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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
REGARDING CHANGES TO TECHNICAL SPECIFICATION (TS)
SURVEILLANCE REQUIREMENT (SR) 3.8.1.19 TO
INCREASE DIESEL GENERATOR E MINIMUM
STEADY STATE FREQUENCY Docket Nos. 50-387
PLA-6998 and 50-388

References: 1) Letter from PPL (PLA-6809) to USNRC (Document Control Desk),
“Susquehanna Steam Electric Station Proposed Amendment No. 309 to License NPF-
14 and Proposed Amendment No. 280 to License NPF-22: Change to Technical
Specification Surveillance Requirement (SR) 3.8.1.19 to Increase Diesel
Generator E Minimum Steady State Frequency,” dated September 18, 2012.

2) Letter from NRC to PPL, “Susquehanna Steam Electric Station, Units 1 and 2 -
Request for Additional Information Regarding Request for Changes to Technical
Specification Surveillance Requirement 3.8.1.19 to Increase Diesel Generator E
Minimum Steady State Frequency (TAC Nos. ME9609 and ME9610),”
dated February 22, 2013.

PPL Susquehanna, LLC (PPL) submitted a proposed amendment to the Susquehanna
Steam Electric Station (SSES) Unit 1 and Unit 2 Technical Specification (TS)
Surveillance Requirement (SR) 3.8.1.19 in Reference 1. On February 22, 2013, the NRC
requested additional information (RAI) via Reference 2. Enclosure 1 to this letter
contains PPL’s response to the RAI. Enclosure 2 contains PPL calculation EC-024-1014,
“Justification for ITS Diesel Generator Frequency Acceptance Limits of 60 +/- 1.2 Hz,”
which is referenced in the RAI responses.

There are no new commitments contained in this letter.

Please direct any questions or requests for additional information to
Mr. Duane L. Filchner at (610)774-7819.
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Enclosure 1 - Response to NRC Request for Additional Information
Enclosure 2 — Calculation EC-024-1014, “Justification for ITS Diesel Generator
Frequency Acceptance Limits of 60 +/- 1.2 Hz”
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Response to NRC Request for Additional Information

NRC QUESTION 1:

Explain why the steady state frequency requirements in SR 3.8.1,7, SR 3.8.1.11,

SR 3.8.1.12, SR 3.8.1.15, and SR 3.8.1.20 are not considered applicable for
demonstrating that the DG will perform its intended safety functions. The staff
recognizes that some surveillances with DG in droop mode require manual actions to
achieve the required parameters.

PPL RESPONSE:

Reference 1 submitted the proposed License Amendment Request (LAR) to SR 3.8.1.19.
This LAR is based on an issue that resulted in NRC findings at other nuclear power
plants. The findings identified a potential violation in which the DG frequency could dip
below 57 Hz if the DG is operating at the lower end of allowable frequency range. The
LAR proposes to increase the minimum steady state frequency for SR 3.8.1.19 as it
pertains to Diesel Generator “E” (DG-E) only.

The steady state frequency requirements in SRs 3.8.1.7, 3.8.1.11, 3.8.1.12, 3.8.1.15 and
3.8.1.20 are not applicable to demonstrate that the DG’s will perform their safety function
described in SR 3.8.1.19. Each of the SR’s listed above tests a portion of the DG safety
function and therefore each of these SR’s is less challenging than SR 3.8.1.19, which
demonstrates the DG capability to start and run to provide power to connected loads
under simulated design basis accident conditions of Loss of Coolant Accident (LOCA)
and Loss of Offsite Power (LOOP).

Specifically:

s SR 3.8.1.7 is 2 monthly operability surveillance performed with the DG in test mode
to ensure its capability of starting from standby conditions and achieves proper
voltage and frequency within the allowable timeframe. As the diesel is operated in
droop mode, the frequency of the engine is fixed to the frequency of its connected
offsite source. The grid frequency is typically steady at 60 Hz and an offsite source
steady state frequency at 58.8 Hz would be an indication of grid power quality issues,
which would prevent performance of the DG surveillance test.

e SR 3.8.1.11 is a bi-annual surveillance, which demonstrates the as designed operation
of the standby power sources during loss of the offsite source (LOOP). This test
verifies all actions encountered from the loss of offsite power, including the shedding
of nonessential loads and energization of the ESS buses and respective 4.16 kV loads
from the DG. The DG autostarts in the emergency (isochronous) mode with its output
frequency fixed by the electronic governor to a preset value of 60 Hz. The largest load




Enclosure 1 to PLA-6998
Page 2 of 5

connected by the DG under this surveillance would be its aligned ESW pump motor,
which starts after the DG has reached steady state operation.

¢ SR 3.8.1.12 is the LOCA scenario where the DG is statted in the isochronous mode to
demonstrate that the DG automatically starts and achieves the required voltage and
frequency within the specified time (10 seconds) from the design basis LOCA
actuation signal and operates for >= 5 minutes. It also ensures that permanently
connected loads and the emergency loads are energized from the offsite electrical
power system on a LOCA signal, without a LOOP. There are no additional loads
required to be added to DG-E. The DG frequency regulation will be performed by the
electronic governor. Since Offsite power is available, the diesel will remain running
unloaded until it is secured.

o SR 3.8.1.15 is a bi-annual surveillance performed with the DG operating in test
(droop) mode. This test demonstrates that the diesel engine can restart from a hot
condition, such as subsequent to shutdown from full load temperatures, and achieve
the required voltage and frequency within 10 seconds.

e SR 3.8.1.20 is decennial surveillance in which all four DGs are started in test (droop)
mode. It demonstrates that the DG starting independence has not been compromised
and that each engine can achieve proper speed within the specified time when the
DG@Gs are started simultaneously.

NRC QUESTION 2:

Provide excerpts from the calculation [verifying that] with the DGs operating at the lower
end of the allowable frequency and voltage ranges, the flow requirements of emergency
safety feature (ESF) pumps are not adversely impacted and the shift in operating point of
induction motors does not impact DG loading.

PPL RESPONSE:

The enclosure contains calculation EC-024-1014, Rev. 3, “Justification for ITS Diesel
Generator Acceptance Limits of 60 +/- 1.2 Hz.” Following is an excerpt from Section 6.4
— Induction Motors, which addresses the flow requirements of ESF pumps.

The effects of a 2% speed reduction on the driven load depends on the type of mechanical
load being driven. Some examples are discussed below.

Pumps — pump discharge pressures are reduced by approximately 4% and pump flows are
reduced by approximately 2%. For Emergency Core Cooling System (ECCS) pumps
(Low Pressure Coolant Injection (LPCI) and Core Spray), small reductions in
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performance are potentially significant to the LOCA analyses because these analyses use
60 Hz nominal pump flows and pressure near the design values of the pumps.

Attachment 1 of calculation EC-024-1014, Rev. 3 provides a detailed analysis of LPCI
and Core Spray performance in terms of the LOCA analyses considering a 2% variation
in the power supply frequency.

Attachment 1 also shows that a 2% variation in power supply frequency combined with
errors in pressure and flow instrumentation result in total ECCS pump flow uncertainties
between 5.2% and 7.4% for the various LOCA scenarios; however, this is acceptable due
to the inherent conservatism of the Appendix K LOCA analysis in terms of calculating
peak cladding temperatures.

Attachment 2 of calculation EC-024-1014, Rev. 3, provides an excerpt of the calculation,
titled “Effects of 2% Frequency Variation on Plant Systems and Components.”
Specifically, Section III, C, 3 — RHR and Core Spray Pumps states the following:

“The need to account for the impacts of uncertainties in ECCS flow-rates, which ate
induced by a 2% reduction in diesel speed, in the SSES LLOCA analysis is addressed in an
engineering position paper which has been prepared by the Nuclear Fuels Group. It has
been concluded that NRC regulations do not explicitly require an analytical allowance for
diesel generator frequency uncertainties in Appendix “K” methods. In addition, these
methodologies, which are used for the SSES LOCA analysis, are conservative and
consistent with the NRC’s current expectations. Hence, the inclusion of such allowance is
not needed to assure the health and safety of the public.”

The shift in operating point of induction motors does not impact DG loading because:

“The minimum operating frequency for induction motors is also related to the maximum
allowable volts per hertz ratio which affects the magnetizing currents and losses.
Decreasing the frequency by 2% has the same effect as increasing the voltage by 2% in
terms of magnetizing current and losses. NEMA Standard MG-2 (EC-024-1014, Rev. 3,
Attachment 3) allows a frequency variation of up to 5% provided the arithmetic sum of
the frequency variation and the voltage variation does not exceed 10%. This is very
conservative. A 2% frequency reduction reduces the synchronous speed by 2% and
causes induction motors to run 2% slower, reducing the mechanical load and the load
current of the motor; therefore, the increase in magnetizing losses at the lower frequency
is offset by a reduction in the load current losses at the slower speed.”
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NRC QUESTION 3:

Provide excerpts from the calculation [verifying that] motor-operated valve performance
(in accident analyses) is not adversely impacted at the lower end of the steady state TS
allowable frequency range coupled with the frequency and voltage variations experienced
during load sequencing.

PPL RESPONSE:

Enclosure 2 contains calculation EC-024-1014, Rev. 3, “Justification for ITS Diesel
Generator Acceptance Limits of 60 +/- 1.2 Hz.” Following is an excerpt from Section 6.4
— Induction Motors, which addresses the speed — torque characteristics of motor operated
valves.

The effects of a 2% speed reduction on the driven load depend on the type of mechanical
load being driven. Some examples are discussed below.

Motor Operated Valves — Since the speed-torque characteristic of a typical MOV
induction motor at the operating point is relatively flat compared to pump or fan motors,
both voltage and frequency affect motor speed for a given load torque. Reducing the
frequency decreases the synchronous speed, however, this is offset by a slight increase in
torque due to higher magnetizing current and magnetic flux at the higher volts per hertz
ratio. Therefore, MOV stroke times are increased by somewhat less than 2%.
Maintenance Technology — Valve Team prepared the following assessment of increasing
MOV stroke times by 2%:

“Increasing valve stroke times by 2% would have no adverse impact on the valve’s
ability to change position within its accident analysis limits (Tech Spec or FSAR). Of the
52 MOVs affected, 31 have IST limits, which are at least 2% below the FSAR/Tech
Spec limit thereby insuring that the accident analysis limit is not exceeded. For the
remaining 21 MOVs the IST limit is the same as the FSAR/Tech Spec limit. A review of
the most recent stroke times for the MOVs revealed a greater than 2% margin between
the actual stroke time and the accident analysis limit hence no concern exists.”
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NRC QUESTION 4:

Provide excerpts from the calculation [verifying that] with the DGs operating at the upper
end of the allowable frequency range the speed change in ESF motors does not increase
the DG loading such that the postulated accident loading exceeds the TS SRs.

PPL RESPONSE:

Enclosure 2 contains calculation EC-024-1014, Rev. 3, “Justification for ITS Diesel
Generator Acceptance Limits of 60 +/- 1.2 Hz.” Section 2 of the calculation concludes
that the electrical and mechanical equipment driven by the DG are capable of performing
their required functions at a power supply frequency between 58.8 Hz and 61.2 Hz. This
provides the justification for the acceptance criteria incorporated into the TS SRs.

Following is an excerpt from Section 6.4 — Induction Motors, which addresses DG
operation at the upper end of the frequency range.

A 2% increase in the power supply frequency increases the speeds of driven loads by
approximately 2%. This does not decrease the ability of these loads to perform their
required functions. In general, horsepower is proportional to the cube of the speed of the
driven load; therefore, a 2% increase in frequency results in approximately a 6% increase
in the horsepower load on the motors. Induction motors are generally sized to equal or
exceed the nominal horsepower of the driven loads.”

With the exception of RHR and Core Spray pumps, induction motors at SSES were
specified to have a service factor of 1.15; therefore, these motors are not overloaded for a
2% increase in frequency. See Attachment 3 of EC-024-1014, Rev. 3 for discussion
pertaining to RHR and Core Spray pump motors.
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TECHNICAL CHANGE SUMMARY PAGE
NEPM-QA-0221-5

Calculation: Number: EC-024-1014 Revision No, 3
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purpose is to provide summary information to the reviewer, verifier, approver, and acceptor
about the technical purpose of the change. For non-technical revisions, state the purpose or
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Scope of Revision:

Revision 3 of EC-024-1014 includes reference to Technical Specification LDCN's 4972, 4973, 4974 and
4975, which propose an increase in the minimum steady state frequency for Diesel Generator E for the
LOCAILOOP surveiliance (SR 3.8.1.19) only. The change was requested in order to prevent a possible
FSAR violations of the 57 Hz minimum transient frequency during the starting of an RHR pump motor.
Reference EWR 1486107, CRA 1381273 and CR 1289723. This addition to the calculation was made for
information only, and does not affect the outcome of the calculation.

Also, Technical Specification Surveillance Requirement SR 3.8.1.2 was deleted from the References
Section on page 2, This SR is labeled as "Not Used” in Unit 1 and Unit 2 Technical Specifications.
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Improved Technical Specifications (Reference 3.1) Incorporates 80 Hz 2% as the
acceplance criteron for the steady-state diesel generator frequency for the diaset
genarator survelllance requirements. The haslas for tha acceptance citeron (s
Regulatory Guide 1.9 Rav 3 Position C.1.4, requiring dlesel generator frequency to ba
rastored within 2% of nominal in less than 60 parcent of each foad-sequenca Interval .
for stepload increases and in lass than 80 parcent of each load-sequence interval for
disconnection of the sinple langest load. The purposa of this Sty Is to Justify the
Improved Tachnical Spedification acceptanca oriterlon for steady-stata frequency based
on the ability of the djess] generators 10 accept load.

