
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 failure 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 e EFW system.  

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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Oconee Nuclear Station 

EFW Meeting with NRC 
February 8, 1999 
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Agenda 

* 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 
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Inspection Report 99-10 Issues 

* EFW should withstand any single-active 
failure 

* Valve C- 187 failing to close prevents EFW 
from performing its intended function 

* Previous modifications to correct specific 
issues represented missed opportunities to 
resolve the C- 187 design deficiency 

* EFW runout protection 
Oconee Nuclear Station



, Duke Perspective 

* EFW system is reliable 
* EFW system not required to withstand all 

single-active failures 

* Risk significance of single failure issue is 
low 

* Oconee is evaluating increasing the design 
margin of the system 

* EFW runout being addressed 
Oconee Nuclear Station



Overview Of Oconee Feedwater 
IFVC System s 

* 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 unit 

* 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



.II Main Feedwater 

* Two turbine driven MFW pumps per unit 
* Suction provided by hotwell pumps and 

condensate booster pumps 
* Suction source is hotwell 
* MFW pumps trip on loss of offsite power 
* MFW system usually available on reactor 

trip 
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ro 

0* Emergency Feedwater 

* Two motor driven pumps and one turbine driven pump 
per unit 

* Safety-related, non load shed power for motor driven 
EFW pumps 

* Turbine driven EFW pump is independent 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 suction source 
Oconee Nuclear Station 7
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Emergency Feedwater System 
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Emergency Feedwater 

* 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 driven pumps are 
running 

>> Makeup to UST is initiated by operators 
>> If UST makeup is unavailable, manual alignment to hotwell on low 

UST level 

* Cross-connects capable of providing EFW flow to either 
SG from alternate units 
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EFW System Cross-Connects 
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E SSF ASW 

* 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 
* Suction source is 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) 
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SSF ASW System 
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Station ASW 
Me udC) 

* Tornado-protected pump in basement of 
Auxiliary Building 

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

* Capable of feeding all three units at low SG 
pressures 

* Requires manual start and system alignment 
in Auxiliary Building 

Oconee Nuclear Station 13



Station ASW System 
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Secondary Side Cooling 
ud Prioritization 
* 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 Building basement 

* SSF ASW (one pump) 
>> Started at SSF control room 

* Station ASW (one pump) 
>> Started locally in Auxiliary Building basement 
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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 Inproved 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 Improves runout protection for turbine driven EFW pump 
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i EFW Reliability 
Muct 

* Primary objective of post-TMI EFW action 
plan was to improve reliability of 
emergency feedwater 

* Oconee implemented changes to improve 
emergency feedwater reliability, meeting 
objectives of action plan 

Oconee Nuclear Station 17



__ EFW Reliability 
Me ude 

* Data indicates EFW System is reliable 
>> Plant operating experience 
>> NUREG/CR-5500 
>> Duke EFW Reliability Calculations 

- Assessment of C- 187 

Oconee Nuclear Station 18



(e EF W 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



dEl NUREG/CR-5 500 

* 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 
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ZZI 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.OE-02 
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NUREG/CR-5500 
M~e udes 

* Relative ranking of Oconee EFW 
unreliability versus other plants AFW 
systems 

* Plant-specific estimates (PRA-based) 
calculated from 1987-1995 experience 

Oconee 
4.OE-04 

Best Average Worst 
3.4E-04 2.1E-03 3.9E-02 
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Current Oconee PRA EFW 
Reliability Estimates 

* The current EFW system failure probability 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 probability of this 
function improves to 9.7E-05 

* This is a substantial improvement in the reliability 
(reduction in the failure probability by a factor of 
approximately 20) 
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0 NUREG/CR-5500 Summary 

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

* Diversity in systems that support the 
secondary side heat removal function make 
the overall reliability of the function even 
better 
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__ Overall EFW Reliability 

* Sequences of Interest 
>> Reactor Trip >> Steam Line Break 

>> Loss of Main Feedwater >> External Flood 

>> Loss of Offsite Power >> Tornado 

>> Loss of Instrument Air >> Seismic 
>> Feedwater Line Break >> Fire 

>> Internal Floods >> High Energy Line 
Break 
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vtroa, 

_ Overall EFW Reliability 

* Is 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 impact of: 

- EFW cross-connect from alternate unit 
-SSF ASW 
- Station ASW 

Oconee Nuclear Station 26
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Overall EFW Reliability 
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Oconee Nuclear Station 27



Effect of Valve C-187 
0 e ~on EFW Reliability 

* Potential single failure 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 
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Conclusions 
"e Iucte~ 

* 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 
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Licensing Evolution of EFW 
Muct 

* Original Licensing Basis 

* HELB 

* Post-TMI 

* GL 81-14 Seismic Qualification 

* Updating of UFSAR 

Oconee Nuclear Station 30



_E_ EFW Original Licensing Basis 

* System as originally designed 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 

e Main feedwater line breaks not considered in 
original design 

Oconee Nuclear Station 31



HELB Influence on EFW 
* AEC (Giambusso) letter dated December 15, 1972 requested that 

Duke address HELBs 
> Focused on dynamic effects 

* Duke HELB analysis identified secondary side 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 criterion 
Oconee Nuclear Station 32



TMI Influence on EFW 

* 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 
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__ TMI Influence on EFW 
Nud 

* NRC letter (5/18/79) finds satisfactory compliance with immediate 
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 
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Result of Post-TMI Effort 

* Significant modification to system 
* Significant correspondence, meetings 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 35



Seismic Qualification of EFW 

(GL 81-14) 

* Duke original and subsequent 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 
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UFSAR Wording 

* 1982 update of FSAR by Duke used wording 
from various submittals out of context 

* Recent UFSAR review: 
> Inappropriately dispositioned statements as 

acceptable since wording matched docketed 
correspondence 

* 2nd pass UFSAR review ongoing 

Oconee Nuclear Station 37



- UFSAR Wording 

* Example 1: 
>> "Sufficient redundancy and valving are provided in the 

design ofEFWpiping system with isolation and cross
connections allowing the system to perform its safety
relatedfunction 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



UFSAR Wording: Example 1 
"eNuded 

* 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



UFSAR Wording: Example 1.  
0 From the Safety Evaluation contained in the Duke 5/17/79 submittal: 

>> Safety Evaluation 

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

* Either of the two main feedwater pumps...  
* The two EFW motor driven pumps...  
* The single EFW turbine driven pump...  
* Alternate EFW supplies may be available from the EFW Systems of the 

other Units...  
* The hotwell and condensate booster pumps...  
* 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 40



UFSAR Wording 

* 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 sufficientflow to ensure adequate 
core cooling." 
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m6E~ P01.  

