2/2-2330 2/6-0105 2/6-1012 4206504 20230808 10012
2184127

TIME

NOTE; PLOT DOES NOT INCLUDE THE RHR PUMP
SURWVIELANCE OF 39 MINUTES ON 02/24/09
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LOP Loads With One SEPS Generator Set
Engineering Evaluation

trip titme (sec)

Ampsentry trip curve

1000.0
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100

i 10
Per unit current

Page 3 of 4
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LOP Loads With One SEPS Generator Set
Engineering Evaluation

PowerComnmand Control Amp Ssntry
Time-Over-Current Characteristic Table

t=d3.5/{1-67)"2

Page 4of 4
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LOP Loads With One SEPS Generator Set
Engineering Evaluation
ETAP RESULTS

ATTACHMENT C PAGE 10F2

BUS AND MOTOR VOLTAGES DURING SEPS DIESEL GENERATOR LOAD SEGUENCING FOR

BUS E6
Equip. 7 9 12P
SEPS-DG-2A or 2B 3187 3357 3860
SEPS-SWG-1 3177 3347 3854
SEPS-CP-1{A5C) 3162 3332 | 3845
BUS-6 3162 3332 .| 3845
CS-P-2B 3157 3328 3841
CC-P-11D 3157 3327 3841
SW-pP-41D - 3290 3834
Fw-P-37B 3140 3324 3838
US-61 352 372 431
MCC-611 351 372 430
DG-C-28B - ' - 479
MCC-612 350 371 430
PAH-FN-42B 346 367 426
EPA-FN-47B 342 363 423
CS-P-3B 335 356 417
EAH-FN-31B 341 362 | 422
FAH-FN-11B 344 365 424
EAH-FN-180B 335 357 418
AS-V176 348 368 426
EDE-I-1B 348 369 428
EDE-1-1F 348 369 428
SW-V-5 345 365 424
MCC-614 349 370 429
SWA-FN-38B 347 368 427
SW-V-29 347 367 426
MCC-615 351 372 431
CC-P-322B 339 360 420
FW-FV-4214B 346 366 424
US-62 361 382 442
EAH-FN-5B 352 373 434
CBA-CP-178 356 377 438
MCC-621 361 382 441
CBA-FN-32 - - 440
CBA-FN-16B 358 379 439
RH-FCV-611 355 375 434
EDE-I-1D 359 380 440
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1.OP Loads With One SEPS Generator Set
Engineering Evaluation

ETAP RESULTS
Equip. 7 9 2P
US-63 362 379 434
CAH-FN-1A 355 373 429
CAH-FN-1B 355 372 428
CAH-FN-1D - 372 429
SA-SKD-137B - - 1 423
MCC-631 36l 378 434
CS-P-2438 352 370 426
CS-HCV-~190 347 363 | 416
CAH-FN-2B - - | 425
CAH-FN-2D - - 427
US-64 364 384 443
MCC-641 364 384 443
SWA-FN-70 362 383 441
SEPS-PP-1 366 385 444
ATTACHMENTC PAGE 20F2
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LOP Loads With One SEPS Generator Set
Engineering Evaluation
Frequency Reduction on Pump Performance

Following a LOP event, ECA 0.0 verifies that the following pumps are running:

Charging pump

Thermal barrier cooling pump
PCCW pump

EFW pump

SW or cooling tower pump

Cummins has indicated that for the anticipated single SEPS genset loading following a LOP, a
frequency decrease of approximately 4.2% could cccur. Accordingly, these pumps will be evaluated for
operation at reduced frequency.

PROTO-FLO Version 6.0 was used in this evaluation. PROTO-FLO is a Windows based program used
to perform steady-state analyses of thermal-hydraulic systems. Seabrook currently has two PROT-FLO
models developed for the Service Water System and the Emergency Feedwater System. For the
Lharging Pump, PROTO-FLO was utilized by inputting pump curve data and then reducing the speed
of the pump by 4.2% to obtain the reduced pump curve data.

Thermal Barrier Cooling Pump

Thermal barrier cooling flow is 214 gpm (SDS 8/20/08 0900) or §3.5 gpm/RGP. In accordance with the
reactor coolant pump vendor manuai, W120-21, the minimum required flow to the thermal barrier cooler
is 40 gpm. The actual flow is 33.75% greater than this minimum flow requirement. Sufficient margin
exists to-ensure adequate flow with 4.2% underfrequency.