Refarance 3.9 proposes eninctease 1o the minimum steady state frequency for Diesel Generalor E for
the LOCALOOP surveillance (SR 3.8.1.18) from a minimum steady stats frequency of 58.6 Hz 10 58.3 Hz.
This iz to prevent & possible FSAR viclation of the minimum transiert frequency of 57 Hz. This
calculation is not affected by this change, because i snalyzes the worst-case steady stete frequency
{or Diesel Generators A-D (all survellances) and Diese! Generator E {for all swrvellances exeeptihe
LOCANLOCPY.

ection 2.0 - d Reco

The results in Section 6.1 trough 6.7 demanstrate that electrical and mechanical
equipment diven by emergency dlesel generators are capable of performing their
required functions at & power supply frequancy between 58,8 Hz and 81.2 He This
provides sufficient jushfication for the acceptanca citerdon Womorated ito the
tmprovad Technlca) Specifications for tha dlasel generater suiveiliance requirements, ¥

ection 3.0« R: .

34 Unit 1 and Unit 2 Improved Technical Specifications-8R—8-8-4:2; SR 3.8.1.9,
SR 3.8.1.11, S8R 3.8.1,12, SR 3.6.1.15, SR 3.8,1.19, and SR 3.8,1,20,

32 Ragulatory Gifde 1.9 Rev 3, *Selection, Design, Qualification, and Testing of
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Systams at Nuclear Power Plants”

3,3 EB4, E57, and E119A - Purchase Spacifications for Vita) AC, COmpamer UPS and
Battery’ Ohargars
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Selaction, Installation and Use of Flackis Motors and Generators™

3.7 [EEE/ANS! Slandard €57.12.01-1887, “Standsrd Ceneral Requitements for Diy
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3.8 PL-NF-QB-BD?(P). *Susquehanna SES Maasurement Uncertalnties in Appendix i
LOCA Analyses®

38 LDCN's 4972, 4973, 4974, 4975 - Proposed Technica! Specification Change to Increase Minimum
Steady Stete Frequency for Diesel Generator £ for LOCALOOP Survellance SR 38449
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Section 4.0 - Inputs and Assumptions

Momentary frequency transients during changes in diesel toadmg are not considered in
this Study

Standards and specifications for some equipment types do not have explicit information
pertaining to continuous operation at power frequencies other than 80 Hz. For those
cases, this Study uses engineering judgment and qualitative reasoning to evaluate
equipment performance with a £2% frequency variation.

Section 5.0 - Method

5.1 - Identify the basic types of plant eiecirica] equipment that are powered by the
‘emergency diesel generators.

.5.2 - |dentify the types of meéhanical equipment that are electrically driven by the
emergency diesel generators.

6.3 - Describe qualitatively how the poWer frequency affects’ the performance of each
type of equipment identified above. .

5.4 - Qualitatively evaluate whether a +2% change in diesel generator frequency is
acceptable for the operation of each equipment type ldentlfxed above,

Seclion 6.0 - Results

6.1 - Heaters

. The oufput from an elecmc heater depends on the root mean square (RMS) value of
the supply voltage and is not affected by the supply frequency ‘

6.2 - Power Transformers

The minimum operating frequency for transformers is limited by magnetizing currents
.and core losses which depend on the volts per hertz ratio. The ANSIIEEE standards
(Reference 3.7) do not specify transformer operation at frequencies other than 60 Hz;
however, decreasing frequency by 2% has the same effect on the volts per heitz ratio
and core losses as increasing the supply voltage by 2%. Since transformers have a
nominal voltage operating range of +10% at 60 Hz and are loaded by design to 80% or
less of their nominal KVA rafings at SSES, it is reasonable to expect these transformers
are able to operate within' a frequency range of 60-Hz-12% without -overheating from
excessive losses within the nominal voltage operating range.

6.3 - Instrument Transformers

The above discussion for power transformers also generally applies to potential
transformers (PTs), assuming that the electrical burdens are maintained below the voli-
amp ratings of the PTs. For current transformers (CTs), operation at a lower frequency
reduces the magnitude of the current where care saturation begins; however, since
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CTs typically operate well below saturation cumrent levels, a 2% frequency reduction
has a negligible effect on the operation of these davices.

6.4 - Induction Motors % f&

The minimum operating frequency for induction motors is also related to the maximum
allowable volts per herfz ratio which affects the magnetizing currents and losses.
Decreasing fhe frequency by 2% has the same effect as increasing the voltage by 2%
in terms of magnetizing current and losses, NEMA Standard MG-2 (Reference 3.6)
allows a frequency varation of up fo 5% provided that the arithmetic sum of the
frequency variation and the voliage -variation does not exceed 10%. This is very
conservative, A 2% frequency reduction reduces the synchronous speed by 2% and
causas induction motors o run 2% slower, reducing the mechanical load and the load
current of the molor; therefore, the increase in magnetizing losses at the lower
frequency Is offset by a reduction in the load current Josses at the slower speed,

The effects of a 2% speed reduction on the driven load depend on the iype of
mechanical load being driven, Seme axamples are discussed below.

« Pumps - Pump discharge pressures are reduced by approximately
4% and pump flows are reduced by approximately 2%. For ECCS
pumps {LPC! and Core Spray), small reductions in parformance are
potentially significant to the LOCA analyses because these analyses
use 60 Hz nominal pump flows and pressures near the design values
of the pumps; therefore, Attachment 1 provides a detalled analysis of
LPCt and Core Spray performance in terms of the LOCA analyses
constdering a 2% variation In the power supply frequency.

Attachment 1 shows that a 2% varlatlon In power supply frequency
combined with errors in prassure and flow instrumentation result in
total ECCS pump flow uncertainties batween 5.2% and 7.4% for the
various LOCA scenaros; however, this is acceptable due to the
inherent conservatism of the Appendix K LOCA analysis th ferms of
calculating peak cladding temperatures. '

» Chillers - The chilier capacity in BTU per hour Is reduced by
approximately 2%. This estimate Is based - on a standard
refrigeration cycle where saturated refrigerant vapor is compressed
by a posliive-displacement pump tc a superheated state and is then
cooled fthrough a condenser which discharges heat io the
environment.  Saturated liquid from the condenser is bled through a
valve al a conslant enthalpy to a lower prassure and temperature,
and the refrigerant is then heated through an evaporator which
absorbs heat from the process. If the speed of the positive-
displacement pump is reduced by 2% the change in enthalpy per
pound of refiigerant passing through the evaporator is essentially the
same as at nominal speed; howsever the refrigerant flow in pounds
per second is reduced by approximately 2%. Therefors, the rate of
heat absorbed by the evaporator Is reduced by approximately 2%,

K See NI Tor docusuinn & "\%&c&&
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¢ Fans - Air flow is reduced by approximately 2%. If the fan discharges
air through an electric heater, the heated air temperatura is Increased
and the healing effect of the air remains essentially unchanged. If
the fan s part of a refrigeration system, the reduction in air flow is
approximately the same as the BTUfhr capacity of the chlller; hence,
the chilled air femperature is essentially unchanged but the cooling
effect of the air is reduced by approximately 2%.

» Motor Operated Valves - Since the speed-tarque characteristic of a
typical MOV Induction molor at the operating point is relatively flat
compared to pump or fan motors, both voltage and frequency affect
motor speed for a glven load torque. Reducing the frequency
decreases the synchronous speed; however, this is offset by a slight
inerease in forque due to higher magnetizing current and magnetic
flux at the highsr volts per heriz ratio. Therefore, MOV siroke times
are increased by somewhat less than 2%. Maintenance Technology
- Valve Team prepared the foliowlng assessment of increasing MOV
stroke times by 2%:

“Increasing valve stroke limes by 2% would have no advarse impact
on the valve’s abliity to change position within its accident analysis
limits (Tech Spec or FSAR). OF the 52 MOVs affected, 31 have IST
limits which are at least 2% below the FSAR/Tech Spec limit thereby
insuring that the accident analysis fimif Is not exceeded., For the
remaining 21 MOVs the IST limit is the same as the FSAR/Tech

~ Spec limit. A review of the most recent slroke times for these MQVs
revealed a groater than 2% margin between the actual stroke time
and the accident analysis limit hence no concem exists.”

With the exception of ECCS pumps and MOVs, the effect of & 2% speed reduction on
systern performance Is Inconsequentlal because these systems are not iypically
raquired to operate continuously at their maximum capabilities. For example, chillers
and closed cooling water systems are fypically cycled or throttled. A small reduction in
performance merely results in changes in the throttle settings or the on/off cycle times.

A 2% increase in the power supply frequency increases the speeds of driven loads by
approximately 2%. This does not decrease the ability of these loads to parform their
required functions. In genaral, horsepower is properiional to the cube of the speed of
the driven load; therefore, a 2% increase in fraquency results in approximately a 6%

“increase in the horsepower load on the motors, Induction molors are generally sized fo
equal or excead the nominal horsepower of the driven loads. Per Reference 3.4, ®
induction motors at SSES were specified to have a semvice factor of 1.15; therefore,
these motors are not overioaded for a 2% increase in fraquency.

Detailed evaluations of specific safety-related plant systems and components are
presented in Attachment 2. of this study.

¥ Faa RV {? Gacr, SPYR wa\'s‘.q\q hawe S.E. G?}A
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6.5 - Relays and Solenoid Devices

For electromechanical relays, a 2% decrease in frequency has roughly the same effect
as a 2% increase in voltage, since the magnetizing current and the magnetic flux are
approximately proportional to the volts per hertz ratio. For over- and under-voltage
relays, reducing the frequency by 2% is therefore roughly equivalent to decreasing the
voltage setpoint by 2%. Increasing the frequency by 2% is roughly equivalent to
increasing the voltage setpoint by 2%. Electromechanical relays are not typically used
where high precision is required. : ) '

For A.C. solenoids, a 2% reduction in frequency increases the volts per hertz ratio
thereby decreasing the minimum pickup voltage. This improves the low-voltage
performance of solenoids, although heating losses will increase at full voltage at the
lower frequency. Conversely, a 2% increase in frequency increases the minimum
pickup voltage; however, since an A.C. solenoid device Is typically designed to be fail-
safe, the safety function is performed by de-energizing the solenoid. Therefore, a 2%
frequency variation in either direction should have no adverse consequences on the
safety functions of these devices,

6.6 - Electronic Devices |

Electronic voltage relays operate by measuring peak voltage values; therefore, these
relays are relatively insensitive to the fundamental frequency. For relays equipped with
harmonic filters, the peak voltage measurements shouid not be affected by a 2%
change in frequency because these filters only attenuate frequencies approaching 120
Hz. .

in cases where power quality (i.e., frequency, voltage, harmoriics), could .affect the
performance of electronic devices such as instruments and computers, these devices
are supplied either by D.C. power supplies or uninterruptible A:C. power supplies
(UPS). A UPS rectifies the A.C. supply voltage to D.C. voltage and the D.C. voltage is
then electronically inverted into a high-quality, regulated 60 Hz output. The SSES
purchase specifications for Vital AC, Computer UPS and Battery Chargers (Reference
3.3) all specify an input power frequency range of 80 Hz + 5%; therefore a 2% variation
in frequency does not affect performance characteristics of these devices.

6.7 - Circuit Breakers

Thermally-operated circuit breakers are unaffected by the power frequency, since these
breakers are actuated by the healing effect of the overload current on the eutectic or
bimetal device that operates the breaker. The heating effect.depends.on the root mean
square (RMS) value of the current and is not affected by the frequency. :

Magnetic circuit breakers are unaffected by the power frequency, since magnetic
breakers are actuated by magnet(c forces produced by the overload current. These
forces depend only on the magnitude of the overload current and not on the frequency

Therefore, the tripping characteristics of circuit breakers are not affected by a +2%
frequency variation.
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The uncertainties induced by instrumentation inaccuracies during surveillance testing,
as well as the uncertainty which results from the potential for a reduced emergency
diesel generator speed will be estimated. Since there is an equal probability that these
uncertainties could result in a conservatively high flow, it is acceptable to combine them
via the Square Root of the Sum of the Squares (SRSS) method provided they are
statistically independent. To allow for a comparison of the magnitude of these
uncertainties, they will be described in terms of flow (GPM). In addition, where
statistically allowable, the terms will be combined via the SRSS method, and then
described in terms of a percentage of the total flow.

The Core Spray flow uncertainties for one loop and two loop accident scenarios will be
determined. For LPCI, the flow uncertainties for the following accident cases will be
defermined: 1) a single pump in one loop; 2} a single pump in each loop; 3) two
pumps in one loop; and 4) two pumps in two loops. Finally, the uncertainties will be
determined for the most limiting Design Basis LOCA scenarios identified in Table 6.3-5
of the FSAR.