.UFSAR Wording: Example 2, 

* UFSAR wording taken directly from NRC SER dated 8/25/81, which 
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 AFWpumps in your 
plant will supply the necessary flow to the steam generators as 
determined by items 1 and 2 above considering a single active 
failure. Identify the margin in sizing the pump flow to allow for 
pump recirculation flow, seal leakage and pump wear." 
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UFSAR Wording: Example 2.  

* 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 Facility once it is 
operable." 
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_ UFSAR Wording Conclusions 

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

* Understanding of licensing evolution 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 
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,ILicensing Basis Conclusions 

* 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 single 
failure design basis 

* Feedwater line break accident addressed by High 
Energy Line Break submittals 
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,Z6E POi, Licensing Basis 
Going Forward 

* Revise UFSAR to clarify EFW licensing 
basis 

* UFSAR 2nd pass review 
* Enhance administrative controls to ensure 

availability of redundant sources 
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Iro Engineering Perspective 
(C- 187) 

* 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 
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_ Engineering Perspective 

(C-187) 

* Overall Engineering direction to increase 
design margins of plant systems 

* Duke evaluating improved design for UST 
to hotwell flowpath 

>> Build in design margin 
>> Reduce operator burden 
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Engineering Perspective 
(EFW Runout) 

* Licensing basis relies on prompt operator action 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 
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Engineering Perspective
Going Forward 

* 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 Reliability Studies 
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Closing Remarks 
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Oconee Histo February 4 
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 Cdriven) 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 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 
* 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 0-176) 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 Investigation Report identified low Hotwell level effect on 6/30/89 Licensee isolated 0-176 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 0-187 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 0-187.  

11/18/98 UFSAR review: 11/18/98 The 10 OFA 50.59 safety evaluations did not Identify a * For a secondary pipe break coincident with a single failure, the USO. For the 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 FVs.  
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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 redundancy and valving are provided in the design of the EFW piing 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 subsystem 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 II.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 
provide 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 automatic 
initiation circuitry shall be operable.  

- 1998 - TS 3.4 Bases 

* 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.  
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August 25, 1981 - NRC SER on NUREG-0737 Item II.E.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." 

* 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." 

* 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.



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-1 86, C-1 91). Modifications at this boundary will be made 
to protect EFW against single failure." (NOTE: In 1986 this boundary became C-187.) 

? - 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.  

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 HPI pump (feed-and
bleed) in the event of the loss of the AFW system as a result of seismically induced flooding." 
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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." 
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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 II.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 the UST; however, when 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: 

1. UFSAR Section 10.4.7, Emergency Feedwater System (Tab 4) 
2. TS 3.4, Secondary System Decay Heat Removal (Tab 4) 
3. Licensee Letter of May 17, 1979, Describing the Post-TMI EFW System (Tab 5) 
4. Licensee Letter of April 3, 1981, Further Describing the Post-TMI EFW System 

(Tab 6) 
5. NRC SER of August 25, 1981, on the Oconee EFW System (Tab 8) 
6. Licensee Design Basis Specification for the EFW System (Tab 7) 

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 valves 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 valves C-187 and C-176 through 1994, as previously described, prevented 
them from being acceptable EFW system seismic boundary valves.  

Supporting references include: 

1. UFSAR Section 3.2, Seismic Classification (Tab 9) 
2. Licensee Letter of May 7, 1986, Describing Seismic Qualification of the EFW 

System (Tab 10) 
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3. NRC SER of January 14, 1987, on Seismic Qualification of the EFW System 
(Tab 9) 

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

C. 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 1979-1981 correspondences related to NUREG-0737 Item II.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).  

D. Licensee Dissenting 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 tomado.



Oconee FTime 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 kfabout 2 minutes, and consequently 
remove EFW pumps' suction source. C-1 87 (and C176) 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 * Added 2-MDEFW pumps above design errors not recognized until 1989 and 
____ ___ ___ ____ ___ ___ ____ ___ ___ ____ ___ ___ ____ ___ ___ ___corrective m odification 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-1 87 (and C-1176) became seismic boundary valves for low Hotwell level (i.e., MFW line break or non-seismic 

EFW pp ra) * C-187 (and C-176) designed to be safety related (SR) pp ra) 
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-1 87 and C-1 76 causes EFW system failure. Licensee Inappropriately evaluated PIR as not effecting 

176) wperebli falso suscepl to pning and failng to 
closiae dingl normaliv pantortion. 18wso 

coriemodifi ctontisaled until 1993-94.  

1993-94 C-1E87 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 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 by the licencee. EFW system Is nonconforming in that (excluding support system effects such as C-187). single failure and seismic criteria are not met.  USAR revision also approved EFW system no longer required to Licensee does not agree that EFW design or revised withstand a secondary pipe break coincident with any single failure. FSAR represent nonconforming conditions or USQs.



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

DATE DOCUMENT STATEMENTS 
5/17/79 Licensee Letter in 'Sufficient edundancy and valving are vrovided in the design 

response to of the EFW piping system with isolation and cross
NUREG-0737 allowing the system to Derform its safey-related 
Item II.E.1.1, function in the event of a single failure coincident with a 
Auxiliary secondary pipe break and the loss of normal station auxilia 
Feedwater AC power." 
Evaluation 

4/3/81 Licensee Letter in "in the event of a dostulated break in the main steam or main 
response to feed system, coupled with a single active failure of either one 
NUREG-0737 oet emergency feedwater pumps, sufficient flow will 
Item I.E.1f.1, occur to provide adeguate 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 isa. Ath a iiain feedwater line break, The system 
Item lf.E.1.1, is designed so that a single 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 
nASW 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 
System______Decay _ any single active failure.



? UFSAR 3.2 Section 3.2 description of seismic classifications states that 
1998 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 The licensee stated that valves relied upon as single EFW 
response to GL seismic boundary valves would meet the existing EFW design 
81-14, Seismic criteria; in particular that the EFW system can "Perform its 
Qualification of safety-related function in the event of a single failure 
Auxiliary coincidentwith a secondary pipe break and the loss of normal 
Feedwater station auxiliary AC power." The licensee also stated: "Two 
Systems hotwell make-up line isolation valves are normally open (C

186, C-i 91). Modifications at this boundary will be made to 
protect EFW against single failure." (NOTE: In 1986 this 
boundary became C-1 87.) 