Service Water Pump

In the LOP alignment, the service water system is required to deliver 7800 gpm to the PCCW heat
exchangers and 800 gpm to the diesel generator heat exchangers (Ref: 4.3.08.87F). The existing
ProtoFlo model of the service water system was modified by adjusting the existing pump to 95.8% of its
design speed. The resulting heat exchanger flows are 10,533 gpm and 1,991 gpm respectively, which
are higher than the minimum required, There is no adverse impact on service water system flows from
the 4.2% undeifrequency.

Emergency Feedwater Pump

The EFW system is required to provide a minimum of 470 gpm to three intact steam generators or 470
apm to 2 steam generators. The existing ProtoFlo mode! of the EFW system was modified by adjusting
the existing pump to 95.8% of its design speed. For all combinations of 2 or 3 steam generators, flows
exceed the minimum required flow of 470 gpm (544-546 gpm for 2 SG, 615 ~ 616 gpm for 3 SG).
There is no adverse impact on EFW flows from the 4.2% underfrequency.
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LOP Loads With One SEPS Generator Set
Engineering Evaluation
Frequency Reduction on Pump Performance

Charging Pump

Engineering Evaluadtion SS-EV-88008, Rev. 9, defines the minimum performance requirements for CS-
P-2B. In the post-LOP alignment, the charging pump will be providing normal charging and seal
injection. SS-EV-98008 indicates that the minimum pump performance requirement at 120 gpm is
5320 feet of head. Degrading the pump shop curve, by 4.2% for speed, yields a performance of 139
gpm at 5415 feet. Therefore, there is no adverse impact on charging flows from the 4.2%
underfrequency.

PCCW Pump

UFSAR Table 9.2-6 indicates that for normal operation, PCCW Train B design flow is 9747 gpm and
flow for an extended (single train) cooldown is 7422 gpm. Actual PCCW flow is nominally 12,200 gpm
(Table 1 of 0$1012.04). Based upon these values, PCCW system flow is approximately 25% greater
that the design requirement and the normal alignment requires 31% more flow than the extended
cooldown alignment (i.e. the post-LOP alignment). Based upon these values, sufficient margin exists to
ensure adequate flow with 4.2% underfrequency.

i 1 P S 7
Veiifigd: T. A. Schuiz :
(.7/ "-%/4\\79“ T SenueE AFa Fegeon] e %/a%/a}
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LOP Loads With One SEPS Generator Set
Engineering Evaluation

Attachment E

Testing of @SK23-G3 Engine on Genset
108 0%
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) ot Db : .
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100 D% s
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Fower = Baseline :
g 0% -+ [ T i T T
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LOP Loads With One SEPS Generator Set
Eungineering Evaluation

Attachment E

Electrical V oltage
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LOP Loads With One SEPS Generater Set
Engineering Evaluation

Attachment E

Electﬁc' al Qutput
(% of Baseline Maximum Output}
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LOP Loads With One SEPS Generator Set
Engineering Evaluation

Attachment E

Electrical V oltage
(% of Baseline V oltage)
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Seabrook Station
Diesel Generator DG B
Significance Determination
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Introduction — Gene St.Pierre
 Electrical Analysis — Rick Noble
Risk Analysis — Ken Kiper
Conclusions — Gene St.Pierre
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Purpose

Address the risk significance of the DG B
failure at Seabrook Station on Feb 25, 2009.

— NextEra Energy Seabrook concurs with the NRC determination
that “NextEra’s failure to adequately control design changes
implemented on the DG B jacket water cooling system in
January 2009 led to the failure of the gasket on flange JTROOS5 in
the DG B jacket water cooling system on February 25.”

— Electrical analysis demonstrates additional margin exists in the

on-site AC power system (SEPS: Supplemental Emergency
Power System).

— One of the two SEPS diesel generators can support LOOP loads
based on actual running values.

— Risk analysis crediting this additional margin results in a risk
significance of this event below 1E-6 (GREEN).
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DG B Failure Event 2/25/2009
EVENT

» 1/30/09 — During a planned Train B emergency diesel generator (DG B)
maintenance outage, the “B” turbocharger cooling flange and gasket were
assembled in accordance with a design change.

