UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001
' February 23, 1999

LICENSEE: Duke Energy Corporation

FACILITY: Oconee Nuclear Station, Units 1, 2, and 3
SUBJECT: SUMMARY OF THE EMERGENCY FEEDWATER SYSTEM MEETING

ON FEBRUARY 8, 1999, RELATED TO NRC INSPECTION REPORT
50-269/99-10, 50-270/99-10, AND 50-287/99-10

On February 8, 1999, the NRC met with representatives of the Duke Energy Corporation (DEC)
staff at the NRC headquarters in Rockville, Maryland, to discuss certain design and licensing
issues related to the Emergency Feedwater (EFW) System. These issues were described as
unresolved items in NRC Inspection Report 50-269/99-10, 50-270/99-10, and 50-287/99-10,
which was issued on January 26, 1999. Enclosure 1 is a list of the individuals who attended the
meeting, Enclosure 2 is the handout material that was supplied by DEC, and Enclosure 3 is the
handout material that was prepared by the NRC.

The topics discussed included such issues as documentation history of the EFW system; single
failure considerations; design, operation, and faiiure consequences of the hotwell makeup valve
from the upper surge tank; modifications implemented in the past related to the EFW system;
EFW pump runout protection; overview of the design of the main feedwater, Standby Shutdown
Facility, auxiliary service water (ASW) system, and station ASW systems as they relate to the
reliability of the EFW system; implementation of post-TMI action plan items that were designed
to improve the EFW system; ability to cross-connect EFW systems between units if needed;
EFW probabilistic risk assessment review; and Final Safety Analysis Report.changes that are
needed to clarify the design and licensing bases of the EFW system.

Ay

-David E. LaBarge, Senior Project Manager
. Project Directorate 11-2
Division of Licensing Project Management
Office of Nuclear Reactor Regulation

Docket Nos. 50-269, 50-270, and 50-287

Enclosures:

1. Attendance List

2. DEC Handout

3. NRC Handout

4. Miscellaneous Information

cc w/enclosures:
See next page
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EFW Meeting with NRC
February 8, 1999
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~ @ Opening Remarks

® Inspection Report 99-10 Issues

- ® Overview of Oconee Feedwater Systems
® Emergency Feedwater (EFW) Reliability
@ Licensing Evolution of EFW System
® Engineering Perspective |
® Closing Remarks

Oconee Nuclear Station | 2



/ Inspection Report 99-10 Issues

- ® EFW should withstand any single-active
failure

® Valve C-187 failing to close prevents EF W
from performing its intended function

‘@ Previous modifications to correct specific N
1ssues represented missed opportunities to o
resolve the C-187 design deﬁmency | |

® EFW runout protectlon

Oconee Nuclear Station 3



@ EFW system i1s reliable |
® EFW system not required to withstand all
- single-active failures | |

® Risk significance of single failure issue is
low |

® Oconee 1s evaluating increasing the de81gn
margin of the system

® EFW runout being addressed

Oconee Nuclear Station | | | 4



® ®
Overwew Of Oconee F eedwater
Systems

® Main Feedwater (MFW) |
» Two turbine driven MFW pumps per unit

» Three motor driven hotwell pumps per unit
» Three motor driven condensate booster pumps per unit

° Emergency Feedwater (EFW)

» Two motor driven pumps and one turbine driven pump per un1t
- ® EFW from other units (cross-connect)
® Standby Shutdown Facility Auxiliary Service Water (SSF ASW)
» One motor driven pump capable of feeding all three units

® Station Auxiliary Service Water
» One motor driven pump capable of feeding all three units

~ Oconee Nuclear Station - . | 5



Main Feedwater

® Two turbine driven MFW pumps per unit o
@ Suction provided by hotwell pumps and |
~ condensate booster pumps

® Suction source is hotwell
® MFW pumps trip on loss of offsite power

® MFW system usually avallable on reactor
trip |

Oconee Nuclear Station 6



Emergency Feedwater

- @ Two motor dr1ven pumps and one turbine drlven pump
per unit

° Safety—related non load shed power for motor driven
EFW pumps
® Turbine drlven EF W pump is 1ndependent of AC power

° Auto-start on:
» Low MFW pump hydraulic control oil pressure
» Low steam generator level (motor driven pumps)

» AMSAC | »
® Upper Surge Tank (UST) is initial suctlon source

Oconee Nuclear Station 7
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® Plant response following a typical loss of MFW event
All three EFW pumps start

Feedwater injected through SG upper nozzle
SG level controlled by EFW control valves

»

»

»

»

»

»

Secure turbine driven EFW pump if both motor drlven pumps are
running

Makeup to UST is initiated by operators

If UST makeup is unavailable, manual ahgnment to hotwell on low
UST level

@ Cross-connects capable of prov1d1ng EFW flow to either
SG from alternate units

- Oconee Nuclear Station - - : : ‘ 9
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@ One motor driven pump capable of feeding all three units |

® High head pump can supply all three units at full SG
pressure |

‘Dedicated power supply from SSF diesel generator
Manually aligned within 14 minutes from SSF control room
| ‘Suc'tion source 1s lake water in Unit 2 CCW piping
Capable of maintaining hot shutdown for 72 hours
Seismically designed
Designed for tornado wind loads and missiles (portions in
penetration rooms not fully tornado proof)

Oconee Nuclear Station | | 11
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- ® Tornado-protected pump in basement of
Auxiliary Building |

® Powered from Keowee underground path or
- CT-5 from Lee via the standby bus

° Capable of feedmg all three units at low SG "
~ pressures

@ Requires manual start and system ahgnment
1n Aux111ary Building

Oconee Nuclear Station : 13
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® @
Secondary Side Cooling
Prlorltlza‘tlon '

® MFW (two pumps)
® EFW (three pumps)

» Auto_ start or manual start from control room

® Condensate booster pump/hotwell pump combination can
be used if SG pressure is less than 500 psig

® EFW cross-connected to alternate unit (six pumps).
» Requires valve alignments in Turbine Bulldlng basement

e SSF ASW (one pump)

» Started at SSF control room

® Station ASW (one pump)
| » Started locally in Auxiliary Building basement

Oconee Nuclear Station | ' | 15



Evolution of EFW System

Time Change Impact
Frame
1973 One TDEFWP per unit Original Design
1973-1974 | Added EFW cross-connects Resolved HELB vulnerability
Rerouted EFW piping through Turbine | Allowed EFW to be fed from alternate unit
Building basement
1979-1980 | Added two motor driven pumps per Improved redundancy and diversity of design
unit '
1979-1980 | Implemented auto-actuation circuitry Improved automatic response of system
and safety-grade control system
1984 SSF operational Improvement in overall reliability of SG heat removal function
1986 Lowered elevation of suction source Improved NPSH and increased available hotwell inventory for
from hotwell for motor driven EFW motor driven EFW pumps ' :
pumps '
1989 GL 81-14 seismic modifications for Improves seismic design/boundaries for EFW System
seismic boundary valves -
1990 Added AMSAC Added diverse actuation circuitry for motor driven EFW pumps
1991-1992 | Further improved hotwell suction Improved NPSH and increased available hotwell inventory for
source for motor driven EFW pumps motor driven EFW pumps )
1991-1992 | Added SG dryout protection Added diverse actuation circuitry for motor driven EFW pumps
1993 Auxiliary Instrument Air modification | Increased reliability of several key air operated valves
1994 C-187 auto-closure on low UST level | Reduces vulnerability associated with hotwell emergency
makeup line
1994-1996 | MSLB mod

Oconee Nuclear Station

Improves runout protection for turbine driven EFW pump

16



* .
EFW Reliability

® Prlmary objectlve of post -TMI EFW actlon
- plan was to improve reliability of
emergency feedwater

@ Oconee implemented changés to improve
emergency feedwater reliability, meeting
obj ectlves of action plan

Oconee Nuclear Station : , ' 17



EFW Reliability

® Data indicates EFW System is reliable
» Plant operating experience
- » NUREG/CR-5500

» Duke EFW Reliability Calculations
- — Assessment of C-187

Oconee Nuclear Station ' | 18



® o o
" EFW Reliability

® EFW operational reliability from 1980 through
1998: |
- » 47 EFW demand events on three units

» Affected unit’s EFW System successfully provided
- secondary side heat removal 47 times

“» Reliance on diverse backup means of decay heat
removal was not needed for any of these events

Oconee Nuclear Station | 19




® Relative ranking of Oconee EFW

unreliability Versus other plants AFW
systems |

® Operational unreliability based on 1987-
1995 experience

Oconee |
2.5E-05 |
— " -
Best Average Worst
1.5E-06 3.4E-05 6.2E-04

Oconee Nuclear Station ‘ 20



[ 2 o
NUREG/CR-5500

® Relative ranking of Oconee EFW
- unreliability versus other plants AFW
systems -

- @ Plant-specific estimates (PRA-based)
- calculated with IPE failure rates

, Oconee
| | | 1.1E-03
Best . Average Worst
1.2E-06 3.4E-04 1.0E-02

Oconee Nuclear Station ) - 21



® Relative ranking of Oconee EF w

unreliability versus other plants AFW
systems

@ Plant-specific estimates (PRA- based)
calculated from 1987-1995 experlence |

Oconee
||4.0E-04 ‘ < : * '
Best Average . Worst
3.4E-04 - 2.1E-03 3.9E-02

Oconee Nuclear Station .' | 2



. ® .
Current Oconee PRA EFW
Reliability Estlmates

® The current EFW system failure probabi_lity is
- estimated to be 2.1E-03 for loss of MFW events

® When the EFW cross-connect capability and the
SSF are included the failure probablhty of this
function improves to 9.7E-05

‘@ This 1s a substantial improvement in the reliability
(reduction 1in the failure probability by a factor of
‘approximately 20)

Oconee Nuclear Station | 23



® The industry experience captured in the o
NUREG suggests that the Oconee EFW o
system reliability is comparable to other
- plants

- @ Diversity in systems that support the
- secondary side heat removal function make
the overall reliability of the functlon even
better

Oconee Nuclear Station | | | 24




® Scquences of Interest
» Reactor Trip

» Loss of Main Feedwater
» Loss of Offsite Power
'» Loss of Instrument Air
» Feedwater Line Break

- » Internal Floods

Oconee Nuclear Station

» Steam Line Break
» External Flood

» Tornado

» Seismic

» Fire

» High Energy Line
Break

25



® [s different for various initiators

® Overall EFW failure probability (frequency
weighted) is estimated to be 4.5E-03

- @ Overall secondary side heat removal failure
probability is estimated to be 2.7E-04

» Reflects 1mpact of:
— EFW cross-connect from alternate unit
~SSFASW -
— Statlon ASW

Oconee Nuclear Station o | ' 26
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Feedwater Line Break

©/nternai Floods
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o Reactor Trip
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sLOoP

m Feedwater Line Break
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m Steam Line Break

@ External Flood

0 Seismic
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® e
Effect of Valve C-187
on EFW Rehablhty

® Potentlal smgle fallure point
» Potential failure to close on some feed line breaks
- » Potential to transfer open for other initiators -

® Makes essentially no contribution to the base
case Oconee CDF |

~ @ Makes essentially no contribution to the
Oconee CDF with an arbitrary increase in
failure probability by a factor of 10

Oconee Nuclear Station ' ‘ | ' 28



® Nominal EFW reliability is good

® Diversity in systems that support secondary side
decay heat removal makes SG cooling function very
reliable

® Addition of redundant valve to C-187 has an -
insignificant impact on overall performance measures
» EFW performance

» Secondary side decay heat removal performance
» Core damage frequency

Oconee Nuclear Station ' 29
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° o
Licensing Evolution of EFW

- @ Original Licensing Basis ,
e HELB
® Post-TMI _
® GL 81-14 Seismic Qualiﬁcation
® Updating of UF SAR

Oconee Nuclear Station 30



® System as originally demgned was not single
failure proof |

~ » Only one turbine-driven pump

» NO cross-connects between units

® “Redundancy” considered in context of entire
steam conversion system

» Main feedwater, hotwell, cOndensate booster,
emergency feedwater pumps & Station ASW

® Main feedwater hne breaks not considered in
original design

Oconee Nuclear Station o : ' 31



AEC (Glambusso) letter datedDecember 15 1972requestedthat
Duke address HELBs

» Focused on dynamic effects

® Duke HELB analysis 1dent1ﬁed secondary 51de cooling
vulnerabilities

‘® EFW modifications addressed vulnerabilities:
» Rerouted EFW piping through Turbine Building basement

» Installed EFW cross-connects between units

® AEC Safety Evaluation for operating license, dated 7/6/73,
accepted Duke’s HELB strategy

» Relied upon cross-connects between units to address single ~ _
failure crlterlon

Oconee Nuclear Station . | 32



® Order issued on 5/7/79 after TMI-2 accident

® Duke submitted conceptual design for EFW
upgrade on 5/17/79

® Key system improvement was the installation of
two motor driven EFW pumps and associated
piping on each unit

Oconee Nuclear Station ' _ 33



® NRC letter (5/18/79) finds satisfactory comphance with 1mmed1ate
actions of order

® Duke letter (7/23/80) responding to NUREG-0667 recommendation to
-~ upgrade EFW to meet safety grade requirements stated: “The Oconee
emergency feedwater system coupled with the dedicated Standby |
Shutdown Facility, currently under construction, meet this
recommendation and no additional modiﬁcations to the system are
necessary.”

® NRC SER (8/25/81) accepts Duke submittal (4/3/81) which credited
EFW unit cross-connects and SSF capability

® NRC SER (12/29/81) revising the TS out-of-service times for the
motor-driven EFW pumps recognizes and credits cross-connect, SSF
and station ASW as means of providing EFW

Oconee Nuclear Station D | 34



o Signiﬁcant modification to system

® Significant correspondence meetmgs and
dialogue |

® Mutual agreement in overall direction

® Licensing review focused on failure of pumps
and specific valves, not entire system

® No change in feedwater line break response
strategy |

Oconee Nuclear Station o 35



e e
Seismic Qualification of EFW
(GL 81- 14) o

® Duke original and subséquént responses repeated intent to
utilize the dedicated Standby Shutdown Facility (SSF) as
an alternate means of feedwater supply (1982) |

® NRC requests further information relating to SSF (1982
1984) |

® Duke identifies and corrects issues involving seismic
qualifications of certain EFW Valves and piping (1985 -
1986)

@ NRC SER (1/14/87) approving Duke’s response based in
~ part on the availability of alternate means of decay heat
removal |

Oconee Nuclear Station 36



® 1982 Update of F SAR by DUke used w()rding
from various submittals out of context

® Recent UFSAR review:

» Inappropriately dispositioned statements as
acceptable since wording matched docketed
correspondence

' o 2nd pass UFSAR review ongoing

Oconee Nuclear Staiion o 37



® Example 1:

» “Sufficient redundancy and valving are provided in the
design of EFW piping system with isolation and cross-
connections allowing the system to perform its safety-
related function in the event of a single failure
coincident with a secondary pipe break and the loss of
normal station auxiliary AC power.”’

Oconee Nuclear Station : ' | . 38



® Wording taken from 5/17/79 Duke submittal
describing system concept associated with adding
motor-driven EFW pumps

» Sentence taken from paragraph describing capability of
~ pumps to provide sufficient flow

» EFW cross-connect valves listed as example of valving
“provided to select and isolate water sources and
assure system function in the event of various failures”

» Safety evaluation in submittal contained listing of
diverse methods for providing feedwater inventory.

Oconee Nuclear Station . ' _ _ 39



o LA

® From the Safety Evaluation contained in the Du&e 5/17/79 submlttal

» Safety Evaluation

— “Feedwater inventory is maintained in the steam generators following reactor
shutdown by one of the following methods listed:

e Either of the two main feedwater pumps...
e The two EFW motor driven pumps...
e The single EFW turbine driven pump...

e Alternate EFW supplies may be available from the EFW Systems of the
other Units... |

e The hotwell and condensate booster pumps...
e The Auxiliary Service Water System...

— A sufficient depth of backup measures is provided to allow steam generator
water inventory to be maintained by any of the diverse methods listed
above.”

Oconee Nuclear Station A _ 40



® Example 2.

“In the event of a postulated break in the Main Steam
. or Main Feedwater system inside or outside
containment coupled with a single active failure, the

EFW system provides sufficient flow to ensure adequate
core cooling.”

Oconee Nuclear Station . 41



UFSAR Wording: Example 2

® UFSAR wording taken directly from NRC SER dated 8/25/81 Wthh
accepted Duke’s submittal of 4/3/81

® Duke 4/3/81 submittal in response to NRC request for information
dated 11/14/80

® NRC request focused specifically on EFW flow characteristic during
accidents

» Enclosure 3, question 3 asked: “Verify that the AFW pumps in your
plant will supply the necessary flow to the steam generators as
determined by items 1 and 2 above considering a single active
Jailure. Identify the margin in sizing the pump flow to allow for
pump recirculation ﬂow seal leakage and pump wear.”

Oconee Nuclear Station : : Y



® Duke’s 4/3/81 response addressed single failure by evaluating
pumps and EFW flow control valves:

» “In the event of a postulated break in the main steam or main feed system,
coupled with a single active failure of either one of the three emergency
feedwater pumps, sufficient flow will occur to provide adequate core
cooling. Similarly, if the active failure occurs with the flow control valve
(FDW-316), emergency feedwater flow can be aligned through the main
feedwater startup control valves to either the main or auxiliary nozzles.”

» “Additional assurance to maintain core cooling for very low probability
events will be provided by the Standby Shutdown F aczlzty once it is
operable.”

Oconee N uélear Station , | 43



UFSAR Wording Conclusions

® With regard to EFW single failure, UFSAR
language did not adequately reflect design basis

® Understandlng of licensing evolutlon essential
» 4 volume UFSAR
» Diverse secondary side heat removal features

» Duke’s 50.59 guidance requires review and
consideration of all licensing documents

® UFSAR revision to clarify did not involve an USQ

Oconee Nuclear Station 44




® EFW SyStem was not designed to withstand all
- single-failures |

® NRC has accepted diverse and redundant methods
of supplying feedwater to address EFW limitations

® FSAR does not appropriately reflect EFW smgle
failure design basis

® Feedwater line break acc1dent addressed by High
- Energy Line Break submittals

Oconee Nuclear Station ' 45




e e
Licensing Basis -
Gomg Forward |

- @ Revise UFSAR to clarify EFW llcensmg
basis

® UFSAR 2nd pass review

® Enhance administrative controls to ensure
~availability of redundant sources

Ocohee Nuclear Station ' 46



® In compliance with design basis
® Failure contribution to plant risk insignificant

® Vulnerability of failure significantly reduced

» Modified to fail close, with signal to close on low UST
~ level -

» Included in IST program
» Monitored via maintenance rule

Oconee Nuclear Station



. . ‘
[ ]

Engineering Perspective
(C 187)

® Overall Englneermg dlI’€ ction to increase
design margins of plant systems

® Duke evaluating improved demgn for UST
to hotwell flowpath

» Build in design margin
» Reduce operator burden

Oconee Nuclear Station | 48



Engineering Perspective
(EFW Runout)

® Licensing basis relies on prompt operator actlon to
throttle flow |

® Licensing submittal to credit MSLB modification
for runout protection of turbine driven EFW pump

® EFW System modifications planned to further
reduce operator burden

@ EFW full flow test planned for Unit 1 outage this
June to determine if pumps actually experience
runout conditions

Oconee Nuclear Station | ' 49
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.. e . e
Engineering Perspective -

Gomg Forward ,

e Validation of Operator Actions

® Engineering focus on reducing operator burden
» EFW modifications for control system enhancements

® Initiative on risk significant operator actions
® Continue with program for system reviews

° Secondary Side Decay Heat Removal Reliability
Study
» Complements Keowee PRA and HPI Rellablhty Studies

~ Oconee Nuclear Station ' . 50




Closing Remarks

Oconee Nuclear Station
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February 4,.
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EFW HISTORY COMMENTS
1973-74 Units 1, 2, & 3 licensed 1973-94 EFW System as designed would fail on MFW line
® Initial EFW system design included only one pump (turbine- - break or non-seismic pipe break in that C-187 (and C-
driven) and was not safety-related. : 176) would open on low Hotwell level, dump UST to
: Hotwell in about 2 minutes, and consequently remove
1974 ] EFW cross-ties to other units installed. EFW pumps’ suction source. C-187 (and C-176) were
also susceptible to opening and failing to close durin
_ normal plant operation. '
1979 EFW Modified post TMI to be 2 trains (3 pumps). 1979-94 Mosi of EFW system was made safety-related, but
] Added 2-MDEFW pumps above design vulnerability not recognized until 1989
] EFW system automatically initiated on loss of main and corrective modification not installed until 1993-94.
feedwater pumps -
1981 Post TMI EFW SER issued by NRC: _ 1981-94 Post-TMI EFW system as design was not able to
] EFW system required to mitigate MFW line break mitigate MFW line break or other non-seismic pipe
° EFW system required to withstand single active failure and break.
secondary pipe break and loss of AC power.
TS Modified to require three operable EFW pumps, two flowpaths, EFW system was not designed to withstand a single
and automatic initiation circuitry. failure, '
1982 FSAR changed to state new requirements above. 1982 EFW design vulnerabilities not recognized.
1986-87 EFW was redesigned to address Seismic qualification of AFW 1986-87 EFW design vulnerabilities not recognized.
systems (GL-81-14) - Mod not installed until 1989. _
1989 C-187 (and C-176) modification was installed. 1989 Mod left C-187 (and C-176) to automatically open on
. C-187 (and C-176) became seismic boundary valves for low Hotwell level (i.e., MFW line break or non-seismic
EFW pipe break). ‘
° C-187 (and C-176) designed to be safety related (SR)
6/30/89 Problem ln\)estigation Report identified low Hotwell level effect on 6/30/89 Licensee isolated C-176 and left C-187 in service.
~ C-187 and C-176 causes EFW system failure. Licensee evaluated PIR as not effecting EFW
’ : operability.
1993-94 C-187 modified to close on UST low level (7ft) based on corrective 1993-94 C-187 Mod made EFW system able to withstand MFW
“actions for 6/30/89 PIR. line break or other non-seismic pipe break but not with
single active failure of C-187.
11/18/98 UFSAR review: _ : 11/18/98 The 10 CFR 50.59 safety evaluations did not identify a
L For a secondary pipe break coincident with a single failure, the USQ. Forthe UFSAR change.
emergency feedwater function may be provided by another unit.
®

No longer requires EFW system to withstand single failure other
than EFW pumps or FCVs. :

Enclosure 3




OCONEE EFW LICENSING AND DESIGN BASES STATEMENTS
(NOTE: Underlined statements have been in the UFSAR since 1982)

May 17, 1979 - Duke Ltr responding to NUREG-0737 Item II.E.1.1, Auxiliary Feedwater
| Evaluation - - |

® “Sufficient reduhdancy and valving are provided in the design of the EFW. piping system with

{isolation and cross-connections allowing the system to perform its safety-related function in the
event of a single failure coincident with a secondary pipe break and the loss of normal station

auxiliary AC power.”

®  “Each reactor unit is provided with a separate EFW system...” “Each EFW system is provided
with two full capacity motor-driven pumps and one full capacity turbine-driven pump.” “Although
redundancy and diversity is provided in the listed measures (including EFW systems of the other
- units, condensate booster pumps, and auxiliary service water pump), the EFW system has been
designed with special considerations to enable it to function when conventional means of -

- feedwater makeup may be unavailable. Redundancy is provided with separate, full capacity,
- motor and turbine driven pump subsystems. Separate piping subsystems include redundant

hotwell, upper surge tank, and condensate supply piping. aligned individually to the separate
pump trains. Cross-connection is provided, however, to allow a subs stem to supply all pumps

in the event of a single failure of a suction piping subsystem. The same design philosophy is
included in the discharge piping subsystems.” '




April 3, 1981 - Licensee Ltr responding to NUREG-0737 Item Il.E.1.1, Auxiliary Feedwater
Evaluation '

¢ ‘In the event of a postulated break in the main steam or main feed system, coupled with a single
active failure of either one of the three emergency feedwater pumps, sufficient flow will occur to
rovide adequate core cooling.” “Any single failure in the three pump-two flowpath EFW system
design will not result in only one motor-driven EFW pump available.”

1981 -1998 - TS 3.4, Secondary System Decay Heat Removal

® Three EFW 'pumps_(one steam-driven and two motor-driven), two flowpaths, and the autdmatic
initiation circuitry shall be operable. | '

?-1998 - TS 3.4 Bases

e The EFW'system consists of a turbine-driven pump (880 gpm), two motor-driven pumps (450
gpm each), and associated flow paths to the steam generators.