I} CORE SPRAY

a) Assumptions / Inputs

With respect to pump quarterly flow surveillance testing:

1) The Technical Specification surveillance requirement for a loop of Core Spray is
6350 GPM at a pump discharge pressure of 269[282 PSl for Unit 1/2.%

2) The overall accuracy of the flow and pressure readmgs obtained during
quarierly pump surveiliance testing is 2%,

3) During Core Spray Ioop surveillance testing, the discharge pressure is read from
PI-E21- 1(2)R600A/B or computer point NSP001/2Z, which have a full scale
range of 0 - 500 PSI®, .

4) During surveillance testing, the loop flow is read from FI-E21-1(2)R601AB™ or
NSF001/2Z which have a full scale range of 0 - 10,000 GPM®.

5) The pump test conditions are assumed to be 75°F, which corresponds to .4324
PSI per FT of pump head®, or 2.313 FT per PSI.

6) The points on the Core Spray‘Unrt 2 system flow vs. pump head curves which
will be used in this evaluation are obtained from Reference 8 and are: 6000
GPM @ 665 FT-TDH, and the test point of 6350 GPM @ 644 FT-TDH.

{8-10)

With respect to emergency diesel generator diesel testing:

7) The assumed Technical Specification surveillance reciuarement for steady state
diesel generator speed is 60 Hz +/- 2 %, or 58.8 Hz.¢
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8) The overall accuracy of the frequency measuremen! during diese! generator
testing is 0.5%.®

k) Fiow Uncertainty During Pump (i.e., L.oop} Testing

During testing, the actual loop flow could be less than the indication on FI-E21-
1{2)R601A/B, which has a full scale range of 0 - 10,000 GPM. Per Input #2 the
accuracy of the instrument is 2% of full scale. Therefore, the uncertainty induced
due fo flow instrumentation accuracy is:

Ogs Flow = .02 X 10,000 = 200 GPM

¢) Discharge Pressure Uncertainty During Pump {i.e., Loop) Testing

During testing, the actual loop flow could be less than the indication on PI-E21-
1(2)RB00A/B, which has a full scale range of 0 - 500 PSl. Per Input #2 the
accuracy of the instrument is 2% of full scale. Therefore, the actual pressure could

-be 10 PS| (.02 x 500) less thani indicated. Per Input #5 above, this corresponds to
approximately: 10 RS} * 2.313 FT/PS} = 23 FT of pump head.

From Reference 8 and per input #6 above, the slope of the Core Spray systém
flow vs. pump head at the test flow of 6350 GPM (3175 GPM per pump) is (6000 -
6350) / (665 - 644) = -16.7 GPM/FT. Therefore, the equivalent reduction in flow
corresponding to a 23 FT reduction in head is

ocspess = 16.7 GPMIEF x 23 E¥F = 384 GPM

d) Uncertainty Due To The Potential For Lower Diesel Speed

Per Input #7 above, the minimum allowable steady state diesel speed assumed for
this evaluation is 60 Hz +/- 2%. In addition, as the result of instrumentation
accuracies, the actual speed could be 0.5% less than the indicated reading. Since
the minimum allowable speed and the measurement uncetainty are independent,
as well as the fact that there is an equal probability that these factors could result
in a conservattvely high speed, they can be combihed via the SRSS method,
Therefore, the minimum expected diesel speed is:

[(%Toferance)z + (%Acoufacv)z }0'5

i

[(2.0 + (0.5 = 2.06%

- Since 100% diesel speed corresponds to 60 Hz the minimum dtesel speed
_expressed in terms of Hertz is:

MIN SPEEDy.. = 60 - (0206 * 60) = 5876 Hz
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Per Reference 8, and Input #8 above, the point on the Core Spray head vs.
system flow curve which is verified via the Unit 2 surveillance testing is: 6350 GPM
(31756 GPM per pump} @ a pump total developed head of about 644 FT. In
addition, another point on the curve which will be used for this evaluation is: 6000
GPM (3000 GPM per pump) @ 665 FT-TDH. Applying the pump affinity laws (Ref. "
13) to these points yields new operating points on an “adjusted curve” as follows:

For the operating point of 6000 GPM @ 665 FT-TDH:

6000 * [58.76/60] = 5876 GPM

]

Qssrorz = Qeonz * [58.76/60]
Hsazeve = Heowz * [58.76/60F = 665 * [58.76/60F = 638 FT

And for the test point of 6350 GPM @ 644 FT-TDH:

u

Qssren: = Qeome * [58.76/60] 6350 -* [68.76/60] = 6219 GPM

tl

Hsszeiz = Heow: * [58.76/60) 644 * [58.76/60F = 617 FT
Since the potential reduction in pump speed would result in a reduction of both
pump head, and pump flow, both of these factors must be accounted for in
estimating the overall effect on flow. This overall reduction in flow will be
estimated as the point where the “adjusted curve” (i.e., adjusted for a supply
frequency of 58.76 Hz) crosses the original test head of 644 FT.

The “adjusiéd" points calculated abové will be applied to the Pomt—Slope Form of
the Straight-Line Equation to determine the slope of the “"adjusted” head vs.
system flow curve: _

m (Yz Yl (K- X)) = (638-617/5876-6219)
’ -0.0612 FT/GPM -

won

The point where the adjusted curve passes through the head verified by the
surveillance testing (Le., 644 FT) is estimated by applying the siraight line
equation, and using the: 1) the slope of the adjusted curve (m); 2) the original test
point, as adjusted for the reduction in speed (6219 GPM @ 617 FT), and, 3) the
onglnal test head of 644 FT:

Ya-Yy = m*(X-Xy)
Where
m = -00612 FT/GPM

(X1, Y1) = (8219,617) (The original test point of test point of 6350
GPM @ 644 FT as adjusted for a reduced
pump speed)
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(X2, Y2) = (X, 644) (X, approximates the point where the
“adjusted” curve passes through 644 FT)

Therefore:
844 - 817 = -0.0612* (X, - 6219)
X, = (644 - 617}/-00612 + 6218 = 5778
The overall reduction in loop flow correspondmg fo the potential for a lower speed
is therefore:
CSreoucrioop = 6350 - 5778 = 572 GPM perloop
At . OCsPump, Speed = 572/2 = 286 GPM per pump

Note that the reduction in joop flow (572 GPM) would represent the uncertainty for
a loop of Core Spray if both pumps were powered from the same diesel. However,
since the pumps are powered from separate, independent diesels, the SRSS
method can be applied to the uncertainty for a single pump (286 GPM) to
determine the true uncertainty for a loop of Core Spray due to the potential fora
lower diesel speed, Therefore;.

— 2 : 2¢ 12
Ocstoop speed =  [{Ocspump,speed)” ¥ (Ocspump,speed)

[(286)" + (286)]""

1

Ocstoop speed = 404 GPM . . .

e) Combined Core Spray Uncertainties

Core Spray Singfe Loop Uncertainty [AorB Loop)

As prewously identified, since the uncertainties due to pressure, flow and speed
are independent, they can.be combined via the SRSS method. Therefore:

UNCERTes4iop = [Gosion) + (Ocs press) + (Ocstoop,spoed) 1

UNCERTcsto0p [(200)% + (384) + (404" = 592 GPM

Since a loop of Core Spray is rated for, and tested to a flow of 6350 GPM, this
uncertainty can be described in terms of a percentage:

UNCERT%cs400p = 592/6350 ~ 93 %
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Core Spray Two Loop Uncertainty (A and B Loops)

For the two loop case, it is reiterated that each pump is powered from a
separate diesel. In addition, since each loop is completely separate, with
independent flow and pressure test instrumentation, the “A” loop and "B" the
loop uncertainties are likewise independent, and can therefore be combined via

the SRSS method;
UNCERTesatoops = [(UNCERTgstoop) + (UNCERTes-1L00p) 1"
UNCERTesaomps =  [(592)% + (592)™ = 837 GPM

The combined flow of both loops of Core Spray is 12,700 GPM (6350 x 2).
Therefore, the two loop uncertainty, in terms of a percentage, is:

" UNCERT%csatoops = 837/12,700 ~ 6.6 %
) RHR

a) Assumptions / Inputs

With respect to pump quarterly flow surveiliance testing;

"I) The Technical Specification surveitlance requirement for an RHR pump is
12,200 GPM at a pump discharge pressure of 204/222 PS! for Unit 1/2.%

2) The overall accuracy of the flow and pressure readings obtained during
quartérly pump surveiliance testing is 2%.%%"

3) During RHR pump survejliance testing, the discharge pressure is read from PJ--
E11-1(2)R600A/BIC/DU®, which has a full scale range of 0 - 600 PSI®,

4) During surveillance testing, the pump flow is read from FR-E11-1(2)R608% or
FI-E11-1(2)R603A/B, which have a full scale range of 0 - 30,000 GPM®,

5) The pump test conditions are assumed to be 75°F, which corresponds to .4324
PS| per FT of pump head™, or 2.313 FT per PSL.

8) The points on the pump curve which is verified via Unit 2 testing which will be
used in this evaluation are obtained from Reference 12 and are: 12,000 GPM
@ 502 FT-TDH, and the test point of 12,200 GPM @ 492 FT-TDH.

With respect to emergency diesel generator diesel testing: ***

7) The assumed Technical Specification surveiliance requirement for steady state
diese! generator speed is 60 Hz +/- 2 %, or 58.8 Hz.M
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8) The overall accuracy of the frequency measurement during diesel generator
testing is 0.5%.©

b) Flow Uncertainty During Pump Testing

During * testing, the actual lodp flow could be less than the indication on
FR-E11-1(2)R608 or FI-E11-1(2)R603A/B, which have a full scale range of
0 - 30,000 GPM. Per Input #2 the accuracy of these instruments is 2% of full
scale. Therefore, the uncertainty induced due to flow instrumentation accuracy is:

ORHR,Flowt = 02 x 30,000 = 600 GPM

¢) Discharge Pressure Uncertainty During Pump Testing

During testing, the actual loop flow could be less than the indication on
PI-E11-1(2)R600A/BIC/D, which has a full scale range of 0- 600 PSIL. Per Input #2
the accuracy of the instrument is 2% of fuli scale. Therefore, the actual pressure
could be 12 PSI (.02 x 600) less than indicated. Per Input #5 above, this
corresponds to approximately: 12 RSI* 2,313 FT/RS! = 28 FT of pump head. !

From Reference 12 and per Input #6 above, the élope of the RHR pump curve .:at‘

the test flow of, 12,200 GPM (12,000 - 12,200) / (502 - 492) = -20 GPM/FT.
Therefore, the equivalent reduction in flow corresponding to a 23 FT reduction in
head is: .

~

Orur press = 20 GPMIFT x 28 FT = 560 GPM

d) Uncertainty Due To The Potential For Lower Diesel Speed

Per Section 1d above, the minimum expecied diesel speed is 58.76 Hz.

Per Reference 12 and Input #6 above, the point on the RHR pump curve which is
verified via the Unit 2 surveifance testing is: 12,200 GPM @ a pump total
developed head of about 492 FT. in addition, another point on the curve which will
be used for this evaluation is: 12,000 GPM @ 502 FT-TDH. Applying the pump
affinity laws (Ref. 13) to these points yields new operating points on an "adjusted

curve” as follows:

For the operating pointof 12,000 GPM @ 502 FT-TDH:

1f

Qesrer: = Qoo * [58.76/60) 12,000 * [5876/60] = 11,752

GPM
Hesszee = Heoe * [58.76 /60

i

502 * [58.76/60) = 481 FT

And for the test point of 12,200 GPM @ 492 FT-TDH:
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Qessoe = Qoo * [58.76/60] = 12,200 * [58.76/60] = 11,948 GPM
Mss7sz = Heone * [58.76/60]° = 492 * [58.76/60F = 472 FT

Since the potential reduction in pump speed would result in a reduction of both
pump head, and pump flow, both of these factors must be accounted for in
estimating the overall effect on flow. This overall reduction in flow will be
estimated as the point where the “adjusted curve” (i.e., adjusted for & supply
frequency of 58.76 Hz) crosses the original test head of 492 FT,

The “adjusted” points calculated above will be applied to the Point-Slope Form of
the Straight-Line Equation to determine the slope of the "adjusted” head vs.
system flow curve:

i

m (Yo-Yi)/ (X2-Xq) = (481-472/711,752 - 11,848)

-0,0450 FT/GPM

]

The point where the adjusted curve passes through the head verified by the
surveillance testing (i.e., 492 FT) is estimated 'by applying the straight fine
equation, and using the: 1) the slope of the adjusted curve (m); 2) the original test
point, as adjusted for the reduction in speed (11,948 GPM @ 472 FT); and, -3) the
original test head of 492 FT; )

Yz-Ys = m*(X2-Xy)
Where . ) ;
m =" -0.0459 FT/GPM
(X5, Y4) = (11948, 472) (The-original test point of test point of 12,205
GPM @ 492 FT as adjusted for a reduced
pump speed)
(Xa, Y2) = (Xz, 492) (X2 approximates the point where the
“adjusted” curve passes through 482 FT)
Therefore:
492 - 472 = -0.0459* (X, - 11948)
Xo = (492 - 472) l—() 0458 + 11948 = 11512

The overall reduction in a smgle pump flow corresponding to the lower pump
speed is therefore:

Orur,speed = 12,200 - 41,512 = 688 GPM
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e) Combined LPCI Uncertainties

LPCl One Pump Uncertainty (1 Pump in 1 Loop)

As previously identified, since the single pump uncertainties due to pressure,
flow and speed are independent, they can be combined via the SRSS method.