« 2/02/09 — DG B started 5 times for post maintenance testing, ran for ~10
total hrs.

« 2/25/09 — DG B failed during a surveillance test run. Specifically, the Jacket
Water cooling system failed due to a gasket failure on the “B” turbocharger
cooling flange. This failure occurred about 60 minutes after DG B started,
when the DG had been loaded for about 30 minutes.

» 3/01/09 — DG B was functional after completion of repairs and
comprehensive inspections.

UNAVAILABILITY TIME

+ Total unavailability time (from 2/2/09 to 3/1/09) = 26.0 days = 0.0713 yr.

« Unavailability time includes the entire period between last successful run
and completed repair. No degradation mechanism affected the component
during the standby time period.
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Risk Assessment Indicates Green
Significance

 Initially, NextEra Energy recognized that this event had
the potential to be of low to moderate significance due to
the importance of Emergency DGs and the duration of
Emergency DG B unavailability

* During our evaluation of this event, NextEra Energy
identified additional margin, inherent in the SEPS design,
In the onsite AC power system that reduced the risk
significance of this event to very low (green).

NEXT@?’&




10

SEPS Design

SEPS supplies 4kV power to emergency buses E5 (Train A)
or E6 (Train B) in the event of a loss of offsite power & failure
of both Emergency DGs.

SEPS supplies backup power to emergency buses when an

Egeggency DG is out of service for maintenance (14 day TS
AOT).

SEPS is permanently installed with two Cummins diesel
generator sets (SEPS DGs) each nominally rated at 2700 kW,
for a total SEPS capacity of 5400 kW.

The SEPS Design LOOP Load of 4425 kW uses
conservatively calculated values of LOOP loads plus

additional conservatisms such as an RH pump is assumed to
be running.
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SEPS Design

SEPS is normally aligned to Bus E6 due to motor-driven EFW
pump powered from Bus EB.

Auto starts on LOOP.

Operator closes one breaker from the Control Room to

connect SEPS to Bus EG6, per procedure ECA-0.0, Loss of All
AC Power.

The Emergency Power Sequencer functions to connect loads
to SEPS.
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Electrical Design

345 kV
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SEPS Margin Analysis

« Analysis determined that one of two SEPS DGs alone

can support the LOOP loads based on actual running
values.

« The single SEPS DG vendor Standby Rating of 2700
kW is based on its service application of supplying
emergency power during a loss of all AC power.

* The Adjusted Base Rating is the standby rating adjusted

to account for factory testing and improved efficiency
due to engine break-in.

NEXTEera
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SEPS Margin Analysis

« Single SEPS DG “Adjusted Base Rating” includes the
following conservative considerations based on vendor
iInformation:

— SEPS DG vendor Standby Rating: 2700 kW

— SEPS DG output based on extended load duration factory
test: +17 kW

— SEPS DG output adjusted for engine break in: +27 kW

— SEPS DG Adjusted Base Rating:
2700 kW + 17 kW + 27 kKW = 2744 kW

* The “Adjusted Base Rating” is 2744 kW.

NEXTEera
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SEPS Margin Analysis

« The Adjusted Base Load is calculated to reflect the expected loading
during a LOOP by adjusting the on-site commissioning test load value.

« The “Adjusted Base Load” of 2936 kW includes the following
considerations:

— Loading based on the site commissioning test versus design calculated
loads.

— A nominal plant loading profile for the evaluated period of 2/02/09 to
3/01/09.

— No Operator actions are required to reduce loads.

 The Adjusted Base Load exceeds the single SEPS DG adjusted base
rating at normal voltage and frequency.

 The 7% overloaded condition causes a slight reduction in frequency

which in turn reduces the load demand below the SEPS DG Adjusted
Base Rating.

NE}(T@E’&,
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SEPS DG Capability Above Adjusted
Base Rating

* Vendor testing demonstrated capability above the
SEPS DG “Adjusted Base Rating.”

— Testing performed on a smaller QSK series engine with the
same cylinder design, same fuel system, same engine control
system and generator control system, and similar air handling
and base engine features as the SEPS DG QSK series engines.