August 25, 1981 - NRC SER on NUREG-0737 ltem II.LE.1.1, Auxiliary Feedwater

®  The NRC accepted the Oconee post-TMI EFW design and stated that, with respect to a main
feedwater line break, “The system is designed so that a single active failure of any of the
emergency feedwater pumps or valves will not prevent the operator from directing sufficient flow
to the intact steam generator.” v

® The NRC stated that the licensee should lock open single valves or multiple valves in series in the
EFW system pump suction piping and lock open other single valves or multiple valves in series
that could interrupt all AFW flow. The NRC further stated: “As evidenced by the piping and
instrumentation diagram for the Oconee EFW system, there are no single valves or multiple
valves in series in the system pump suction or other single or multiple valves in series that could
interrupt all EFW flow.” | v

®  The NRC stated: “...low water level in the primary water source tanks is not ever expeCted to be a
cause for suction water to be unavailable to the EFW pumps. The availability of the primary water
source is assured ...” -

? - 1998 - Licensee EFW Design Basis Specification Document

¢  “The EFW system shall be capable of withstanding any credible single failure during certain of the
system design basis events.” It further stated that the EFW system shall be designed for a main
feedwater line break event, and that the main feedwater line break scenario requires consideration
of any single active failure. .
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May 7, 1986 - Licensee Letter Responding to GL 81-14, Seismic Qualification of Auxiliary
Feedwater Systems

® The licensee stated that valves relied upon as single EFW seismic boundary valves would meet
the existing EFW design criteria; in particular that the EFW system can “perform its safety-related
function in the event of a single failure coincident with a secondary pipe break and the loss of
normal station auxiliary AC power.” The licensee also stated: “Two hotwell make-up line
- isolation valves are normally open (C-186, C-191). Modifications at this boundary will be made
to protect EFW against single failure.” (NOTE: In 1986 this boundary became C-187.)

?-1998 - UFSAR3.2

®  Section 3.2 description of seismic classifications states that the following equipment and portions
- of systems can withstand the maximum hypothetical earthquake: Upper surge tanks and piping
to the emergency feedwater pump; and Emergency feedwater pump and turbine and auxiliary
feedwater piping to the steam generators. ‘

~January 14, 1987 - NRC SER on Seismic Qualification of the EFW System

- ®  “The licensee has demonstrated adequate post-seismic event decay heat removal capability in
accordance with the criteria of Generic Letter 81-14 by committing to correct identified
deficiencies in the seismic qualification of the EFW system itself, and by demonstrating adequate

- seismically qualified alternative capability utilizing the SSF ASW pump and HP! pump (feed-and-
bleed) in the event of the loss of the AFW system as a result of seismically induced flooding.”




R
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1989 - PIR 4-089-0111

Operability evaluation for this PIR stated: “This PIR points out a licensing commitment regarding
the seismic boundary of the EFW suction water supply which is not fully satisfied...” “In the event
the seismically non-qualified hotwell piping is postulated to fail during an earthquake, hotwell
level would be lost and valves would automatically open and drain the UST. Since the valves are
not remotely operable, credit is not allowed for operator action to stop the loss of UST volume.”
“Engineering analysis has determined ...by SQUG/seismic margin techniques...the non-qualified
portion of the EFW suction ( hotwell & associated piping) can withstand a seismic event. As
such, there is no realistic seismic/non-seismic boundary between the UST and the hotwell.
Based on the above, the EFW system is considered operable for all three units.”




, | i
' : NRC PRELIMINARY CONCLUSIONS ABOUT THE EFW LICENSING BASIS
AND LICENSEE DISSENTING COMMENTS

-“As described in Inspection report 50-269,270,287/99-10, the NRC reached preliminary
conclusions about the Oconee EFW licensing basis. The licensing basis issues involved the
EFW system ability to function during a main feedwater line break, a non-seismic pipe break, or
a single active failure. The NRC preliminary conclusions were not changed after consideration
of the licensee’s dissenting comments. The NRC preliminary conclusions and licensee
dissenting comments included:

A.  Main Feedwater Line Break

From initial plant licensing in 1973 through today, the EFW system has been licensed to
be able to function during a main feedwater line break. That requirement was reinforced

~in 1979 by NUREG-0737 Item I1.E.1.1, Auxiliary Feedwater System Evaluation.
However, from 1973 through 1994, the EFW system was designed so that it would fail
during a main feedwater line break. The failure would occur as follows: 1) Water from
the condenser hotwell would be lost out the break, lowering the hotwell level. 2) The low
hotwell level would cause hotwell makeup valves C-187 and C-176 to open, draining the
upper surge tank (UST) until it was empty (in about two minutes). 3) The EFW pumps
would automatically start and take a suction from tha 1JST; however, whenr the UST
became empty, they would no longer have water to pump and consequently all EFW

. pumps would likely be quickly damaged.

(. References supporting this licensing interpretation include:

UFSAR Section 10.4.7, Emergency Feedwater System (Tab 4)

TS 3.4, Secondary System Decay Heat Removal (Tab 4)

Licensee Letter of May 17, 1979, Describing the Post-TMI EFW System (Tab 5)
Licensee Letter of April 3, 1981, Further Describing the Post-TMI EFW System
(Tab 6) ’

NRC SER of August 25, 1981, on the Oconee EFW System (Tab 8)

Licensee Design Basis Specification for the EFW System (Tab 7)

hrwp =

o o

B. . Non-seismic Pipe Break

The EFW system was licensed to be able to function following a seismic event. This
included requirements for seismic boundary vaives that were assured of remaining
closed to protect the seismically designed UST from a break in the the non-seismically
designed condenser hotwell and related condensate and feedwater piping. The seismic
design requirements were stated in 1986 and 1987 correspondences. However, the
design of vailves C-187 and C-176 through 1994, as previously described, prevented
them from being acceptable EFW system seismic boundary valves. ' )

Supporting references include:

2. Licensee Letter of May 7, 1986, Describing Seismic Qualifiéation of the EFW

' . 1. UFSAR Section 3.2, Seismic Classification (Tab 9)
( System (Tab 10) .

Enclosure 4



2

3. NRC SER of Jahuary 14, 1987, on Seismic Qualification of the EFW System

(Tab 9) | .
4 ~ Problem Investigation Report 4-089-0111 (Tab 14)

Single Failure

From 1981 through today, the EFW system was licensed to function while sustaining a
single active failure during a main feedwater line break or a non-seismic pipe break. -
This was stated in 1979-1981correspondences related to NUREG-0737 Item I1.E.1.1,
Auxiliary Feedwater System Evaluation. Also, EFW seismic boundary valves were not
to be susceptible to a single active failure, as stated in 1986-1987 correspondences. in
1989 the licensee isolated valve C-176 and in 1994 the licensee modified valve C-187

~so that it would be overridden closed on a low UST level to protect the EFW pumps’

initial water source. This modification enabled the EFW system to function during a
main feedwater line break or non-seismic pipe break. However, valve C-187 was
designed so that an active failure of the valve during a main feedwater line break or a
non-seismic pipe break could fail the EFW system. Supporting references include: A 1,
3,4, 5, and 6 above; B 2 and 3 above; and the Oconee PRA on the EFW System (Tab
14). ‘ : :

Licensee Uissenting Comments

The licensee did not agree with the NRC preliminary conclusions regarding the licensing
basis of the EFW system, for the following reasons: ‘

1. The diversity of the Oconee design includes alternate methods of providing
emergency cooling water to the once-through steam generators (OTSGs),
including EFW from other units, lake water from the “tornado” station auxiliary
service water (ASW) pump, and lake water from the standby shutdown facility
(SSF) ASW pump. Therefore, the safety function of secondary cooling was
designed to withstand a single failure. :

2. The August 25, 1981, NRC SER on the upgraded EFW system focused on the
new EFW flowpaths, from the two new motor-driven EFW pumps to the OTSGs,
and did not require that the old EFW suction sources be designed against a '
single failure. The SER stated that, in the event of a main feedwater line break,
“The (EFW) system is designed so that a single active failure of any of the
emergency feedwater pumps or valves will not prevent the operator from
directing sufficient flow to the intact steam generator.” The licensee contended
that the word “valves” in that statement referred only to the two EFW flow control
valves on the discharge side of the EFW pumps.

3. The NRC approved the EFW system design with recognition that it was not
designed to be single failure proof for three events: high energy line break,
turbine building flood, and tornado.



Oconee DTime Line

January 29, 1999

EFW HISTORY ACTUAL PLANT CONDITION
1973-74 . Units 1, 2, & 3 licensed 1973-94 EFW System as designed would fail on MFW line
® Initial EFW system design included only one pump (turbine- break or non-seismic pipe break in that C-187 (and C-
driven) and was not safety-related. 176) would open on low Hotwell level, dump UST to
Hotwell in jf"about 2 minutes, and consequently
remove EFW pumps’ suction source. C-187 (and C-
176) were also susceptible to opening and failing to
close during normal plant operation.
1979 EFW Modified post TMI to be 2 trains (3 pumps). 1979-94 Most of EFW system was made safety-related, but
L Added 2-MDEFW pumps above design errors not recognized until 1989 and
corrective modification not installed until 1993-94.
1981 Post TMI EFW SER issued by NRC: 1981-94 EFW system as designed was not able to mitigate
[ EFW system required to mitigate MFW line break MFW line break or other non-seismic pipe break and
. EFW system required to withstand single active failure and therefore was inoperable.
secondary pipe break and loss of AC power, : '
TS Modified to require three operable EFW pumps, two flowpaths,
and automatic initiation circuitry.
1982 FSAR changed to state new requirements above. 1982 EFW design errors not recognized.
1986-87 EFW was redesigned to address Seismic qualification of AFW 1986-87 EFW design errors not recognized.
systems (GL-81-14) - Mod not installed until 1989. ,
1989 C-187 (and C-176) modification was installed. 1989 Mod left C-187 (and C-176) to automatically open on |
: ° C-187 (and C-176) became seismic boundary valves for low Hotwell level (i.e., MFW line break or non-seismic
EFW pipe break).
L C-187 (and C-176) designed to be salety related (SR)
6/30/89 Problem Investigation Report identified low Hotwell level effect on 6/30/89 Licensee Isolated C-176 and left C-187 in service.
C-187 and C-176 causes EFW system failure. Licensee inappropriately evaluated PIR as not effecting
' EFW operability; failed to report to NRC and failed to
initiate timely corrective action. C-187 was not
modified until 1993-94,
1993-94 C-187 modified to close on UST low level (71t) based on corrective 1993-94 C-187 Mod made EFW system able to withstand MFW
actions for 6/30/89 PIR. . line break or other non-seismic pipe break but not with
single active failure of C-187.
11/18/98 UFSAR revision approved to no longer require EFW system to 11/18/98 Both UFSAR changes constitute USQs not recognized

withstand single active failure other than for EFW pumps or FCVs
(excluding support system effects such as C-187).
UFSAR revision also approved EFW system no longer required to

by the licencee. EFW system is nonconforming in that
single failure and seismic criteria are not met.
Licensee does not agree that EFW design or revised
FSAR represent nonconforming conditions or USQs.

withstand a secondary pipe break coincident with any single failure.




__DATE

.. OCONEE EFW LICENSING AND DESIGN BASES STATEMENTS
(NOTE: Underlined statements have been in the UFSAR since 1982)

STATEMENTS

DOCUMENT
5/17/79 | Licensee Letterin | “Sufficient redundancy and valving are provided in the design
response to | of the EFW piping system with isolation and cross-
NUREG-0737 connections allowing the system to perform its safety-related
ltem 1L.LE.1.1, function in the event of a single failure coincident with a
Auxiliary - secondary pipe break and the loss of normal station auxiliary”
Feedwater AC power.” '
Evaluation
4/3/81 | Licensee Letterin | “In the event of a postulated break in the main steam or main
response to feed system, coupled with a single active failure of either one
NUREG-0737 of the three emergency feedwater pumps, sufficient flow will
ltem ILE.1.1, occur to provide adequate core cooling. Any single failure in
Auxiliary the three pump-two flowpath EFW system design will not
Feedwater result in only one motor-driven EFW pump available.
Evaluation
8/25/81 | NRC SER on NRC accepted the Oconee post-TMI EFW design and stated
NUREG-0737 ihal, with respect (o & mnain feedwater jine oreak, “The system
Item IL.LE.1.1, is designed so that a singlé active failure of any of the
Auxiliary emergency feedwater pumps or valves will not prevent the
Feedwater operator from directing sufficient flow to the intact steam
generator.” ' "
1981- (TS 3.4, Three EFW pumps (one steam-driven and two motor-driven),
1998 Secondary two flowpaths, and the automatic initiation circuitry shall be
System Decay operable. (NOTE: TS 3.4 does not credit other sources of
Heat Removal | OTSG water, such as another unit's EFW pumps, the SSF
ASW pump, or the station ASW pump.)
?- TS 3.4 Bases The EFW system consists of a turbine-driven pump (880
1998 gpm), two motor-driven pumps (450 gpm each), and
associated flow paths to the steam generators.
1982- UFSAR 10.4.7 Section 10.4.7 description of the EFW system has included
1998 ' the above and below underlined licensee statements about -
: the system design from 1982 through November 18, 1998.
?- Licensee EFW “The EFW system shall be capable of withstanding any
1998 Design Basis credible single failure during certain of the system design
Specification basis events.” It further stated that the EFW system shall be
document designed for a main feedwater line break event, and that the

main feedwater line break scenario requires consideration of
any single active failure.




?-
1998

UFSAR 3.2

Section 3.2 description of seismic classifications states that
the following equipment and portions of systems can -
withstand the maximum hypothetical earthquake: Upper

‘surge tanks and piping to the emergency feedwater pump;

and Emergency feedwater pump-and turbine and auxiliary -
feedwater piping to the steam generators.

5/7/86

Licensee Letter in
response to GL

| 81-14, Seismic

Qualification of
Auxiliary
Feedwater
Systems

The licensee stated that valves relied upon as single EFW
seismic boundary valves would meet the existing EFW design
criteria; in particular that the EFW system can “perform its
safety-related function in the event of a single failure
coincident with a secondary pipe break and the loss of normal
station auxiliary AC power.” The licensee also stated: “Two
hotwell make-up line isolation valves are normally open (C-
186, C-191). Modifications at this boundary will be made to
protect EFW against single failure.” (NOTE: in 1986 this
boundary became C-187.)

1/14/87

NRC SER on
Seismic
Qualification of
the EFW System

“The licensee has demonstrated adequate post-seismic event
decay heat removal capability in accordance with the criteria
of Generic Letter 81-14 by committing to correct identified
deficiencies in the seismic qualification of the EFW system
itseli, and by dernonstrating adequate seismically qualified
alternative capability utilizing the SSF ASW pump and HPI
pump (feed-and-bleed) in the event of the loss of the AFW
system as a result of seismically induced flooding”

1989

PIR 4-089-0111

Operability evaluation for this PIR stated: “This PIR points out
a licensing commitment regarding the seismic boundary of
the EFW suction water supply which is not fully satisfied...”
“In the event the seismically non-qualified hotwell piping is
postulated to fail during an earthquake, hotwell level would be
lost and valves would automatically open and drain the UST.
Since the valves are not remotely operable, credit is not
allowed for operator action to stop the loss of UST volume.”
“Engineering analysis has determined ...by SQUG/seismic
margin techniques...the non-qualified portion of the EFW
suction ( hotwell & associated piping) can withstand a seismic
event. As such, there is no realistic seismic/non-seismic
boundary between the UST and the hotwell. Based on the
above, the EFW system is considered operable for all three
units.”

1998

Oconee PRA
Rev. 2

The list of top cut sets for EFW system failure includes “Air-
operated valve C-187 transfers open,” with a probability of
9.72 E-05. The PRA also states: “If a main feed line break is
assumed, the UST couid be drained into the hotwell, thereby
failing EFW’s initial suction source.”
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~Design Basis Specification for the Emergency Feedwater
and the Auxiliary Service Water Systems
Spec. 0SS-0254.00-00-1000 y
 Rev. 18

May 11, 1989

Duke Power Company
Oconee Nuclear Station
Units 1, 2 and 3

Revision Log

Revision 1- August 29,1989 (Incorporates all previous revisions)
Revision 2 February 1, 1990 N
Revision 3  September 5, 1990
Revision 4 October 16, 1950
Rewvision 5 February 13, 1991
-Revision 6 October 24, 1991
Revision 7 March 11, 1992
Revision 8 July 28, 1992
Revision 9 October 14, 1992

Revision 10 April 14, 1993

~ Rewision 11 February 10, 1994
Revision 12 May 1, 1995
Revision 13 August 3, 1995
Revision 14 December 4, 1995
Revision 15 May 1, 1996
Revision 16 February 17, 1997
Revision 17 February 23, 1998
Rewvision 18 May 19, 1998
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20. SYSTEM DESIGN BASES -

N

The sysicm design bases are documented in this section. Specific system functional dcsigﬁ bases axtdcsmbed
in Section 20.1, “SYSTEM FUNCTIONAL DESIGN BASES.” Section 20.2, “SYSTEM SPECIFIC

-,

201 SYSTEM FUNCTIONAL DESIGN BASES

The information presented in this section constitutes requirements that the EFW system shall meet 1o ensure
that the system is capable of performing its required functions. Required functions are the functions - =~
necessary to produce either 2 parameter or condition assumed or bounded by the reaftor transient analysis. -

20.1.1 EMERGENCY FEEDWATER SYSTEM

This portion of the EFW Systern shall deliver feedwater 1o one or both steam generators during the listed

design basis events when the Main Feed Water System (MFW) is incapable of doing so. This provides an
adequate heat sk for reactor heat removal. )

P

20.1.11 FLOWRATE REQUIREMENTS

The following flowrates to the steam generator have been assumed in vatious accident analyses. Design
calculations shall demonstrate that these flowrates can be achieved when the pumps are operable as described
on TAC drawings, the most recent system tests described on TAC drawings have been met, and the valves in
the system are operable. These flowrates are flow delivered to the steam generator (not pump flowrate) and

already consider credible single failures if appropriate.

1. Any of the motor driven cmagincy feedwater pumps shall be capable of delivering at least 400 GPM at
or below 130°F to any single steam generator that is at a pressure of 1060.5 psig or below. These

conditions apply 1o loss of main fecdwater during full power operation. They do not apply to startup. .. .- .

following a reactor trip or a refueling outage. Although not a hcensing basis, this should include steam »
generators of other units via pump discharge piping cross-connections. (Reference20.5.2.1.1, “Duke Calc
OSC-3578, Rev.1, 6-9-89; Justification of a2 130°F EFW System Temperature” on page 29and
20.5.2.1.9, “Duke Calc OSC-4549, Rev. 0, 11-04-93; FSAR Section 10.4.7 .1.1-Loss of Main Feedwater”
on page 30.) . _ ‘

2. Each turbine driven EFW Pump, when delivering flow to both steam generators of any unit, shall
supply at least 450 GPM total to the two steam generators at 1100 psig. (Reference 20.5.21.2, *Duke
Calc OSC-2624, Rev.1, 12-9-87; FSAR Loss of All AC Power” on page 29). This is required by the loss
of all AC power analysis. ' ’ . )

3. Flow shall not exceed 1098 GPM 1o any one steam generator through the_emergency feedwater header.
Thuis limit is imposed to protect the steamn generator tubes from the effects of flow induced vibration.
(Reference 20.5.2.1.3, “Duke Calc OSC-2569, Rev.0, 7-30-87; Evaluation of FIV Potential of Flow Into

the OTSG Thru AFW Nozles” on page 29).

4. When aligned o the UST, the MDEFWP flowrate shall be mzintained below 850 gpm and the
TDEFWP flowrate shall be maintained below 1500 gpm to assure adequate NPSHa for the pumps.
(Reference 20.5.2.1.5, “Duke Calc OSC-2155, Rev.1, 7-21-86; Motor Driven and Turbine Driven EFW

Pump NPSHa from the USTs" on page 29). _ ‘
5. When abgned 10 the hotwell under vacuum the TDEFWP flowrate shall be maintained below 500-gpm.

20. SYSTEM DESIGN BASES 3
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6. The combined flow from each unit’s three EFW pumps to both ité steamn generators shall be at least .

1350 GPM when the pressure of the steamn generators 1s 1810 psig or less. (Referedces 20.5.2.4.1, “Letter -
from PM Abraham(Duke) to HA Hammond(Duke), dated 12-10-87" on page 30 and 20.5.2.5.2,
“Analysis of ATWS, BAW-1099, Rev.1, 5-77, Babcock and Wilcox; Analysis of B&W NSSS Response
to ATWS Events, BAW-1610, Re v.1, 1-80, Babcock and Wilcox™ on page 30). This requirement is
necessary for the ATWS analysis. s '

-
Ll

20.1.1.2 DESIGN BASIS EVENTS

The following paragraphs discuss the events for which the EFW Systern shall be dc.;:igncd. These events are’
all assumed to occur at full power since this maximizes heat removal requirements for the system.

@

4 (0SS-0254.00-00-1008

1. LOSS OF MAIN FEEDWATER WITH OFFSITE POWER AVAILABLE i

This event can be caused by a numbser of failures that result in a loss of main feedwater gfow. An
anticipatory circuit senses the loss of main feedwater and trips the reactor. Low hydraulic control oil
pressure 'on both Maim Feedwater Pump Turbines shall result in auto-initiation of the EFW System.
EFW shall maintain steam generator water level and remove decay heat until normal fesdwater is
restored or until decay heat removal (using LPI) can begin. (Reference 20.5.1.2.1, “FSAR .Sections .
10.4.7 and 7.4.3” on page 28). This scenario requires consideration of any smgle active failure and the
possibility of 2 s=ismic event. ' ’ '

LOSS OF MAIN FEEDWATER WITHOUT OFFSITE POWER

This scenario is very similar to the event described above. The major difference is that the recovery shall
be accomplished without the reactor coolant pumps. Steam generator level shall be maintained at a high
level by the EFW System in order to promote natural circulation. "(Natural circulation is further
promoted by the EFW injection nozzle location near the.top of the steam generators.) (Reference
20.5.1.2.1, “FSAR Sections 10.4.7 and 7.4.3” on page 28). This scenario requires consideration of any
single active failure and the possibility of 2 seismic event.

- MAIN FEEDWATER LINE BREAK
A main feedwater line break not only results in a loss of main feedwater flow to the steam generator(s), &_

- but-also could resilt in the complete blowdown of one ‘steam -generator. The EFW -Systemn shall be -

designed to terminate, limit, or minimize the fraction of EFW flow which is delivered 1o the faulted Joop
1o ensure That sufficient How will be delivered to the intact steam generaior. Operator achion is required
15 avoid pump runout, poiential primary system overcooling, and flow-induced vibration of steam
generator tubes. (References 20.5.1.2.1, “FSAR Sections 10.4.7 and 7.4.3" on page 28 and 20.5.2.1.3,

et

““Duke Calc OSC-2569, Rev.0, 7-30-87; Evaluation of FIV Potential of Flow Into the OTSG Thru

AFW Nozzles” on page 29). This scenario requires consideration of any single active failure but not a
seismic event. ‘ : : — ‘

4. STEAM LINE BREAK '
A steam line break results in plant cooldown and, for breaks inside containment, increasing containment -

pressure and temperature. Emergency. feedwater is not needed during the early phase of this accident, and
flow to the faulted loop will contribute to an excessive release of mass and energy to the containment.
To limit the amount of emergency feedwater being delivered to the steam generators, the main steam line
break (MSLB) detection/mitigation circuitry will automatically stop the turbine driven EFW pump.
Eventually, the reactor coolant system will begin to heat up, at which time emergency feedwater shall be
delivered to the intact steam generator. Operator action is required to limit, €ontrol, or terminate flow to
the faulted steam generator in order to prevent containment overpressurization, puInp runout, primary
System overcooling, How-induced tube vibration, and 10 ensure_adequate Tlow to the tact sfeam
generator. (Reference 20.5.1.2.1, “FSAR Sections 10.4.7 and 7.4.3” on page 28). n_yf_s_q:_n@m

‘consideration of any single active failure but not a seismic event.
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- Section 8.3.2.2.4). -
. LOSS OF COOLANT ACCIDENT e

Spec.  0SS-0254.00-00-1000

Date: May 11, 1989
Rev. 18 (May 18, 1998)
Page: 5 of 104

5. LOSS OF ALL AC POWER

- - < .
The loss of all AC Power is the hypothetical case where all onsite and offsite AC Power is lost. The
cvent is known as the Station Blackout (SBO). Decay heat is removed following a station blackout
using the SSF Auxiliary Service Water System. The turbine driven emergency feedwater pump may also
be used instead of SSF-ASW, but it is not required as part of the station blackout licensing basis

- (Reference 20.5.1.2.9, FSAR Section 83.2.24). All equipment associated with the turbine driven

pump’s ability to feed the steam generators that require compressed air to perform their function during
this event shall have a two hour supply of bottled mtrogen (Reference 20.5.1.9.1, Letter from WO Parker
to HR Denton(NRC), dated 4-3-81). "Station blackout is not a design basis event. Therefore, the _SBO'
event is not concurrent with any design basis event or smgle failures (Reference 20.5.1.2.9, FSAR

During a small break LOCA, the principal function of the Emergency ‘Fesdwater System shall be to
Inaintain proper steam generator water level to promote heat transfer and an orderly cooldown of the _
Reactor Coolant System. Manual operator action may be required for proper EFW control. (Reference
20.5:1.2.1, “FSAR Sections 10.4.7 and 7.4.3" on page 28). This scenario requires consideration of any

- single active fai]y:c and the possibility of a seismic event.
. FIRE/FLOOD/SABOTAGE

For the scenario where both the Main Feedwater and Emergency Feedwater Systems are inoperable due
1o an Appendix R fire, Turbine Building flood, or sabotage, the Standby Shutdown Facility Auxiliary
Service Water System shall provide an alternate, totally independent means of secondary side decay heat
removal for achieving and maintaining hot shutdown. See the SSF Design Bases Specification for further

details. (Reference 20.5.1.2.4, “FSAR Section 9.6” on page 28).