Therefare, the single pump uncertainty is;

UNCERTrirtpums =  [(OrHrFiow). * (ORHRPross) + (ORHR.Spood) ] *
UNCERTraraeump =  [(B00)2 + (560) + (688)'" = 1074

GPM

Since a single RHR pump is rated for, and tested to a LPC! flow of 12,200 GPM,
this uncertainty can be described in terms of a percentage:

UNCERT%ssrapump = 1071/12,200 = 0.0878 ~ B8.8%

LPCI Two Pump Uncertainty {1 Pump in Each of 2 Loops)

For the two pump case, one pump from each loop is available. Each pump’is
powered from an independent diesel, and is™ completely separated, with
independent flow and pressure test instrumentation, The pump uncertainty for
the fwo pump case (1 pump in each loop) can therefore be calculated by
applying the SRSS method to the one pump uncertainty: :

UNCERTarmorumps =  [(UNGERTrmspums)’ + (UNCERTap.tpume) 1"
UNCERTrurapumps =  [(1071) + (1071)%" = 1515

GPM

The combined flow of two pu;rips, with one in each loop, is 24,400 GPM
{12,200 x 2). Therefore, the two pump uncertainty, in terms of a percentage, is:

UNCERT%puropumps = 1515/24,400 ~ 8.2 %

. LPCI One Loop Uncertainty {2 Pumps in the Same Loop)

For the one loop case, it is postulated that a single complete loop (i.e., with two
pumps) is available. In this case, both pumps are powered from separate .
diesels, and tested with separate pressure insfrumentation. However, since the
same flow instrument is used to test the performance of each pump, this is not
an independent variable. Therefore, the uncertainty due to flow mstrumentanon
must be accounted for separately.

Since both diesel speed and the pressure terms are independent for each
pump, these terms may be combined for each pump as follows:
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[(orur pross)” + (Orrrspeet) > = [(560)° + (688)7"

887 GPM

UNGERTpump

This term is included for each pump, along with the flow uncertainty to
determine the total uncertainty for the one loop case as follows:

i

UNCERTRHR-tloop [(2 X (887)") + (2 X Orug,rion) 1™
UNCERTmuraonp = [(887) + (887)% + (2x600)4'® = 1736 GPM

Since a single loop of LPCI is rated for a flow of 21,300 GPM, this uncertainty
can be described in terms of a percentage;

UNCERT%guritoop = 1736721,300 ~ ‘82 %

LPCl Two Loop Uncertainty {4 Pumps: 2 Pumps Available in Both Loops)i

For the two loop case, each pump is powered from a separate diesel, and eath
loop is completely. separated, with independent flow and pressure fest
instrumentation. Hence, the “A” loop and "B” loop uncertainties are IlkeWIse
independent, and can therefore be combined via the SRSS method:

UNCERTRipatoops = [(UNCERTRurALoop) + (UNCERTRHR-t00p) 1"
= [(1736)% + (1736)]"* = 2455 GPM

The combined fiow of both loops of LPCI is 42,600 GPM (21,300 x 2).
Therefore, the two pump uncertainty, in terms of a percentage, is:

-~

UNCERT%gunaioops = 2455/42,600 ~ 58 %
) DESIGN BASIS LOCA CASES

a) Discussion

From Sections l.e. and ll.e above, it is seen that the uncertainties for individual
Core Spray and RHR subsystems range from 5.8% to 9.3%. M}t is also seen that
when more pumps are considered in -combination, the overall -uncertainty
decreases. The reason for this is that when more than one pump is considered,
the mean flows are added and the flow variances are added. However, the total
uncertainty in terms of percentage (UNCERT%), equals the total standard
deviation (UNCERT) divided by the total flow. Since the standard deviation is the
square rooft of the variance, the root of the variance is divided by the increase fiow.
This process results in a lower uncertainty when expressed in terms of percentage.
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To illustrate, if four identical pumps are considered, the total flow rate is 4 imes the
flow rate of one pump and the total variance is 4 times the variance of one pump.
However, the total uncertainty percentage {(UNCERT%) is totat standard deviation
(i.e., the sguare root of variance) the divided by the total flow. Since the standard
deviation is the square root of the variance, this amounts o only 1/2 of the percent
uncertainty of each pump.

Conversely, with fewer pumps, the.total percent uncertainty will be higher, It
follows that higher uncertainties will exist for design basis accident scenarios with
fewer pumps available. Table 6.3-5 of the FSAR identifies the most limiting Design
Basis LOCA break locations along with the most limiting single faliures, That fable -
also identifies the ECC sub-systems which remain available for these most limiting
scenarios. The six cases identified below identify the uncertainties for all of the
scenarios identified in that table.

Finally, note that for these cases, the diesel combination which posses the largest
affect on uncertainty will be utilized. In practice, if each pump is assurhed to be
powered by a separate, .independent diesel, a lowsr unceriainty will result.
However, for this assessment, & dnesel/pump lineup which results in the 1argest
uncertainty will be assumed. .

b) CASE 1 - One Loop Core Spray Loop AND One LPCI Pump

Number of Pumps Available: 3
Total Design Rated Fiow: 18,550 GPM = (1x6350) + (1x 12,200)
Applicable Break / Single Failure Scenarios:

* Recirc Discharge / False LOCA
+ Recire Discharge / Battery ()
» Recirc Discharge / Diesel Generator, (*)

To conservatively estimate the effects of diesel speed, it will be assumed that thex
diesel which is supplying one of the Core Spray pumps is also supplying the
available RHR pump. Therefore:

UNCERTcaser = [(Gcs,nuw)2 * (O‘cs,ms,s)2 + (URHR,Fiuw)2 + (OrHr press). +

{Gcspumn, Speed) + (Ccspump Speed + ORHR Speed) 1"
= [(200)* + (384)" + (600) + (560)" + (286)° + (286 + 688)"]"
UNCERTeaser = 1375 GPM
UNCERT%caser = 1375/18,550 ~ 7.4 %

{*) Nole that for the battery and diesel generator fallure scenarlos, no credit is aken for a third Core Spray pump which
could be available per FSAR Table 6.3-5. The rated flow of the "uncredited” third Core Spray pump (3175 GPM)
exceeds the caleulated uncerainty of 1375 GPM,
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¢} CASE 2 - One Loop Core Spray Loop AND Two LPCI Pumps {One Per Loop)

Number of Pumps Available: 4
Total Design Rated Flow: 30,750 GPM = (1x8350) + (2x12,200)
Applicable Break / Single Failure Scenarios:

¢ Recirc Suction / False LOCA

This case is similar to Case 1 in that a diesel which is supplying one of the Core
Spray pumps is also supplying one of the available RHR pumps. However, in
addition, since two RHR pumps in separate and independent divisions are
avaitable, it follows that a third diesel must be supplying the second RHR pump.
The uncertainty from Case 1 can therefore be combined via the SRSS method with
the uncertainty of a single RHR pump (UNGCERTgur-1pump = 1071 ‘GPM), as
calculated in Section ll.e above.. .

UNCERToaszz = [(UNCERTeased® + (UNCERTrumapumg) 1™ S

= [(1375)° + (1071)%"

UNCERTcase2 1743 GPM

4]

1743130,750 ~ 5.7 %

————

UNCERT%CAssz

d) CASE 3 - One Loop Core Spray Loop AND Three LPCI Pumps
{One Complete LPCI Loop plus One Pump in Other Loop)

Number of Pumps Available: 5
Total Design Rated Flow: 39,850 GPM = (1x6350) + (1x21,300)
’ + {1 x12,200)

Appilicable Break / Single Failure Sce;narios:

* Regcirc Suction / Battery (*)
+ Recirc Suction / Diesel Generator (%)

For this case, three diesels are avallable. The most conservative line-up assumes
that the division which powers Core Spray also supplies a complete loop of RHR.
In addition, the remaining RHR pump is powered from a diesel in the opposite
division. For this configuration, the uncertainty for the single RHR pump is equal to
one pump uncertainty (UNCERTrur1pump = 1071 GPM), as calculated in Section
ll.e above.

The uncertainty due to the complete division of two Core Spray and two LPCI
pumps must account for the fact that they are powered from the same pair of
diesels. Also, the fact that the RHR pump fiow instrumentation uncertainties are
not independent must be accounted for as previously outiined in the LPCI one loop
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uncertainty- case in Section ll.e above. The uncertainiy due to a complete division
of Core Spray and LPCl is:

UNCERTcssrmr = [(Ocsfion)” + (Ocspress) + (2 XGRHR,Flow)z + (2X(ORHR pross)’) +

12
(QX(GCSPump,Speed + URHR.Speed)il

il

[(200)* + (384)* + (2 x 60D)? + (2 x 560)% + (2 x (286 + 688)%))"”
= 2038 GPM '
(Note: 2038/ (8350+21300) ~ 7.4% for a complete ECCS Division)

Applying the SRSS method to this uncertainty and the LPCl one pump uncertainty
yields: ’

UNCERTcases = [(UNCERTessmin)® * (UNCERTRi-tpuip) 1"

= [(2038)* + (1071)1"

UNCERTcases 2302 GPM ' ’

UNCERT%cases = 2302/39,850 ~ 5.8 %

(*) Note thal for these scenatios, no credit Is taken for a third Core Spray pump which could be available per FSAR |, -
Table 6,3-5. The rated flow of the “uncrediled" third Core Spray pump (3175 GPM) exceeds the calculaled

uncerlainty of 2302 GPM.

e) CASE 4 - Two Core Spray Loops
Number of Pumps Available: 4

* Total Design Rated Flow: 12,700 GPM = (2 x 6350)
Applicable Break / Single Failure Scenarios:
s Recirc Discharge / LPCI Injection Valve

The uncertainty for this case is determined in the Core Spray two loop uncertainty
case in Section Le above.

UNCERT%csses “UNCERT%cszioops = 837/12700 ~ 6.6 %
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f} CASE 5 - Two Core Spray Loops AND One |LPC] Loop

Number of Pumps Available: 6 )
Total Design Rated Flow: 34,000 GPM = (2x8350) + (1x21,300)
Applicable Break / Single Failure Scenarios:

* Recirc Suction / LPCI injection Valve
o Recirc Discharge / HPCH

Since a!t four Core Spray pumps are available, all diesels must be in operation. In
this configuration, a complete divisional complement of RHR and Core Spray
pumps are available, and the opposite loop of Core Spray is likewise available,

The uricertainty due to a comiplete division of two Core Spray and two LPCI pumps
was calculated above in Case 3 and was determined to be:

UNCERTC;%RHR = 2038 GPM

The uncertainty for the opposite loop of Core Spray is identified as the Core Spray
~ single loop uncertainty as determined in Section |,e above:

UNCERTcs.u_mp = 582 GPM

Applying the SRSS method to these unceriainties ylelds:

UNCERToases = [(UNCERToserus) + (UNCERTcs 2t00ps) 1"
= [(2038)° + (592)""
UNCERTomses = 2123 GPM

H

UNCERT%CAsgs 21 23 I 34,000 -~ 6 2 %
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g) CASE 6 - Two Core Spray Loops AND Two LPCI Loops

Number of Pumps Available: 8
Total Design Rated Flow; 55,300 GPM = (2 x6350) + (2 x 21,300)
Applicable Break / Single Failure Scenarios:

* Recirc Suction / HPCI
in this case, all low pressure ECC subsystems in both divisions are available. The
uncertainty due to a compiete division of two Core Spray and two LPCI pumps was
calculated above in Case 3 and was determined to be:

UNCERTcs&RHR = 2038 GPM

Applying the SRSS method fo account for both separate, independent divisions
yields:

UNC ERTCAsgs =

[(UNCERTcsamnr)’ + (UNCERTcssrir)]"
: - [(2038)2 + (2038)%"
UNCERTcages = 2882 GPM
UNCERT%casze = 2882755300 ~ 5.2 %

IV) CONCLUSIONS

The following table summarizes the rated flows for the available RHR and Core Spray
systems, along with the associated uncertainties for the most limiting SSES Demgn Basis
Accident scenarios: - :

VSingle Failure /
Break-¥

Recirc Suction

Recire Discharge

False LOCA

30,750 GPM / 8.7 %

18,550 GPM / 7.4 %

Battery

39,850 GPM / 5.8 %
¢)

18,550 GPM / 7.4 %
*)

- LPCI Injection Valve

34,000 GPM / 6.2 %

12,700 GPM / 6.6 %

Diesel Generator

39,850 GPM / 5.8%

)

18,550 GPM / 7.4 %

()

HPCI

55,300 GPM / 5.2 %

34,000 GPM / 6.2 %

{*) Note that for the battery and diesel generator fallure scenarios, no credit Is taken for a third Core Spray pump which could
be available per FSAR Table 6.3-5. For these cases, the rated flow of the "uncredited” third Gore Spray pump (3175
GPM) exceeds the calcutated uncerainties,
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[) DISCUSSION

With the implementation of Improved Technical Specifications (ITS), the allowable steady
state operating frequency band for the emergency diesel generators is 58.8 Hz (60 +/- 1.2
Hz)(1 The purpose of this licensing requirement (i.e., a 2% allowance band on diesel
generator speed) is to assure that on-site emergency power is of an adequate quatlity, such
that proper operation of elactrical devices, such as relays, transformers, solenoids, etc,, is
assured. However, it is PP&L's position that this 2% speed tolerance. need not be
considered as a penalty in evaluating the performance of mechanlcai equipment/systems
such as pumps, fans, compressors, etc.