1/14/87 NRC SER on The licensee has demonstrated adequate post-seismic event 
Seismic decay heat removal capability in accordance with the criteria 
Qualification of of Generic Letter 81-14 by committing to correct identified 
the EFW System deficiencies in the seismic qualification of the EFW system 

"Tself, ane by demonstrating 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 PI R 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 The list of top cut sets for EFW system failure includes "Air
Rev. 2 operated valve C-1 87 transfers open," with a probability of 

9.72 E-05. The PRA also states: "If a main feed line break is 
assumed, the UST could be drained into the hotwell, thereby 
failing EFW's initial suction source." 

L(.
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20. SYSTEM DESIGN BASES

The system design bases are documented in this section. Specific system functional design bases aredscribed 
in Section 20.1, "SYSTEM FUNCTIONAL DESIGN BASES." Section 20.2, "SYSTEM SPECIFIC 
DESIGN CRITERIA" on page 8 includes descriptions of generic system design criteria.  

20.1 SYSTEM FUNCTIONAL DESIGN BASES 

The information presented in this section constitutes requirements that the EFW system shall meet to ensure 
that the system is capable of performing its required functions. Required functions are ihe functions 
necessary to produce either a parameter or condition assumed or bounded by the reactor transient analysis.  

20.1.1 EMERGENCY FEEDWATER SYSTEM 

This portion of the EFW System shall deliver feedwater to one or both steam geinerators during the listed 
design basis events when the Main Feed Water System (MFW) is incapable of doing so. This provides an adequate heat sink for reactor heat removal.  

20.1.1.1 FLOWRATE REQUIREMENTS 

The following flowrates to the steam generator have been assumed in various 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 emergency 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 to loss of main feedwater during full power operation. They do not apply to startup.....  
following a reactor trip or a refueling outage. Although not a licensing basis, this should include steam 
generators of other units via pump discharge piping cross-connections. (Refernce20.51.1, "Duke Calc 
OSC-3578, Rev.1, 6-9-89; Justification of a 130"F EFW System Temperature" on page 29 and 
20.5.21.9, "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 1 10 0 psig. (Reference 20.5.2.1.2, "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 to any one steam generator through theemergency feedwater header.  
This limit is imposed to protect the steam generator tubes from the effects of flow induced vibration.  
(Reference 20.5.213, "Duke Calc OSC-2569, Rev.0, 7-30-87; Evaluation of FlV Potential of Flow Into 
the OTSG Thru AFW Nozzles" on page 29).  

4. When aligned to the UST, the MDEFWP flowrate shall be maintained 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 aligned to 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 its steam generators shall be at least.  
1350 GPM when the pressure of the steam generators is 1810 psig or less. (Refererices 20.524.1, "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.  

20.1.1.2 DESIGN BASIS EVENTS 

The following paragraphs discuss the events for which the EFW System shall be designed. These events are 
all assumed to occur at full power since this maximizes heat removal requirements for the system.  

1. LOSS OF MAIN FEEDWATER WITH OFFSITE POWER AVAILABLE 

This event can be caused by a number of failures that result in a loss of main feedwater f 0w. An 
anticipat6ry circuit senses the loss of main feedwater and trips the reactor. Low hydraulie control oil 
pressure on both Main 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 feedwater 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 single active failure and the 
possibility of a sistic evat.  

2- LOSS OF MAIN FEEDWATER WITHOUT OFFSITE POWER 
SThis 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 a seismic event.  

3. 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 result in the complete blowdown of-one steam-generator. The EFW-Systembhal be.  
designed to terminate, limit, or ninimiz the fraction of EFW flow which is delivered to the faulted loop 
to ensure that sulticzent flow w21 be dehvered to the intactsteam.genera. Operatoraction is requi 
to avoi pump runout, potental primary system overcooling, and flow-induced vibration of steam 
generat b. (References 20.5.1.2.1, "FSAR Sections 10.4.7 and 7.4.3" on page 28 and 20.5.l23, 

" uke 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, c1ntrol, or terminate flow to 
the faulted steam generator in order to prevent containment overpressunzation, ump runout, 
system overcooin1g, Clow-induced tube vibration, and toensure adea te flow o 'the mtact steam.  
generator. (e frence 20.5.1.2.1, "FSAR 9ections 10.4.7 and 7.4.3" on page 28). s scenao requires 
'onsidertion of any single active failure but not a seismic event. -a 
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5. LOSS OF ALL AC POWER 
The loss of all AC Power is the hypotheticcase where all onsite and offsite AC Power is lost. The event 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 20.5.1.29, 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 nitrogen (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 single failures (Reference 20.5.1.29, FSAR Section 8-3.2-24).  

6. LOSS OF COOLANT ACCIDENT 

During a small bitak LOCA, the principal function of the Emergency Feedwater System shall be to maintain 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 20.5.1.21, "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 a seismic event.  
7. FIRE/FLOOD/SABOTAGE 

For the scenario where both the Main Feedwater and Emergency Feedwater Systems are inoperable due to 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 20.5.1.24, "FSAR Section 9.6" on page 28).  
8. 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 20.5.121, 
"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 a single faihut or a seismic event.  

20.1.1.3 SUPPORTIINTERFACING. 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 operatortime to manually align alternate sources. Sufficient water supply should be available 
to cool the reactor coolant system to the decay heat removal operating conditions after any of the design 
basis transients.  

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

All manually operated valves in the piping from the USTs to the suction of the EFW pumps shall be 
locked open. (Reference 20.5.1.9.1, "Letter from WO Parker to HR Denton(NRC), dated 4-3-81" on 
page 29).  

20. SYSTEM DESIGN BASES 5
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In a Loss of Lake Keowee event, the CCW recirculation mode is the preferred method for shutdown 
cooling. Concerns were raised by the Atomic Energy Cordission (AEC) that the Inderwater 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 System intake and discharge piping, assuming complete failure of the weir wall. The inventory trapped in the CCW System intake and discharge piping has been evaluated to supply approximately 37 days of emergency cooling using the ASW system (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.  

20.1.2.3 SUPPORT/INTERFACING SYSTEM REQUIREMENTS 

The CCV System shall provide a source of water for the ASW pump. The buried CCV pipe provides the source of wafer. The Unit 2 intake piping below the elevation. of the turbine building flooriis been evaluated to supply approximately 11 hours of SG makeup to the three units. (Reference 20.A2.1.6, "Duke Calculation OSC-864, Rev.0; RC System DH Removal Following Loss of Intake Structure'.'on page 29).  

20.2 SYSTEM SPECIFIC DESIGN CRITERIA 

NONE .20.3 SYSTEM GENERIC DESIGN CRITERIA 

20.3.1 SINGLE FAILURE 

The EFW System shall be capable thstanding any credib singl ure certain of the system 
design basis events described m Section 20-1.1.2, "DESIGN BASIS EVENTS" on page 4. The desciption of each event indicates that a single failure either needs to be considered or need not be considered in addition to the initiating event.  