- ANTICIPATED TRANSIENT WITHOUT SCRAM (ATWS)

For this event credit shall be taken for the operation of three EFW pumps. The ATWS Mitigation
System Actuation Circuitry (AMSAC) initiates the start of these three pumps (Reference 20.5.2.2.1,
“Design Basis Document OSS-0254.00-00-2001, Rev.0; ATWS Mitigation System Actuation Circuitry
(AMSAC) and Diverse Scram System (DSS) Design Bases Specification” on page 30). The Licensing
basis does not require consideration of 2 single failure or a seismic event. _

20.1.1.3 SUPPORT/INTERFACING SYSTEM REQUIREMENTS |
1. CONDENSATE SYSTEM |

The upper surge tanks are the assured, safety-grade water source for the EFW System. An assured,
safety-grade supply of condensate quality water shall be normally aligned as the primary suction source
for the motor driven and turbine driven emergency feedwater pumps. It shall have sufficient capacity to

-allow the operator time 1o manually align alternate sowrces. Sufficient water supply should be available

10 cool the reactor coolant system to the decay heat removal operating conditions after any of the design
basis transients. o - '

The hotwell (non-safety) provides alternate capacity. Additional makeup may be available from the
condensate storege tanks and demineralized water system. Raw (lake) water can be used as a last resort
(via cither the ASW Pump or the SSF ASW System).

All manually operated valves in the piping from the USTs 1o the suction of the EFW pumps shall be
locked open. (Reference 20.5.1.9.1, “Letter from WO Parker 10 HR Denton(NRC), dated 4-3-81” on

page 29).

-
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! " Ina Loss of Lake Keowee event, the CCW recirculation mode is the preierred method for shutdown
cooling. Concerns Were raissd by the Atomic Energy Corfission (AEC) that the Underwater weir wall
may not withstand the ensuing rapid drawdown of Lake Keowee by a dam failure. The AEC decided, )
however, that adequate cooling water was available in the water trapped in the CCW Systern intake and -
discharge piping, assuming complete failure of the weir wall. The inventory trapped in the CCW System
‘ intake and discharges piping has been evaluated to supply approximately 37 days of emergency cooling
| using the ASW systern (Reference 20.5.2.1.6). Therefore, the ASW system is required to mitigate a loss
of Lake Keowee event with a loss of the CCW recirculation capability. ! . i

20.1.2.3 SUPPORT/INTERFACING SYSTEM REQUIREMENTS

The CCW System shall provide a source of water for the ASW pump. The buried CCW pipe provides the
source of wafer. The Unit 2 intake piping below the elevation of the turbine building floor has been ,
evaluated to supply approximately 11 hours of SG makeup to the three units. (Reference 20:5:2.1.6, “Duke
Calculation OSC-864, Rev.0; RC Systemmn DH Removal Following Loss of Intake Structure’;on page 29).

20.2 SYSTEM SPECIFIC DESIGN CRITERIA

NONE

020.3 SYSTEM GENERIC .DESI_G_N CRITERIA

AT " g =,

. 20.3.1 SINGLE FAILURE _ | , - | | _

The EFW System shall be capable of withstanding any credible single failure during certain of the system e
design basis events described in Section 2021.1.2, "DESIGN BASIS EVENTS” on page 4. The description .

‘of each event indicates that a single failure either needs 10 be considered or need not be considered in

addition to the initiating event.

For Oconee, spurious operation of a2 powered component need not be considered when designing a system
1o withstand a single failure. For example, a normally open EMO valve that is required to remain open to
perform its safety function is not assumed to be closed either by single failure (assumning the ‘valve controls
are 1E) or by failure of non-safety control components. =

For Oconee, passive failures are only assumed credible in the Emergency Cdm Cooling System (ECCS)
systems. Since the EFW System is not considered an ECCS system, only active failures need to be

considered in the EFW System.

A single failure of either EFW control valve to opea is considered a credible event. Such a failure would
- resultm no adverse effects for initiating events other than secondary side. 1ping failures since the redundant -
' EFW train would be unaffected by the failure, ‘Since breaks larger than a certain sie require isolation of the
faulted steam generator, the _ability to feed a steam generator via the EFW headers cannot be assured for
—sgp:;d.ary side b _g._g; that require steam generator isolation if the contro] valve in théﬁ’h_efr_‘g_}i\}ﬁ_hca_d__cr
i1s 10 open. This Limitation was recognized when the present systern was designed and Licensed. It has been
terruned _t_g_bj?é'ptablc based on the low probability of the scenario and the existance of several
5’5:§fety grade, ah:n;a‘qu paths of _;up_gl@g water 10 the steam generators. These alternative methods

-, N R ey

mclude:

8 0ss-0254.00-00-1000
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1. Licensing documentation explicitly identifies bypassing the failed valve via the Main Feedwater System

* startup contfol valve while acknowledging that thi$ alignment is not fully safety grade (c.g., the control
valve is positioned via the ICS using instrument air without a backup supply, use of non-active valves,
etc.). (Reference 20.5.1.2.6, “FSAR Section 10.4.7.3” on page 28).- - .

2. Restablishing Main Feed Water System operation to supply makeup water to the intart steamn generator.
(The system is not safety-grade but is designed to supply low flowrates at high steam generator pressure
du.ring unit startup and shutdown.) - |

3. Supplying makeup water to the intact steamn generator using a hotwell pump and condensate booster
pump. This would require lowering the pressure in the steam generator by venting steam.

4, The SSF Auxiliary Service Water Pump (which did not exist when the EFW System was extensively |

modified and relicensed) can supply the intact steam generator at full pressure. -

5. Supply the intact steam generator via the Auxibiary Service Wétcr Pump This would require lowering
steam generator pressure by venting steam. ‘ ’

20.3.2 FIRE PROTECTlON SAFE SHUTDOWN CONSIDERATIONS

For a firc anywhere in the plant except the West Penetration Room or the SSF, the assured method of
establishing and mwaintaining hoi shutdown shall be frumn the SSF. The SSF ASW Pump discharge piping -
tics into the EFW piping in the West Penetration Rooms. There shall'be check valves in the EFW systems
that are Jocatéd within suitable boundaries which prevent significant flow from going m the wrong direction.
There shall be no cquipment in the EFW systems that is required to be repaired through damage control

~ procedures after postulated. fire events to cool its reactor coolant system 10 cold shutdown conditions. .

3

For a fire in the West Penetration Room or the SSF, the assured method of establishing and maintaining
hot shutdown and to cool the reactor to cold shutdown conditions shall be from the control room using
available normal plant equipment. The location of the equipment and its supporting power and controls
shall assure that at least one train of EFW is free from fire damage and available 1o supply makeup to at

least one steam generator.

20.3.3 SYSTEM CLASS

The Auxiliary Service Water System and portions of the EFW are Oconee Class F. The Emergency
Feedwater System was originally designed to the requirements of ANSI B31.1 (July 1967). Since the system
1s required to mitigate the consequences of an accident, portions of the piping were analyzed and qualified to
survive a design basis seismic event. These portions are shown on the flow diagrams as Oconee Class F. Th
piping matenial shall be compatible with secondary side chemistry. ‘

20.3.4 SEISMIC

The Emergency Feedwater Systern shall be designed to mitigate the consequences of the accidents histed -
below comcident with a design basis carthquake: .

1. Loss of normal feedwater with offsite power available
2. Loss of normal feedwater without offsite power available
3. Small break loss of coolant accident

The Upper Surge Tanks and the piping connecting them to the EFW purmnps have been analyzed a.nd.
quzhfied to withstand a design basis seismic event. This includes piping that supplies other systems up 10 the

20. SYSTEM DESIGN BASES 9
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first normally closed valve. The hotwell and connected piping which contain the secondary EFW water
supply have been evaluated using a *seismic expenence® apprdach and found to be capable of withstanding a
seismic event. Although the evaluation methodology isn‘t formally recognized for Licensing bases, Duke

considers this sscondary water supply a *seismically assured® source of water.

The Auxiliary Service Water P-l'xmp and piping shall be qualified to withstand a design basis seismic event.

2035 TORNADO/WIND

The EFW System is vulnerable to_the effects of a tornado. . The UST , the primary source of water for the
EFW Pumps, is located on the sixth floor of the Turbine Building. ‘The UST is partially shielded by the .
sixth floor of the Auxiliary Building, but is still vulnerable to the effects of high winds. The;EFW pumps are
physically located in the Turbine Building basernent. Since the pumps are located below ground level, the
pumps are essentially protected from the effects of a tornado. The 4160 VAC switchgears that provide
power to themotor driven EFW pumps are vulnerable 1o the effects of tornado damage. The EFW pump
discharge piping passes into the Auxiliary Building and nises up into the east and west penetration rooms
before entering the Reactor Building. The piping is vulnerable to Auxibary Building damage. = -

The Standby Shutdown Facility Auxiliary Service Water Systermn (SSF-ASW) provides additional capability

1o remove core decay heat following a tornado. However, the . SSF-ASW piping and cabling located in the
West Penstrzdon is vidnerable 10 tornado damage. Collapse of any poruon of the West Penstration Room
structure may render the SSF-ASW system unavailable (Reference 20.5.24.3).

Another source of feedwater is the auxiliary service water system (ASW). The ASW Pump portion of the
EFW system shall be designed to withstand the effects of 2 tornado and perform as described in Section
20.1.2. The piping and valves downstream of the isolation valves to each SG are not protected from the
effects of a tormado. However, due 16 physical separation it is credible for only the east or the west
penetration room equipment on all units to be damaged by a tornado. Thus, as 2 minimum, the piping in °
the undamaged penetration room for each unit shall be available for supplying water to a steam generator
following a postulated tornado. ' '

A tomado is assumed capable of damaging a variety of locations in the plant. Mitigation of tornado damage
rches upon the capability of providing decay heat removal from any of several different systems. The NRC's -
acceptance relies on probabilistic risk using a combination of EFW, SSF-ASW, and ASW to:ass_m'e the

Py

decay heat removal function (Reference 20.5.1.3.2).

20.3.6 MISSILES

The only portion of the EFW system that shall be required to be protected from the effects of tornado
missiles is the ASW pump and discharge piping (including necessary 1solating valves) up through the valves
that isolate the ASW piping from cach steam generator. Protection of the EFW system from postulated
turbine missiles is not part of the design bases.

203.7 PIPE R.UPTURE/SUBCOMPARTMENT PRESSURIZATION

icensing documents (Reference 20.5.1.2.7, “FSAR Section 3.6.1.1" on page 28) state the basic design
iteria for pipe whip protection. These criteria are: -

1. Al penetrations shall be designed to maintain containment integrity for any loss of coolant accident
combination of containment pressures and temperatures.

10 0ss-6254.00-00-1000
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FIRM SPD-1001-2 .
DUKE POWER COMPANY
. NUCLEAR SAFETY EVALUATION CHECK LIST

.,(;) STATION: (D QN /= 4/4/64:799 WIT: 1 _Jog 2 s 3 b

\y

OTHER:
(2) CHECK LIST APPLICABLE T0: _ NSM — OA/-T2 55
(3) SAFETY EVALUATION - PART A
The item to which this evaluation is applicable represents:

Yes / No ° 'A change, CO.the statlon or procedures as described in the FSAR;
Or a test or experiment not described in the FSAR?

If the answer to the above is "Yes", attach a detailed description of the item being
evaluated and an identification of the affected section(s) of the FSAR.

The descripTion. of and procedires Fr The present eme ency FO

system must. be chonded 7 v/ Fhe  mew moio a/‘-;aG'oE
Umps, FSAR shouwld be feuvised o show new e

.; ’L J e
cvaluation of emery. FOw Sgs.  should be  des€iiBL) 75 B¥al T
(4) SAFETY EVALUATION - P B )

Yes <% No Will this item require a change to the station Technical Specifi-
cations? . ' -
X A Chahge Yo He s?‘a‘/':o-, Tecd. -%ec Py be }-674///-?(,‘/.
If the answer tc th? above is "Yes," identify the specification(s) affected and/or
attach the applicable pages(s) with the change(s) indicated.

Os) SAFETY EVALUATION — PART C : . '
3 As a result of the item to which this evaluation is applicable:

Yes No _/ Will the probability of an acecident previously evaluated in the
) FSAR be increased? .
Yes No _¢/ Will the consequences of an accident previously evaluated in the

FSAR be increasged?

Yes No _, May the possibility of an accident which is different than any al-
ready evaluated in the FSAR be created?

Yes No 3/ Will the probability of a malfunction of equipment important to
safety previously evaluated in the FSAR be increased?

Yes No ,/ Will the consequences of a malfunction of equipment important to
safety previously evaluated in the FSAR be increased?

Yes No _,, May the possibility of a malfunction of equipment important to the

_ safety different than any already evaluated in the FSAR be created?
Yes No )/ Will the margin of safety as defined in the bases to any Technical
Specifications be reduced?

If the answer to any of the preceding is "Yes", an unreviewed safety question is
involved. Justify the conclusion that an unreviewed safety ‘question is or is not

involved. Attach additional pages as necessary. . £ _ ‘ﬂ)
This modificatien will 3&-:3’/‘/7 lm/;houe The m3rg in o safel ~

Oconee Muclear Stotesn by /Nu;cll:'uj a hew Smergency FOW sys,

‘ for each unif
(, ‘6) prepaRED By: L. &L W DATE: __ 5 -3 -79
(7) REVIEWED BY: OJ/; %vé/ oate: - $/.3/79 |
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FINAL DESIGN SUMMARY

This modification provides the design for the addition of a separate and
redundant emergency feedwater system for each of the three units at Oconee.
Two (2) motor driven emergency feedwater,_pumps are to be added for each unit. &

ach of these pumps will take suction from the unitls upper surge tank with
the backup capability to take suction from the unit's hotwell. The discharge

'piping of each pump has been tied into the existing emergency feedwater piping

to allow each of the new pumps to serve either 'A" or '"B'' steam generator or
to serve ''A' and ''B' steam generator of each unit. The existing piping will
also allow the motor driven EFPs of one unit to supply feedwater to another
unit's steam generators should the need arise.

The new motor driven EFPs for each unit are to be located in the turbine
building basement east of the hotwell pumps. To provide a suction path to

the upper surge tanks requires that the control valve C~181 be removed. A
tee will be made up to replace this valve and bolt up to the flanges of valves
C-180 and C-183. The branch path of this tee will be piped into the suctions
of each of the motor driven EFPs for that unit. An additional suction for

the new pumps will be provided from the hotwell by a connection into this same
line betweer £-'82 and C-184 valves. This connection will reguire that the
unit be out of service. A check valve and a manual valve will be provided at
each of these connections. A manual valve will also be provided in the suction
piping for isolation of either pump from the system for maintenance.

The discharge piping for each pump will have a minimum flow recirculation line

to the condensate storage tank. The discharge of each pump will have a motor
operated valve and a check valve. The two normal discharge paths per pump will

be to the normal emergency feedwater line to "B'' OTSG and to the emergency emergency
feedwater line to '"B'" OTSG for the '""B" pump and the same "A" lines for the |
"A'' pump. Each of these pumps can also serve the other OTSG for that unit or

serve the O0TSGs for another unit through the existing piping. See the PO draw-

ings for each unit to determine the actual flow paths available. :

All of the piping for the motor driven EFPs will be Class "F'*. The route of
this piping has been checked in the station. The gravity, thermal and seismic

-analysis of this piping was made using this piping configuration. The hanger/

restraints will be designed for this piping configuration and the piping material
has been ordered. Revisions to this piping configuration should not be made
without the prior approval of the Station Support Section of Design Engineering.

This addition was designed to allow installation (with exception of one suction
to pumps) with the unit in operation. All piping should be instalied in a clean
condition as it will be very difficult to flush this piping with the unit in
operation. Flushing of the system will also create large quantities of waste
water to be disposed of. Hydro testing of this piping can also be done with the _
unit in service. : ‘

P 2/ of ez
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The electric motors for the new pumps are water cooled. | Low Pressure Service
Water (LPSW) will be used for cooling water. The connection to the LPSW will
be made in the 3'" strainer back wash line. This connection can be made with
the LPSW in service. A line will be run to each unit and that line will be
divided into two lines, one for each motor. The cooling water from the two

-motors will be recombined into a single line. This single line will be tied

into the Condenser Circulating Water (CCW) return from the condensate coolers.
This will require a 'wet tap' If the unit is in service. A valve is to be
provided at the connection in the CCW line.

The cooling water piping for the motors will be Class ' This piping is to
be field routed. The hangers/restraints for all of the piping involved in

this modification are to be designed by Design Engineering personnel.

The suction piping from the hotwell to the motor driven EFPs is to be installed
when the unit is off the line. The permanent valves or piping blanks can be
used to allow use of the system until the unit can be removed from service to
install the suction pipe to the hotwell.

p 22 of 22



NSM 22648
PROJECT DESCRIPTION & FUNCTIONAL DESCRIPTION
REVISIDN 1

The purposes oY this NSM is to bring the Oconee Emergencvy Feedwater
System into full compliance with seismic design requirements. DNC -
P&l first documented noncompliance with seismic criteria.
Modifications required to bring the system into compliance were
identified in Design Study ONDS—-146. These modificetions, revised on
several occasions throughout the design process, are detailed below.

The completion of the NSM will alsc satisfy all remaining items of
NRC concern documented in their Safety Evaluation Report of 1-14-87
regarding Duke's response to NRC Generic Letter 81-14.

Froject Description:

a. Replace the following valves with D:one= Class F, OA Condition 1
lves: -
va :

2C—-187
ct-192
2C-176

Note: Existing valves C-176 and C-187 have limit switches. The
replacements for these valves do not. Asscociated cabling is
being removed. These valves are being revised to fail closed. i

b. Extend the Class.F, QA Londition 1 boyndarzzas follows: (Piping

layouts “will not change, but Class G piping will reguire
replacement with piping qualified for Class F.) :

FROM _THRIL.
2C-175 2C-176
eC—-184&_ 2C—-187

BE-151 2C-192

c. Extend the Class F, QA Condition 1 boundary thru the second
restriction orifice beyond valve 2FDW-B9. (Piping layout
will not change, but Class & pzpzng will require replacement with
piping gualified for Class F.)

d. Obtain vendor certification of the seismic capability'bf valve
cFDW-318.

e. Downgrade the TD EFW Pump seal injection lines from Class F to
Class G. Install a flow restriction orifice at the new F/G break

upstream of valve 2FDW-B5.

f. Remove approximately 680 feet of piping, with valves, associated
valve controls, and supports, from the plant heating system which
presently ties into the Upper Surge Tanks (4 lines per unit).
Cap the cut lines.



|
g. Replace the flange bolts in 2C-152, -153 with thru bolts that
: extend thru both pairs of flanges. '

" h. Perform mechanical system calculations demonstrating the adequacy

of LPSW even with failure of non—-seismic valves.

Note: Items c. and e. above concern piping identified as needing
support/restraint repair during Duke's review in response to NRC GL

'Bl1-14. (Reference T D Brown's Memo To File dated $-1-87, File 0S-

161) The necessary repairs and/or upgrade is performed within the
scope of the stress analysis and support-restraint review reguired
for items c. and e.

Functional Description: _ .

The oniy functional changes to the ﬁlant concern items a, e, and f.

Item a: Valves 2C-17& and 2C- 1§7,are being revised to fail-closed so

that a failure will not result in dra*naqe of the Upper Surge Tank E

contents into the hotwell. Loss of the Upper Surge Tank_contents
must be preveﬁted sznce this volume is the assured source of water

for EFW 1 follow1ng a seismic event

— By

Additionally, limit switches on valves C~17& and C-1B7 are being
removed. The function of the limit switches was toc close C-192 if
valves C-176 and/or C-1B7 opened. (Since flow thru C-192 iz very
small compared to C-17& or C~1B7, eliminating this interlock will
have a negligible impact on hotwell” level control.)

Item e: The seal injection lines for the Turbine-Driven EFW pump are .
not required for EFW system operability, but loss of these lines must
not result in loss of excessive amounts of EFW flow. A flow
restriction orifice is being added in the seal supply line to prevent
excessive fluid loss due to potential line breaks following a seismic

event.

Item f: The plant heating lines, designed for heating the Upper
Surge Tanks, are not used and are unnecessary. This heatzng
function with the associated lines is being eliminated.

HAH
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Added in Revision 1

Calculation No.

REVISION DOCUMENTATION SHEET

REVISION
NUMBER

REVISION DESCRIPTION

Added final scope documents for Units 2 and 3 to 1ist of references.

1230
Incorporated PCApwhich deleted limit switches on valves C-176 and C-187.

Also stated stress .analysis and S/R work was completed on Units 1 and 2.

By AT Date /0///?'/3? . Ckd M Date /"/(7/52

Incorporated PCA 1235 which deleted limit switches on Unit 2 valves C-176

and C-187. -Also added final scope document (Revision 1) for Unit 1 to the

list of references.

By 7&«/4(/-7 Date /{/25/5’2 Ckd 7/&,1‘0 Lzte H/I/EX

: 4 C-1871an¢
Incorporated PCA 1239 which deleted Hm'if_wjirhnc on Unit 3 ValvesaC-176

Revised to sLate some class G Dwe wh1ch could not be qualified as c1ass F

would be replaced with class F pipe.
By FuwJS " Date 3 zz/?? . }’ZPC_'. ' Date3/2e/z7

Incorporated Rev1s1on 2 to f1na1 scope -document for ON-22640/0 and

Rev1s1on 1 to final scope document for ON- 32640/0 Both revisions deleted

statement that vaive C- 187 wou'ld be revised to faﬂ closed .since the

controls and failure modes of these va'lves are not being changed

By Yz Date 4//{/?7 Ckd. /fZﬂc, Date ¥-/9-89

Revised to incorporate Revision 2 to fipal scope dacument for NSM

ON-32640/0. This revision changéd proposed rerouting of LPSW piping.
By Fe/S ' Date 5’//9A’? Ckd '/2/& Date 7/20/97
A _

Revised to incorporate Unit 3 VNs 0C-3560 and 0C-3565 which removed

solenoid valve

By Al DA'IEL /{/2;;/"9 ' CKD 7/’2ﬂc DATEJO/Z7/57
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Statement of Problem

The purpose of this calculation is to determine iﬁ,ég;;gg;eviewed safety
NSHs ON-12640/0, ON-22640/0 and ON-32640/0. The

guestions exist due to
M& - "
criteria of 10CFR50.59ai2) will be applied to determine if any unreviewed

safety questions exist. In determining the presence or absence of an

unreviewed safety question, this calculation is classified as QA Condition 1.

- B

Descfigtion of Modification

The following is a description of this modification, which upgrades portions

of the EFW System:

1. Extend Class F, Q4 Condition 1 boundary from C-186 thru,C-18Z. Replace
valve €-187 with a Class F. QA Condition l.valve. Revise piping stress

analysi;. Haungers will not need revising, per Design Study ONDS-146
(Units 1, 2, and 3). See notes 4 and S.

2. Extend Class F, QA Condition 1 boundary from C-191 thru C-192. Replace
valve C-192 with a Class F, QA Condition 1 valve. Revise piping stress

analysis. Hangers will not need revising, per Design Study ONDS-146
(Units 1, 2, and 3).

3. Extend Class F, QA Condition 1 boundary thru the second restriction
orifice beyond valve FDW-89. Piping layout will not change. Revise
piping stress analysis (Units 1, 2, and 3).