As the result of conservative “over- desxgn marglns which are inherent in nuclear power
plant components and systems, a 2% increase in speed would not impose excessive
stresses, nor cause unusual ‘wear and tear” on equipment during accident periods.
Further, the relativelly modest shortcomings in equipment performance which would result
from a 2% decrease in power supply frequency are offset by the inherent conservatism of
SSES licensing and design basis evaluations. In addition, The uncertainties in equipment
performance, which are induced by the potential for a 2% reduction in the power supp!y
frequency, are accounted for by conservative assumptions and methodolog:es which are
mandated by regulatory analyttcal practices,

) PURPOSE

The purpose of this evaluation is to provide a qualitative assessment addressing the impact
on (the performance of) large mechanical components/systems. which resulis from a
potential 2% reduction in diesel speed (and hence a lower power supply frequency). It will
be demonstrated that this potential either. 1) does not in any way impact system operation;
or, 2) does not adversely affect the system/component capabllity to satisfactorily perform
its design intended function. Hence, the potential for a 2% lower diesel power supply
frequency imposes no implications to plant safety.

) EVALUATION

in the vast majority of cases, the actual uncertainty of equipment performance which is
induced by the subject allowance band in diesel generator frequency is actually less than
2%. This is due to the fact that for any given diesel, there is an equal probability that diesel
speed (and hence the speed of rotating equipment) could be conservatively high. Since
most safety-related systems contain redundant, 100% capacity components which serve
the same function, the overall uncertainty induced by the potentiai for lower speed
decreases so long as each component is supplied by a separate diesel.

For example, if two identical pumps are considered, the total flow rate is 2 times the mean
flow rate and the total variance is 2 times the variance of one pump. However, the total
uncertainty, in terms of percentage, is the total standard deviation {i.e., the square root of
variance) divided by the total flow. Since the standard deviation is the square root of the
variance, the uncertainty associated with the 2% allowance band s
[2% x (SQRT(Z))/Z] [2% x (1.41/2)] = 2% x (0.71)] = 1.42 %.
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Therefore, the actual expected reduction in flow would be less than 2%. Similarly, the
associated uncertainty is [2% x (SQRT{3))/3] =1.16 % if three pumps are considered and
the associated uncertainty is [2% x (SQRT(4))/4] = 1.0% if four pumps are considered.

The uncertainty in performance for most safety related, redundant systems will therefore
be less than 2%. Nonetheless, the evaluation below will assess the effects of a full 2%
reduction in diesel speed on large mechanical components and systems.

A} Reactivity Control

1) Contro! Rod Drives

The CRD system pumps are not required for the emergency SCRAM function. The
motive force for the rapid insertion of the control rod drives is provided via stored
hydraulic/pneumatic energy (i.e., CRD accumulators) and the reactor vessel pressure
itself. Hence, the ability for the CRD system to execute a SCRAM Is unaffected by a
2% reduction in diesel speed. - . X

2) - SBLC Pumps S i

During an ATWS, two SBLC pumps would be initiated to m}ect\ sodlum pentaborate into-
the vessel. Since two independent pumps would be in operation and powered by
separate diesels, , the unceriainty in equipment performance associated with the 2%
allowance band is actually 1.42 %.

The SBLC pumps are positive displacement pumps and their discharge :head
characteristics would not be affected by a reduction in pump speed, but a proportional
reduction in flow would occur. However, the potential for a slight reduction in diesel
supply frequency is not seen to impact the conclusions of the SSES ATWS analysis @
for several reasons. First, the SSES administrative concentration of sodium
pentaborate is maintained higher than that required by Technical Specifications. While
the Tech Spec allowable concentration ranges from 13.4% t0-12.6% (by weight),” € the
minimum administrative concentration is 13.6%.%?® Hence, the actual concentration
of the solution injected is at least 1.5% higher than that required in Tech Specs.

" Although the SBLC pumps may run slightly slower when powered by the diesels, this
higher concentration would act to offset the effects of a lower pump speed and thus
assure that the required quantity of sodium pentaborate is injected to the vessel in a
fimely manner. Secondly, the ATWS case which involves a Loss of Off-site Power,
which is when the diesels would be supplying the SBLC pumps, is not the most liming
event with respect to peak vessel pressure, suppression pool temperature, nor fuel
cladding temperaiure.

Finally, as a result of the low event probabilities, the regulatory assumptions which
govern plant specific ATWS evaluafions allow for the use of nominal values. Since
there is an equal probabiiity that the diesel supply frequency couid be 2% above the 60
Hz setpoint, it is acceptable fo assume a nominal supply frequency of 60 Hz. Since the
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B)

C)

ATWS rules aliow for the use of nominal values, it is not a licensing requirement to
assume a penalty for a potential 2% reduction in emergency diessl generator speed.

RPV Pressure Boundary

1} Main Steam Safety Relief Valves

The primary means for overpressure protection of the reactor vessel are the Main
Steam Safety Relief Valves (MSRVs), These valves have several modes of operation,
none of which are affected by a reduction in diesel speed. in the “safety mode”, which
is the only mode governed by Technical Specifications, the valves are directly actuated
by vessel pressure. In the non-safety-related "relief mode”, the valves are opened, and
maintained in the open position, via stored pneumatic energy (i.e., accumulators).
None of the components which are required for vaive operation rely on AC power
sources and hence valve operation is not impacted by lower diesel speeds.

ECCS
1) HPCI/RCIC Systems!Pumps;

The HPCI and RCIC system major support components are powered by DC electrical.
sources and do not require AC power for operation. The molive power for the pumps is
supplied by steam driven turbines. As such, they are not impacted by a 2% reduction
in diesel speed.

2) ADS

As with the other modes of MSRV operation, the motive force to actuate the -ADS
function of the valves is provided via stored pneumatic energy (i.e., accumulators and
stored N, bottles). The function of the ADS system is therefore unaffec{ed by a 2%
reduction in diesel speed,;

3) RHR & Core Spray Pumps

The need to account for the impacts of uncertainties in ECCS fiow-rates, which are
induced by a 2% reduction in diesel speed, in the SSES LOCA analyses is addressed
in an engtneenng position paper which has been prepared by the Nuclear Fuels
Group *} 1t has been concluded that NRC regulations do not explicitly require an
anaiytical allowance for diese! generator frequency uncertainties in Appendix “K"
methods, In addition, these methodologies, which are used for the SSES LOCA
analyses, are conservative and consistent with the NRC's current expectations. Hence,
the inclusion of such al!owances is not needed to assure the health and safety of the

public.
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D) Containment Heat Removal

The design of the SSES units provides for two independent loops of decay/accident
heat removal, and only one is needed for design basis accident mitigation. Each
independent loop consists of an RHR heat exchanger which can be supplied by either
of two 100% capacity RHR pumps. In addition, as a result of the “cross-unit” RHR
Service Water (RHR SW) arrangement, each heat exchanger can be cooled by éither
of two 100% capacity RHR SW puraps. The redundancy of this configuration provides
for a high level of system reliability and assures the adequate capability for
decay/accident heat removal, Since multiple pumps are supplied by different diesels,
the uncertainty in equipment performance associated with the 2% aliowance band is at
most 1.42 %. This notwithstanding, the following discussion is provided to demonstrate
that any RHR / RHR SW pump combination would provide adequate post accident
flows, even if both pumps operated under a 2% speed reduction, ,

1) RHR

A 2% reduction in speed will not impact the RHR pumps' ability to provide the design
rated shell side heat exchanger flow of 10,000 GPM for post accident decay.heat
removal. Although a lower pump speed affects both flow and total developed head
(TDH), the suppression pool return valves are throttled to only about 10-15% ‘open
- when RHR is in the suppression poo! cooling mode.® This is due to the fact that the
suppression pool cooling line losses are relatively small when compared to the total
developed head of the pump. The difference is taken up by throttling the return valve,
which resuits in a large valve delta-P. If pump performance {i.e., flow angd TDH) were to
decrease because of a lower speed, a system flow of 10,000 GPM could still be easily
established by further opening the return valve. Therefore, a 2% reduction in pump
_speed will not affect post accident RHR cooling flow.

2) RHR SW

in Figure 1, the pump curve for a typical SSES RHR SW pump is plotted.® The pump
affinity laws were used to calculate a "degraded” curve corresponding to a pump speed
of 58.8 Hz which is also plotted. Finally, a system resistance curve, which corresponds
to a flow of 9000 GPM at 100% pump speed, is identified. Note that this system
resistance curve would be established by operators via the throttling of the RHRSW
heat exchanger inlet valve in accordance with operating procedures.” If pump
performance were to decrease because of a lower speed, the RHR SW flow through
the heat exchanger would decrease to the point where the system resistance curve
infersects the degraded curve. By inspection, it is seen that this flow is approxmately
8750 GPM. This flow is well in excess of the minimum required RHR SW flow of 8000
GPM, as identified in Reference 7. Therefore, a 2% reduction in pump speed will not
adversely affect post accident RHR SW cooling flow.
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E) ESW/DIESEL COOLING

1) ESW System

ESW system supplies cooling water to the emergency diesel generators, the ECCS
pump room coolers (RHR, CS, HPCI/RCIC), the RHR pump motor il coolers, the
controf structure chilters, and the Unit 2 direct expansion units, These loads are also
addressed in other sections, but the following discussion is provided to demonsirate
that the potential for a 2% reductlon in diesel speed will not threaten adequate cooling

for emergency loads.

Performance Uncertainty

During a Design Basis Accident, at least one loop of ESW (i.e., two pumps} wouild be in

- operation. Since all ESW pumps are supplied by separate diesels, the associated
uncertainty in equipment performance for a two pump configuration is actually 1.42 %.
Likewise, the uncertainties associated with three and four pump operatmg
configurations is 1.16% and 1.0% respectively.

1

"Spray Pond / ESW Short Term Temperatures

The design basis flows for all ESW users is based on the maximum spray pond deSIgn
temperature of 97°F.®) The maximum administrative operating limit of 85°F®? assures
that the 97°F threshold will not be exceeded, even with the worst case single failure for
spray pond temperature; a failure of an ESW return bypass valve to close. (This failure
can prevent.the effective use of the spray array$ and hence results in higher spray
pond temperatures.)

The spray pond temperature profile following a Design Basis Accident increases by
about two degrees-F in the first three hours of an accident; from 85.5°F to 87.6°F."%
Subsequently, after six hours, temperature increases to 90.6°F and then to 93.4°F at
twelve hours, With the inability to close a loop’s bypass valve, appropriate operator
actions are taken but spray pond ftemperature continues to increase to 95.9°F at 24
hours and peaks at 87.42°F at {=44 hours. Soon thereafter, a downward trend in
temperature occurs. Based on this profile, ESW users would be supplied with relafively
low temperature cooling water during the initial stages of an accident. As a result of
lower initial supply tempaeratures, as well as the fact that margin exists between the
actual and minimum required. ESW cooler flows,"” it is reasonable to expect that all
ESW users would be adequately cooled, even-if diesel speeds {and hence pump
speeds) were to be slightly lower,

ESW System Performance

Two ESW pumps are capable of supplying aII required emergency loads during a DBA
(ie., four diesels and a complete division of safety-refated equipment).”” In addition,
for most DBA scenarios, it is expected that a minimum of three pumps would be
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available; the only single failures which would prevent the auto-initiation of at least
three pumps is the loss of 125 VDC bhattéries 10614 or 10624, However, for these
specific single failures, it is expected that two pumps would nonetheless provide for
adequate cooling in the short term, even with a 2% reduction in speed. This is due to
the fact that spray pond temperatures will be less than the design basis temperature
limit of 97°F as described above. In the short térm, the cooler supply temperatures
would act to offset the effects of a slightly lower flow which might occur nf only two
pumps were available and operating at a lower speed.

in the event of a failure of 1D814 or 1D624, additional pumps could be placed in
service by transferring their control power from the failed battery to the corresponding
Unit 2 battery (20614 or 2D624). At this point, at least three pumps would be available
and capable of supplying all required ioads as described below:

|n Figure 2, the pump curve for a typical SSES ESW pump is plotted 3 Also plotted is
the equivalent curve for two pump operation in paraliel, as well as a conservative
system resistance curve which intersecis the two pump curve at a flow of 7000 GPM.
This flow was selected because it bounds the flow requirements of a single Ioop of
ESW.®  Finally, a "degraded” curve is plotted which corresponds o three pimps
operating with a 2% reduction in speed (58.8 Hz). By inspection, it is seen that 7000
GPM, the “degraded” three-pump curve is above the “normal” two pump curve, which is
known to provide adequate flow to the associated users.®Y Therefore, as long as three
ESW pumps are available, they would be able to provide adequate flow and head even
when operated with a 2% reduction in speed.

Spray_Cooling

As a final note, it should be identified that the potential for a 2% reduction in ESW
pump speed will not result in inadequate spray cooling. This is due to the fact that

" guidelines have been developed and incorporated into the appropriate operating
procedures® which provide direction for the optimum use of the spray networks, based
on system flow. Therefore, operators have the required information and operating
guidelines to effectively use the spray networks and optimize spray cooling regardless
of actual system/loop flow. o

2) Emergency Diesel Generator-Cogling

Based on the discussion above, It is reasonable to expect that the emergency diesel
generators would be provided enough cooling to provide for the disbursement of their
design heat load. Hence, a 2% reduction in-ESW pump speed would not affect either .
the short or long term phases of diesel operatio'n during accident scenarios.