For Oconee, spurious operation of a powered component need not be considered when designing a system to 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 (assuming the 'lve controls 
are IE) or by failure of non-safety control components.  

For Oconee, passive failures are only assumed credible in the Emergency Core 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 ine failure of either EFW valv is considered a credible event. Such a failure would result m no adverse effects for initiating events other than sic t 'd at 
EFW train would be unaffected by the failure. Since bras larger than a certain size require isolation of the 
faulted steam generator, the a tyto feed a steam generator via the EFW headers cannot be a fcr secon i at quire steam geneator isiion if the control valve in the oe header 

s to open. This limitation was o when the present system was designed and licensed. It has been 
tenmned to be acceptab bhe low probability of the scenario andth existance of several S n-safe grade, tave paths of supplying water to the steam generators. These alternaie methods 

include: 2 

8 OSS.0254.O.O-IDGO
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1. Licensing documentation explicitly identifies bypassing the failed valve via the Main Feedwater Systezil 
startup contfol valve while acknowledging that this alignment is not fully' safety grade (e.g., the control 
valve is positioned via the ICS using instrument air without a backup supply, use of non-active valves, 
etc.). (Reference 20.5.1.16, "FSAR Section 10.4.7.3" on page 28).

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

3. Supplying makeup water to the intact steam 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 intactf steam generator via the Auxiliary Service Water Pump.- This would require lowering 
steam generator pressure by venting steam.  

20.3.2 FIRE PROTECTION SAFE SHUTDOWN CONSIDERATIONS 

For a fire anywhere in the plant except the West Penetration Room or the SSF, the assured method of 
establishing and % ni o s w h e m the SSF. Thc SSF ASW Pump discharge piping 
ties into the EFW piping in the West Penetration Rooms. h"ere shall-be check valves in the EFW systems 
that are located within suitable boundaries which prevent significant flow from going in the wrong direction.  
There shall be no equipment in the EFW systems that is required to be repaired through damage control 
procedures after postulated fire events to cool its reactor coolant system to cold shutdown conditions.  

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 to 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 
is 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. The 
piping material shall be compatible with secondary side chemistry.  

20.3.4 SEISMIC 

The Emergency Feedwater System shall be designed to mitigate the consequences of the accidents listed 
below coincident with a design basis earthquake: 

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 pumps have been analyzed and 
qualified to withstand a design basis seismic event. This includes piping that supplies other systems u to 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 experience- 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 secondary water supply a seismically assured, source of water.  

- The Auxiliary Service Water Pump and piping shall be qualified to withstand a design basis seismic event.  

20.3.5 TORNADOIWIUD 

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 o high winds. The:EFW pumps are physically located in the Turbine Building basemientince the pumps are located below gmund level, the 
pumps are essentially protected from the effects of a tornado. The'4160 VAC switchgears tht provide 
power to the' otor driven EFW pumps are vulnerable to the effects of tornado damage. TF.i EFW pump 
discharge piping passes into the Auxiliary Building and rises up into the east and west penetration rooms 
before entering the Reactor Building. The piping is vulnerable to Auxiliary Building damage.  

The Standby Shutdown Facility Auxiliary Service Water System (SSF-ASW) provides additional capability 
to remove core decay heat following a tornado. However, the SSF-ASV piping and cabling located in the a est Penet:ration is ,uMnerable to tornado damage. Collapse of any portion of the West Penetration Room 
structure may render the SSF-ASW system unavailable (Reference 20.5.2.4.3).  

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 a tornado and perform as described in Section 
20.12 The piping and valves downstream of the isolation valves to each SG are not protected from the 
effects of a tornado. However, due to 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 a 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 tornado is assumed capable of damaging a variety of locations in the plant. Mitigation of tornado damage 
relies 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 assure th 
decay heat removal function (Reference 205.1.3.2).  

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 isolating valves) up through the valves 
that isolate the ASW piping from each steam generator. Protection of the EFW system from postulated 
turbine missiles is not part of the design bases.  

20.3.7 PIPE RUPTURE/SUBCOMPARTMENT PRESSURIZATION 

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

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

10 OSS-0254.00-00-1000
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(3) SAFETY EVALUATION - PART A 
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Yes 2< No A change.to the station or procedures as described in the FSAR; 
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As a result of the item to which this evaluation is applicable: 
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Yes No May the possibility of an accident which is different than any already evaluated in the FSAR be created? 
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ON-1275 

FINAL DESIGN SUMMARY 

This modification provides the design for the addition of a separate and redundant eM egency feedwater SYstem for each of the three units at Oconee.  Tjwo_12) motor driven emergency fe aeums arIobeadd for each unit.  E7ach of these pumps will take suc2o from thee ad e tan wit 
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 betwee- !'-!3 :nd C-184 va!ves. This connect*on will require 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 emergenc 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 OTSGs for another unit through the existing piping. See the PO drawings 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 installed 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.



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 "F". 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.  

(.1



NSM E.:64 
PROJECT DESCRIPTION L FUNCTIONAL DESCRIPTION 

REVISION 1 

The ouroose of this NSM is to brina the Oconee Emergency Feedwater 
System into full compliance with seismic desiD raguirements. DNC
0061 first documented noncompliance with seismic criteria.  
Modifications required to bring the system into compliance were 
identified in Design Study ONDS-146. These modifications, revised on 
several occasions throuchout the design process, are detailed below.  

The completion of the NSM will also 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.  

Project Description: 

a. Replace the following valves with Oconee Class F, DA Condition 1 
valves: 

2C-187 
EC-i92 
2C-176 

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

b. Extend the Class.-F, QA Condition I boundary~as follows: (Piping 
layouts will not change, but Class G piping will require 
replacement with piping qualified for Class F.) 

FROM TH 
EC-175 2C-176 
2C-19 2C-1e7 
2C-191 2C-192 

c. Extend the Class F, QA Condition 1 boundary thru the second 
restriction orifice beyond valve 2FDW-89. (Piping layout 
will not change, but Class G piping will require replacement with 
piping qualified for Class F.) 

d. Obtain vendor certification of the seismic capability of valve 
2FDW-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/S break 
upstream of valve 2FDW-95.  

f. Remove approximately 600 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 
81-14. (Reference T D Brown's Memo To File dated 9-1-97, File OS
161) The necessary repairs and/or upgrade is performed within the 
scope of the stress analysis and support-restraint review required 
for items c. and e.  

Functional Description: 

The only functional changes to the plant concern items a, e, and f.  