4. Obtain vendor certificatidn of seismic capability of valve FDW-318 (Units

i, 2, and 3).

and Drain Criteria" will apply (Unit 1 omly).

6. Replace the flange bolts in C-152, -153 with thru bolts that extend thtu

both pairs of flanges (Units 1, 2, and 3).

7. Remove approximately 600 feet of piping, with valves and supports, from
' the plant heating system which presently ties into the Upper Surge Tanks

(4 lines per unit). Cap the cut lines (Units 1, 2, and 3).

8. Extend Class F, QA Condition 1 boundary from C-175 thru C-176. Replace

valve C-176 with a Class F, QA Condition 1 valve. Valve C-176 will be
Hangers will not

|

changed to fail closed. Revise piping stress analysis.

need revising, per Design Study ONDS-146 (Units 1, 2, and 3). _See notes

4 and 5.

“Vent
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9. Perform mechanical system calculations demonstrating the adequacy of LPSW
even'with failure of non-seismic valves (Units 1, 2, and 3). See Note 3.

10. Downgrade turbine-driven EFW Pump Seal Injection lines from class F to
class G. Install a flow restriction orifice at the new class F/G break
upstream of valve FDW-85. The orifice will be located past the
turbine-driven EFW minimum flow line- to the Upper Surge Tank (Reference

7).

11. Revise the routing of LPSW supply to several air handling units. The new
routing will require a new 8" supply line and new valve 3LPSW-844&
downstream of valve 3LPSW-45. The existing 8" supply line upstream of
3LPSW-45 will have valves 3LPSW-260 and -403 removed and the line will be
isolated by a blind flange and a pipe cap (Unit 3 only).

Notes:

1. For items 1, 2, 3, and 8, piping layouts will not change, but Class G
pPiping will be replaced with Class F qualified piping.

2. Deleted.

3. The calculation to be performed to determine the adequacy of LPSW has not
been completed. This part of the modification does not require any:
changes to the plant. If any plant changes are required due to the
calculation results, the changes will be performed under a revision to
this modification or a new modification. Therefore . since no changes to
the plant will be a part of this modification, Item 9 will not be
addressed under the criteria of 10CFR50.59.

4. Existing valves C-176 and C-187 have limit switches. The replacements
for these valves will not. Associated cabling will be removed. The
function of the limit switches was to close C-192 if valves C-176 and °© '
C-187 opened. Flow thru C-192 is very small compared to flow thru C-176
or C-187, so allowing C-192 to remain open while the others are open will
have a negligible impact on level control (Units 1, 2, and 3).
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The Unit 3 solenoid valve (and its associated wiring) that closed valve
C-192 upon receiving a signal from the limit switches on valves C-176 and
C-187 will also be removed. This solenoid valve also receives a signal
196 but the line that has valve C-196 in it is not

used (Unit 3 only).

N

(References 1,8,12,13,27,28,30,33, and 34)
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Reasons for each of the respeétively nurbered changes are as follows:

1.

10.

11.

Per FSAR Section 3.7.3.9, seismic boundaries must be at a remotely
operable valve or a normally closed manual valve. Valve C-186 is a
normally open mamual valve. Valve C=187 is remotely operable.

- Similar to'reason 1.

A break before the second orifice could possibly "starve" the turbine
driven EfW puro cooling line. A break past the second orifice will not

"starve" the pump.
Present valve is not class F qualified but is in a class F line.

Similar to reason 4.

Similar to reason 4. Bolts will seismically qualify valves (References 24 ..
and 25) - i -

Piping is not used and is a non-seismically qualified line off a seismic
qualified tank. :

Similar to reason 1. Valve C-176 will fail closed +o prevent the Upper

Surge Tank from draining to the condenser hotwell.

Calculation will show that failure of the nom-seismic boundary 1Psw
valves will not prohibit LPSW firam achieving its safety related design

- function.

Valves FDW-86, -87, -129, and ~218 are supposed to be class F but are not
seismically qualified. There are also uncertainties with the "seismic"
support/restraint design. o N

Mamal normally open valves 3LPSW-260 and —403. are not qualified as
seismic boundary valves. Valve 3LPSW-45 is qualified as a boundary
valve. The reroute will have the class F branch line connect o a

qualified class F line and boundary valvef

(Reference 7)

Safety Review and USQ Evaluation

The EFW System assures sufficient feedwater supply to the steam generators of
each unit, in the event of loss of the main feedwater system to remove energy
stored in the core and primary coolant. The portion of the condensate system
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that this NSM involves is the EFW pumps' supply water and the. turbine driven
EFW pump's cooling water. The LPSW System provides cooling water for normal
and emergency services throughout the station, including EFW pump motor air

coolers and the turbine driven EFW pump turbine bearing oil cooler. g

The modification is QA Condition 1 d safe elated. The system upgrades

are being made to meet original seismic design criteria. Valve power/air
supplies will not be changed for valve replacements. The only electrical
changes will be the Temoval of cabling to limit switches on the present valves
C-176 and C-187 and the removal of the solenoid valve and its wiring that was
controlled by the limit switches. The replacement valves will pot have limit
switches. Appendix R criteria will not be affected since no cabling is being
rerouted. The function of the limit switches was to close C-192 if valves

C-176 or C-187 opened. Flow thru C-192 is very small compared to flow thru
C-176 or C-187, so allowing C-192 to remain open while the others are open

will have a negligible impact on level control. These valves are to add water
to the condenser hotwell frem the "pper Surge Tank when the hotwell reaches
certain levels. The solenoid valve also receives a signal from valve C-196 but 2
the line that has valve.C-196 in it is not used. (References 7, 8, and 34).

The valve changes and minor piping changes were Teanalyzed by the pipe stress ..
analysis group for Units 1, 2, and 3. Hangers will not need to be redesigned
per Design Study ONDS-146 for some changes. Support changes not covered under
the design study were reviewed for Units 1, 2, and 3 (References 13, 26, 27,

28, 30, 31, 32).-

The criteria of 10CFR50.59 will be applied to determine if any unreviewed
safety questions exist. The criteria and responses are as follows:

1.. Will the probability of an.accident previously evaluated in the FSAR be

increased?

No. .This modificétion is not related to any of the conditions or events
which lead to accidents analyzed in the FSAR.

2.. Will the consequences of an accident previously evaluated in the FSAR be
increased?

No. HMost parts of this NSM upgrade portions of the EFW System so that
they are qualified seismically. These portions are Presently supposed to
be qualified but documentation to verify the seismic qualification is not
available. The safety function for_the pneumaticAgglggg_ggigg_zsgzissgh
is for boundary isolation (seismig) OM&%M the <.‘

_égég;ed Source ol EFW. The removal of the plant heating system piping
will eliminate a potential seismic qualified/non-seismic qualified
interaction. The plant heating system for the Upper Surge Tank is not
used. The plant heating lines were evidently provided to protect against
the freezing of the tanks contents. It is now felt that the freezing of
the tank's contents is unrealistic, especially due to the high
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improbability of a temporary drop of air temperature in the Turbine ,
Building below 32°F. Also the freezing of other camonents important for
continued plant operation is much more apt to happen long before this
tank's contents could freeze (Reference 10). The turbine driven EFW seal
injection lines will have an orifice installed and will be downgraded
fram class F to G on the downstream side of the orifice. If this line
fails in a seismic event, it is judged that the pump's performance will
not be adversely affected and significant loss of FFW water supply thru
the seals will not occur. Also the orifice will prevent excessive FFW
water loss fram the pumps discharge in the event of a break in the class
G pipe (Reference 11). The rerouting of the IPSW piping (Unit 3 only)
will have a motor operated valve as the class F/G break with only class F
pipe on one side of the valve and only class G pipe on the other side.
These changes will all leiter qualify the EEW Systemn tc mitigate the -
effects of a seismic event and to shut the plant down safely during or
following a seismic event. The removal of limit switches on valves C-176

and C-187 will have negligible impact on hotwell level control. g

May the possibility of an accident which is different than already
evaluated in the FSAR be increased?

No. The EFW System will still be able to perform its intended function
and no unusual conditions will be created to lead to the possibility of
an accident scenario different than those already evaluated in the FSAR.

Will the probebilit 21 C:tlon.af,.@qu;lgtg__nt important to safety
previcusly evaluated in the FSAR be increased?

o.... The affected piping, V?.lx_res, orifige, equlpnmt, and opgmtion of o)
the EFW system will be qualified for seismic conditicns. This

qualification will increase the reliability of these camponents for

seigmic events and not introduce other failure modes previously evalpated

Will the Sonseguences of a malfunction of equipment important to safety

previocusly evaluated in the FSAR be increased?

No. Valve C-176 will now fail closed on loss of air. This charge in
failure mode wall prevent the safety related ¥FFW source_in.the.Upper
§u’rge"11agk, fram.draining, to the condenser hotwell on loss of air to these
valves. ' ~——
X s

May the possibility of a malfunction of equipment important to safety
different than any already evaluated in the FSAR be created? :

No. The additional orifice in the turbine—driven EFW pump seal injection -
line may clog up but the pumps performance is not judged to be adversely
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affected and significant loss of EFW water supply thru the seals wili not
occur (Reference 11). The new orifice is not in the turbine-driven EFW
minimum flowline so the minimum flowpath is not degraded (Reference 7).

The thru bolts in valves €-152 and -153 do not add any new failure modes. "

Other equipment that is affected by the modification is already addressed
in questions 4 and.S. : ‘

7. Will the margin of safety as defined in the bases to any Technical
Specification be reduced?’

No. No safety/design limits are adversely affected so margins of safety
as defined in the bases to Technical Specifications will not be reduced.

Conclusion

There are no unreviewed safety guestions associated with this NSM.
Reoauaune, S,
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PURPOSE -

The purpose of this evaluation is to determine if any unreviewed
safety questions are involved with NSM ON-32911/0. The criteriz o‘
10 CFR 50.59 a(2) will be used to make this determination. Th

evaluation is QA Condition 1 because it determines the presence or

absence of a USQ.

-

HODIPICATION DESCRIPTION

NSM ON-32911 will revise the makeup control c1rcu1try so that when
The UppeT surge Tanf‘?ﬂgf evel approaches : pec_limlt .
feet) -the _hotwel Q trglegaggi& will be-oveg;deen and Lhe_
three makeup control valves, 3C-176, —187 and -1952 1Y
2utomatically Close. This witl DrEventthe oo usts from drainir: ;
the hotwell should be lost. For more information, see hefv;:u Caren

[N

SATETY REVIEW

= The USTs provide the primary source of water for the energency
;N feedwater pumps. Makeup for the condqggg;_QQEEEET~ET§3‘ESEE§"?B?
3 Xthe USTs. ~ Water 'from the USTS fiows to the condenser Rotwell
< through three lines. Flow is regulated by air operated valves 3C-

176, -187, and -192. If hotwell level should ever be lost with thsz

existing makeup control c1;cu1trx the fhree valves  would oreal:
;—————_—w.
~the:r contents, arcd

b automatica . thus drainipg. the USTs
:2 ’VTETE?T;E-EEg Tech Spec (3.4.4) limit of 6 feet maintained in Eaor
e EaEE: This problem is addressed in PIR 4-085-0111. [References i,
- 2, 3, and 4] _ ' ' :

X Two new. safety related differential pressure switches will be

tapped into the existing Inadeguate Core Cooling Monitor (ICCM)
" impulse ‘lines. The new switches will have sufficient valving to
5 ' isolate them from the impulse lii.2s if necessary. This arrarcemeni:
f ' precludes having to adjust ICCM system operation {a Reg. Guidz t.27
® requirement) or having to breach the UST shell, thereby reczu:irc
Y possible 1leakage paths and failure modes. The ICCM av !
' transmitters are unaffected by this modification and will continuc

to perform their design functions. The reference leg of the n=u

differential pressure transmitter tubing will be trace heated to

prevent condensation. [References 1 and 6]

The new system w1l® T~ nse the three hotwel. .i.akeup vsaves if tl.

? - UST level decre- .s below a predeter.irn_3 setprint. A new
“ electrical inter .2y -=d solenoid valve arrangement wl.l cause t"=2
RS valves to close py bpleeding off air from the valve actuators. ..

ON32911.DVB
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Adeguate margin is provided to account for valve stroke time and
instrument. error to ensure that the Tech Spec reguired UST level
.will be maintained.. Since portions of the hotwell system are not
seismically reviewed, its availability in an accident scenario is
not assured. [Refererices 1, 2, 8, and 10]

New safety related. cabling will run from the USTs (in the Turh. .

Building) to the Cable Room AT Cabinet, from the contrel valves { .9
the Turbine Building) to the cabinet, and fror the Control Rocxk o
the cabinet. New trays and conduit will be necessary in some
areas. All the new eguipment installed by this medification will
be safety related, seismically mounted, QA Condition 1 except for
some non-safety components used only for testing. The new non-
safety components will normally be de-energized and will not
adversely affect any safety function. The areas afiected have been
‘checked for seismic interaction with existing eguipment.

[References 1 and 5]

The only change to the Control Board will be to lzbel an existisng
It will read, "UST TO HW MAKEUP VALVES

] . unused annunciator window.
. FAILED CLOSED." This change does not regquire seisric quallflcatloﬁ
review. [References 1 and 5)

It was recognized that a single failure of the new safety related
interlock could cause the makeup valves to close spuriously, bat
this failure mode is already present, and could be caused Doy
various non-safety components. Thus, it was determinad that tae

new interlock will not significantly increase the probability of
spurious valve closure. The system is designed such that a sincie
‘fé‘fﬁn'é“_;

failure in the circuitry cannot cause the makeup valves to
open, which proteCts the inventory as requlrec Yy’ Tecﬁ Specs.
(References 1, 5, and 8]

The new electrical system has been evaluated for fault propagation i
and new failure modes. No new accidents or failure mnodes were
identified. An Appendix R review has been initiated. The final
design is complete. The new safety related components .will be
tested periodically according to procedure, but this evaluation
does not address the adequacy of planned testing. The 10 CFR 50. 39
evaluation for the procedure change will address the acceptabll
l

of the testing. ([References 5 and 11])

FSAR Sections 10.4.1.2 10.4.6.2, and 10.4.7.7 will be woclt~z3d “o
address this medific A. References 8 a2ra 10 will =21so0 nea2d

revision.

£~ ~erie
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USQ EVALUATION

1)

2)

3)

4)

- _ 0SC-5317
- : ‘ By

Page 3 of 6
12-30-93

May the modification:

Increase the probability of an accident previously evaluated
in the SAR? -

No. The USTs and hotwell makeup valves do not initiate any
design-basis accidents. '

Increase the conseguences of an accident previously evaluated
‘in the SAR?

No. The new interlock system will ensure that sufficient
water remains in the USTs for accident mitigation. Adecuate
margin will be provided in the setpoint to allow for
instrupent error and valve stroke time. All new eguipment
will be QA Condition 1, except for some equipment used only
for testing. All the eguipment will be mounted seismically
(except for these non-safety coaponents), and has been
evaluated for new failure modes, system interactions, and

fault propagation.

Create the possibility for an accident of a different type .

than any evaluated in the SAR?

No. No new accidents were identified.

Increase the robabilit of 2 _malfunction of eguipment
important to safety evaluated in the SAR? ——

.No.. All new equipment will be QA Condition 1, and will be
seismically qualified, except for the new conponents used only
for testing. No single ’ailure will be able to open the

ldentified. A singlé failure of the new safety related
components could cause the makeup valves to close spuriously,

rakeup _valves spuriously. No new failure “modes were

g but this failure mode already exists, and could be caused by

any of several non-safety failures. Is was determined that

the probability of this failure mode was not significantly.

increased by the new safety equipment. All new equipment has
been evaluated for system interactiens and fault rrupa,at.on

The UST press” ' Dboundary will not ve deoradeg by the new
level switc. The exising ICCM Inmpulse 1i: > will not be

degraded, a "1 continue to perform its design functizn..

ON32911.DVE
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= A , ‘ Page 4 of &
; 12-30-93
5) Increase the consequences of a malfunction of equipment

important to safety evaluated in the SAR?

No.. The system will continue to respond as designed. The

makeup control valves will fail closed on anv single failure &EE:,?'
in the svstem wnIEﬁ=ETTT—EEE%‘E—-E#;=£%§ﬁ?3;sg§%ggii——Eﬁz =
_Hotwell was_Jost. The system Js _pot subject to any singfe
~ Iailure which could open the valves. The Control Room ’

operators will be alerted by a new annunciator that hotwell

makeup from the USTs is stopped due to reading iow UST levels.

6) Create the possibility for a ﬁalfunction_of a different type
than any evaluated in the SAR? )

No. No new failure modes were identified.

7) Will the modification reduce the margin of safetv as defined
in the basis to any Technical Specification? .

No. This modification will have no effect on Plant safety
limits, setpoints, or design parameters. Therefore, the
margin of safety defined in the Technical Specifications will

not be reduced. :

CONCLUESION

Based on this discussion, no unreviewed égfefx .questions are
created by or involved with Tnis modification. FSAR Sections

10.4.1.2, 10.4.6.2, and 10.4.7.1 should be updated to address this
change. No changes to the Technical Specifications are reguired.

EUMMARY POR 10 CFR 50.5% ANNUAL REPORT

NSM ON-32911 will provide ‘a2 means to assure the Technical
Specification Upper Surge Tank wat.r inventory is available, even
if the condenser hotwell is lost. The hotwell makeup control
valves (3C-176, -187, and -192) will be modified to automatically
close if surge tank inventory approaches the required level. The

‘valves will also fail closed on any single failure. All new

equipment required to perform this function will be QA Condition 1.
No -USQs are involved with this modification. FSAR Sections
10.4.1.2, 10.4.6.2, and 10.4.7.1 will be updated to include this
new feature. No Technical Specification chances are regouircd .

ON32911.DVB
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REFPEREBNCES

1) Final Scope Document for NSM ON-32911, Rev. 1, dated 12-30-53.

2) Oconee Nuclear Station Final Safety Analysis Report, Sections
3.0, 7.4.3, 7.5.2.11, 9.2.3, 10.4, 15.0, and Figure 10-6, 1992

- update
3) Oconee Nuclear Station Technical Specifications, Sections 3;4,-
3.5.6, and 4.9, updated 9-16-93.-
. 4) ' Prob}E? Investigation Report 4-089-011, dated 6-30-89. ¢£E="‘
5) Personnal communications between John Boehme, Electricél

Engineering, 'and Damon Bryson, Mechanical/Nuclear Engineering
(MNE), on 12-28-93 and 12-30-93 stating that:
1) the new system was evaluated for fault propagation,
2) the new interlocks were evaluated for possible seisnic
system interaction, with no new interaction potential

N gs : : identified, : , : :
: . 3) all new components will be QA 1, safety related, except
4 for the annunciator control cable and some solenoids and
cable used exclusively for testing, A ‘
4) all new safety components will be seisrically mounted,
5) the only change to the control boards will be to label an
existing unused annunciator, .
~6) all new cabling will be run according to seismic and fire
.protection specifications, .
7) the AT Cabinet is not required to be seismically reviewed
even though safety related equipment is contained within,
8) an Appendix R review has been initiated, : .
8) the final design is complete, ) L.
10) all the new electrical power sources used by the new -
) safety components will be safety related, non-battery i
backed, . : :
11) all changes will be made in mild environments,. so no
environmental qualification will be necessary,
12) the makeup control valves will all fail closed on a loss
of power, or any of several other single failures,
13) no new failure modes or accidents were identified,
14) the new level switches will not provide a new leakage
path out of the USTs,
15) the new electrical interlock will be not be sublezt tr 2

sinyie i2%' ~ causing the makeup vzives to ci~zn, but it .
will be  .sibie for a single .aiiure to ; -oduce valve -

‘ : g closure . .

i |
(: ,ON22911.DVB




6)

7)

8)

).

10)

11)

0SC-5317 !{EEB
By A

Page 6 of 6
12-30-93

Personal communications between Rounette Kellahan, MNE, and
Damon Bryson, MNE, on 4-7-93 stating that the hotwell makeup
lines are 20" and 3", but the valves which control ther are.
12" and 2". These valves are also the seismic class boundary.
The UST side is seismically quallfled but the hotwell side is
not. The trace hcating mentioned in the Project Description
is to prevent condensation problems with the UST level
instrument lines, as the USTs are-held at vaccuun.

Oconze Nuclear Station Selected Licensee Commltments, no
sectlons apply, 11-15-93 update.

_Oconee Nuclear Station Design Basis Specification 0S5-0254.00-

00-1000, Rev. 10, "Emergency Feedwater and Aux;llary Service
Water Systems", 4-14-93.

Duke Drawings OFD-121A-3.7, Rev. 17, and
3.8, Rev. 7.

Oconee Nuclear Station Design Basis Specification 0SS5-0254.00~
00-1027, Rev. 0, "Condensate System, Keater Drain System, and

Heater Vent System", dated 5-11-93.

Personal conversations between Damon Bryson, MNE, and Steve
Capps, Project Management, on 12-30-92 stating that the new
instruments and interlock was evaluated for reguired periodic
testing by the Instrument and Electrical Maintenance
Supervisor responsible for the condensate system. It has been
determined that the new system will be added to the refueling-

frequency procedures for calibration. )

ON32911.DVB
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COMPLETE FORM BY PRINTING WITH BLACK BALL POINT PEN OR TYPE

DUKE POWER COMPANY
NUCLEAR STATION -

Problem Investigation Report Serial No. ¥ -089-or//
Station CONEL '
Investigation Report No.
Y b-a-,.; Compirled:

I. Probiem Occurmed-Time/Date: u 22/t u2s f/ifit_u1: sinyay Discoversd-Time/Date: ___6: 30-84
Units(s): ____ - [~3 Unit Stetus At Time Probrem Occumes/Discoversd: & { £5 o U23b, U3 %
Oescription and Cause of Probism: F358 yielabisny «t £2w dsioomg dourdaniey pov igray correched b sy 12 32440.
T Al sxohit PS8R ryouirgmpats arg sattsfey Sy the NSH  {Ug ngiy desiow el ‘.'v\vnt(oy-‘ L outonm, dn eflAine
ol e seicmic bovagcny veives bedhweea she UST hotsell, Lpss of kohweil {eodd will svdvemafion i drpia bee i
LAmar; & supaly (USTY wmip dhg nubeyell, Velves ¢feded: 1.2 3¢-192 - g7 2176,

Other Duke Stations Aftected J Yes [ No @ Uknown Detarmined By/Date . N4 bemieod /5 — 1030
“iocation of Problem: ___TUR 8/ _Burip g, ‘ .

Method Used to Discover Problem: _Revicw of zales Rﬂ.d‘lpiiu% aeher valve =y, OWBY - 239

immeoiate Comactive Actions Taken;To Be Taken: : i

Work Stoppage Notification (Form QCK-24) Seria; No, A/A

Information Sources/References (Work Requests, Documents Violutad, RIC).___O- ‘EZLA’_'Zi__.._'x.c_/_Q__N-__ﬁ_ _
T Dr--Lﬂ'/ - »“:{:-4.1/»'/ Ay (ontre!

Oniinawd By: (Ul oo o Li2 toilon Dater € 30 3 Dzt (Group/Seciion € [rose Ja-

pliance Evaiuation- ystem Operable 2Yes D No D Not Appii . 4
7 uated By/Date: W*/ Q‘Z 04 Comments: , c <<=
¥ oravie O ves o,  Reportabie ¥ &750.73 Seciion ¥ 0 50.7% section |

- TELlk cona 53 S D Pant21 O Otner : O PartsD.s
Evaluated By/Date: Cemments: N

fli. Teiecon/ENS Report to NRC Time/Date:

NRC Contactes(s): i DPC Contactor(s):
Telegraph/Matgram/Facsimile Transmission to NRCDate: :
Date Nottfiec: NRC Res. Inspector : Staton Manager
Genary! Otfice : Comments: :
V. lnvestigation Rapart Assigned To: NRC Reoort Due Date:
Date Due to Comailance after Evaiyation
PIR Review (Compliance): : Date:
PIR 8tation Manager Aporoval Date:
V. Further Action/Evaluation Requied ©-¥es D No (Expiai Beiow): '
Pege 2 Assigned To: _Z ¥ s/ca/
Comments: —
Compiiance Review Dete QA Review L A7 Ll o Dete 27 )/2)
Distnbution : . ’ ma. b . -
- % %&?L%& T AP
. ‘ LR N T Lloier 1) I D30 B Gl LA L




PROPOSED RESOLUTION

Considering that the intupr of the licensing commitment ig
_ngEadY.Sbtisfied‘ the following 1is Proposed as a Fermanent
resolution: '

1. Complete NSM 32630 as designed.

2. Of the thres automatic hotwall make-up paths in question,
revise the two : nes to‘%mnmALth:uuuxy'by cloging
-JFIVEE_TTI'EE:T%%I€£§T%%7—'Hotwell make-up through These .
lines would only be allowed during transient nodes of -
ocperation such as Cordensate and/or FDW clean-up. This will
fully satisfy the seismic boundary licensing commitments for
these two lines. : . )
3. Retain the automatic function of the smgl] (2") hotwell
make-up valve. If this normal make-up path is Cisabled for
any reascn, en equivalent amount of flow would be allowed

' through one of the Sseveral menual bypassges. {Even i1f the
Ecerario was again postulated which results in a seiemic
break, flow lost through this small line would be of little
concern. )

4. If the hotwell and assoclated piping should becone
seismically qualifiegd through response to GL §7-02 and other
ections, valves 1,2,3C-i75 & -186 could be Tsturned to the
“normally open" condition.