In the short term phase, just after diesel stari, the engine is cold and operatton can
continue for several minutes without cooling.™ In addition, during this point of the
accident, cooler intet temperatures would be at least 12°F cooler than assumed in the
diesel heat exchanger design calculations. {The heat exchanger design catculations
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assume an inlet temperature equal {o the ESW spray pond design limit of 97°F,
whereas the pond temperature at the start of the event would be at most 85°F - the
Tech Spec administrative limit.) 4

In the longer term, it is expected that at least three ESW pumps wouid be available as

described above, and hence the diesels would be supplied with their design flow rates.

In addition, it should be noted that if a diesel were running with a 2% slower steady

state speed, the mechanical components it powers would also be running 2% slower.
Under these conditions, the work done by these mechanical components would be

less, and hence their associated load on thé diesel would be less, With a lower diesel

load, the cooling requirements would fikewise be less. Hence, it is concluded that

unacceptable diesel operating condifions would not result from any potential

shortcomings in ESW flow due to a 2% reduction in diesel speed.

F) HVAC

1) Control Structure Chilled Water

The Control Structure Chilled Water (CSCW) system consists of two mdependent
_ chiller trains, each of which has a 100% capacity of 202 tons with the maximum ESW
supply temperature of 97°F, and a loop supply temperature of 44°F. in general, the
entire temperature profile in the control structure during- Design Basis Accidents
qualifies as a "mild” environment. This is evidenced by the fact that equipiment
qualification is not required for components in the building. Unlike the reactor building,
which is completely isolated under accident conditions, oulside air is drawn into the
control structure through the CREOASS trains. The overall heat load is therefore
dependent not only on the building's internal heat load, but also on the on outside alr
- temperature which varies throughout the day.

There are several ways in which a 2% lower diese! speed would affect the CSCW
system. There are a number of components which would operate at a lower "speed,
and hence provide lower flows. These components include the system’s outside supply
and area coaling fans, the condenser circ and. loop circ pumps, as well as the chiller's
centrifugal compressor. in general, with a lower compressor speed, the available -
capacity of the chiller will decrease since the overall flow rate of the refrigerant will
decrease.

With the fans and loop circ pumps providing lower flows, the actual heat load induced
on the chiller will be lower, since lower flows would remove less heat from the cooled
areas. The net effects of a 2% reduction in diesel speed woulid result in a steady state
equilibrium operating point for the system with slightly higher room/area temperatures.
This steady state operating point will not only be a function of these areas
-temperatures, but also of the chilled loop supply/return temperatures, outside air (i.e.,
supply) temperatures, and the ESW supply temperature and flow.
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A review of the building temperature response during accidents was performed."™®
That analysis considers the effect of variable chiller loads and loop supply
temperatures, as well as outside air temperature. When loop supply temperature is
increased by 6°F (from 44°F to 50°F), chiller load is reduced by up to 20 tons (about
~10%), and peak room/area temperatures increase by an average of about 4°F - 5°F. in
addition, all peak temperatures do not occur until 720 hours (30 days) after the start of
the accident. With a 2% reduction in diesel speed, it is expected that peak room/area
temperatures would be slightly higher than those calculated for 100% equipment
speed. However, temperatures for those areas which are cooled by the CSCW system
would nonetheless still fall within the envelope which defines a "mild” environment.

In addition, as the result of the thermal inerfia of the entire building and system, the
effect of a slower diesel speed would be siow to develop. This slow response, coupled
with the 30 day {ime required to reach peak room/area temperatures, would provide for
an adequate "buffer’ to allow for operators to diagnose unusual control structure
environmental conditions. Since operators have complete access to the CSCW system
during accidents, appropriate corrective actions could be taken to preclude the onset of
unacceptable control structure temperatures. Therefore, a 2% reduction in d;ese!
speed will not affect the CSCW system’s capability of maintaining a “rmid" emnronment
in the control structure, v :

2) Unit 2'DX Units

Area cooling for the Unit 2 emergency switch-gear rooms and load center areas is
“provided by the skid mounted direct expansion units (DX units) which reject heat to the
ESW system. There are two independent units which are powered from independent
diesels and supplied by separate loops of ESW. With two independent units,.the
uncertainty induced by the potential for a 2% reduction in diesel speed is actually
1.42%, as discussed above,

Unlike other chilled water systems at SSES, these units de not operate in'a ‘“load-

“following” mode, At steady state operating conditions, they are capable of removing a
heat load of approximately 40 tons with an ESW supply temperature of 87°F. (15.19)
However the heat load in the areas these units serve is on the order of approximately
32 tons.™®  Although a 2% reduction in diesel speed could potentially affect the
capacity of the DX units, there is sufficient margin between the rated capacities of
these units and their worst case accident heat load. Therefore, the potential for a 2%
reduction in diesel speed will not affect adequate cooling of the Unit 2 emergency
switch gear rooms.

3) Reactor Building HVAC {ECCS Room Coolers)

The performance of the reactor building room coclers could potentially be affected by a
2% reduction in diesel speed since they would be supplied with a lower ESW flow, and
fan speed would be reduced by 2%, However, adequate cooling:for the affected areas
is nonetheless assured as discussed below: .
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RHR & Core Spray

Each division of RHR and Core Spray has two 50% capacity fan/cooling units. Since
each fan unit is supplied by separate diesels, the uncertainty associated with the 2%
diese! allowance band is actually 1.42%.

The design basis ESW flow to the RHR and Core Spray fan units is 120 GPM and 36
GPM respectively.® However, calculations performed in support of the Appendix “R”
Program have indicated that acceptable room temperatures (i.e., design basis
temperatures) are maintained with flows as low as 50 GPM for RHR and 14 GPM for
Core Spray.?? |t is therefore evident that a significant amount of cooling margin exists
for these coolers. In addition, it is noteworthy to add that the maximum area
temperatures for these rooms does not occur until 30, days after the start of an
accident.™® Therefore, if diese! speed were to be reduced by 2%, any unusual.
conditions would be slow to evolve and there would be ample time to allow for proper
operator response. It is therefore concluded that the potential for a reduction in both
ESW and fan flow which results from a 2% lower speed would not result in
unacceptable temperatures for the affected areas. :

HPCI & RCIC

The HPCI and RCIC rooms are provided with two 100% capacity fan/cooling units,
each of which is powered from a separate diesel and supplied by a separate loop of
ESW. As with the RHR & Core Spray Coolers, their performance could be affected,
since they could potentially be supplied with a lower ESW flow, and the fans speed
could be reduced by 2%.

Calculations have demonstrated that under large break DBA scenarios, these. coolers
are not required fo maintain acceptable area temperatures, -since the HPCI & RCIC
systems isolate under these conditions.™ For small break scenanos these coolers are
only required if the barometric condenser piping Is assumed to fail. ***" For scenarios
during which the systems are assumed io operale, the primary heat load in these
rooms therefore results from a pipe break outside containment with a small break
LOCA inside containment. During these scenarios, peak area temperatures do not
occur until several hours after the start of the event. At this point, it is likely that the
vessel would be depressurized and high pressure make-up systems would no longer be
fequired. Even under the worst case postulated scenarios, peak temperatures do not
occur until a point when the systems would no longer be required. Therefore, even if
area cooling was affected by the slower diesel speed, this would not impact the ability
of the HPCI and RCIC system to perform their design intended function during the
postulated scenarios,

4y The Stand~By Gas Treatmeni System

The Stand-By Gas Treatment System (SBGT) consists of two 100% capacity
independent filter trains and fans which are supplied from separate diesels. Under
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accident conditions, the system auto-initiates and takes suction from the unit-common
reactor building recirculation plenum. "Since each fan unit is independent, the
uncertainty in system performance associated with the 2% allowance band is 1.42%.

The primary functions of the SBGT system are to: 1) establish a negative pressure of
0.25" H20 in the secondary containment upon system initiation (i.e., draw-down phase);
and 2) maintain this pressure fo prevent un-monitored effitvium from reactor building
leakage pathways. In performing its design function, the SBGT system assures that
gaseous effluents are filtered and monitored, and maintains off-site doses below
10CFR100 {imits. While a 2% reduction in diesel speed would result in lower fan flows,
this reduction in system performance is not expected to impact off-site doses.

Upon initiation, SBGT is required to “draw-down” secondary containment to -0.25" H,O
in 3 minutes. Calculations have indicated that with the maximum aliowable reactor
building in-leakage of 4000 SCFM,® a single SEGT fan can draw-down Zones |, H, &
Il in 142 seconds. Thus a 38 second, or 21% margin exists.®® in addition, another
calculation has shown that even wnth a 18 minute draw-down time, there is virtually no
change in calculated off-site doses.®® Thus, even if the system reqwred an additicnal
10 minutes to draw-down the reactor building, there are no consequences with respect
to off-site doses. [n any case, it Is reasonable to conclude that a 2% reduction in fan
speed would not prevent the’ SBGT system from establishing -0.25" H,Q reactor
building pressure pnor to the propagatlon ‘of fission products into the secondary
containment . .

In the longer term phase of system operation, SBGT must maintain a -0.25" H,0
pressure in secondary containment. This is achieved by maintaining a constant SBGT
system flow of 10,100 SCFM, which is drawn from fwo sources: an outside air supply, :
and the reactor Building recircutation plenum. Modulaung dampers control the: flows
from both the recirculation plenum and the outside air source, such that the reactor
building is maintained at -0.25” H,0. Since the maximum. atlowable reactor building in-
leakage is only 4,000 SCFM, it follows that at least 6,100 SCFM must be drawn from
the outside souree. .

The first effect of a lower fan speed would be that the fan inlet dampers, which control
to maintain a constanf flow of 10,100 SCFM would open further. {f the fans were
unable to maintain a flow of 10,100 SCFM, the other system dampers would modulate
to maintain reactor building pressure by drawing less flow from the outside supply
source. As a result of the large margin between the maximum reactor building in-
leakage (4,000 SCFM), and the rated fan flow (10,100 SCFM), it is concluded thata 2%
reduction in fan speed would not prevent the SBGT system from achieving its long term
design basis objective.

V) CONCLUSION

1

As a result of existing calibration procedures and practices, as well as the accuracy of the
diesel generator slectronic governor, it is unlikely that the diesel speed would devjate from
80 Hz. However, the above evaluation qualitatively considers the effects of a 2% diesel
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speed reduction on large mechanical components and systems. The following summarizes
these effects:

* As a result of equipment/system redundancy, the actual uncertainty in equipment
speed which results from the polential for a 2% lower diesel speed is, in actuality,
less than 1%. .

» With respect to the short ferm plant response during accldents and transients: It was
demonstrated that an actual 2% reduction in diesel speed does not adversely
affect: 1) the ability to establish sub-critical core conditions; 2) the ability to
malntain and protect the reactor vessel pressure boundary; and, 3) provide

- adequate make-up capability during design basis accidents and/or transients.

« With respect to the long term plant responsg during accidents and transients: It was

demonstrated that as the result of the redundancy and independence of plant ‘

components, as well as conservative design practices, an actual 2% reduction in
equipment speed would not adversely affect the ability to mitigate these events,
and will not result in off-site doses In excess of 10CFR100 limits.

In summary, past and present engineering practices which govern the design and licensing
bases of SSES provide for an extremely conservative and safé plant design. These
practices mandate many engineering conservatisms (l.e., assumptions, inputs,
‘methodologies, etc.) which are applied in the design of systems and also in the evaluation
of specific licensing basis events. As a resull of these conservatisms, many of which are
mandated by regulatory requirements/commitments, a high level of system and component
*over-design” establishes an ample margin of plant safety. As a result of this margin, it is

"not an appropriate ficensing basis requirement that an additional 2% penalty be incurred

due to the allowance in emergency diesel generator speed.
J¢ee Page 3Ha %r EPU and additional discussion
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Discussion of OF 31798 (AR 1296983)

Discussion: AR/CR 1302108 was generated to document the applicability of the OE to
SSES and CRA 1307834 was generated to update this calculation. Clinton Power Station
generated OE31798 (AR 1296983) which documented that power uprate significantly
reduced the available ECCS margin for the containment analysis. This margin had
previously been used to address lower diesel frequencies as allowed by the Technical
Specifications. The main concern is that the Clinton uncertainty analysis did not
specifically address the containment cooling functions of the RHR pumps. The PPL
analysis in EC-024-1014 Attachment 2 section D specifically addresses the containment
analysis. This section was not specifically updated for EPU,

A review of EC-PUPC-20601 determined that the power requirements for safety related
systems post-EPU have remained the same. Additionally, a review of each specific
section of the Attachment 2 analysis determined that although some of the details have
changed slightly the conclusions of each section remain the same for EPU. Since the
containment analysis is specifically mentioned in the OE that issue is discussed. As
stated in the Attachment 2 section D, the RHR pumps are assumed to have a flow rate of
10,000 gpm through the heat exchanger. This is significantly below the RHR pump
capacity and with a 2% reduction in frequency this flow rate will still be met. EC-PUPC-
20400 evaluates containment pressure and temperature response for EPU. The analysis
calculated an acceptable response even without containment sprays. Additionally, a
review of EC-PUPC-20400 determined that running all 4 RHR and all 4 Core Spray
pumps is conservative from a containment heat-up perspective since all these pumps add
heat to the containment. If the pump speed is reduced by 2% this will reduce the pump
heat load within containment which would lower suppression pool temperatures. This is
conservative. So based on the specific analysis for SSES, EPU did not impact the margin
for these systems as it related to the diesel frequency issue. The other concern would be
equipment cooling (RHR room coolers, diesel cooling DX unit, etc.). The peak spray
pond temperature did not change as a result of EPU (still 97°F) and the discussion for
each of these cooling systems is still applicable. Based on this evaluation, the concerns
of OF 31798 have been effectively evaluated for SSES and the conclusions remain
acceptable.
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lssue:

Calculation EC-024-1014 considers the Impact of the tech spec allowable +- 1.2 Hz
frequency vatlation on the connacted joads. However, a review of the calculation did not
show that the impact of higher frequency on starting torgue was addressed. Flux is
inversely related 1o speed. So an increase in speed decreases motor field fiux. This in
turn impacts the motor's starting torque. It appears that this impact needs to be
addressed in a calculation.