Item a: Valves 2C-176 and 2C-1l7 are being revised to fail-closed so 
that a failure will not result in drainage of the Upper Surge Tank 
contents into the igwe 11. Loss of the Upper ,Tank co.n nts 
must be prevented since this volume is the assured source of water 
TF FW following a seismic event.  

Additionally, limit switches on valves C-176 and C-187 are being 
removed. The function of the limit switches was to close C-192 if 
valves C-176 and/or C-187 opened. (Since flow thru C-192 i- very 
small compared to C-176 or C-187, eliminating this interlock will 
have a negligible impact on hotwelP 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 heating 
function with the associated lines is being eliminated.  

HAH 
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Added in Revision 1 
REVISION DOCUMENTATION SHEET 

REVISION 
NUMBER REVISION DESCRIPTION 

IZ30 
1 Incorporated PCAAwhich 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 XZ41J Date Ilf1F Ckd 7ff I. Q Date //19 

2 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 Date/ /K Ckd Late 
1 . 4I 

C) 

3 Incorporated PCA 2239 which delptpd limit wif-es on Unit 3 Valves A-176 
Added final scope documents for Units 2 and 3 to list of references.  

Revised to state some class G pipe. which could not be gualified asclass F 
would be replaced with class F pipe.  

By ta/f Date 3 /2-?? Ckd. J2 Date3/2Z/87 
4 Incorporated Revision 2 to final .scope document for ON-22640/0 and 

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

statement that.valve C-187 would be revised to fail closed since thle 

controls and failure modes of these .valves are not being changed.  

By .e/P Date & Ckd. C_ Date -/9-8'1 
5 Revised to incorporate Revision 2 to final cnp. do-rimpnt fnr NSM 

ON-32640/0. This revision changed proposed rerouting of LPSW piping.  

By Z,,/- Date ,//AY Ckd /z 2- Date 7124 9'f 

6 Revised to incorporate Unit 3 VNs OC-3560 and OC-3565 which removed 

solenoid valve 

BY DATE/ 27DAT CKD C DATE
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Statement of Problem 

The puose of h calculatin is to daetgine- iL.aZ.Ureviewed safety 
questions exist due to NSMs ON-12640/0, ON-22640/0 Qd ON-32640/0. The 
criteria of 10CFR50.59a 2) will e appied 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.  

Descrintion of Modification 

The following is a description of this modification, which upgrades portions 
of the EFW System: 

CN 1. Extend Class F, QA Condition 1 boundary from C-186 thru.L;;L;. Replace 
valve C-187 with a Clas A Condition valve. Revise piping stress 
ana ys Is. angers will not need revising, per Design Study ONDS-146 
(Units 1, 2, and 3). See notes 4 and 5.  

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).  

co 

cc 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).  

CD 4. Obtain vendor certification of seismic capability of valve FDW-318 (Units 
1, 2, and 3).  

5. Replace valves 1FDW-433, -434 with Class F, QA Condition 1 valves. "Vent 
and Drain Criteria" will apply (Unit 1 only).  

6. Replace the flange bolts in C-152, -153 with thru bolts that extend thru 
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 
changed to fail closed. Revise piping stress analysis. Hangers will not 
need revising, per Design Study ONDS-146 (Units 1, 2, and 3). See notes 
4 and 5.
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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 
piping will be replaced with Class F qualified piping.  

2. Deleted.  
CO 

CO 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 

C0 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 1OCFR50.59.  

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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5. 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 
to close from valve C-196 but the line that has valve C-196 in it is not used (Unit 3 only).  

(References 1,8,12,13,27,28,30,33, and 34) 

(N, 

CO0 

(.
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Reasons for each of the respectively numbered changes are as folows: 

1. 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 manual valve. Valve C-187 is remotely operable.  

2. Similar to reason 1.  

3. A break before the second orifice could possibly "starve" the turbine driven =W pump cooling line. A break past the second orifice will not "starve" the pump.  

4. Present valve is not class F qualified but is in a class F line.  

5. Similar to reason 4.  

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

7. Piping is not used and is a non-seisTically qualified line off a seismic 
qualified tank.  

co 8. Similar to reason 1. Valve C-176 will fail closed to prevent the Upper 
Surge Tank from draining to the condenser hotwell.  

O 9. Calculation will show that failure of the non-seismic boundary LPSW 
valves will not prohibit LPSW fram achieving its safety related design -3 function.  

10. Valves IDW-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. I 

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

(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.  

The modification is QA Condition 1 and safetyrelated. The system upgrades are beng 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 removal 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 not 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 from tlhe Uner Surge Tank when the hctwell reaches certain levels. The solenoid valve also receives a signal from valve C-196 but 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 reanalyzed 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, CC) 28, 30, 31, 32).' 

co The criteria of 1OCFR50.59 will be applied to determine if any unreviewed 
safety questions exist. The criteria and responses are as follows: 

C 1.- Will the probability of an accident previously evaluated in the FSAR be increased? 

No. This modification 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. Most 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 he pneumatic vaves being replaced 
is for boundary isoaton (seismic) of.thtin22 Srge Tank, whic is t e assured source of 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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irprobability of a temporary drop of air temperature in the Turbine 
Building below 320F. Also the freezing of other cemponents important for 
continued plant operation is Inch nore apt to happen long before this 
tank's contents could freeze (Reference 10). The turbine driven EEW seal 
injection lines will have an orifice installed and will be downgraded 
fram class F to G on the downstrean 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 EFW water supply thru 
the seals will not occur. Also the orifice will.prevent excessive EEW 
water loss frcm the prrps discharge in the event of a break in the class 
G pipe (Reference 11). The rerouting of the LPSW 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 ill all ete goaify le E'W System to mitigate the 
effects of a seismic event and to shut the plant down safely during or 
following a seismi~c event. The retroval of limit switches on valves C-176 
and C-187 will have negligible inpact On hotwell level control.  

3. 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.  

4. Will the poait .m u equignt inportant to safety 
previously evaluated in the FSAR be increased? 

The affected piping, valves, orifice, equipuent, and operation of 
the E;W system will be qualified for seismic conditions. This 
qualification will increase the re1 abil ity of these capanents fr 
sea-cmc..eents and not introuce other failure mo)des peious y evaluated 

5. Will the caiseuences of a nalftMction of euiprent important to safety 
previUsly evaluated in the FSAR be increased? 

N. Valve C-176 will now fail closed on loss of air. This cae in 
failure node will prevent the safety related EM4surc .n-the-Upper 

rgetank .fran-draming tothe condenser hotwell on loss of air to these 

) vres.