5. The Emergency reedwater Design Bagisg Document will be
updated appropriately, documenting this resolution tec the
seismic boundary issue.

NOTE: Corrective action ip Design Engineering to Preclude
similar design deficiencies s considered already
ipplemented. The TOPFORM Progranmn, with its emphasis on

" design verification and client review, provides added

assurance that modification cesigns accomplish their.
intended purpose. '

| %ﬂ«/ 7-2-89

bk??/“gvuaﬁb“;7bjlx7

TR o e o

e e e @ mte ey = w @ - w

e e e et e s 9




Addendun #1 to Proposed Resoclution
PIR 4-085-0111

The proposed resolutlon dated 7-21-89 pust be revised since
closure o «2,3C=-175 and -186 would prevent reguired

maxeyp flow frcm entering the hotwell for certain
situations. As such, items 2 and 4 are ra-written below and
item 6 im added. The remainder of the proposed-reaolutioq

is unchanged.

1. Complete NS8M 32640 ag designed.

2. _Valves 1,2,3G5a =18 presently gpen f{o provide &=
hotwell makeup upon racei a _low well level signal.
wﬂm £ _demand
anytinme the Upper Surge Tankes reach a pinimally dccentable

R The UST level satpoint will be equal to the Tech

Spec miniauxr level plus that required to compensate for

volume potentially lost during valve closure.

If necessary, the controls will be safety gre and
Egzsnlcaizy qualifiqé: Tney will not EE:EEEZfred to pear ‘ﬁésgazz
singie failure criteria. Valves 1,2,3C-176, -187 would be

included 1n the active velve list with specific requirenents
for stroke time. Either valve 1,2,3C-175 or -186 will be
normally closed by procedure, with the restriction that if
cne 18 open the other must be closed. This limits the
inpact of valve closure time on the level setpoint.

An BPR will be provided b? Design Engineering to initiate
this change. S

3. Retain the automatic function of the small (2") hotwell
maké-up valve. If this normsl make-up path is digabled for
any reason, an equivelent amount of flow would be allowed
through one of the several manual bypasses. (¥Xven if .the
gcenaric was again postulated which results in a seigxic
break, flow lost through this small lins would be of little

concern. )

4. If the hotwell and associested piping should beconme
selsnically qualified through response to GL 87-02 and other
actions, this new control function and the active )
clasgification of the valves would no longer ba regquired.

5. The Emergency Feedwater Design Basis Document will be
updated appropriately, documenting this resoclution to the

seispic boundary issue. :



§. Regulatory Compliance should inform the NRC that more
time iz needed to upgrsde the EFW boundaries to meet seismic

design criteria imposed by Generic Letter 81-14. {The
present commitment 1s to complete upgrade by the end of the

-current Unit 3 refueling ocutage.)

NOTE: Corrective action in Design Engineering to preclude
similar design deficiencies is considerad already
inplemented. The TOPFORN. program, with its emphasis on
design verification and client review, provides added
assurance that modification designs accozplish their

intended purpose.

: égél.‘m/ 78-¢1-6%
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EMERGENCY FEEDWATER SYSTEM

System Description

~ The Emcrocncy Feedwater (EFW) System is desmned to supply feedwater 10 the

steamn generators in the event Main F eedwater is lost The EFW system provides
the requu'ed flow rate to cool the ‘Reactor Coolant System (RCS) down to the
pomt at which the Decay Heat Removal System is designed to operate. The EFW
system is also designed to cool the RCS following a smal] break Loss of-Coolant-

Accident.

Two zliernate systems are also available to provide feedwzter to the steam

gererators. The Auxiliary Service Water (ASW) Systcm and the SSF Auxiliary
Service Water System are raw water systems which can be manually aligned for
Steam generator cooling. The SSF ASW system 1s described in the SSF ‘section,
and the ASW System, sometimes known as the “Tomado Pump,” is described

later in this section.

Three EFW pumps are provided for each unit. Two motor-driven EFW pumps

normally supply feedwater to one steam generator (SG) each. One turbine-driven

" pump, capable of supplying feedwater 10 both SGs simultaneously, is driven from

Steam contained in either SG. Each of the two motor-driven pumps iIs rated at a
flow of 500 gpm. The turbine-driven pump has a rated capacity of 1080 gpm
when feeding both SGs and 880 gpm when feéding only one SG. The reduction

- 1n flow while feeding one SG is due to line restrictions. Any singie pump and SG

combination provides adequate decay heat removal for safe shutdown. All three

pumps have minimum-flow recirculation lines to the Upper Surge Tank (UST) for

pump protection.



Redundant water supplies are available to the EFW System. The primary source

of water for the EFW Sysiem is the UST: rwo 36,000 gallon tznks valved

together to make one 72,000 gallon tank. The condens r hotwell can also serve as
the source of suction to the EFW pumps and has a 142,000 gallon capacity when
filled to a level of approximately 70 inches. The normal operating level of water
in the hotwell is approximately 63 inches. In order to take suction from the
hotwell, the condenser vacuum must be broken because a net positive suction
head (NPSH) must be established. The turbine-driven pump 1s capable of taking |

suction from the horwell under vacuum, however total flow is limited by |
operating procedures to 500 gpm 10 protect the pump. This flow is considered
inadequate for steam generator cooling when recirculation flow back to the UST

1s accounted for.

In 2ddition to serving as the source of suction to the EFW pumps, the UST also
provides makeup water to the hotwell by gravity feed. The UST can be made up

from the following sources:

1 The Demineralized or Treated Water System
2. The condensate storage tank (CST)
3 The condenser hotwell

Each motor-driven EFW pump discharges through a single line to the SG it is
dédicated 1o feed. The turbine-driven pump discharge line splits into two lines,

one joining the discharge line of motor-driven pump "3A' to form 2 common

. header to SG 3A," and the other performing a similar function for SG 3B.' Each

| pump discharge line contains a check valve and a normally open motor-operated

valve to ensure an open flow path. The flow of EFW to the SGs is controllcd by

means of control valves 3SFDW-315 and SFDW-316.

. The ASW System 1s shared among the three units 21 the station. It is designed to

remove decay heat from all three units simultaneously upon loss of main



—— e e et @ v s i me mme .

feedwater (MFW) and EFW as a‘r:sult of tornado wind or missile damége. The
pump can supply adequate flow to one or both SGs of each unit assuming the

aunosphernic dump valves are open to depressurize the SGs.

The ASW pump is manually started at the ASW switchgear panel and the valves
that align the pump discharge to the SGs are manually opened. Lake water is
supplied to the suction of the ASW pump via the Unit 2 CCW pumps discharge

piping.
System Success Criteria

Success of the EFW Sysmn 1s accomphshed by supplymo flow to one of the two

- SGs from one of three £EFW puimps.

Major Assumptions

1. It 15 assumed that the reactor coolant pumps are unavailable when EFW is
demanded. Therefore, SG levels must achieve their natural circulation -

setpoint. -

2.~ Manually cross-connecting the EFW Systems of other units is treated as a
recovery and 1s applied after sequence cut sets are generated.

3. The hotwell pumps are the only source modeled for makeup to the UST.

4. The steam generator level control cabinets and instrumentation are not

generelly modeled. Operator action is normally relied upon to throttle
EFW flow in the model. '

5. A loadshed can fail power to the hotwell pumps a.nd MOV 3C-391 if

power 1s not reloaded.
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6. Uﬁavailabiliry of the UST at the start will fail the pumps because there

will be no suction source. Faxlure of makeun to UST will not fail the

pumps unl°ss hotwell smtchovcr fails.

7. No credit is'takcn for the ASW System in the EFW model. Manual

alignmcm of the ASW systemn is modeled only in the tornado model.

System Reliability Results

Turbine-driven pump run failure combined with 2 latent human error on the motor
dniven pump suction is the dominant failure mode for the EFW system. This
failure could occur at any point during a 24 hour mission time. Common cause
failure of the EFW flow conmol valves and unavailability of the UST also

contnbute significantly 10 overall system unavailability.

It should be npoted that the EFW System was solved without assuming any

particular initiator. If a main feed line break is assumed, the UST could be

drained into the hotwell, thereby failing EFW's initial suction source. This is a

potential failure mode which only appears during 2 main feed line (or.condensate

line) break. A steam line break in the TD pump supply line could render all

secondary side cooling unavailable without operator action to isolate the break.

Thus failure mode only appears with a main steam line break (T9) initiating event.
Therefore these failure modes do not show up in the system cut sets. The

dominant minimal cut sets for the EFW System are shown in the table below.



Top Cut Sets For Gate F1: EFW System Fails -

Cut Set Prob.| Event Name |Event Description Event
' Prob.
1.15E-03 FCXMUSTLHE |UST Flow Line To MDEFWPs Fails Due To Latent Human Error | 3.00E-03
FEFTDFPTPR (Turbine-Driven EFW Pump Fails To Run For The Required Time | 3.84E-0}
1.94E-04 FEF1516COM [Common Cause Failure Of AOVs FDW-315 and 316 To Open 1.94E-04
1.00E-04 FEFWUSTLHE [Insufficient Inventory In UST For EFW Pump Suction 1.00E-04
9.72E-05 FCXCI187AVT |[Air-Operated Valve C-187 Transfers Open 9.72E-05
~ 7.30E-05 FCX0572CVO |Check Vailve 3C-572 Fails To Open On Demand 1.90E-04
FEFTDFPTPR |Turbine-Driven EFW Pump Fajls To Run For The Required Time | 3.84E-01
426E-05 | FEFMDPSCOM |Common Cause Failure Of Motor-Driven EFW Pumps To Stant 1.11E-04
: FEFTDFPTPR |Turbine-Driven EFW Pump Fails To Run For The Required Time | 3.84E-01
3.39E-05 FEFTDFPTPR |Turbine-Driven EFW Pump Fails To Run For The Required Time | 3.84E-01
FLS0527VVT |Manual Valve SLPSW-527 Transfers Closed 8.85E-05
5.39E-05 FCX0180VVT |Locked Open Manual Valve 3C-180 Transfers Closed 8.83E-05
FEFTDFPTPR |Turbine-Driven EFW Pump Fails To Run For The Required Time | 3.84E-01
3.59E-05 FCX0166VVT |Manual Valve 3C-166 Transfers Closed 8.83E-05
FEFIDFPTPR |Turbine-Driven EFW Pump Fzils To Run For The Required Time | 3.84E-01
2.52E-05 | FEFMDPRCOM |[Common Cause Failure Of Motor-Driven EFW Pumps To Run 6.56E-05
FEFTDFPTPR |Turbine-Driven EFW Pump Fails To Run For The Reguired Time | 3.84E-01

Gate Probability: 1.97E-03

The three-train nature of the EFW System provides diversity and redundancy

against system failure. Operator action is important for long-term operation of the

system. Failure of the turbine-driven pump to run for the 24 hour mission time

and failures of common suction lines are the weak point of the EFW System.
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The most important system components are identified below and are ranked by

contmbution to system failure.

Irriportance Table For Gate F1: EFW System Fails

Event Name Event Description F-V RAW"
JFEFTDFPTPR _ |Turbine-Driven EFW Pump Fails To Run For The Required Time | 71.8% 215
FCXMUSTLHE |UST Flow Line To MDEFWPs Fails Due To Latent Human Etror | 62.4% 205
FEF1516COM  |Common Cause Failure Of AOVs FDW-3152and 316 To Open 9.9% 509
FEFWUSTLHE |Insufficient Inventory In UST For EFW Pump Suction 5.1% 509
FCXCI87AVT _ |Air-Operated Valve C-187 Transfers Open 4.9% 509 |
FCX0572CVO  |Check Valve 3C-572 Fails To Open On Demand 3.7% 196
FEFMDPSCOM |Common Cause Failure Of Motor-Driven EFW Pumps To Stan 22% 196
FCX0180VVT  |Locked Open Manual Valve 5C-180 Transfers Closed 1.7% 196
FLS0527VVT Manual Valve 3SLPSW-527 Transfers Closed 1.7% 196
FCX0166VVT Manua] Vaive 3C-166 Transfers Closed 1.7% 196
FEFTRNATRM |[EFW System Trein 3A Is In Maintenance 13% 3.62
ITEFTRNBTRM . [EFW Svstzm Trein 38 Is In Maintenance 1.3% 5.62
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10 CFR 50.59 USQ EVALUATION (NSD 208.11.1)
(1) STATION (s); (2) UNIT(s): {3) TYPE OF ACTIVITY: [J operaviity Evatuation
E Oconee Nuclear Station E] Unit 1 D Nuciear Station Modification D Test or Experiment
D McCuire Nuclear Station [x] unmit2 [ Minor Modgification [x] UFSAR Change
D Calawba Nudea( Station B Unit3 D Procedure D Temporarly Modification
O O O omer '
(4) DOCUMENT NUMBER, REV. NUMSER, and DESCRIPTION: Revise UFSAR Section 10.4.7 to clanfy EFW

single failure design statements

(5) SCREENING FOR INCREASED MANAGEMENT INVOLVEMENT (NSD 209.11.2 & 213)

1. s the activity being evaluated a procedure, test, experiment, or evolution? If “No,” proceed to Part (5). lf 'Yes DYes BNO
continue to the next question.

2. Does this item invoive infrequently performed tests or evolutions that have the potential to significantly degrade )
the level of nudlear safety? if "Yes * consult with the Superintendent of Operations to determine if additional DYes DNO
controls are necessary. .

Procedure Qualified Reviewer: Date: .
~ Superintendent of Operations: Date: .
(6) SAFETY ANALYSIS REPORT DOCUMENT REVIEW i (NSD 208.11.3) -

1. Wil Technica! Specification changes be requxred‘? * if the answer is “Yes * then the pan of the activily requmng DYes E]No
a change to the Technical Specifications cannot be performed under the 10 CFR 50.59 regulation nor implemented '
without prior NRC approval.

2. TECHNICAL SPECIFICATIONS AND ASSOCIATED BASSS CONSULTED: 3.4.4.9

3. UFSAR SECTIONS CONSULTED: 10.4.7,7.4.3.83.2.2.4.15.0, 15.8. 15.14

4. OTHER SAR DOCUMENTS CONSULTED: Numerous oiher SAR documents consutied. See reference section of Altachment 1. ’

5. SAR DC;CUMENT SECTIONS WHICH NEED REVISION: UFs;\R 104.7

(N SAFETY REVIEW » {NSD 209.11.4)

Safely Review performed and documented as required per section 209.11.4 and 209.1272 B¥es

(8) EVALUATION OF UNREVIEWED SAFETY QUESTIONS {NSD 209.11.5)

tay the proposed activity: '

‘i. Increase the probability of occurrence of an accident previous'ly evaiuated in the SAR? ) >DYes E]No

2. Increase the probability of ou:urrence of a malfunction of equipment important to safety previously DYes gNa
evaiuated in the SAR?

3. increase the consequences of an accident previously evaluated in the SAR? . DYes BNO

4. Increase the consequences of a matlfunclion of equipment important to safety previously evaiuated in the SAR? . DYes E]No

8. Creal.e the possibiity for an accident of a different type than any evaluated previously in the SAR? DYes BNo'

6. Create the possibility for a different type of malfunction of equipment imporiant 1o safety than any evaluated DYes BNO
previously in the SAR?

Does the p.roposed activity:

7. Reduce the margin of safety as defined in the basis for any Technica! Specification? DYes - BNO

* ff the answer to any of the above seven (7) unreviewed safety questions in Pant (8) is “Yes.” the change cannot
be performed under the 10 CFR 50.58 regulation nor impiemented without prior NRC approval.

The Design and Safety Considerations in NSD 208 Table 208-2 have been considered, as appropriate. EYes

9 DOCUMENTATION . (NSD 209.11.6 & 209.12)

Activity Description. Safety Review. Justification of Answers to the 7 USQ Questions in Pan 8, Condus:on Summary BYes
{or Annual Repori, & References attached? .

(10} ) APPROVAL (NSD 208.11.7)

Preparer:  S¢&4 Beri . : pate: [[-18 - %5
Qualified Reviewer: %A/M Date: ///I p/09

The Qualified Reviewer is responsidie for assuring a copy of the completed evaluation is sent to Site Regulatory Compliance and the
o
Nuciear Genera! Olfice NSRB Sta¥! (NSRB Statl mail code - ECO5N). _ Date Sent  #/ {/Ff .o




50.59 USQ Evaluation
UFSAR 10.4.7 change
Attachment |

s | Safety Evaluation for FSAR 10.4.7.Change

Destription of change

UFSAR 10.4.7 is being revised to clarify the EFW design basis. Thxs evaluation process mcludes collecting
information which is included in NRC/Duke correspondence and updating the UFSAR to include this
information 1o clarify the licensing basis of EFW relative 1o single failure.  The changes being evaluated
are included in sections 10.4.7.1, 10.4.7.2, 10.4.7.3, and 10.4.8. Specifically, the following changes are
proposed (Attachment 2):

-4

Section 10.4.7.1 is being changed to clarify two statements. These first is:

“Sufficient redundancy and valving are provided in the desnon of EFW piping system with
isolation and cross-connections allowing the system to perform its safety-related function in the -
event of a single failure coincident with a sccondary pipe break and the loss of nor'mal station
auxiliary AC power.” ' ‘ t

This statement is béing revised to clarify that its original intent, which was to summarize the high energy
line break analysis that was submitted to the NRC in 1973. In this analysis, feeding from another unit was
credited. This statement will be changed to reflect this.

The second statement is:

"In-the event of a postulated break in the Main Steam or Main Feedwater system inside or outside
containment coupled with a single active failure, the EFW system provides sufficient flow to
ensure adequate core cooling.”

This statement is also being revised 10 cianfy that its’ original intent. This was to summarize the design
basis of the EFW system in the event of a pipe break that depressurizes a steam generator coupled with 2
single active failure of an EFW pump or control valve. This statement will be changed to reflect this.

Section 10.4.7.2 currently states that “Once automatically started, the EFW pumps will continue to operate
until manually secured by the operator™. This sentence is being revised to add “motor driven” to clarify
that only the MDEFW pumps will always.continue to run when automatically started until secured by the
operator. The TDEFW pimp is automatically secured by the Main Steam Line Break MSLB circuitry in
the event of a MSLB. This needed UTSAR change was not made as a pant of NSMs-x2873, which
installed the MSLB circuitry. The modification installed circuitry that secured the TDEFW pump in the
event of a MSLB. Therefore, after this modification, the TDEFW pump does not continue to'run until
manualiy secured by the operator in the event of a MSLB. This change was evaluated as a result of the
modification NSM-x2873, therefore the evaluation below will focus on the changes related 10 single
failure. (Ref. 34)

Section 10.4.7.3 is bemo revised to add clarification of the singie failure design of the EFW system. A
discussion of the High Encroy Line Break (HELB) impact on the EFW system was included to document
the Oconee reliance on the diverse sources of feedwater. Additionally, a clarification of the single failure
analysis was provided. This docketed NRC/Duke correspondence reflected a review of the EFW pumps
and EFW flow control vaives for failures and the resultant impact on the EFW system.

Section 10.4.8 is being revised to add reference to Postulated Pipe Break Analysis, Duke letter about EFW
conceptual design, and delete specific page reference to the April 3, 1981 lener.

Page 1 of 24
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50.59 USQ Evaluation
UFSAR 10.4.7 change
Attachment |
: 11/18/98
O SAFETY REVIEW

INTRODUCTION

The original Oconee feedwater system was designed with diversity so that in the event of 2 single failure,
feedwater could be delivered to the steam generators. The diversity included the main feedwater system
and EFW system for the affected unit, the EFW system from the other units, and the station ASW system.
After the TMI accident, several enhancements were made to the emergency feedwater sysiem o assure
higher reliability. The major physical enhancement was the addition of the motor driven emergency
feedwater pumps. As the resuit of the TM| accident, a reliability study was performed and a review of the
EFW system to the standard review plan (SRP) was performed. These reviews and enhancements required
major changes to the FSAR. Of these changes, two statements in panticular were added that have created
some confusion as 10 the true design basis requirements for the EFW system. The two specific UFSAR
Chapter 10.4.7, "Emergency Feedwater System,” statements which are in question are below.

“Sufficient redundancy and valving are provided in the design of EFW piping systern with
isolation and cross-connections allowing the system to perform its safety-related function in the
event of a single failure coincident with a secondary pipe break and the loss of normal station
auxiliary AC power.”

“In the event of a postulated break in the Main Steam or Main Feedwater system inside or outside
containment coupled with 2 single active failure, the EFW system provides sufficient flow to
ensure adequate core cooling.” '

The following discussion reviews the development of the FSAR 10.4.7 for the EFW system and the
licensing correspondence that supported the different changes. ,

EARLY OCONEE LICENSE BASIS INFORMATION

The early versions of the Final Safety Analysis Report (FSAR) Chapter 10, “Steam and Power Conversion
System,"” stated that the feedwater supply 10 the steam generators following a reactor shutdown is assured

by one of the following methods:

(a) either of the two feedwater pumps,

(b) the hotwell and condensate booster pump combination,

(c) the turbine driven emergency feedwater pump,.or

(d) -the turbine driven emergency feedwater pump from each of the other units.

The sources of feedwater were described as from the upper surge tank and hotwell. The original EFW
system design consisted of a single turbine driven EFW pump for each unit and was not required to _
withstand a single failure. However, sufficient redundancy and diversity was designed into the feedwater
system to ensure that the feedwater supply 1o the steam generators was maintained following a reactor

shutdown (Ref. 1).-

The early versions of the Oconee Technical Specifications for the Steam and Power Conversion system
applied 10 the turbine cycle components for removal of reactor decay heat. In the Steam and Power
Conversion section, the following operability requirements were included:

"The reactor shall not be heated above 250°F unless the foliowing conditions are met: _

3.4.1 Capebility to remove a decay heat load of 5 percent full reactor power from at least one of the

following means:
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- a. A hotwell pump, condensate booster pump, and a main feedwater pump.
. b. The emergency feedwater pump.
. A hoiweli pump and condensate booster pump.