Response:

A detalled review of the caloulation shows discussion of MG 2 requirements which state
that motors will operate successfully under running conditions at rated load with
frequency variations of up 1o +/-5 percent, voltage variations up to +/-10 parcent, and
voltage and frequency variations summed by absolute value of +/~10 percent. However,
a review of MG 2 shows that the referenced section In MG 2 refers 1o running loads. In
MG 2, the 10/1981 version, the discussion of starting torque is generic but notes that
the torque developed by the motor at any speed is proportional {o voltage squared and
invarsely proportional to freqtency.

For the 4 KV safety related motors, GE specifications apply for the RHR and CS motors,
and E112 applies o the Bechtel scope of supply. The specifications do not reference
MG 2, but instead reference MG 1.

The motor specs for RHR (GE 21A8369AZ), Core Spray (GE 21A9369AY) and E112 for
the Bechtel scope of supply all reference MG 1 requirements for iorque. Specliication
E112 spectiically references MG 1-20.45. The number 20.45 is a section/paragraph

. within MG 1. _

The requirements relevant to the problem statement are in MG 1-20.45 which states that
the motor shall be capable of starting and accelerating a load with a torque characteristic
and inertia value not exceeding that listed In MG 1-20.42 with voltage and frequency
variations specified in Par. A of MG 1-20.46. Par, A allows freguency variations of up to
+/-5 percent, voltage variations up to +/-10 percent, and valtage and frequency
variations summed by absolute value of +/-10 percent.

The inertia values for the RHR and Core Spray motor (respectively 3960, 420 wk?).

determined by MPR in developing dynam:c motor models are below the inertia values
provided in MG 1-20.42 (16780, 2514 wk?).

It can be concluded that adeguate starting and accelerating torgue would be available at
a frequency of 60 +1.2 = 61.2 hertz.

Relevant pages of MG 1 and MG 2 follow:



MG 1-20.42 Load Wk* for Polyphase Squirrel-cage Induction Motors

The following table lists Joad W? which polyphase, squirrel-cage motors havin

1

g performance characteristics in accordance with Part

20 can aceclerate without injurious tempexatire rise under the following conditions:

. Applied voltage and frequency within the limits set in MG 1-20.45. L .
2. Duxing the accelerating period, the connected Joad torque shall be equal to, or Jess than, a torque which varies as the square
of the speed and is equal to 100 percent of full-load torque at rated speed. . .
3. Two starts in succession (coasting to rest between starts) with the motor initially at ambient temperature or one start with the
motor injtially at a temperature not exceeding its rated load operating temperatire.
3600 Provy 1200 0 720 coa SPeed Rpm o o 0 227 300
Hp Loud WE* (Exclualve of HMotor kY, Lb-te*
100 B . aen .. e . 126870 16830 21700 27310 33690
125 . - PN e ves vew 15610 20750 28760 33880 41550
150 . . . PO .an vy 13410 18520 24810 31750 30660 49300
200 . o . s .re 12060 17630 24220 92200 41840 52300 64500
280 . N —ee ves 9530 14880 21560 20800 51200 64400 79500
300 o . . 6540 11270 17550 25530 385300 80600 76400 4300
350 . . .o 7530 ] 20430 40710 89800 $8100 108800
400 ws 4199 8500 14670 22870 33280 46050 £1300 70200 2U800 123200
150 ey “ve 8460 b1 25470 37090 51300 111300 137400
300 - 5130 10400 17970 28050 40850 53600 97300 151500
800 443 2202 8030 12250 21100 33110 86800 28100 115100 145100 178300
700 2514 14080 88080 55500 76000 182800 16 208700
800 560 2818 7760 15830 27440 2650 82 148800 233700
900 o185 3108 17560 47740 68700 PETON 166800 210800 3
1000 $410 19260 33470 & 106400 141000 183700 231800
X250 790 11380 00 40740 130000 173600 224800 351300
1500 o02 4712 13260 27350 £7750 75100 130000 153000 204500 265000 334800 414400
1750 1004 5310 15060 31170 54500 55500 126000 175400 234600 304200 3383800 476200
2000 1008 5880 18780 34860 aL100 96500 141600 197300 284100 342600 537000
2250 1180 8420 18440 67600 106800 1 218700 380300 $81200
2500 8930 20030 41800 116800 171800 238700 321300 417300 & 855000
3000 7880 23040 48520 85800 136200 280500 878300 489400 $20000
33500 1481 8700 97300 154800 319800 9800 558000 702000 881000
4000 157¢ w480 28480 60700 103200 172600 265400 858000 481800 £27000 798000 . 583000
4500 1627 10120 30800 88300 118700 188800 281400 305000 832000 893000 881000 1095000
TR0 1682 10720 . 331680 700 128700 206400 430800 581000 758000 1198000
8500 1877 11240 . 76700 138300 222300 330800 485000 628000 K21000 1044000 1200000
6000 . 11800 37250 81500 147500 237800 354400 499500 875000 882000 1123000 1303000
7000 . 12400 10770 Q0500 164900 257100 899500 565000 764000 1001000 1275000 1560000
8OO0 e 12870 43790 . 98500 181000 284500 442100 26000 850000 1114000 1422000 1775000
9000, s 13120 46330 105700 195800 320200 482300 635000 $31000 1223000 1563000 1853000
10000 e 13170 48430 112300 209400 314200 520000 T41000 1000000 1327000 1695000 2125000
11006 v e S0100 117600 220000 368700 558200 794000 1084000 1428000 1830000 2291000
12000 ven e 51400 123000 233500 387700 690200 B14800 1156000 1524000 1956000 2452000
13000 ‘es tau £2300 127500 244000 407400 822400 893100 1224000 1617000 2078000 20608000
%4000 ‘e ear 52500 253600 425800

131300 852800 934200 1288000 1707000 2185000 2758000
vee e 53100 134500 282400 442000 881500 ' 2308000 2504000

The values of Wk? of connected lond given in the foregoing table were caleulated from the following formula:

Load - Ep# 7 Hp'4 "*  Where A—24 for 300 to 1800 rpm, inclusive, motors
WE = A (Rgm 24 0.0685 Rpm\» A~27 for 3600 rpm motors
1000 1000) ' : .

® Tuis formuta way 50t be spplicable to ratiops aot lacluded o thenbove table.  Copsuly the mazsulaetarer for the ratiops which are not ¥hows,

Authorized Bngineering Infortoation 11412-1953, xevised 6-1-1858; 7-13-1987; 5-17-1671; 11.8-197%.
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LARGE APPARATUS - INDUCTION MOTORS

MG 1-20.43 Number of Starts

A, Squirrel-cage induction motors shall be ca-
pable of snaking the lotlowiny starts, providing the
i¥k? of the load, the load torque during accelera-
tion, the applied voltage, and the method of start
ing are those for which the motor was desigred:

1. Two starts in succession, coasting to rest

hetween starts, with the motor initially at

ambient temperature, or
2, One start with the motor initially at a tem-

petature not exceeding its rated load operat-

ing temperature.
NEMA Standard 6-1-1959.

B. I additional starts ave required, it is
recommended that none be made until alt condi-
tions affecting operation have been thoroughly
investipated and the apparatus examined for
evidence of excessive heating, It should be
recognized that the mmmber of starts should be
kept to 2 minimura sioce the Tife of the motor ia
affected by the number of starts,

C. When regiiested by the purchaser, a sepa-
rate starting information plate will ba supplied on
the motor.

Authorized Engineering Information 6-1-1859, revised

11-12-1970,

MG {-20,44 Overspeeds

‘Squirrelcage and wound-rotor induction mo-
tors shall be so constructed that, in an emergency,
they will withstand without mechanical injury
overspeeds above synchronous speed in accordance
with the following:

Synchronouny Speed, Ovenpeed, Percent of
Rpm Synchronnus Speed

1801 and over ’ 20

1800 and below 25

NEMA Steodard §-17-1958,

MG 1-20.45 Variations from Rated Voltage
and Rated Frequency

A. RUNNING

Motors shali operate successfully under running
conditions at rated load with a varation in the
voltage or the frequency up to the following:

1. Plus or minus 10 percent of rated voltage,
with rated frequency.

2. Plus or minus b percent of rated frequency,
with rated voltage,

3. A combined variation in voltnge and fre-
quency of plus or minus 10 percent {swmn of
absolute values) of the mted values, pro-
vided the frequency variation does not ex-
veed plus or minus 5 pereent of rated fre-
quency,

Performance within these voltage and frequency
variations will not necessarily be in accordance
with the standards established for opertion at
rated voltage nnd frequency.

B. SrarTiNG

Motors shall start and accelerate to running
speed a load which hos a torque eharacteristic and
an inertia value not exceeding that listed in MG
1-20,42 with the voltage and frequency variations
specified in par. A, For loads with other charac-
teristics, the starting voltage and frequency limits
may be different.”

NEMA Standar@ ()-15-1058, vevised 3-14-1863;

11.12-1670,

* The imil{ng values of vollage and frequenay vader which s motor
wil} siecessfally start and acesterate t running speed depens on the
margla betweesn thie speedi-torque carve 0f the mator at eated vollage
and [requeoey and the gpeed-torque curve of tha Ioad under stastiog
conditions.  Since the torue developed by the molor at any speed
b approzimately proportional to the square of the voltage ansd in.
Vi g;’"’ Bl 2o 1he tquars of the frequenty, it is geaenll

delmble to determine what voltage and frequency variations wilt
actusly ocour ad instaliztion, taking Into account any voltage
drop vesulting from the sterting Girral deawn by the moter,
‘TRis [nformation and the torque requlrentents of the drivan machine
defing the mnlor-u}ud-mrque curve, a2 exted voltage and Ireguency,

deatnte Tor driwnkcd

wbich b 5 the ap -
NOTE-laduction mators o bo operated from solld.atate o wtber
1ypes of ble-d andfor blg-veliage power suppll
(or adjustablespred-delve agp]lmﬂma pany require Ipdividual eon.
alderatipa 45 provide sallsfattory pedformnnce. Eapedally for opera-
Gop below rated spetd, it may by necetrary to reduce the wmolor
1orque toad belorw the rated fall-load torque 20 avold overhesting the
motof, Themiolor manufsctures ahosid be consulted baforestdecting
u motar for nuch applieations.

Authorized Engineering Information 3-14-1003; revizad
7-16-1060; 1)-12-1370.

MG 1-20.46 Rontina Tests

1. Measurement of winding resistance

2. No-load readings of current and speed at
normal voltage and frequency. On 50-hertz
motars, these readings may be taken at 60 hertz
if 50 hertz is not available, On motors furnished
without complete shaft and bearings, this test:
will not be taken,

3. Meastrement of opea-circuit voltage ratio
on wound-rotor motors,

4. ;Iigh—potentin} test in accordence with MG
1-20.47,

NEMA Standard 11-14-1957,
MG 1-20.47 High-polential Tests

A. SAFETY PRECAUTIONS AND TEST
PROCEDURE

See MG 1-3.01.
B. TEST VOLTAGE—PRIMARY WINDINGS

The test voltage shall be an alternating voltage
whose effective value is 1000 volts plus twice the
rated voltage of the pmaclﬁnc.'

C. 'TeST VOLTAGE—SECONDARY WINDINGS
OF WOUND ROTORS .

The test voltage shall be an alternating voltage
whose effective value is [000 volis plus twice the
maximum voltage which will appear between slip
rings on open-circuit with rated vollage on the
primary and with the rotor either at standstill or
at any speed and direction of rotation {with respect
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Typical Total Winding Yemperatuta
1.5 Senvles Faclor 4.0 Servlce Factor

insulation Class

Class H — 180C
Class F 165 C 1685C
Class B 140C 130C
Class A 115C 105C

The rotor surface temperature of squlrrel-
cage induction motors cannot be accurately
measured on produclion units, The rotor sur-
face femperature varies greatly with enclosura
type, cooling method, insulation class, and ship,
but may be in the range of 150-225 C for Class B

or Class F Insufated nommal slip motors when

oparating at rated load and In a 40 C amblent
temperature.