6. May the possibility of a malfunction of equipnt 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 will 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 C-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 5.  

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 ouestions associated with this NSM.  
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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 criteria of 
10 CFR 50.59 a(2) will be used to make this determination. This 
evaluation is QA Condition 1 because it determines the presence or 
absence of a.USQ.  

MODIFICATION DESCRIPTION 

NSM ON-32911 will revise the makeuD control circuitry so that when 
tnUer Sur e Tan eve a _pproaces __ ec__ma_ 
fejet -the v bot1~ n wlbe-oye -idden and the 
three makeup control valves, 3C-176, -187, and -192 will 
automaticallv close. T~ns will p ?t t is from draini . 7 
thehotwellslgsh lst,. For more information, see ReTef=2er2 .  

SAFETY REVIEW 

The USTs provide the nrimary source of water for the emergency 
feedwater pumps. MakeuD for the condenser hotwel I so comes zrom 
the USTs. Water itheUSTs flows to the condenser ho well 
through three lines. Flow is regulated by air operated valves 3C
176, -187 and -192. If hotwell level should ever be lost with the.  
existing makeup control circuitry, the h'alves-woul 
automatica V us draiDDS th of. their contents, a.  
violating the Tec Spec (3,4.4) limit of 6 feet maintained in 

a This problem is addressed in PIR 4-089-011i. [References 1, 
2, 3, and 4] 

Two new. safety related differential pressure switches will be 
tapped into the existing Inadequate Core Cooling Monitor (ICCM) 
impulse lines. The new switches will have sufficient valving to 
isolate them from the impulse lii.2s if necessary. This arrangement 
precludes having to adjust ICCM system operation (a Reg. Guid? 1..7 
requirement) or having to breach the UST shell, thereby re.r.  
possible leakage paths and failure modes. The ICCM I..v
transmitters are unaffected by this modification and will contin:c 
to perform their design functions. The reference leg of the ne:; 
differential pressure transmitter tubing will be trace heated to 
prevent condensation. [References 1 and 6] 

The new system wil "se the three hotwel. ..akeup v-..ves if t..  
UST level decr- -. below a predeter...ir.. setpri1nt. A new 
electrical inter . ---d solenoid valve arrangement wi_? cause t'3 
valves to close my bleeding off air from the valve actuators.  

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

New safety related-cabling will run from the USTs (in the Turb.  
Building) to the Cable Room AT Cabinet,. from the control valves (.  
the Turbine Building) to the cabinet, and from the Control Rocm t 
the cabinet. New trays and conduit will be necessary in some 
areas. All the new equipment installed by this modification 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 affected have been 
checked for seismic interaction with existing equipment.  
[References 1 and 5] 

The only change to the Control Board will be to label an existing 
unused annunciator window. It will read, "UST TO TW MAKEUP VALVES 
FAILED CLOSED." This change does not require seismic qualification 
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, b't 
this failure mode is already present, and could be caused by 
various non-safety components. Thus, it was determined that t3C 
new interlock will not significantly increase the probability of 
spurious valve closure. The system is designed such that a sinle 
failure in the circuitry cannot cause the makeup valves to remain 
open, w ichh prot-ects tne UST' inventory as requirec by Tech Specs.  

r eterences 1, 5, and 8J 

The new electrical system has been evaluated for fault propagation 
and new failure modes. No new accidents or failure modes 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 acceptability 
of the testing. [References 5 and 11] 

FSAR Sections 10.4.1.'2 10.4.6.2, and 10.4.7.1 will be 'v.Lt'd 'o 
address this 7--lifi- n-. References 8 are- '10 will !Zlso nead 

revision.  

ON32911.DVB -
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USQ EVALUATION 

May the.modification: 

1) 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.  

* 2) Increase the consequences 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 instrument error and valve stroke time. All new equipment 
will be QA Condition 1, except for some equipment used only 
for testing. All the equipment will be mounted seismically 
(except for these non-safety components), and has been 
evaluated for new failure modes, system interactions, and 
fault propagation.  

3) Create the possibility for an accident of a differeit type 
than any evaluated in the SAR? 

No. No new accidents were identified.  

4) Increase the probability of a malfunction of equipment 
impottto safety evaluated in the SARI 

.No. All new equipment will be QA Condition 1, and will be 
* seismically qualified, except for the new components used only 

for testing. No single .ailure will be able to open the 
makeup._vayyes spuriously. No new failure "mades were 
1dentifIed. A single failure of the new safety related 

* components could cause the makeup valves to close spuriously, 
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 interactions and fault -r-a,at*0
The UST pres.--* boundary will not u- dcradeC. by the ne-.  
level switc.,. The exising ICCM injulse 1ir.: will not be 
degraded, a - continue to perform its design functon..  

ON32911.DVB
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5) Increase the consequences of a malfunction of equipment 
important to safety evaluated in the SAR? 

N2 The system will continue to respond as designed. The pakeup control valves will fa close on)anv single fai
in the sVstm~,wh-ch---TM ag53a~ JIS' nyeritor even -if- tne 
hotwell was 1-ost. The system is not sub ect to any sin Te 'tallure which couId., 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 low UST levels.

6) Create the possibility for a malfunction 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 safety 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.  

CONCLUSION 

Based on this discussion, no unreviewed safety .cruestions are created by or involved with Tnios modilfication. 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 required.  

SUMMARY FOR 10 CFR 50.59 ANNUAL REPORT 

NSM ON-32911 will provide a 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 required.  

0N32911.DVB
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4) all new safety components will be seismically 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, 
9) the final design is complete, 

10) all the new electrical power *sources used by the new 
safety components will be safety related, non-battery 
backed,V 

.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 tYSTs, 
15) the new electrical interlock. will be not be slib~cz,! tr a 

sinL.4e 7a' causing the makeup VC±-.vcs to c:-n, but it 
will be .sible for a single iluze to :tu'duce valve 

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

7) Oconee Nuclear Station Selected Licensee Commitments, no 
sections apply, 11-15-93 update.  

8) Oconee Nuclear Station Design Basis Specification OSS-0254.00
00-1000, Rev. 10, "Emergency Feedwater and Auxiliary Service 
Water Systems", 4-14-93.  

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

10) Oconee Nuclear Station Design Basis Specification OSS-0254.00
00-1027, Rev. 0, "Condensate System, Heater Drain System, and 
Heater Vent System", dated 5-11-93.  