3.4.3 A minimum of 72,000 gallons of water per operating unit shall be available in the upper surge tank,
condensate storage tank, and hotwell." :

(Ref. 2)
Since only one of the decay heat removal methods in the early versions of the Oconee Technical
Specifications was required, the early Oconee Technical Specifications allowed for reactor operation above
250°F without the turbine driven emergency feedwater pump being operable. The Technical Specifications
.outlined the requirements for the source of feedwater which consisted of the upper surge tank, condensate
- - storage tank, and hotwell. The various methods of supplying feedwater could all provide water from the
upper surge tank, condensate storage tank, and hotwell, as necessary. S
. . . r N
Original Safetv Evaluation Repont

‘The original Unit | Safety Evaluation Report (SER), which is dated December 29, 1970, from the Atomic
Energy Commission (AEC) reviewed Oconee’s steam and power conversion system. In the SER, the AEC
stated the following: '
“There are two principa! intermediate heat removal routes: {1} by way of the steam and power
conversion systern (steam generaiors 2nd main condensers), 2nd (2) by way of the low pressure
injection and low pressure service water systems. The heat removal capacity of the steam and
- power conversion system route is adequate 1o permit the loss of the low pressure injection route.
Redundancy within the stezam conversion system is such that the heat removal adequacy of this
system is not impaired by single failures of components, equipment, or piping.” (Ref. 3, Section
10.4)

The Oconee steam and power conversion system could adequately remove the decay heat without-any
reliance on the low pressure injection system. In addition, the redundancy of the steam and power
conversion system (main feedwater pumps, hotwell pumps, condensziz booster pumps, and turbine driven
emergency feedwater pumps) ensured adequate decay heat removal czpability following a single failure.
Thus, the steam and power conversion system was designed with redundancy, however, each individual
part of the steam and power conversion system (i.e., turbine driven eracrgency feedwater system) was not
designed to single failure criteria. ’

HELB ANALYSIS

in a letter dated December 15, 1972, the AEC requested information on the effects of 2 piping system
_ break outside of containment. As pan of this request there was discussion about a requirement {o assume a
single active failure of a component needed to function to mitigate the event. (Ref. 5)

In a repont dated April 25, 1973, supplemented on June 22, 1973, Duke submitted the znalysis of effects
resulting from postulated piping breaks outside containment for Oconee. The report identified that the
main feedwater system and emergency feedwater system could be lost as the result of a feedwater line
break, auxiliary steam line break, or condensate line break. in addition, the feedwater line break or
auxiliary steam line break could result in the loss of the 4160 volt engineered safeguards switchgear (1TC,
ITD; and I1TE). Duke stated that the plznt could mitigate the loss of the 4160 volt engineered safeguards
switchgear following a postulated feedwater line break in the turbine building since it would resultin a
condition that was similar to the accident analysis in FSAR Chapter 14.1.2.8.3, "Results of 2 Complete
Loss of All Station Power Analysis.” The FSAR analysis stated that the loss of all station power did not
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require immediate operation of the emergency feedwater system. In addition, a method of decay heat
remoyal was available from the Auxiliary Service Water system through manual operator action. Duke
aiso stated that “Since the failure of the ASW system pump could leave the plant without adequate long-
term cooling. design changes for a redundant Emergency Feedwater system [were planned].” After the
planned modifications were completed, emergency feedwater would be available within 15 minutes by
manual operation. These design changes included installation of an emergency feedwater bypass line and
unit cross-connects which provided a means to deliver EFW 1o the affected unit from another unit’'s EFW
system. (Refs. 1,6,7)

In the AEC’s SER for Oconee Units 2 and 3 which was dated July 6, 1973, the AEC evaluated the high
energy line rupture in piping systems external to the reactor building in Section 7.1.11. The AEC stated
that "the staff has evaluated the analytical methods and assumptions used in the applicant’s analyses and
find them acceptable and concurs with the ;Sroposcd plant modifications and the criteria 1o be used in their
designs.” (Ref. 4, Section 7.1.11 and Appendix E). '

1t should be noted that the basis for the AEC’s acceptance of the Oconee design to mitigaterthe HELB,
relied on the diversity of the EFW sources available at Oconee to deal with single failure criteria. This was
consistent with the early licensing basis of Oconee Nuclear Station in that the acceprability of the EFW
systermn was based on the diversity of fcedwater sources across the site.

POST-TMI COMMITMENTS SPECIFIC TO SINGLE FAILURE

Shortly after the TM! event, 1F bulletin 79-05A was issued specifying short term actions to enhance the

reliability of the EF W system. The actions relevant 1o this discussion are:

I. Verify valves in the EFW flow path are in the open position

2. For manually operated valves which could defeat or compromise the flow of EFW to the
steam generators, prepare and implement procedures that require valves to be locked open
and maintain positive position controls. .
Prepare procedures which assure that two independent steam generator EFW paths, each with

. 100% flow capacity, are operable.

(V]

. (Ref. 8)

As a result of the TM1 accident and IE bulletin, Duke took severa!l actions to meet the short term actions
specified in the 1E Bulletin. Those include: '

- = Alimanual valves which could defeat or compromise EFW flow were locked open and controls of

manually operated MOV’s were tagged to denote the required position.

. e Start TDEFW pumps on all three units on a demand from any unit and cross-connect the discharge
piping between all three units. -

* . Make the TDEFW pump independent of ICS.

e Pursue the installation of MDEFW pumps.

(Ref. 9,27, 28)

Cr May 7, 1979, the NRC issued an Order to Duke Power specifving the implementation of actions -
associated with EFW. The actions were relating to the assurance that flow paths were not blocked by
closed valves and pumps were available. There were no specific requirements 1o review the impact of
failures on sysiems. The design criteria listed for the MDEFW pumps were: '

I. Two electrically operated pumps will provide a minimum of 100% design capacity for each unit.

2. The design of the pumps and the associated equipment will be seismic.
3. The controls for the electric pumps will be independent of the ICS.
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4. The power supply for the pumps and controls will be from the 4160 volt safety related busses.
5. PRiping and valves added will be Duke Class F (B31.1-SSE seismic design) which is like quality fo the
‘existing TDEFW feedwater pump system. _
6. The existing feedwater control valves will be utilized thereby providing four functional flow paths to
the steam generators on each unit.

(Ref. 9)

Installation of the MDEFW pumps

.

Following the issuance of the NRC Order, Duke submined 2 system concept to the NRC which described
the “new™ EFW system with the MDEFW pumps installed. The following summary of the submittal is
provided: ' ‘

.
"The Emergency Feedwater (EFW) System assures sufficient feedwater supply to the steam
generators of each unit, in the event of loss of the Condensate/Feedwater System, -to remove
energy stored in the core and primary coolant. The EFW System is designed to provide sufficient
secondary side steam generator heat sink to enable cooldown from reactor trip at power operation

down to cold shutdown conditions. The EFW System may also be required in some other
circumstances such as cooldown following a loss-of-coolant accident for 2 small break.

The EFW System is designed to stant automatically in the event of loss of both main feedwater
pumps or low feedwater header pressure. The EFW System will supply sufficient feedwater for
approximately five hour cooldown at a flowrate of at least 720 GPM 1o enzble the Reactor
Coolant System to reach conditions at which the Decay Heat Removal System may be operated.

Three EFW pumps are provided, powered from diverse power sources. Two 65% éapaciry motor
driven pumps are powered by the Emergency AC Power System, each supplying feedwater 10 one
steam generator. One 150% capacity turbine driven pump, supplying feedwater to both steam
generators, is driven from steam contained in either steam generator. Although the to1al rated
capacity of all three EFW pumps is 2080 GPM, only 720 GPM is required as 2 minimum to
enzble safe and orderly cooldown of the Reactor Coolant System. Sufficient redundancy and
valving are provided in the design of the EFW piping system with isolation and cross-
connections allowing the system to perform its safety-related function in the event of-a single
failure coincident with 2 secondary pipe break ard the loss of normal station auxiliary AC

. power. All automatic initiation logic and control functions are independent from the Integrated
Contro! System (ICS)."

(Ref. 10)

Svstem Description (from this subminal)

the control valves are designed to fail open on loss of air or AC power which would eliminate the
possibility of valve {ailure from isolating the-necessary feedwater. ' : - ‘

¢ the EFW system control valves receive a control air signal for valve modulation in response to steam
generator level which is independent of the ICS.

+ themotor driven EFW pumps 2re powered from the emergency AC power system during the {oss of
-offsite power, : o

= the turbine driven emergency feedwater pumps can be supplied by steam from either steam generator
with either sieam supply capable of being isolated if necessary.
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the feedwater sources which consist of the upper surge tanks, hotwell, condensate sxoraoe 1anks, and
makeup demineralizers are normally aligned to the EFW pump suctions.

(Ref. 10)

Svstem Function (from this submirtal)

each EFW pump is supplied with its own independent starting circuit which is powered from the 125
VDC station baneries
the operator can manually start each EFW pump and sufficient indication is provided ih the control
room to allow the operator to monitor the plant parameters during a cooldown
- the control of the EFW control valves is by the steam generator level control signal and the level
control setpoint is automatically raised following a loss of offsite power to promote natural circulation
in the reactor coolant system
the EFW system is provided with sufficient valving to allow isolation and cross connection as required
10 select and isolate water sources and assure system function in the event of various falures.
During a shutdown following a blackout or loss of feedwater, no valve realignments or isolation are
_mecessary since 2ll the necessary valves are maintained in normal standby alignment to assure an open
flow peth for each EFW pump, and to assure pxpmo separation and independence.

Safetv Evaluation (from this submizal)

“Feedwater inventory is maintained in the steam generators following reactor shutdown by one of
" the folowing methods listed:

a) Either of the two mzin feedwater pumps is capable of supplying both steam generators at full
secondary system pressure.

b) The two EFW motor driven pamps are capable of supplying both the steam generators 2t full
secondary pressure,

¢) The single EFW turbine driven pump is capable of supplying both steam generators at full
secondary pressure. '

d) Alternate EFW supplies may be avaifable from the EFW systemns of the other units. capable
of supplying both steam generators at full secondary system pressure.

¢) The hotwell and condensate booster pump combination has a discharge shutoff head of
approximately 700 psia. Threc pairs of pumps are provided. if required, the turbine bypass
system of the ADV’s can be used to reduce the secondary system pressure 10 the point where
one hotwell and condensate booster pump combination can supply feedwater to both steam
generators.

f) The Auxiliary Service Water system may be used to maintain steam generator water
inventory following steam generator depressurization to remove decay heat in the long term.

A sufficient depth of backup measures is provided 10 allow steam generator water inventory 1o be
maintained by any of the diverse methods listed above. Although redundancy and diversity is

provided in the listed measures, the EFW system has been designed with special consideraticns 16-++ =+ -

enzble it to function when conventional means of feedwater may be unavaiiable,

Redundancy is provided with szparate, full capacity, motor and turbine driven pump subsystems.
Failure of either the motor driven pumps or the turbine driven pump will not reduce the EFW
$ysiem below the minimum required capacity. Pump controls, instrumentation, and motive power
are separate in design. Separate piping subsystems include redundant hotwel] and upper surge
tank condensate supply piping, aligned individually 10 the separete pump trains. Cross-connection
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> is provided, however, 16 allow a subsystem to supply all pumps in the event of single failure of a
suction piping subsystem. The same design philosophy is included in the discharge piping
subsystemns.”

(Ref. 10)

There are several key items that should be noted from this May 17, 1979 Duke lenier. The design basis for
the EFW system was stated as being required following a loss of main feedwater (with and without AC
power available) and 2 small break LOCA. This is a restatement of the requirements for EFW from the
early Oconee licensing basis, modified to include the SBLOCA. As was the case for the otiginal license,
there is no specific mention of a main steam line break as EFW has no immedizte role for some time after a
MSLB since the break resuits in an overcooling event. The design bases did state that “Sufficient
redundancy and valving are provided in the design of the EFW piping system with isolation and cross-
connections allowing the system to perform its safety-rejated function in the event of a single failure
coincident with a secondary pipe break and the loss of normal station auxiliary AC power™. :This is 2

‘summary of the position stated in the HELB submittal of 1973, in which the EFW functiorr was viewed as

that provided by all the available site sources. This is supported by the Safety Evaluation section of this
submiral which states that feedwater inventory is maintained in the steam generators by any of the six
listed methods. Therefore, the basis for the staternent relating to the secondary pipe break relies on the
diversity of feedwater across the Oconee site for EFW sysiem design acceprability.

Summary of EFW Related Post-TMI requirements

NUREG-0667, “Transient Response of B&W Designed Reactors™, included many recommendations that _
resulied from the staff review of the TMI event. One of which was related to the design of the EFW
system. The recommendation was paraphrased as follows:

The EFW system on operating B&W plants should be classified as an Enginesred Safety Feature
system, and as such be upgraded s necessary to meet safety-grade requirements. As an .
altemative, assuming comparable reliability, consideration would be given to the addition of 2
dedicated EFW system (i.e., a separate train). '

(Ref. 13)

Duke responded 10 this recommendation stating that “The Oconee emergency fesdwater system coupled
with the dedicated Slandby'shutdown Facility, currently under construction, meet this recommendation and
no additional modifications to the system are necessary.” This position again expresses Duke's intent to
credit the site diversity for the acceptability of the EFW system design (Ref. 13).

NUREG-0737 provided a summary of the post-TMI action items 2nd current status for each plant.
Included in those items were three that are relevant to EFW design requirements. The action items are:

I. Perform a simplified EFW system reliability analysis that uses event-tree and fault-tree logic
techniques 10 determine the potential for EFW system failure under various loss of main feedwater

transients

~ - Perform a deterministic review of the EFW system using the accepiance criteria of Standard Revicw -
Plan (SRP) 10.4.9 and Branch Technical Position (BTP) ASB 10-1 as principal guidance, and
3. Re-evaluate the EFW flowrate design bases and criteria.
(Ref. 41)

An NRC lenier addressing TMI action items noted that Oconee had already performed the reliability
evaluation and it was under staff review. The NRC said that when they finished their review of the
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evaluation, they would issue a lenter including requests for information regarding items 2 and 3 and short
and long term EFW upgrade requirements based on item 1. The reliability study included 2n assessment
of the EFW system for three events; loss of main feedwater with a reactor trip, loss of main feedwater with
loss of offsite power, and loss of main feedwater with loss of all AC power. The events analyzed in tha
reliability study were consistent with the events the EFW system was originally licensed to mitigate. There
were no pipe breaks assumed during this evaluation. (Ref. 12,30, 31,41)

Since item 2 (above) required a review of the EFW system against the SRP and BTP criteria, an
examination of those criteria provide an insight to the standards that the NRC was applying during their
review of the ONS EFW system. ‘ 5

Standard Review Plan 10.4.9 (Ref. 31)

The requirements in the SRP 10.4.9 are based on the assymption that the EFW system is the only means to
provide feedwater to the steam generators following a loss of main feedwater. This is evident in the
Branch Technical Position ASB 10-1, which is included in the SRP 10.4.9, which states: ¢ -

“The auxiliary feedwater system functions as an engineering safety system because it is the only
source of makeup water to the steam generators for decay heat removal when the main feedwater
system becomes inoperable. {t must, therefore, be designed to operate when needed, using -
principles of redundancy and diversity in order 10 2ssure that it can function under postulated

accident conditions.”

This statement does not apply 1o each unit’s EFW system at Oconee, since there are many other sources of
fesdwater avzilabie in the event that main feedwater is lost. The NRC's recommendation was to classify
the EFW sysiem as ESF or add 2 dedicated EFW system such as a separate train. Duke in their lenter
implied that the EFW system would not be upgraded 10 me=t ESF requirements because the SSF (along
with the other feedwater sources available) would provide the diversity required. (Ref. 13)

Althdugh not generally a2pplicable to Oconee, the NRC staff appeared 1o review the EFW system to those
requirements. This is evident from the questions that were asked in the NRC lenter dated, November 14,
1980 (Ref. 14). That lenter is discussed later. The specific requirements in the SRP relevant to this issue

are:
I. The system satisfies the recommendations of the BTP ASB 3-1 with respect to the effects of
pipe whip and jet impingement that may result from high or moderate energy pipe breaks or
cracks.
.2. The system is capable of withstanding a single active fzilure.
3. The system design possesses the capacity to automatically terminate auxiliary feedwater flow
10 2 depressurized steam generator, and 10 automatically provide flow to the intact steam
generator.
(Ref. 31)

The SRP requirement | 2bove, which references BTP ASB 3-1 (Ref. 33), is directly related to the HELB
- analysis perormed for Oconsein 1973, infaci, the DTP ASB 3-1 swztes thaty -+ - - - Ce

“Designs of plants for which operzating licenses are issued before July 1, 1975 are considered
accepiable with regard to effects of piping failures outside containment on the basis of the
analyses made and measures taken by applicants and licensees in response 1o the December 1972
lener from A. Giambusso, and the staff review and accepiance of these znzlyses and measures.”
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The December 1972 letter referenced is the letter that requested the HELB study be performed for Oconee
(referenced earlier). This shows that the issue relating to item | above was not relevant 1o the pbst-TMl
EFW upgrades or reviews. Any Duke statements made, relating to secondary pipe breaks outside
containment, were based on the information and analysis from the HELB study. The only issue relating to
piping failures in the post-TMI time frame were those, discussed in item 3 above, where the piping failures
resulted in a depressurized steam generztor (i.e. 2 break inside containment).

NRC request for Information related to NUREG-0660 (Ref. 14)

In a ienter to Duke; dated November 14, 1980, the NRC requested additional information tdncerning the
reliability of the emergency feedwater system at Oconee. Additionally, questions relating to the NRC’s
review of the SRP requirements and EFW flow rate design bases were included. The following
information, pertinent to this discussion was requested:

Item 2 - “Emergency Procedures For Initiating éack-Up Water Supplies. Emergency procedures
: - for trans?erring 10 altenate sources of AFW supply should be available to the plant operators.
- These procedures should include criteria to inform the operators when, and in what order, the
transfer to alternate water sources should take place. The following cases should be covered by

the procedures:

(1) The case in which the primary water supply is not initially available. The procedures for this
-case should include any operator actions required to protect the AFW pumps against self-
damage before water flow is initiated.”

ltem 14 - "In the event of a postulated break in the main steam or main feed system inside or
outside containment coupled with a single active faiiure, discuss how the Oconee EFW design
limits or terminates EFW system flow to the depressurzied steam generator and directs the
minimum flow to the intact steam generator. If manual action is relied upon, verify that sufficient
flow 10 the intact steam generator will occur in sufficient time (o provide adequate core cooling.”

Enclosure 3 - EFW flow design basis information as applicable to various design basis transients
and accident conditions. Question 3 of Enclosure 3 requires Duke 10 verify that the EFW pumps
will supply the necessary flow to the steam generators during the various design basis transients
and accident conditions considering a single failure. A listing of transients was included. As pan
of Question 3, the NRC requested the margin in sizing the pump flow to allow for pump
recirculation flow, seal leakage and pump wear.

Duke responded to the NRC’s request for additional information in a letier dated April 3, 1981 (Ref. 16), as
follows: ' : .

ltem 2-“The primary sburce of water (the upper surge tanks) are normally available and assured
by the locking open of all manual valves in the pump suction paths and by double verification of
valve alignment which is performed foliowing the monithly testing. Pump startup is automatic

upon demand signal™.

liem 14 (postulaicd - main steam and main feedwater linc Sicaks) --In order to provide sufficient~ -~ -

EFW flow to the intact steam generator to ensure adequate core cooling, and under a main steam
or main feedwater break in OTSG A with a single active failure of motor driven.emergency
feedwater pump B train, the operator must manuzlly close the EMO isolation vaive or the ficw
control valve FDW-315 on OTSG A. He is 2ble 10 do this from the Control Room. The same is
true for OTSG B and motor driven emergency feedwater pump A. The operator has sufficient
Control Room indication of steam generator ievel and pressure and would immediately be aware -

of such a sitwation.
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Concurrently, the operator would monitor the intact steam generator to assure adequale inventory
and secondary heat removal via either main feedwater or emergency feedwater systems.

In the cvent of a postulated break in the main steam or main feed system, coupled with a
single active failure of either one of the three emergency feedwsater pumps, sufficient flow
will occur to provide adequate core cooling.

With 2 postulated break associatéd with the ‘A’ OTSG and a failure of the ‘B’ motor driven
emergency feedwater pump, the turbine driven emergency feedwater pump is avallable as is the
normal feedwater system. ’

Similarly, if the active failure occurs with the fiow control valve (FDW-316), emergency
feedwater flow can be aligned through the main feedwater startup control valves 1o either the main
or auxiliary nozzles. Additionally, in the unlikely event that FDW-3 15, 316 failed 16 open
automatically, an operator could manually open either one of the valves as they are located in the
Penetration Rooms which are adjacent to the Control Room."

From the above response to ltem 14, it can be seen that the single active failure review only involved the
impact on the EFW pumps and flow control valves. The focus of this NRC request and Duke review was
on the ability to establish a path in the event of a failure in the discharge flow path. An integrated system
review of the entire plant secondary side response was not performed. Additionally, Duke noted that
manual operation would be required and that action outside of the contro] room may be necessary to re-
establish flow. This being 2n overcooling event, adequate time exists for actions outside of the control
room to be taken to direci feedwater to the intact steam generator.

In response to the information requested by the NRC in Enclosure 3 of their letter dated November 14,
1980, Duke provided an analysis of the different transients as Item 17 in Duke's April 53, 1981 lenter (Ref.
16). The following resporise was provided by Duke: ‘ .
“The Emergency Feedwater System (EFW) serves as a backup to the Feedwater/Condensate
System for supplying feedwater to the steam generators when normal feedwater delivery is
interrupted or unavailable, thereby maintaining the heat sink capabilities of the steam generators.
The EFW system, as designed, is capabie of delivering sufficient feedwater 10 remove decay heat
and reactor coolant pump heat including the assumption of the worst single failure in the system.

The EFW system consists of one turbine driven pump capable of delivering to both steam
generators (1080 gpm at 1065 psia total flow while feeding both SG's or 880 gpm at 1065 psia

"~ while feeding only one SG) and two motor driven pumps (450 gpm cach at 1065 psia) each
aligned 10 one steam generator. The EFW pumps will automatically start, following either a loss
of both main feedwater pumps or a low feedwater header pressure signal, in addition, to manual
acwation. Following pump start, the control valves will modulate to control steam generator level
at the two foot minimum level, except in the event that all four reactor coolant pumps have
tripped, in which case the level setpoint increased 10 50% on the operating range to provide for
natural circulation.
The EFW system is provided with sufficient feedwater sources to enable cooldown of the Reactor
Coolant System to temperatures where a switch over to the Decay Heat Removal System (DHR)
for long term decay heatremoval is accomplished. :

The plant transient which requires the highest Emergency Feedwater System flow, and as such

constitutes the design basis transient, is the loss of main feedwater transient. This transient
combines the highest heat load, decay heat plus reactor coolant pump heat, with the minimum heat
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- sink due 10 the instantaneous loss of both main feedwater pumps. A discussion of the demand on
the EFW system for each transient follows. ' '

h Loss of Main Feedwater - Those transients which result in losing feedwater delivery from
the Feedwater/Condensate System are classified as a loss of main feedwater. This initiating event
causes a turbine and reactor trip and automatically starts'the EFW pumps. Since the reactor
coolant pumps remain on, the control valves modulate to control steam generator level at two feet.
The transient requires feedwater to be delivered at a rate sufficient to remove decay heat and
reactor coolant pump heat. One motor driven emergency feedwater pump delivering 450 gpm at a
steam generator pressure of 1065 psia will provide adequate heat removal capacity.

2) LMFW w/Loss of Offsite AC Power - This transient is the result of a station blackout
condition. The loss of offsite AC power causes the reactor to trip, the turbine to trip, and the
condensate booster pumps and hotwell pumps to trip and cause a loss of main feedwater. The
emergency feedwater pumps are actuated on the main feedwater pump trip. Since the reactor
coolant pumps have tripped, steam generator level control increases the level setpdint to 50% on
the operating range to promote the natural circulation mode of heat removal. The emergency
feedwater control valves open to allow full system flow until the controlling level is attained.
Feedwater requirements are determined by core decay heat removal demand. One MDEFWP can
deliver sufficient feedwater to meet the demand. ..

3) LMFW w/Loss of Onsite and Offsite AC Power - This transient is similar to Case 2 with
the 2dditionzl assumptinr that the ansite emergensy AC power sources have been lost. This
results in the loss of the motor driven emergency feedwater pumps. The transient requires the
turbine driven emergency fesdwater pump to deliver sufficient feedwater 1o move core decay
heat. The TDEFWP has sufficient capacity to meet the heat removal demand.

4) Plant Cooldown - in addition to providing sufficient heat removal capacity immediately
following a transient, the requirements for plant cooldown from full power operation to- RCS
temperatures where switchover to the Decay Heat Removal System can be accomplished has been
determined. All heat sources have been inciuded. The average hourly EFW flowrate 1o meet
cooldown rates of 100°F/hr 2nd 50°F/hr down to the switchover temperature of 250°F are given

below.

Cooldown Rate

Time 100°F/hr. SC°F/hr.
O-1hr 547 gpm 480 gpm
1-2 hr ' 464 390
2-33 hr 430 -

2-3 hr - 354

34 hr - 344

4-5 hr - . 331

5-6 hr - 325

6-6.6 hr - 320

Cooldown of the RCS is 2 manual function controlied by the operator such that the EFW flow is
throttled to obtain the cooldown rate desired 2nd within Technical Specification and

administrative limits,

5) Turbine Trip - A turbine trip transient causes a reactor trip. The reactor trip initiates the
ICS to control steam generator level at the minimum level so that the main feedwater pumps are
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* runback. With the main feedwater pumps in an untripped condition, there is no requirement for
the EFW system 1o function. ' '

6) Main Steam Isolation Valve Closure - This transient, similar 1o the turbine trip, does not
trip the main feedwater pumps so that the EFW system is not required.