The above Insulated winding temperature
and rotor surface tempetature vaiues are typl-
cal values based on continuous operation at
rated voltage and rated frequency under usual
service conditions. Margln for voliage and fre-
quengy variations, manufacturing variation,
overload, or hot start and acceleration is not
included. The motor manufacturer should be
consulted for further information.

When motor-mounted space heaters are to
be furnished, It is recommended that the ox-
posed suriace temperature be limited to 80
percent of the ignition temperature of the gas
or vapor lnvolved with rated space heater val-
tage applied and the motor deenergized,

The range of ignition temperatures is so
great and variable that it is not practical for
the motor manufacturer to determine if a glven
motor Is sultable for a Divislon 2 area. The
user's knowiedgse of the area ciassification,
. the apptlication requirements, the insulation
system class, and past experience are all fac-
tors which shouid be considered by the user,
his consultant, or others most famlliar with
the detalls of the application invoived when
making-the final dscision.

Authorized Englneering information $7-1677.

MG 2-3.08 PROPER SELECTION OF APPARATUS

Motors and generators should be properly
selected with respect to thelr usual or unusual

* service condltions, both of which involve the
environmental conditions to which the
machine is subjected and the operating con-
ditions. Machines conforming to Parts 1 and 2
of this publication are designed for operation
in accordance with thelr ratings under usual

service conditions. Some machines may also
be capable of operating In accordance with
their ratings undar one or more unusual service
conditions. Definite-purpose or speclal-purpose
machines may be required for some unusuat
conditions,

Servige conditions, other than those spaci-
fied as usugl, may involve some degree of haz-
ard. The additional hazard depends upon the
degree of departure from usual operating
conditions and the severity of the environment
to which the machipne is exposed. The addi-
tional hazard results from such things as over-
heating, mechanical faliure, abnormal
deterloration of the insulation system, corro-
ston, fire and explosion,

Although past experience of the user may
often be the best guide, the manufacturer of
the driven or driving equipment andfor the
motor and generator manufacturers should be
consulted for further information regarding
any unusual service conditions which increase-
the mechanical or thermal duly of the machine
and, as a result, Increase the chances for fail--
ure and consequent hazard. This further infor-
mation should be considered by the user, his
consuliants, or others most famifiar with the.
details of the application Involved when mak--
ing the final decision.

Authotized Engineering Information 11-16-1972.

MG 2-3.67 VARIATION FROM RATED VOLTAGE
. AND RATED FREQUENCY .

A. Induction Motors

1. Bunning--Motors will operate success-
fully under running conditions at rated load
with a variation in the voltage or the frequancy
up to the following:

a. Pius or minus 10 percent of rated volt-
age with rated fraguancy,

b. Plus or minus 5 percent of rated fre-
quency with rated voitage.

c. A combined variation In voltage and
frequency af pius or minus 10 per-
cent (sum of absolute values) of the
rated values, provided the frequancy
varlation does not excesd plus or
minus 5 percent of rated frequency.

Performance within these voliage and fre-
quency variations will not necessarily be in ac-
cordance with the standards estabiished for
operation at raied voltage and frequency,
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2. Starting—The limiting values of voltage
and frequency under which a motor will suc-
cesfully start and acoslerate to running speed
depand on the margin betwesn the speed-
torque curve of the motor at rated voltage and
frsquency and the speeddorque curve of the
load under starling conditions. Since the torque
develaped by the motor at any speed is ap-
proximately proportional to the square of the
voliage and Inversely proportional to the square
of the frequency, It is generally desirable to
determine what voltage and frequency vara-
tions wilf actually occur at each installation,
taking Into account any voltage drop resulting
from the starting current drawn by the motor.
This information and the torque requirements
of the driven machine define the molor-spsed-
torque ourve, at rated voltage and frequency,
which Is adegquate for the application,

HOTE~Y indusifon motoss are 1o ba dgatated from solfd-siaie of other lypo

quendsy and the corresponding requirements of
the load under starting conditions, Since the
locked-rotor and puthin torques of 2 motor are
approximately proportional to the square of
the voltage and inversely proportional to the
square of the frequency, it is generally desir-
able to detarmine what voltage and frequency
variation will actually ccour at each Installa.
tlon, taking Into account any voltage drop re-
sulting from the starting current drawn by the
metor, This information and the torque regulire-
moents of the driven machine determine the
values of locked-rotor and pull-in torque at
rated voltage and frequency 1hat are adequate
§or the application,

HOTE—{1 syncluonous molors sts to be opemted lmm 30ltd-stats nr othar

types of vadanis power Hey lor ed) le-spoed-Siive applica:
tiony, &ath appllcatlon shou!d be Individually Nered 1o provide satist
1 p lor gpesstion below raled sprad. #t may be

nedes8ay Lo reduce lna molof torque ko33 balow 16a rated fulldoxd tomus !o
wyold svsihealing the molor, The moky ik should by
baloon geiscing & nolor for such application.

ol variabladrequency widior visisblevadlage power suppliss for ad
sposd-drive sppifcations, ud: applicntlon shauld be Individuatly conalsered
10 grovide saiiel; tor lon betow rated
Speod, Ik may be nocoawy {0 reducs the molor loqus jead bolow the raled
fullioad lorque 1o eveld overmsaling the molorn The molor manulacivter
ahould ba consultes bolore sslscting a motor foe such eppiications.

B. Synchronous Motors

1, Running—Motors will operate success-
fully In synchronism, rated exciting cument be-
ing maintained, under running conditions at
rated load with a variation in the voitage or the
frequency up to the following:

a. Plus or minus 10 percent of rated volt-
age with rated frequency.

b. Plus or minus § percent of rated fre-
quency with rated voltage.

¢. A comblned variatiop in vollage and
frequency of plus or minus 10 percent
{sum of abszolute values) of the rated
values, provided the frequency varia-
tion does not excesd plus or minus §
percent of rated frequency.,

Performance within these voltage and fre-
quency variations wili not necessarily be jn ac-
cordance with the standards established for
operation at rated voltage and frequency.

2. Starting—The limiting values of voltage
" and frequency under which a motor will suc-
cessfully start and synchronize depend upon
the margin between the focked-rotor and puilin
torques of the motor at rated voltage and fre-

C. Synchronous Generators

Synchronous generalors will operate suc-
cessfully at rated kKVA, frequency, and power
factor with a varlation in the output voltage up
to plus or minus 5 percent of rated voltage.

Periormance within these vollage variations
wlil not necessarlly be in accordance with the
standards established for operation at rated
voltage.

D. Direct-current Motors

Direct-current motors will operate success.
fully using the power supply selected for the
basis of rating up to and inciuding 110 percent
of rated direct-current armature voltage provid-
ed the highest rated speed 15 not exceeded.
Direct-current motors rated for operation from
a rectifier power supply will operate succesful-
ly with a variation of plus or minus 10 percent
of rated alternating-current iine voltage.

Performance within this voltage variation
will not nescessarily be In accordance with the
slandards established for operation at rated
voltage. For operation below base speed, ses
MG 2-3.10.

Auihorized Engineesing Information 11-16-1872.
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lssue:

EC-024-1014 states that induction motors at SSES were specified to have a service
factor of 1,15, This Is true of the motors purchased to E112, but not true for the RHR and
Core Spray motors which have a service factor of 1.0. The comment is made with
regards to the horsepower (HP) demanded from the motor by the pump at a higher
generator frequency which results in higher pump speed. Per the pump aftinity laws, HP
Is proportional 1o the cube of the speed. The calcuiation assumes some increase in
motor slip and uses an increase of 6 percent power demand in response to a 2% DG
steady stale frequency increase.

RHR Response:

For the RHR pump, the GE purchase spec 21A9368AZ specifies a maximum brake HP

" for the load of 1800, The RHR is a 2000 HP motor. Since the motor rafing is based on
output power, this is more than sufficient margin to allow an 8% load Increase which is
the maximum postulated increase if no increase in slip is assumed (1800*1.08 = 1944
HP)

The RHR relay setting calc EC-SOPC-0503 uses the motor Full Load Amperes (FLA) as
the basis of the fime overcurrent trip, time overcurrent alarm, and instantaneous
overcurrent trlp. Since FLA Is based on the rated 2000 HP. Therefore the relay selting
values are not impacted by the issus.

Since the motor is being operated within its specuﬁed values, this issue Is resolved for
AHR.

Core Spray Response:

For the core spray pump, the GE purchase spec 21A9369AY specifies a maximum
brake HP of 680. The Core Spray is & 700 HP motor. This is less than a 6% diﬁerence.

The core spray motor data sheet shows that Full Load Amps (FLA) for the core spray
motar is 90 amperes

Operating procedures OP-151-001 and OP-251-001 specify that the core spray injection
shutoff valve be throttled to limit motor amps to not exceed 90 amperes.

Since 90 amperes is the specified full load amperes, the motor Is belng operated within
Its specified values. This issue is resolved for CS.

Relevant core spray motor data sheet and procedure sections follow:
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g. ACore Spray Room Unit Coolers 1V211A and C(B and D)
AUTO START indicated on Heating and Ventilation Panel
1C881,

h. CORE SPRAY Loop A(B) flow increases as Reactor
Pressure decreases,

NOTE (1);  Placing control switch 1o CLOSED with ihitiation signal present
and reactor pressure < 420 psig will cause White indicating light
over control switch to ILLUMINATE, This Indicates initiation
signal present with operator action overriding initiation signal.
This light will remain ILLUMINATED unti Initfation signal is resst

‘aven if valve returned to FULLY OPEN position, .

NOTE (2):  Insupport of Emergency Operating Procedures the Core Spray
System can be operated at a maximum current limit of 90 amps
on the pump motor. This coresponds to a run out fiow of 7900.
gpm for 2 loop pumps or 3950 for 1 pumip at 0 psig RPV
pressure. As Suppression Pool temperature increases and level
decreases, pump performange must be monitored for loss of
adequate NPSH.

2286 . Throttle CORE SPRAY LOOP A(B) IB {NJ SHUTOFF
HV-152F005A(B)} as required to support RPV level control:

a. <80 amps and <7900 gpm for two pump operation
{emergency operation)

b, <90 amps and <3950 gpm for one pump operatlons
(emergency operation)

OR

c, <6360 gpm for two pump operation (non-emergency
operation).

d. <3175 gpm for single pump operation (hon-emergency
operation}.
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9. Core Spray Room Unit Coolers 2V211A and C (B and D)
AUTO START indicated on Heating and Ventilation Panel
20681,

h. CORE SPRAY LOOP A(B) flow increases as Reactor
Pressure decreases.

Placing control switch to CLOSED with initlation signal present
and reactor pressure < 420 psig will cause White indicating light
over contra) switch to ILLUMINATE. This indicates initlation
signal present with operator action overriding initiation signal.
This light will remain ILLUMINATED until initiation signal Is reset
even if valve returned to FULLY OPEN position.

in support of Emergency Operating Procedures the Core Spray
System can be operated at a maximum curent limit of 80 amps
on the pump motor. This comesponds to a run out flow of 7800
gpm for 2 loop pumps or 3950 for 1 pump at 0 psig RPY

pressure. As Suppression Pool temperature increases and feve! |

decreases, pump performance must be monitored for loss of
adequate NPSH,

W]

O
NOTE (1):
NOTE (2):

2286

]

O

|

O

Throttle CORE SPRAY LOOPR A(B) 1B INJ SHUTOFF
HV-252F005A(B) as required to support RPV level control:

a. < 80 amps and < 7900 gpm for two pump operation
{emergency operation) .

h. < 80 amps and < 3950 gpm for one pump operation
(emergency operation)

OR

c. < B350 gpm for two pump operation (non-emergency
operation).

d. < 3175 gpm for single pump operation (non-emergency
operation),
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PUMP DATA SHEET Ssa S h\\‘\‘\ QQQ‘? 7
PURCHASER Genere! Electric Company
USER Pennsylvania Power And Light Company
LOCATION Susquehanna Nos. 1 & 2
Berwick, Pennsylvania
INGERSOLL-RAND ORDER NO. 00635051
PUMP SERIAL NUMBERS . 1073~78 thru 85
PUMP APPLICATION ‘ Core Spray Pumpls}
PUMP SIZE ' 25 APKD
NUMBER OF PUMP STAGES B {Double Suction First Stage}
PUMP RATING 3175 GPM at 1780 RPM
NET POSITIVE SUCTION HEAD REQUIRED @ 3175 GPM A5’ {Ref. C.LSuction)
TOTAL HEAD FEET @ 3175 GPM 658"
. SUCTION PRESSURE o 126 PSI (Mex.)
DISCHARGE PRESSURE : 500 PSI {Max)
‘PUMP EFFICIENCY @ 3175 GPM 83.5%
SHAFT PACKING ' Mechanical Seal
I;UMP ORIVER 700 H.P. Motor with 1.0 5.F,
DRIVER MANUFACTURER General Electric
' APPROXIMATE WEIGHTS '
WEIGHT OF PUMP ELEMENT AND DISCHARGE HEAD 5,560 Lbs,
WEIGHT OF THE SHELL : 1,555 Lbs. .
TOTAL WEIGHT OF PUMP DRY 7,115 Lbs,
WEIGHT OF WATER IN PUMP o 2,500 Lbs,
WEIGHT OF MOTOR. 6,300 Lbs,
WEIGHT OF TOTAL FLOOR LOAD X 15915 Lbs,
z ~ Y7 LhRY
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