— Per the vendor, SEPS DG performance above the Adjusted
Base Rating would be expected to provide similar results.

— Loading above the Adjusted Base Rating results in reduced
frequency & voltage.

— Reduced frequency & voltage results in reduced power required
by connected loads.

NEXTEra
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Equilibrium Reached at Lower Frequency

« An equilibrium between load demand and supply is
reached at a lower frequency.

— SEPS will stabilize at new equilibrium point; oVercurrent
protection setpoint is not reached.

— The evaluation of connected loads showed acceptable design
function performance at the equilibrium point.

-- All required pumps evaluated for changes in flow resulting
from reduced frequency and determined to be capable of
supplying required flow.

-- Effects of lower voltage evaluated on loads and protection
devices and all would remain functional.

-- The impact on instrumentation, transformers, component
protection and bus work would be insignificant.

NEXTEIral
ENERGYZ%
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One SEPS DG Can Supply LOOP Loads

Conclusions:

— A single SEPS DG can supply the LOOP loads without
tripping. The safe shutdown loads would perform their
function at the reduced voltage & frequency values that

would occur when operating a single SEPS DG above
the Adjusted Base Rating.

— The SEPS system has additional defense-in-depth since

one of two SEPS DGs is sufficient to power the Adjusted
Base Load.

— No operator actions are required to reduce loads.

NEXT@E‘&
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Risk Assessment Results

Risk assessment using 1-of-2 SEPS DG success criteria
shows risk significantly below 1E-6 (GREEN).

. DG B SEPS CDF123 Unavaitability
Description Status Model (CASE X) Time (yrs)
NEW BASECASE:
SB2009X Average 1-0f-2
Maintenance, Modes 1 to 3 available required 1.02E-05
-AND- Single SEPS
Success Criteria

NEW BASECASE AND
DG B out of service

1.88E-05

service required

dCDF: delta core damage frequency

ICDP: incremental core damage probability
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Seabrook PRA

« Seabrook PRA Risk Model used for SDP

— Analyzed initiators: internal events, internal flood, internal fire,
seismic events

— Modes 1 to 3: at power, low power, hot standby
— Average test & maintenance unavailability

— Revised in June 2009 to account for latest plant design,
procedures, & data (periodic update)

— Meets Cat 2 of ASME/ANS PRA Standard (RG1.200 Rev 1) with
minor exceptions

* Risk significance of this event was evaluated using a

full scope analysis with detailed plant-specific
modeling.

NEXTEera
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PRA Station Blackout Model

OFFSITE POWER

LOOP initiators considered: plant-centered (LOSPP), grid-centered
(LOSPG), weather-related (LOSPW), quantified based on generic data from
NUREG/CR-6890, updated with plant-specific data.

Consequential LOOP is modeled for all other initiators, to account for the
potential for LOOP resulting from the plant trip.

Offsite power recovery curves are modeled using generic data from
NUREG/CR-6890.

EMERGENCY DGs

23

Detailed fault tree systems analysis for DG A & DG B, including test &
maintenance unavailability & common cause failure

System model uses 24-hour mission time for weather-related LOSP
sequences; 6-hour mission time for all other LOSP sequences.

DG A and DG B failure rates are based on generic data from NUREG/CR-
6928, updated with plant-specific data.

DG recovery is modeled using plant-specific data (0.45 non-recovery
probability for sequences with at least 4-hours recovery
time available).

= SERBROOK




PRA Station Blackout Model

SEPS

» Detailed fault tree systems analysis for SEPS, includes test & maintenance
unavailability & common cause tailure.

« SEPS failure rates are based on generic data from NUREG/CR-6928.

+ Revised model consists of two SEPS DGs which are modeled with a 2-of-2

success criteria for LOOP/SI sequences and a 1-of-2 success criteria for
LOOP/non-SI sequences.

TURBINE-DRIVEN EFW PUMP

« AC power independent, continues to run as long as DC power is available.

+ When DC batteries are eventually drained on a SBO sequence, the model
assumes the TD EFW pump fails.

OTHER

» Vital DC batteries are modeled to Oferate for a nominal time period of 4

hours, or for an extended time of 12 hours based on procedural-directed
load shedding.