7 Main Feedwater Line Brezk - For a main feedwater line break upstream of the isolation
check valve, the transient would have the same response as a loss of main feedwater.” A break
downstream of the check valve will cause the steam generator to blow down, but will be less-
severe than a steam line break transient due to less feedwater being delivered to the steam
generators. The demand on the EFW system would be for decay heat and reactor coolant pump
heat removal via the unaffected steam generator. One MDEFWP has sufficient capacity to

perform this function. '

8) Steam Line Break - A steam line break transient is primarily an overcooling transient.
Only after the overcooling has been turned around and after isolation of the affected SG, the need
for heat removal by the intact SG arises. Since the EFW system is capable of delivering to either
steam generator, the heat removal demand on the EFW system can be met by one MDEFWP or
the TDEFWP in the event the MFW system is unavailable. '

9) Small Break LOCA - For small break Ioss of coolant accidents, feedwater is required to
remove the decay heat and reactor coolant pump heat which is not relieved through the break.
The analyses submitted in “Evaluation of Transien: Behavior and Small Rezctor Coolant System
breaks in the 177-FA Plani”, May 7, 1979, required 2 minimum flow rate of 300 gpm. One
MDEFW?P has the necessary capacity.

10) The above transients bound the EFW system performance requirements for all
transients.”

The focus of the NRC question, as was the focus of the Duke review, was associated with pumping
capacity available during these events. As stated in the paragraph that preceded the discussion of each
event, the demand on the EFW system for each transient was the focus. Additionally, the bottom line
conclusion of each event discussion was that there was adequate pumping capacity. in addition, Duke’s
response 1o the postuiation of a single failure coincident with the above transients to determine that the
EFW pumps will supply the necessary flow to the steam generators is provided below.

“The spectrum of transients which require EFW system performance for post trip heat removal
have been evaluated assuming only one motor driven emergency feedwater pump is availabie to

" deliver the necessary feedwater. Any single failure in the three pump-two flowpath, EFW system
design will not result in only one MDEFWP available, so that this assumption is overly
conservative. A large margin of 10% reduction in pump flow was also included. These analyses
verify the acceptability of the Oconee Emergency Feedwater System design.”

Duke's response to the request to analyze the different transients above with the consideration of a Singl:
failure during the transients focused on the adequacy of the EFW system flow capacity 10 the steam
gencraiors following the transient.- A review of the section which specifically addresses the single-failure - - - -
impact, shows again, that the single failures were limited to the EFW pumps and associated flow paths to
the steam generators. There was no review of the piant response due 10 each of the events listed and the
effect of failures resuiting from plant interactions. They were simply requirements for sizing of EFW
pumping capacity. Itshould also be noted that the questions relating to feedwater line break upstream of
the isolation check valve were answered simply in terms of pumping capacity, because the requirements to
perform 2n analysis of the HELB impact on overall plant equipment was previously addressed for Oconee

as stated in the BTP ASB 3-1.
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in 2n SER dated August 25, 1981 (Ref. 17). the NRC found the Oconee response to the various questions
relaling to the AFW reliability study and SRP requirements as follows:

ltem 2 - *__in the Oconee design there are parallel suction paths from the primary water source
tanks to the motor driven and to the turbine driven emergency feedwater pumps.

If 2 suction valve in one of these paraliel paths were to block suction flow due to 2 mechanical
failure, it is possible that either the motor driven or the turbine driven EFW pumps would be
destroyed. However, this is a low probability occurrence. Additionally, one trairf of EFW.cross-
connects from the other units on the discharge side of the pumps, and by the Standby Shutdown
Facility {are available). Therefore, separate procedures for case | are not considered necessary,
We find the Oconee design acceptable with respect with case | of this recommendation.” [Case 1
was the case in which the primary water supply was not initially available].
Based on the NRC evaluation of 2 loss of primary water source tank, Oconee’s design is found acceptable,
in part because of the diversity of sources available 1o feed the steam generators. The NRC specifically
credited the unit cross-connects and the SSF availability in the event of a loss of primary water source,
This is evidence of the NRC''s acceptance of the Duke position relative to Oconee’s reliance on the
diversity of systems capable of providing feedwater to the steam generators following a loss of main .
feedwater, ' : : '

ltem 14 (postulated main steam or main feedwater line break) - the NRC made the followine statements:
P g

"By letter dated April 3, 1981, the licensee responded that in order 10 provide emergency
feedwater flow 10 the intact steam generator and isolate the ruptured steam generator the operator
must take manual action. The system is designed so that a single active failure of any of the
emergency feedwater pumps or valves will not prevent the operator from directing sufficient flow
to the intact steam generator. The operator has sufficient control room indication of steam
generator level and pressure 1o take the actions necessary 1o provide sufficient flow to the intact
steam generator in lime 1o maintain adequate core cooling. We find the response 10 this request

acceptable.”

As can be inferred in the NRC's SER, the single failure, which was considered, consisted of a single active
failure of any emergency feedwater pump or any valve in the EFW flow path to the steam generator. In
addition, the NRC’s SER states that the single active failure will not prevent the operator from directing
sufficient flow to the intact steam generator which indicates credit for operator-action to mitigate a main
steam or main feedwater line break. Again, this review was only associated with the HELB that
dcprcssixrizcd a steam generator, and therefore resulted in an overcooling event.

_ The completion of the NRC review of the EFW system flow requirements was documented in the SER that
was dated April 8, 1982 (Ref. 19). The SER contains the following statement concemning the review of the

EFW system flow requirements:

"Duke’s response evaluated various transient and a2ccident conditions involving the use of the
EFWS. The resuits of these svaluations showed thai any one EFW pump {two clectric motor -
driven and one steam turbine driven pumps are provided in each, unit) could provide sufficient
EFW flow 10 remove decay heat from the Reactor Coolant System. We have reviewed this
information and have concluded that the flowrate design bases are accepiabie at the ONS."

The NRC review of Duke’s analysis of the various transients and accident conditions focused on the ability
of the EFW system to adequately supply feedwater 1o the steam generators from any one EFW pump.
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Thus, the focus of the NRC review relative 10 system flow requirements was on pumping capacity and the
resuliant capacity following the loss of one of the pumps. ’

FSAR Update as Required bv 10CFR 50.71e

On July 19, 1982, the original FSAR was updated in accordance with the recently issued rule, 10 CFR
50.71e. in the updated FSAR (UFSAR), Duke added the EFW system discussion to incorporate the EFW
modifications which included the installation of the motor driven EFW pumps (Ref. |, 32, 42): The
UFSAR was brought up to date as of December 3 1, 1981 by way of an FSAR update sent by letter dated
July 19, 1982 (Ref. 32). The updated FSAR was stated to include the effects of: all change's made to
Oconee or procedures as described in the original FSAR; all safety evaluations performed by Duke, either
in support of requested license amendments or in support of conclusions that changes did not involve an
unreviewed safety question; and all analyses of new safety issues performed by or in behalf of Duke at
Commission request. Duke did not intend for the FSAR updates to reflect any changes to the design basis
of the plant, but 10 merely reflect the design basis at that time. It now appears that some of the statements
were taken out of context and had the effect of making the design basis unclear on certain goints.

A review of the EFW section in the UFSAR indicates that most of the information was obtained from the
following three distinct sources:

1) EFW conceptual system information in Duke lenter dated May 17, 1979. (Ref. 10)

2) Duke’s Item 14 response in a lenter dated April 3, 1981. (Ref. 16)
3) Duke’s ltem 17 response in a laster dated April 3, 1981, (Ref. 16)

As a resuli of the combination of the information from the above three sources, the UFSAR information
was arranged in a2 manner which changed the intent and interpretation of the EFW system information.
The first three paragraphs of Section 10.4.7.1 contain design bases information for the EFW system which
was taken from the Duke's submittal that was dated May 17, 1979. One of the statements which is in
question is contained in this part of the UFSAR and is as follows: .
“Sufficient redundancy and valving are provided in the design of EFW piping system with
isolation and cross-connections aliowing the system 1o perform its safety-related function in the
event of a single failure coincident with a secondary pipe break and the loss of normal station
auxiliary AC power." :

As was indicated ezrlier, the above information was a summary of the HELB study results. The HELB
analysis considered the EFW function to include multiple feedwater sources available 1o the site. In this
study, Duke noted that a HELB of the main feedwater or auxiliary line could not only render EFW and
feedwater inoperable, but aiso damage the 4160 V switchgear. The use of alternate units’ EFW or the
station ASW system was required to mitigate this event. So, when the statement is made that the EFW
piping system can perform its safety related function in the event of a single failure coincident with 2
secondary pipe break, feedwater sources outside of the EFW system associated with the affected unit are
credited. This was reviewed and accepted by the NRC in the 1973 Unit 2 & 3 SER (Ref. 4).

Thie other statement in question is contained in the next to last paregraph in Section 10.4.7.1. This

“In.the event of 2 postuiated break in the Main Steam or Main Fesdwater system inside or outside
contzinment coupled with a single active failure, the EFW system provides sufficient flow to

ensure adequate core cooling.”

This panticular statement originated in the {tem 14 respoase in Duke’s lenter dated April 3, 1981 and the
NRC’s SER dated August 25, 1981. Duke was responding 1o an NRC question regarding a line break that
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resulted in a depressurized steam generator. The followmo two quotes show the information that was
' contamed in Duke’s submittal and the NRC's associated SER:

Duke’s April 3. 1981 statement

“In the event of a postulated break in the main steam or main feed system, coupled with a single
active failure of cither one of the three emergency feedwater pumps, sufficient flow will occur to
provide adeguate core cooling.”

NRC’s August 25, 1981 statement

"By letter dated April 3, 1981, the licensee responded that in order to provide emergency
feedwater flow to the intact steam generator and isolate the ruptured steam generator the operator
must take manual action. The system is designed so that a single active failure of any of the
emergency feedwater pumps or valves will not prevent the operator from directing gixfﬁcicnt flow
to the intact steam generator. The operator has sufficient control room indication bf steam
generator level and pressure to take the actions necessary to provide sufficient flow to the intact
steam generator in time 10 maintain adequate core cooling. We find the response to this request
acceptable.”

The information from both Duke and the NRC show that the break that'is being discussed is a line break
that results in a depressurized steam generator. The original intent of the single failure requirement with
the postulated main steam or main fesdwater line break was focused on the capability of the EFW pumps to
supply sufficient feedwater flow through the EFW flow paths to the steam generators. There was no ‘
integrated review of secondary system interaction. The FSAR has always included an analysis of the plant
response 10 a main steam line break accident. In that analysis, continued EFW to the faulted steam
generator is the only concern. The line break results in an overcooling of the plant, therefore there is no
immediate need to establish EFW to the intact steam generator.

Generic Lerter 81-14. ;'Scismic Qualification of Auxiliary Feedwater Systems”

As a result of the seismic design requirements of the SRP 10.4.9, the NRC issued Generic Letter 8 1-14,
"Seismic Qualification of Auxiliary Feedwater Systemns”, in a letter dated February 10, 1981 (Ref. 15, 3 1).
_ The generic lener requested licensees to define the extent to which the Auxiliary Feedwater systems are

seismically qualified.

In 2 letter dated January 28, 1982 (Ref. 18), Duke responded to Generic Lenter 81-14. The response
indicated that the majority of the EFW system and necessary support systems were seismically qualified.
In the response, Duke stated that the Oconee EFW system coupled with the dedicated SSF, currently under
construction, meet the scismic requirements and no additional modifications 1o the system are necessary.

By a letter dated January 14, 1987 (Ref. 25), the NRC issued a safety evaluation for the review of the
seismic qualification of the Oconee EFW system. In the safety evaluation, the NRC included the resolution
of the potential backfit conceming the EFW system availability following a safe shutdown earthquake and
concurrent single failure. Based on Duke’s lenters and the NRC’s backfit analysis, the NRC conciuded that
- the Oconee EFW system seismic qualification has becn adequately addrassed. S e e

The NRC indicated that the SSF auxilfary service water system and HPI feed and bleed capability are
imponant as alternate means of decay heat removal should the EFW system fzil following a maximum
hypothetical earthquake. The NRC stated that these additional means of decay heat removal are not only
significant in the interim while the _idcnziﬁcd EFW system seismic deficiencies are corrected, but also serve
as additional defense-in-depth protection against core melt in the long term given the seismiczlly-induced
flooding vulnerability of the EFW system. Based on the aliernate means of decay heat removal, the NRC
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Staff conciuded that adequate post-seismic event shutdown decay heat removal capability is provided for
assuring plant safety. ’

In the report section which discussed the EFW system and SSF single failure capability, the NRC outlined
resolution of their potential backfit concern. The NRC reviewed the alternate means of decay heat removal
and the modifications performed to address flooding in the turbine building. The NRC's review indicated
that adequate core melt protection was provided and no further plant improvements were warranted. The

- NRC's determination was based on the flooding protection provided for the HPI and LP! pumps for use in

the feed and bleed mode of operation zlong with the SSF auxiliary service pump. Both of the above
alternate means of decay heat removal provide suitable redundancy to the EFW system since the EFW
system itself is unprotected from flooding and, therefore, assumed unavailable following a maximum
hypothetical earthquake. Thus, the NRC Staff closed the concem about decay heat removal capability and
a concurrent single failure.

As can be seen in the review of the licensing basis of the EFW system relative to its seismic and single

‘failure design, the NRC stated that the EFW system may not be available following a maximum

hypothetical earthquake since the turbine building would be flooded and the EFW pumps would be
considered unavailable. The NRC, again, accepted the Oconee EFW design based on the diversity of
alternate means of decay heat removal. With the combination of HPI feed and bleed and the SSF auxiliary
service water system, the NRC closed the issue for the EFW system seismic qualification conceming the
concurrent single active failure, ’

" Licensing Basis Conclusion

The licensing basis for the Oconee EFW system has evolved over the years with the TM] accident resulting
in the greatest impact. The early versions of the FSAR were wrinten with very linle discussion on the EFW
system, in fact it was included s part of the feedwater system section. The originzal design of Oconee
consisted of a diverse and redundant steam and power conversion system for supplying feedwater 10 the
steam generators. Each unit's emergency fesdwater portion of the steam and power conversion system
consisted of a single turbine driven emergency feedwater pump and was not-designed to withstand a single

" failure.

The effects of a high energy line break on plant equipment and environment were considered during the
postulated piping breaks analysis in 1973. The high energy line break analysis found that in addition to the. .
main and emergency feedwater systems, the 4160 switchgear (TC, TD, and TE) could be lost following
cerzin steam line or feedwater line breaks. - Since the loss of the 4160 switchgear (TC, TD, and TE)
resulted in a loss of 2!l station power, similar to the FSAR Chapter 14 analysis, and the station had enough
diverse systems available to cope with the event, the Oconee design was determined to be acceptable. To
satisfy the single failure criteria, however, modifications were implemented (unit cross-connects and
feedwater bypass lines) 10 make the other units’ EFW systems available 10 the unit with the HELB.
Therefore, diversity of EFW sources was credited to mitigate the HELB with a concurrent single faiiure.

Shortiy after the TMI accident in 1979, but before the long term NRC plans for EFW upgrades were
formalized and published, Duke committed 10 install two motor driven pumps in each unit's EFW systemn
to enhance the system reliability. The initial concept for the enhanced system provided to the NRC, was a

ccilection of the requircments that-were applicable to the system at the timc: The acCidents tHal Were « « o v =

evaluated for EFW, at the time of the initial system concept, were loss of main feedwater and SBLOCA.
The system concept addressed 2 secondary line break, but based on the licensing history of the system, the
break discussed was the break analyzed in the HELB study performed in 1973. Mitigation of the event,
with a concurrent single failure, required the use of other units’ EFW system or the station ASW system,
Therefore, it is concluded that in making the statement “Sufficient redundancy and valving are provided in
the design of the EFW piping system with isolation and cross-connections allowing the system 1o perform
its safety-related function in the event of 2 single failure coincident with a secondary pipe break and the
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~ loss of normal station auxiliary AC power”, crediting other available sources of EFW at the site was
required. This conclusion is supported by the EFW system Safety Evaluation described in the UFSAR
which states that “A sufficient depth of backup measures is provided to allow steam generator water
inventory to be maintained by any of the diverse methods listed above™ These not only include, the
affected unit’s EFW system, but also the other units’ EFW systems, the SSF ASW system, and the station
ASW system. At the time of the origina! system concept, a line break that resulted in a depressurized
steam generator was not considered for the EFW system since it resulted in an overcooling event, and
therefore not a design basis event for EFw.
After the initial TMI-2 short term actions were complete, the NRC formalized their requiretnents in various
NUREGS. The NRC requirements can be summarized into three basic areas, 1)EFW system was reviewed
against requirements in the NRC's Standard Review Plan and associated Branch Technical Positions, 2) a
reliability study was performed to identify any single point vulnerabilities during loss of feedwater events,
and 3) EFW system flowrate design bases and criteria were re-cvaluated.

Before the detailed reviews started, the NRC recommended that licensees upgrade their EFW systems to
ESF grade or provide an alternate path of EFW. The Duke response, which was consistent with the
original license of Oconee, was that the EFW system would not be upgraded to be an ESF system, because
an alternate path was going 10 be available in the SSF. : .
As a result of the EFW system reviews, several key issues were discussed in correspondence berween Duke
and the NRC. Components associated with the feedwater water sources (hotwell, condensate storage tank,
and upper surge rank® were not specifica!ly ransidered as pat of the EFW system review, however, the
NRC did postulated the impact of the primary suction source not being immediately available and the
operztors 2bility 0 protect the EFW pumps during this event. The NRC credited the diversity of EFW
sources (the unit cross-connects and the SSF) for the accepiability of the Oconee EFW system design.
Additionally, the NRC aceepted the EFW system design to limit or terminate EFW flow to the
depressurized steam generators and direct the minimum flow to the intact steam generator in sufficient time
10 provide adzquate core cooling following 2 main steam and feedwater line break. That review was very
limited, in fact, the focus was on the EFW pumps and control valves, no review of system interaction was
performed. It stated that manual operator action was required and that sufficient control room indication
and time was available 1o direct sufficient flow to the steam generator. This conclusion does not negate the
ability to use any unit's EFW system in the event of a failure of the affected unit’s EFW system. Finally,
as part of the NRC'’s review of the EFW system to the SRP requirements, they issued GL 81-14 “Seismic -
Qualification of Auxiliary Feedwater Systems™. This issue was resolved taking credit for the diverse
sources of feedwater 2t Oconee. It has been a consistent theme throughout the evolution of the design basis
of the EFW system, acceprability because of the d iversity of sources across the site,

The current UFSAR Chapter 10.4.7 includes information that was assembled from various submittals
related to the EFW system design modifications following the TMI-2 accident and the NUREG-0660 EFW
reliability study. The text in the UFSAR was taken from Duke subminals, however important background
information was left out, making the statements misleading. '

The first statement in question (below), was taken from the initial system concept when the motor driven
pumps were installed. This subminal summarized the design bases of the EFW system as understood at

that ims-

“Sufficient redundancy and valving are provided in the design of EFW piping system with
isolation and cross-conneciions allowing the system to perform its safety-related function in the
event of a2 single failure coincident with 2 secondary pipe break and the loss of normal station

zuxiliary AC power."
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The siatement was intended 1o reflect the high energy break evaluation performed for Oconee in 1973.
When it states that the EFW piping system can perform its safety related function, it is crediting saurces
beyond that unit's EFW system. The FSAR safety evaluation also states that a sufficient depth of backup
measures is provided 1o allow steam generator inventory to be maintained by any of the diverse measures
listed. This is further justification that the EFW function is considered that provided across the site.

The second statement in question (below), was taken from Duke correspondence, in response to the NRC
questions relating to limiting or terminating flow to the depressurized steam generator and directing flow to
the intact steam generator.

“In the event of a postulated break in the Main Steam or Main Feedwater system inside or outside
containment coupled with a single active failure, the EFW system provides sufficient flow to
ensure adequate core cooling.” -

This statement, without the question to which it was responding, is mislcading. The NRC, in their SER
‘stated the position much more accurately. They state: ¢

“... in order to provide emergency feedwater to the intact steam generator and isolate the ruptured
steam generator the operator must take manual action. The system is designed so that 2 single
failure of any of the emergency pumps or valves will not prevent the operator from directing. -
sufficient flow to the intact steam generator. The operator has sufficient control room indication
of steam generator leve! and pressure 10 take actions necessary 10 provide sufficient flow to the
Intact steam generator in time 10 maintain adequate core cooling.”

As can be seen from the NRC stztement the break is a secondary break that depressurizes the steam
generator. In addition, this event is an overcooling event, and with a failure of the EFW system on the
affected unit, other units® EFW could be aligned in time to provide adequate core cooling.

The licensing basis of Oconee has always relied on diverse and redundant methods of supplying feedwater
to the steam generators to remove decay heat following various plant transients. The UFSAR is being
revised by this changé to more clearly reflect the position discussed in this evaluation.

May the proposed activity:
1. Increase the probability of occurrence of an accident previously evaluated in the SAR?

No. The change does not increase the probability of an accident described in the SAR. The EFW system
is used for mitigation of accidents. This change will clarify the FSAR bases for EFW single failure and to
correct an omission that occurred with the installation of the MSLB circuitry. This change is not changing
the physical plant or licensing basis. It is clarifying the design basis of EFW.

2. Increase the probability of occurrence of a maifunction of equipment important to saféty previously

evzaicaied in the SAR?- -

No. This change will ciarify the UFSAR to describe the limits of the single failure evaluation specific 10
EFW as previously submined to the NRC for review. There are no physical changes in the plant as a ‘
result of this change. As part of the NRC's review of the HELB, a loss of EFW was reviewed and basedon
the diversity of EFW sources, the design of the Oconee EFW system was found to be acceptable. As part

of the post-TMI EFW review, the NRC reviewed a loss of the primary water source and 2gain credited the
diversity of the Oconee design and concluded that the design was acceptable. This change simply collects
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informaiion provided in various submittals to clarify the basis for the EFW design. This change will also
clarify the FSAR bases for EFW single failure and to correct an omission that occurred with the
installation of the MSLB circuitry. This change does not increase the probability of malfunction of
equipment important 10 safety evaluated in the SAR.

3. Increase the consequences of an accident previously evaluated in the SAR?

No. This change does not increase the consequences of an accident evaluated in the SAR. This change
clarifies the UFSAR to benter reflect the EFW system design that has been reviewed by the NRC. This
change will aiso clarify the FSAR bases for EFW single failure and to correct an omission “that occurred
with the installation of the MSLB circuitry. The accidents/transients evaluated in the SAR which rely on
EFW for mitigation are; Loss of Main Feedwater, Main Feedwater line break, Steam line break, Loss of
Coolant Accident, and Anticipated Transient without SCRAM (ATWS). The consequences of the
accidents will not be increased because of the clarification to the SAR.

4. Increase the c-onscqucnces of 2 malfunction of equipment important to safety previousl evaluated in -
the SAR?

No. This change does not increase the consequences of a malfunction of equipment important to safety
evaluated in the SAR. This change clarifies the basis for the design of the Oconee EFW system relative 1o ..
single failure. The statements in the current UFSAR addressed in the discussion zbove were taken from
Duke/NRC correspondence and did not include enough background information to adequately describe the
design of the EFW system. This change =vill 244 harkground information from the Duke/NRC
corresponderice (o better describe the EFW design. This change will also clarify the FSAR bases for EFW
single failure 2nd 1o correct an omission that occurred with the instaliation of the MSLB circuitry.

5. Create the possibility for an accident of a different type than any evaluated previously in the SAR?

No. This change does not change the way EFW is operated, automatically or manually. It revises the
UFSAR so that it includes a more accurate representation of the entire scope of events evaluated by the
NRC and the response of the EFW system. The UFSAR, prior to this change, was not clear concerning
information from the High Energy Line break analysis. This change includes the potential impact of the
HELB on a particular unit’s EFW system and the stations reliance on the diversity of the secondary side of
the plant. The possibility of an accident of a different type than any evaluated in the SAR is not created as

a result of this change.,

6. Create the possibility for a different type of malfunction of equipment important to safety evaluated
previously in the SAR? '

No. This change does not alter the way EFW is operated, automatically or manually. There is no physical
change to the plant as a result of this UFSAR change. This change is adding background information to
the UFSAR to more accurately reflect the design basis. The possibility of a malfunction of a different type
than any evaluated in the SAR is not crcated as a result of this change.

Does the proposed activity:

7. Reduce the margin of safety as defined in the bases for any Technical Specification?

No. The margin of safety as defined in the bases for any Technical Specification is not reduced as a result
- of this change. Currently T.S. 3.4 includes the EFW system operebility requirements. This change does

nothing to change the operability requirements or reduces the margin of safety as described in the T.S.
These changes are clarifying the UFSAR relative to the single failure design of the EFW system.
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Conclusion

These changes involve no Unreviewed Safety Questions. No Technical specification changes are ﬁ:quired.
Changes to UFSAR 10.4.7 are specified as included in Attachment 2.