11) Personal conversations between Damon Bryson, MNE, and Steve 
Capps, Project Management, on 12-30-93 stating that the new 
instruments and interlock was evaluated for required periodic 
testing by th.e 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.  
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PROPOSED RESOLUTION 9l1 Co rn tat tIhe iftunt o0f the lice sin o ri n t i s Sard; ufied, the follo 
atsa s rmanent reso'lutiorn: n =~ps 

1. Complete NsM 32640 as designed.  

2. Of the three automatic hotwell plakeupahsiquti, revise thle two I aroer 1 m e; to "I g -UP pah by qusolg va±vQs 2,3C-175 &- 6.Hotwel]. make-tip through these 'lines WOuld ort;y 1e .aJ.15ioid during transi-ent modes of operation such as Condensate and/or mW clean-up. This will 
fully satisfy the seismic boundary licensing commitments for these two lines.  

3. Retain the automatic function of the small (2") hotwell make-up valve. If this normal make-up path is disabled for any treaon, an equivalent amount of flow would be allowed through one of the several manual bypasses (Elen if the scenario was again postuleted which results in a seismic break, flow lost through this saiall line would be of little concern.) 

4. if the hotwell Tntc PssOcated piping should become seignicall' qualified through response to GL 67-02 and other actions, valves i,2,3C-i75 & -186 could be raturned to the "normally open" condition.  

5. The Emergency Feedwater Design Basis Document will be updated appropri~arely, documenting this resolution to the seismic boundary issue.  

NOTE: corrective action in Design Engineering to preclude similar dezign deficienlcies is considered already implemented. The TOProRM program, with its emphasis on design verification and client review, provides added assurance that modification designs accomplish their Intended purpose.  
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Addendum #1 to Proposed Resolution 
PIR 4-089-0111 

The DToDBt "-P~RA70tton dated 7-21-89 pust be reviand since 
closure of unloa 1,2,3C-175 and -186 would r_ Xnt regigg 

mlg eMfl w from entering the hotwell for certain 
situations. As such, items 2 and 4 are re-written below and 
item 6 is added. The remainder of the proposed resolution 
is unchanged.  

1. Complete NSM 32640 as designed.  

2. Val 1,2,3 - -18 presently oven to provide 
hotwell makeup upn receipt o; a low hotwell level signa l.  
'a ne gii n l wil b--e -provided tlz-1-o over;:ide -this demand 

The UIST level satpoint will be equal to the Tech 
Spec minimum level plus that required to compensate for 
volume potentially lost during valve closure.  

-if necessary the controls will be safety gr~j and 

sinqe I .ire criteria. Valves 1,2,3C-176, -187 would be 
included in Te act.ve vailve list with specific requirements 
for stroke time. Either valve 1,2,3C-175 or -186 will be 
normally closed by procedure, with the restriction that if 
one is open the other must be closed. This limits the 
impact of valve closure time on the level setpoint.  

An 8PR will be provided by Design Zngineering to initiate 
this change.  

3. Retain the automatic function of the small (2") hotwell 
make-up valve. If this normal make-up path is disabled for 
any reason, an equivalent amount of flow would be allowed 
through one of the several manual bypasses. (Even if-the 
scenario was again postulated which results in a seismic 
break, flow lost through this small line would be of little 
concern.) 

4. If -the hotwell and associated piping should become 
seismically qualified through response to OL 87-02 and other 
actions, this new control function and the active 
classification of the valves would no longer be required.  

5. The Emergency Feedwater Design Basis Document will be 
updated appropriately, documenting this resolution to the 
seismic boundary issue.



6. Regulatory Compliance should inform the NRC that more 
time is needed to upgrade the EFW boundaries to meet seismic 
design criteria imposed by Generic Latter 81-14. (The 
present commitment is to complete upgrade by the and of the 
.current Unit 3 refueling outage.) 

NOTZ: Corrective action in Design Engineering to preclude 
similar design deficiencies is considered already 
implemented. The TOPFORM.program, with its emphasis on 

design verification and client revie, provides added 
assurance that modification designs accomplish their 
intended purpose.
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A.6 EMERGENCY FEEDWATER SYSTEM 

System Description 

The Emergency Feedwater (EFW) System is designed to supply feedwater to the 
steam generators in the event Main Feedwater is lost. The EFW system provides 
the required flow rate to cool the 'Reactor Coolant System (RCS) down to the 
point at which the Decay Heat Removal system is designed to operate. The EFW 
system is also designed to cool the RCS following a small break Loss-of-Coolant
Accident.  

Two alternate systems are also available to provide feedwater to the steam 
generators. The Auxiliary Service Water (ASW) System and the SSF Auxiliary 
Service Water System are raw water systems which can be manually aligned for 
steam generator cooling. The SSF ASW system is described in the SSF section, 
and the ASW System, sometimes known as the "Tornado 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 to both SGs simultaneously, is driven from 
steam contained in either SG. Each of the two motor-driven pumps is 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 feeding only one SG. The reduction 
in flow while feeding one.SG is due to line restrictions. Any single 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 System is the UST: two 36,000 gallon tanks valved 

together to make one 72,000 gallon tank. The condenser 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 is capable of taking 

suction from the hotwell under vacuum, however, total flow is limited by 

operating procedures to 500 gpm to protect the pump. This flow is considered 

inadequate for steam generator cooling when recirculation flow back to the UST 

is accounted for.  

In addition 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 

dedicated to feed. The turbine-driven pump discharge line splits into two lines, 

one joining the discharge line of motor-driven pump '3A' to form a 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 controlled by 

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

The ASW System is shared among the three units at the station. It is designed to 

remove decay beat from all three units simultaneously upon loss of main 
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feedwater (MFW) and EFW as a result of tomado wind or missile damage. The 
pump can supply adequate flow to one or both SGs of each unit assuming the 
atmospheric 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 System is accomplished by supplying flow to one of the two 
SGs from ont of three EFYW pumps.  

Major Assumptions 

1. It is 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 is 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 
generally modeled. Operator action is normally relied upon to throttle 

EFW flow in the model.  

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

power is not reloaded.



6. Unavailability of the UST at the start will fail the pumps because there 

will be no suction source. Failure of makeue to UST will not fail the 
pumps unless hotwell switchover fails.  

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

alignment of the ASW system is modeled only in the tornado model.  

System Reliability Results 

Turbine-driven pump run failure combined with a latent human error on the motor 
driven 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 control valves and unavailability of the UST also 
contribute significantly to overall system unavailability.  

It should be noted 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 a 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.  
This 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.  
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Top Cut Sets For Gate Fl: EFW System Fails 

Cut Set Prob. Event Name Event Description Event 
Prob.  