+ RCP seal leakage model: for an extended SBO, the RCP seals are modeled

to leak at each of three potential leakrates: 84 gpm, 728 gpm, or 1920 gpm,
based on the standard Westinghouse model.

NEXTEral
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Additional PRA Considerations

1. Operator Actions Related to SEPS
2. Fail-to-Run Single SEPS DG Scenario

3. Nominal Plant Model Assumptions

NEXTera
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(1) Operator Actions re SEPS

SEPS auto starts on loss of offsite power (no action required).

Initial operator action in response to a loss of all AC power,
per emergency procedure ECA-0.0, Loss of All AC Power:

ECA-0.0 Step 5b Step 5b RNO

b. Manually start emergency diesel b. Perform the following:
generator(s) from the main « |F SEPS bus feeder breaker is
control room: aligned to Bus 6, THEN:

* Emergency start 1) Place the following
* Slave relay K603 test switch S909 equipment control switches

in PULL TO LOCK position:

+ DG 1B output breaker
» CBS-P-9B
+ SI-P-6B

2)Manually close SEPS Bus 6
breaker. 1F breaker will NOT
close, THEN go to Step 6.

« The Emergency Power Sequencer automatically starts the
required loads.

NEXT@E”&

 sEaRo0K
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(1) Operator Actions re SEPS

« Subsequent steps address load management. Note: no operator
actions are required to reduce SEPS load.

ECA-0.0 Step 5 Step 5f RNO
j- Check emergency bus — POWERED BY j. IE emergency bus is powered by
EMERGENCY DIESEL SEPS, THEN maintain SEPS load

limit per ATTACHMENT A while

- ATTACHNIENTA

L EPS LOAD anu'r GUIDANCE

e Verify SEPS ioad WIth two dlesels runmng
Z OR L ! -‘ - . :

NEXT@F&
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(1) Operator Actions for SEPS

Operator Actions Conclusions:
— SEPS auto starts - no operator action required.

— Simple operator actions from control room to close the
SEPS breaker to the emergency bus.

— Emergency sequencer automatically starts essential loads
- no operator action required.

— No operator actions are required to reduce SEPS load.
Any SEPS load management would occur in the longer
term in consultation with TSC staff.

— The PRA models the critical steps needed to close SEPS
breaker. These actions are independent of whether 1 or 2
SEPS DGs are operating.

NE}(“@’EF&

28




(2) SEPS Fail-to-Run Scenario — Not Significant

« SEPS electrical margin analysis is based on a single SEPS
DG being available at the beginning of the scenario (i.e., the
second SEPS DG fails to start).

* If both SEPS DGs initially start, the load on Bus E6 may
exceed the max load capacity for one SEPS DG as additional
loads that are added by procedure.

» If one SEPS DG fails to continue to run, the remaining SEPS
DG could trip off on overload.

NEXTera
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(2) SEPS Fail-to-Run Scenario — Not Significant

 Low Frequency Scenario

—~ Based ugqn the SEPS system analysis, the most likely failure scenario
for SEPS is at time zero (maintenance unavailability or fail-to-start).

-- The time-zero failure modes account for the vast majority of SEPS

tj_navailability: 97% for 6 hr mission time; 84% for 24 hr mission
ime.

— Thus, the fail-to-run scenario is a low frequency scenario.
 Procedural Path

— Given the fail-to-run scenario with both SEPS DGs tripping off,
%%erators would re-enter ECA-0.0 and at Step 8 restart a single SEPS

— Operators would start required loads from the Control Room as directed
by the Emergency Operating Procedures.

— While this procedure path requires more operator actions, there is also

more time available due to the decay heat removed while both SEPS
DGs operated.

NEXTEelal
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(2) SEPS Fail-to-Run Scenario — Not Significant

« Conclusions:

— Electrical analysis is based on fail-to-start loading.

— SEPS DG fail-to-run scenario is low frequency
compared to the fail-to-start scenario.

— EOPs handle SEPS restart & loading required for fail-
to-run scenario as well as fail-to-start scenario.

— Based on PRA sensitivity analysis, SEPS DG fail-to-

run scenario is not significant to the conclusion that
risk <1E-6.

NEXTera
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(3) Nominal PRA Model

« SDP guidance requires use of the “nominal” PRA model.