Summarv of the 50.59 evaluation for the annual report

UFSAR 10.4.7 is being revised to clarify the EFW design basis. This evaluation process includes coliecting
information which is included in NRC/Duke correspondence and updating the UFSAR to include this
information to clarify the licensing basis of EFW relative to single failure. The changes being evaluated
are inciuded in sections 10.4.7.1, 10.4.7.2, 10.4.7.3, and 10.4.8. Specifically, the following changes are

_proposed:

Section 10.4.7.1 is being changed to clarify two statements. These first is:

“"Sufficient redurdancy and valving are provided in the design of EFW piping system witheisolation and

cross-connections allowing the system to perform its safety-related function in the event of a single failure
coincident with a secondary pipe break and the loss of normal station auxiliary AC power."

- This statement is being revised to clarify.that.its’ original intent, which was to summarize the high energy.

line break analysis that was submined 1o the NRC in 1973. In this analysis, feeding from another unit was

credited. This statement will be changed to reflect this.

The second-statement is:

"In the event of a postulated break in the Main Steam or Main Feedwater system inside or outside
containment coupled with a single active failure, the EFW system provides sufficient flow to ensure .

adequate core cooling.”

This statement is also being revised to clarify that its original intent. This was to summarize the design
basis of the EFW system in the event of a pipe break that depressurizes a steam generator coupled with a
single active failure of an EFW pump or control valve. This statement will be changed 1o reflect this.

- Section 10.4.7.2 currently states that “Once automatically started, the EFW pumps will continue to operate

until manually secured by the operator™. This sentence is being revised 10 add “motor driven™ 1o clarify
ihat only the MDEFW pumps will always continue to run when automatically started until secured by the
operator. The TDEFW pump is autornatically secured by the Main Steam Line Break MSLB circuitry in
the event of 2a MSLB. This needed UFSAR change was not made as 2 part of NSMs-x2873, which
instalied the MSLB circuitry. The modification installed circuitry that secured the TDEFW pump in the
event of a MSLB. Therefore, after this modification, the TDEFW pump does not continue to run until -
manually secured by the operator in the event of a MSLB. This change was evaluated as 2 result of the
modification NSM-x2873, therefore the evaluation below will focus on the changes related to single

failure.

Section 10.4.7.3 is being revised to add clarification of the single failure design of the EFW system. A

giscussion cithe High Energy Line Break (HELD) impaci on the TFW system was included 10 documen: - - --- -

the Oconee reliance on the diverse sources of feedwater. Additionally, a clarification of the single failure
analysis was provided. This docketed NRC/Duke correspondence reflected 2 review of the EFW pumps
and EFW flow control valves for failures and the resultant impact on the EFW system.

Scz;tion 10.4.8 is being revised 1o add reference 10 Postuiated Pipe Break Analysis, Duke lenter about EFW
conceptual design, 2nd delete specific page reference 1o April 3, 198 etter.
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The licensing basis for the Oconee EFW system has evolved over the years with the TMI accident resulting
in the greatest impact. The early versions of the FSAR were written with very little discussion on the EFW
system, in fact it was included as part of the feedwater system seéction. The original design of Oconee
consisted of a diverse and redundant steam and power conversion systcm for supplying feedwater 10 the
steam generators. Each unit's emergency feedwater portion of the steam and power conversion system
consisted of 2 single turbine driven emergency feedwater pump and was not designed to withstand a single
failure, '

The effects of a high energy line break on plant equipment and environmeni were considered during the
postulated piping breaks analysis in 1973. The high energy line break analysis found that in addition to the
main and emergency feedwater systems, the 4160 switchgear (TC, TD, and TE) could be lost following
certain steam line or feedwater line breaks. Since the loss of the 4160 switchgear (TC, TD, and TE)
resulted in a loss of all station power, similar to the FSAR Chapter 14 analysis, and the station had enough
diverse systems available to cope with the event, the Oconec design was determined 1o be acceptable. To
satisfy the single failure criteria, however, modifications were implemented (unit cross-connects and
feedwater bypass lines) to make the other units® EFW systems available 10 the unit with the HELB.
Therefore, diversity of EFW sources was credited to mitigate the HELB with a concurrent single failure.

Shortly afier the TMI accident in 1979, but before the long term NRC plans for EFW upgrades were
formalized and published, Duke commirted to install two motor.driven pumps in each unit's EFW.system
to enhance the system reliability. The initial concept for the enhanced system provided 10 the NRC, was a
coliection of the requirements that were applicable 1o the system at the time. The accidents that were
evaluated for EFW 21 the time of the initia! system cnnrept, were loss of main feedwaier and SBLOCA.
The system eoncept addressed 2 secondary iine break, but based on the licensing history of the system, the
break discussed was the break analyzed in the HELB study performed in 1973, Mitigation of the event,
with 2 concurrent single failure, required the use of other units’ EFW system or the station ASW system.
Therefore, it is concluded that in making the statement “Sufficient redundancy and valving are provided in
the design of the EFW piping system with isolation and cross-connections allowing the system to perform
1ts safety-related function in the event of a single failure coincident with a secondary pipe break and the
loss of normal station auxiliary AC power™, erediting other available sources of EFW at the site was
required. This conclusion is supported by the EFW system Safety Evaluation described in the UFSAR
which states that “A sufficient depth of backup measures is provided to allow steam generator water
inventory to be maintained by any of the diverse methods listed above™ These not only include, the
affected unit’s EFW system, but aiso the other units’ EFW systems, the SSF ASW system, and the station
ASW system. At the time of the original system concept, a line break that resulted in a depressurized
steam generator was not considered for the EFW system since it resulted in an overcooling event, and
therefore not a design basis event for EFW.

After the initial TMI-2 short term actions were complete, the NRC formalized their requirements in various

. NUREGS. The NRC requirements can be summarized into three basic areas, 1)EFW system was reviewed
against requirements in the NRC's Standard Review Plan and associated Branch Technica! Positions, 2) a
reliability study was performed to identify any single point vuinerabilities during loss of feedwater events,
and 3) EFW system flowrate design basss and criteria were re-evaluated.

Before the detailed reviews started, the NRC recommended that licensees upgrade their EFW systems to

ESF gradc o7 provide an aiternate path of EFW. “The Duko response; which was consisient with the -
original license of Oconee, was that the EFW system would not be upgraded to be an ESF system, because
an alternate path was going to be availabie in the SSF. ’

As a result of the EFW system reviews, several key issues were discussed in correspondence between Duke
and the NRC. Components associated with the feedwater water sources (hotwell, condensate storage 1ank,
and upper surge 1ank) were not specifically considered as part of the EFW system review, however, the
NRC did postulaied the impact of the primary suction source not being immediztely available and the
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operatois ability to protect the EFW pumps during this event. The NRC credited the diversity of EFW
sources (the unit cross-connects and the SSF) for the accepiability of the Oconee EFW system design.’
Additionally, the NRC accepted the EFW system design to limit or terminate EFW flow to the
depressurized steam generators and direct the minimum flow 1o the intact steam generator in sufficient time
to provide adequate core cooling following 2 main steam and feedwater line break. That review was very’
limited, in fact, the focus was on the EFW pumps and control valves, no review of system interaction was
performed. It stated that manual operator action was required and that sufficient control room indication
and time was available to direct sufficient flow 10 the steam generator. This conclusion does not negate the
ability to use any units’ EFW system in the event of a failure of the affected unit’'s EFW system. Finally,
as part of the NRC's review of the EFW system to the SRP requirements, they issued GL 81-14 “Seismic
Qualification of Auxiliary Feedwater Systems™. This issue was resolved taking credit for the diverse
sources of feedwater at Oconee. It has been a consistent theme throughout the evolution of the design basis
of the EFW system, acceptability because of the diversity of sources across the site.

The current UFSAR Chapter 10.4.7 includes information that was assembled from various submirrals
related to the EFW system design modifications foliowing the TMI-2 accident and the NUREG-0660 EFW
reliability study. The text in the UFSAR was taken from Duke subminals, however imporant background
information was left out, making the statements misleading.

The first statement in question. (below), was taken from the initial system concept when the motor driven
pumps were installed. This submiral summarized the design bases of the EFW system as understood at

that time.

“Sufficient redundancy and valving are provided in the design of EFW piping system with isolation and
cross-connections aillowing the system to perform its safety-related function in the event of 2 single failure
coincident with a secondary pipe break and the loss of normal station auxiliary AC power.”

The statement was intended to reflect the high energy break evaluation performed for Oconee in 1973,
When it states that the EFW piping system can perform its safety related function, it is crediting sources
beyond that unit's EFW system. The FSAR safety evaluation also states that a sufficient depth of backup
measures is provided to allow steam generator inventory 1o be maintained by any of the diverse measures
listed. This is further justification that the EFW function is considered that provided across the site.

‘The second statement in question (below), was taken from Duke correspondence. in response 10 the NRC

questions relating to limiting or terminating flow to the depressurized steam generator and directing flow to
the intact steam generator.

“In the event of a postulated break in the Main Steam or Main Feedwater system inside or outside
containment coupled with a single active failure, the EFW system provides sufficient flow 1o ensure

adequate core cooling.”

This statement, without the question to which it was responding, is misleading. The NRC, in their SER
stated the position much more accurately. They state: :

“... in order to provide emergency feedwater to the intact steam generator and isolate the ruptured steam
gsazrator the operaior must take manual-action. ‘Thesystem is designed 50 that a single failure of any of ~ -
the emergency pumps or valves will not prevent the operator from directing sufficient flow 1o the intact
steam generator. The operator has sufficient control room indication of steam generator level and pressure
10 1aKe actions necessary to provide sufficient flow to the intact steam generalor in time to maintain

adequate core cooling.”
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As can be seen from the NRC statement the break is a secondary break that depressurizes the steam
generator. In addition, this event is an overcooling event, and with a failure of the EFW system.on the
affected unit, other units’ EFW could be aligned in time to provide adequate core cooling.

The licensing basis of Oconee has always relied on diverse and redundant methods of supplying feedwater
to the steam generators to remove decay heat following various plant transients. The UFSAR is being
revised by this change to more clearly reflect the position discussed in this evaluation.

These changes involve no Unreviewed Safety Questions. No Technical specification changes are required.

Changes to UFSAR 10.4.7 are specified.
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Federal Register, Volume 45, Number 92, May 9, 1980, Pages 30614 through 30616, addressing new
rule on periodic updating of the Final Safety Analysis Report.
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- ..,

10.4.6.6 lqteractiohs with Reactor Coolant System

The effects of inadvenient steam relief or stcam bypass are covered by the analysis of the steam line break
mven in Scction 15.13, “Stcam Line Break Accident.” The effects of an inadvertent rapid throttle valve
closure are covered by the loss of full load discussion in Section 15.8, “Loss of Electric Load Accidents.™

Following a turbine trip, the reactor wxl] np automaucal]y due 1o anticipatory trip logzc .The safctv
valves will relicve excess steam until the output is reduced 1o the point at which the steam bypass 1o the
condenser can hdndlc all the stcamn gencrated. ,

In the event of failure of 2 main feedwater pump, there will be an 2utomatic runback of the power
demand. The one main feedwater pump remaining in service will carry approximately 60 percent of full
load fecdwater flow. If both main feedwater pumps fail, tHe turbine and reactor will be lnppcd and the
emergency {eedwater pumps started. .

On failure of a condensate booster purnp, the spare condensate booster pump is automatically started.

10.4.7 EMERGENCY FEEDWATER SYSTEM
10.4.71 Design Bases

Thc Emergency Feedwater (EFW) System assures sufficient feedwater supply 1o the steam gencrators of
cach umit, in the cvent of loss of the Condensate/Main Feedwater System, 1o remove energy stored in the
core and prumary coolant. The EFW System is designed 10 provide sufficient secondary side steam
gencrator heat sink 10 enable cooldown from reactor trip at power operation down 1o cold shutdown
conditions. The EFW Sysiem may also be required in some other circumstancss such as cooldown
following a loss-of-coolant accident for 2 small break. The EFW System is shown in Figure 10-8. “

The EFW System is designed 10 start automatically in the event of loss of both main feedwater pumps 2s
indicated by Main Feedwater Pump low hydraulic ol pressure.  In addition, low water fevel in either
sicam gencrator, after 2 30 sccond dclay to prevent spunous actuations, will start the Motor Driven
Emergency Feedwater Pumps. The EFW Systern will supply suflicient feedwater 1o enable the Reactor
Coolant System 10 cool down to conditions at which the D:cay Heat Removal System may be operated.

Three EFW pumps arc provided, powered from diverse power sources. Two full capacity motor-driven
pumps arc powered by the emergency A.C. Power Sysiem, cach supplying fcedwater 10 one sizam
generator.  One turbine-driven pump, supplying feedwater to both sieam generators, may be driven by
any of three scparate sicam sources; A Main Steam, B Main Sicam, or plant stari-up steam (aiso called
the Auxiliary Stcam System). Although the total rated capacity of all three EFW pumps is 1780 gal/min,
the flow capacity of any one of the pumps is sufﬁcx.nt o cnablc sa.f: and ordcrly cooldown of lhc Reacior

ol 2 singlefetlere-eoinsident uith-a-secondany pipe heeak and the loss of nomnal siatien-awxiliansA-C-

The three units are provided with scparate EFW Systems. The discharge header of each EFW System is
cross connected making cach sysiem capable of supplying either unit. :

Automatic initiation of thc turbine-driven EFW pump is independent of AC power. Based on the
required emergency feedwater flow, sufficient inventory of EFW is available for maintaining hot shutdown
for at least 75 minutes from both upper surge tanks. The mventory in the upper surge 1anks is assurcd by

RPN (31 NEC 1N
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Insert | : .
Sufficient redundancy and valving are provided in the design of the EFW piping system with isolation and
cross-connections (unit and train) allowing the system 1o perform its safety-related function in the event
of a’single failure coincident with a secondary pipe break and the loss of normal station auxiliary A.C.
power. In the case of a secondary pipe break coincident with a single failure, the emergency
{ecdwater function may be provided by another unit's EFW pumps, the SSF ASW pump or the
station ASW pump. Manual action is required to align these other sources.

All automatic initiation logic and contro! functions are independent from the Integrated Control System
(ICS). ' - )

-4
Insert 2
In the event of a postulated break in the Main Steam or Main Feedwater System inside or outside
containment, that results in a depressurized steam generator, coupled with a single active failure of an
EFW pump or control valve, the EFW System provides sufficient flow to ensure adequate core cooling.

¢
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auto closure of the hotwell makeup contro] valves on a jow upper surgs tank level signal. * The upper
surge danks and the assodiated piping from them 10 the EFW pump suctions arc scismically qualified.
The condenser hotwell is also scismically qualified with 2 nominal capacity of 120,000 gallons. However,
the condenser hotwell is seismically qualified without any piping connccted 10 it, and not all of the piping
from the hotwell to the EFW pump suctions has been saismically qualified.

The plant transient which requires the highest Emergency Feedwater System flow, and as such constitutes
the Emergency Feedwater desizn basis transient, is the loss of main fecdwater transient. This transient
combines the highest heat load, decay heat plus reactor coolant pump heat, with the minimum heat sink
duc 10 the instantancous loss of both main fecdwater pumps. A discussion of the detnand on the EFW
system for cach transient follows. The folowing, with the cxception of Stcam Line Break (Section
104.7.1.8, “Steam Line Break™) and Small Break LOCA (Section 10.4.7.1.9, “Small Break LOCA™),
should not be considered Design Basis Transients for the entire plant, but for Emergency Feedwater only.

10.4.7.1.1 Loss of Main Feedwater (Lrw)

Those transients which result in losing fesdwater delivery from the Main Feedwater/Condensate System
arc classified as 2 loss of main feedwater. Since the reacior coolant pumps remain on, the control valves
modulate 1o tontrol stcam gencrator level at 30 inches, The transient requires feedwater 10 be delivered a1
a raic sufficient 1o remove decay heat and reactor coolant pump heat. Onc motor driven emergency
feedwater pump delivering 400 gal/min. al a2 sicam gencrator pressure of 1064.7 psia-and an EFW
temperature of € 130°F will provide adequatce heat removal capaaity. '
10.4.7.1.2 LMFW with Loss of Offsite AC Power (LOOP) :

-

The loss of offsite AC power causes the reactor 10 tnp, the turbine 1o irip, and the condensate booster
pumps and hotwell pumps 10 1rip causing 2 loss of main feedwater. The emergency feedwater pumps are
2ctualed on the main feedwater pump tnp. Since the reactor coolant pumps have tripped,.sieam
cnerator level control increases the level seipoint 10 240 inches on the extended slartup range 1o promote
the natural circulation mode of heat removal, The cmergency feedwater control valves open 1o allow full
system flow until the controlling level is attained. Feedwater requirements are determined by core decay
heat removal demand.  Onc motor drhiven EFW pump can debver sufficient feedwaler 10 meet the
demand.

10.4.7.1.3 LMFW with Loss of Onsite and Offsite AC Power (Station Blackout)

This transient is the result of 2 station blackout condition. This transient is similar 10 the Section
10.4.7.1.2, “LMFW with Loss of Offsitc AC Power (LOOP)” analysis with the additional 2ssumplion
that the onsite emergency AC power sources have been Jost.  This results in the loss of the motor dnven
emergency feedwater pumps. This transient is not a design basis event. The turbine-driven emergency
fecdwater pump should be available for this event because of its AC power independence: however, the
SSF ASW is required 10 remove the decay heat in this transient. The transient is described in Section
8.3.2.2.4, “Station Blackout Analysis."

10.4.7.1.4 Plant Cooldown

In addition 10 providing sufficicnt heat removal capacity immediaiely following a transient, the
requirements for plani cooldown from full power operation 1o RCS temperatures where switchover 1o the
Deccay Heat Removal System can be accomplished has been analyacd.  All heat sources have been

(31 DEC 1997) - 1n 97



N AN NNLUNNNN

~SNUbhunmoa NN

N

=N

ﬂ‘j( ¢ C

Oconce Nudlaar Station , 10.4 Other Faatures of Steam and Pawer Convcrs.ion System

Aulbma_lic starting of the MDEFWP's is determined by the position of the control room sclector switch
for cach pump. The MDEFWP's are provided with a four position sclector switch which allows the
operator 1o select between Off, Auto |. Auto 2 and Run. When the sclector switch is in the Auto |
position, LOW STEAM GENERATOR WATER LEVEL in cither steam generator (OTSG) will stant
the pump after a 30 second time delay 10 prevent spunious actuations. When the selector switch is in the
Auto 2 position, LOW STEAM ‘GENERATOR WATER LEVEL or LOSS OF BOTH MAIN

“FEEDWATER PUMPS will start the pump. Loss of both main feedwater pumps is sensed by pressure

switches which monitor feedwater pump turbine control ol pressure. Loss of both’ Main Feedwater

" Pumps actuation is by the control oi) pressure switches sensing loss of feedwater pumps. i

Jurbine Driven EFW Pump (T DEFWP):

Automatic starting of the TDEFWP is determined by the position of the control room selector switch for
the pump. The TDEFWP is provided with a three position-pull to lock selector s*;vi'tch which requires
that the control room operator manually take the switch 10 the OFF position through a deliberate action.
The operator ean select between Off, Auto and Run. When the selector switch is in the Auto position,
LOSS OF BOTH MAIN FEED R PUMPS will start the pump. Loss.of both main fecdwater
pumps s sensed by pressure switthes Which Ynonitor feedwater pump turbine contro] oil pressure. If-a
mamn sicam line break sigmal is present he sclector switch is in AUTO, the TDEFWP wil]
automatically stop and prevenl an auto start. Th operaior can manually start the TDEFWP by placing
the selector switch to RUN, Lo drven
#0

Once automatically startxd, the®EFW pumps wil continue 10 operate until manually secured by the
operator. Each emergency feedwater discharge line 10 each steam generator 1s provided with a control
valve and check valve. TweCnirpNvalvel ars normally closed due 10 steamn generator level > 30, The
valves arc arranged to fail IM automnatic contro! mode upon loss of DC control power 1o the
manual/auto sclect solenoid.  If the selected train of automatic contro! fails, then the valve would fail
open.  Also, upon loss of station air, the valves will maintain their position with N, backup. If N,.
backup fails then the valve would fail open. These modes of operation show that cmergency feedwater”
1solation is not possible with valve control circuitry or motive force failure. Open/Closed valve position
indication is provided for each control valve in the main control room at the valve manual loader.

In automatic, 2 solenoid valve on ecach control valve is de-ensrgized, allowing the valve 10 receive 2
control air signal for valve modulation in TeSpOnse 10 sicam generator {zvel, independent from the ICS.

The EFW pumps normally discharge into scparate fines feeding a separate steam generator through the
auxiliary feedwater header.

A flow path is also provided 10 the upper surge tank dome (connected to the condenser) for minimum

rearculation flow and testing purposes. A continuous recirculation flow is provided for the turbine driven

pump, limited by fixed orifices. A self~contained automatic recirculation valve is provided for each motor _
driven pump 10 assure individual pump minimum flow when nesded during operation. A flow path is

provided {rom the discharge of each motor driven pump 10 the upper surge 1ank for full flow testing.

Power for the motor driven pumps is normally provided by the normal station auxibary A.C. Power

System. During loss of offsite power operation, these pumps arz aligned 10 the Emergency A.C. Power

System. Motive stecam for the turbine driven pump is provided from either of the two stcamn gencrators

by main stecamn Lnes upstream of the stop valves, and is exhausted 10 the atmosphere.  Either stcam

supply will provide sufficient sizam for turbine operation.  Either steam supply may be isolated if
necessary. A check valve is provided in each stzam supply Line 10 prevent uncontrolizd blowdown of
more than one stcam gencraior. ’

1N 9=
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A -sufficient depth of backup measwres is provided 1o allow steam gencrator water inventory to be (

maintained by any of the diverse methods listed above. Although redundancy and diversity is provided in
the bsted mcasures. the EFW Svstem has been desicned with special considerations 1o cnable 1t 10
function when conventional means of feedwater makcup may be unavailable.

Redundancy is provided with separate, full capacity, motor and turbine driven pump subsystemns. Failure

of cither the motor driven pumps or the turbine driven pump will not reduce the EFW System below

minimum required capacity.  Pump controls, instrumentation, and motive power are separate in design.

Scparate piping subsystems include redundant hotwell, upper surge tank, and condensate supply piping,

aligned individually 1o the separate pump tramns. Cross-connection is provided, however, 10 allow a

subsystem 10 supply all pumps in the event of single failure of a suction piping subsystem. The samc

design philosophy is included in the discharge piping subsystems.

In order 10 provide sufficient: EFW flow to the intact steam generator 10 ensure adequate core cooling, :

and under 2 main steam or main fesdwater break in OTSG A with a single active failure of motor driven }

emergency feedwater pump B train, the operator must manually close the motor operated isolation valve |
6  (FDW-372) or the flow control valve FDW 315 on OTSG A. This action can be done from the Control

Room. The same is true for OTSG B and motor driven emergency feedwater Pump A. The operator

has sufficient Contro! Room indication of steam generater fevel and pressure and would immediately be

aware of such a situation.

Concurrently, the operzior would monitor the intact steam generator 10 assure adequate inventory and
secondary heat removal via cither Main Feedwater or Emergency Fecdwater Systems.

In the cvent of a postulated break in the Main Sicam or Main Feed System, coupled with 2 single active
fallure of either one of the three emergency feed water pumps, sufficient flow will occur 1o provide
adequatc core cooling, '

-
-
-

With 2 postulated break associated with the ‘A* OTSG and 2 failure of the ‘B' motor driven emergzncy
feedwater pump, the normal feedwater system will be isolated to both sicam generators and the TDEFWP
will bc inhibited from automatically starting. The TDEFWP can be manually stanted by placing its
control swiich 1o RUN.

wh

~ WL

With a postulated break associated with the ‘A’ OTSG and an active failure occurs with the flow control
valve (FDW-316), thc Main Stcam Linc Break Circuitrv must be disabled by the operator 1o zllow
emergency feedwater flow alignment through the main feedwater stanup control valves 10 cither the main
or auxiliary nozzles. :

S IV R VRN VN

In the unlikely event that FDW-315, 316 fail open (on a loss of compressed air and nitrogen), an operator
could manually adjust either onc of the valves as-they are located in the Penctration Rooms which are
adjacent 1o the Control Room. 0% 1{( ERJ pampo £ f/axu Ca«ﬁ-?ycé,q )

s
The spectrum of transients wg'lzﬂ requue EFW system performance for post trip heat removal have been

e
QMMM

evaluated assuming only one fnotor driven emergency feedwater pump is availablc to deliver the necessary
feedwater. Any single failure™in the three pump-two flowpath EFW system design will not result in only
onc motor dnven EFW pump available, so that this assumption is overly consarvative.  These analyses
venfy the acceptability of the Emergency Feedwater System design. ' .
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