« Electrical analysis is based on a “nominal plant.” This includes
assumptions of two system alignments critical to SEPS loading:

— RHR Pump

-- Electrical analysis assumes the RHR pumps are in standby, and thus, would
not auto start given a LOOP.

-~ The nominal PRA model in Mode 1 — 3 includes RHR pumps in standby.

-~ |f a LOOP occurred in the short period of time when a RHR pump was running
in test, the emergency sequencer would restart the RHR pump - a large,
additional load.

— SW System

» Electrical analysis assumes the SW System is aligned to the ocean, and thus,
ocean SW pumps (not cooling tower pumps) would auto start given a LOOP.

» PRA model includes both ocean & cooling tower SW System alignment.

= The nominal PRA model is with the SW System aligned to the ocean. SW
Train B is historically aligned to the cooling tower < 1% of the time.

= |[fa LOOP occurred in the short period of time when a SW Train was aligned to
the cooling tower, the SW cooling tower pump would restart — a larger load
than the ocean SW pump.

NE}(T@F&
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(3) Nominal PRA Model

Low Frequency Scenarios

— Both the RH and SW off-normal alignments occur for brief
periods of time and do not represent the nominal model

— The electrical analysis does not include these off-normal
alignment loads.

— These alignments are not explicitly included in the PRA
model with regard to the 1-of-2 SEPS DG success criteria.

Based on PRA sensitivity analysis, these overload

scenarios are not significant to the conciusion that
risk is <1E-6.
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PRA Sensitivity Analysis

Conservative assumption:

— The 1-0f-2 SEPS DG success criteria does not apply for 10% of
the exposure time.

Calculation:

ICDP = dCDF(1-0f-2 SEPS) X Te, X 0.90 + dCDF(2-0f-2 SEPS) X Tgyp X 0.10
= 8.62E-06 x 0.0713 x 0.90 + 1.71E-05 x 0.0713 x 0.10
= 6.14E-07 x 0.90 + 1.22E-06 x 0.10 = 6.75E-07

Conclusions:
— ICDP (sensitivity case) = 6.75E-7

— |CDP is still well below 1E-6 (GREEN) even when using a
conservative success assumption.

Exposure Time = Unavailability Time(DG B):
Teyo = 0.0713 yrs

NEXTelral




Uncredited Additional Electrical Margin

(1) Peak Load

+ The Seabrook Station electrical analysis uses the “adjusted base
load” (2936 kW) which is based on actual loading during the
SEPS test, adjusted for expected load values.

« However, the average (nominal) load during the month of Feb

2009 was ~2800 kW. This is additional margin over the load
analyzed.

(2) Instrument Uncertainty

« The electrical analysis included ~1% additional load to account
for instrument uncertainty.

» Since there is no reason to expect instruments to be biased plus
or minus, this is additional margin in this analysis.

NEXTera
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Uncredited Additional PRA Margin

(3) DG B Recoverability

— The basecase PRA model includes modest credit for Emergency DG recovery
based on plant-specific experience over the life of the plant.

~ Based on discussions with maintenance & operations, the February 25, 2009 DG
B failure would have been recoverable within 2 to 4 hours since it was simple to
diagnose and the failure was the gasket of a relatively easy to replace two-bolt
flange.

— This additional recovery credit is not included in the quantitative results.

(4) Time of DG B Failure

— The DG B failure on February 25, 2009 occurred after about 1 hour run time.

— The time available for recovery assumes the SBO (loss of offsite power & all
Emergency DGs fail) at time zero. If an Emergency DG runs successfully for
some time, these recovery times will extend due to: (a) reduced decay heat when
the SBO occurred, at 1 hour after shutdown and (b) the offsite power recovery
which wouid have begun at the time of loss of offsite power, before the SBO time
begins.

— This additional recovery credit is not included in the quantitative results.

NEXT@?’&
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Risk Assessment Indicates Green Significance

Overall Conclusions

1. SEPS capacity (1-of-2 SEPS DG success criteria) is
supported by detailed analysis and vendor test data.

2. Electrical analysis & risk analysis include additional
margin.

3. With 1-of-2 SEPS DG success criteria, risk from Feb
2009 DG B failure is GREEN (calculated as 6.14E-7).

NEXTEerg
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