1.1SE-03 FCXMUSTLHE UST Flow Line To MDEFWPs Fails Due To Latent Human Error 3.OOE-03 
FEFTDFPTPR Turbine-Driven EFW Pump Fails To Run For The Required Time 3.84E-01 

1.94E-04 FEF1516COM Common Cause Failure Of AOVs FDW-315 and 316 To Open 1.94E-04 
1.OOE-04 FEFWUSTLHE Insufficient Inventory In UST For EFW Pump Suction 1.OOE-04 
9.72E-05 FCXCl87AVT Air-Operated Valve C-187 Transfers Open 9.72E-05 
7.30E-05 FCX0572CVO Check Valve 3C-572 Fails To Open On Demand 1.90E-04 

FEFTDFPTPR Turbine-Driven EFW Pump Fails To Run For The Required Time 3.84E-01 
4.26E-05 FEFMDPSCOM Common Cause Failure Of Motor-Driven EFW Pumps To Start 1.1 IE-04 

FEFTDFPTPR Turbine-Driven EFW Pump Fails To Run For The Required Time 3.84E-01 

339E-05 FEFTDFPTPR Turbine-Driven EFW Pump Fails To Run For The Required Time 3.84E-01 
I FLS0527VVT Manual Valve 3LPSW-527 Transfers Closed 8.83E-05 

3.39E-05 FCXO180VVT Locked Open Manual Valve 3C-1SO Transfers Closed 8.83E-05 
FEFTDFPTPR Turbine-Driven EFW Pump Fails To Run For The Required Time 3.84E-01 

3.39E-05 FCXO166VVT Manual Valve 3C-166 Transfers Closed 8.83E-05 
FEFTDFPTPRJTurbin--Driven EFW Pump Fails To Run For The Required Time 3.84E-01 

2.52E-05 FEFMDPRCOM jCommon Cause Failure Of Motor-Driven EFW Pumps To Run 6.56E-05 
FEFTDFPTPR Turbine-Driven EFW Pump Fails To Run For The Required Time 3.84E-O1 

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 

contribution to system failure.  

Importance Table For Gate FI: EFW System Fails 

Evn am ecrpin F- V RAW 
FEFTDFPTPR fTurbine-Driven EFW Pump Fails To Run For The Required Time 71.S% 2.15 
FCXMUSTLHE JUST Flow Line To MDEFWPs Fails Due To Latent Human Error 62.4% 203 
FEF1I516COM Common Cause Failure Of AOVs FDW-315 and 316 To Open 9.9% 509 
FEFWUSTLHE Ilnsufficient 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 Pumes To Start 2.2% 196 
FCX0180VVT Locked Open Manual Valve 3C-180 Transfers Closed 1.7% 196 
FLS0527VVT Manual Valve 3LPSW-527 Transfers Closed 1.7% 196 
FCXOI66VVT Manual Valve 3C-166 Transfers Closed 1.7% 196 
FEFTRNATRM JEFW System Train 3A Is in Maintenance I 1.3% 3.62 
ZTFr RNBTRM IEFW System Train 3B Is in Maintenance 1.3% 3.62 
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10 CFR 50.59 USQ EVALUATION (NSD20s.1.1) 

(1) STATION (s): (2) UNIT(s): (3) TYPE OF ACTIVITY: 0 Operability Evaluation 
Oconee Nuclear Station Unit 1 Nuclear Station Modification 0 Test or Experiment 

0 Mccuire Nuclear station Unit 2 Minor Modification UFSAR Change 

C.atawba Nuclear Station Unit 3 Procedure 0 Temporary Modification 

0__0. __ Other 

(4) DOCUMENT NUMBER. REV. NUMBER. and DESCRIPTION: Revise UFSAR Section 10.4.7 to clarify EFW 
single failure design statements 

(5) SCREENING FOR INCREASED MANAGEMENT INVOLVEMENT (NSD 209.11.2 & 213) 
1. Is the activity being evaluated a procedure. test. experiment. or evolution? If No. proceed to Part (6). If Yes. [Yes z No 

continue to the next question.  

2. Does this item involve infrequently performed tests or evolutions that have the potential to significantly degrade 
the level of nuclear safety? If 'Yes. consult with the Superintendent of Operations to determine if additional Yes [ONo 
controls are necessary.  

Procedure Qualified Reviewer Date: 

Superintendent of Operations: Date: 

(6) SAFETY ANALYSIS REPORT DOCUMENT REVIEW (NSD 209.11.3) 
1. Will Technical Specification changes be required? * If the answer is -Yes. then the part of the activity requiring Oves E a change to the Technical Specfications cannot be performed under the 10 CFR 50.59 regulation nor implemented 

without prior NRC approval.  

2. TECHNICAL SPECIF;CATIONS AND ASSOCIATED BASES CONSULTED: 3.4.4.9 

3. UFSAR SECTIONS CONSULTED: 10.4.7. 7.4.3. 8.3.2.2.4. 15.0. 15.8. 15.14 

4. OTHER SAR DOCUMENTS CONSULTED: Numerous other SAR documents consulted. See reference section of Altachment 1.  

5. SAR DOCUMENT SECTIONS WHICH NEED REVISION: UFSAR 10.4.7 

(7) SAFETY REVIEW (NSD 209.11.4) 
Safety Review performed and documented as required per section 209.11.4 and 209.12? [=1res 

(8) EVALUATION OF UNREVIEWED SAFETY QUESTIONS (NSD 209.11.5) 
May the proposed activity: 

1. Increase the probability of occurrence of an accident previously evaluated in the SAR? Oves awe 
2. Increase the probability of occurrence of a malfunction of equipment important to safety previouz:y OYes 7Na 

evaluated in the SAR? 

3. Increase the consequences of an accident previously evaluated in the SAR? []Yes ENO 
4. Increase the consequences of a malfunction of equipment important to safety previously evaluated in the SAP? . Yes ONo 

5. Create the possibility for an accident of a different type than any evaluated previously in the SAR? [Yes [No 

6. Create the possibility for a different type of malfunction of equipment important to safety than any evaluated I]Yes ENo 
previously in the SAR? 

Does the proposed activity: 

7. Reduce the margin of safety as defined in the basis for any Technical Specification? ves- ONO 

if the answer to any of the above seven (7) unreviewed safety questions in Part (8) is Yes.' the change cannot 
be performed under the 10 CFR 50.59 regulation nor implemented without prior NRC approval.  
The Design and Safety Considerations in NSD 209 Table 209-2 have been considered, as appropriate. Yes 

(9) DOCUMENTATION (NSD 209.11.6 & 209.12) 

Activity Description. Safety Review. Justification of Answers to the 7 USO Questions in Part 8. Conclusion. Summary jYes 
for Annual Report. & References attached7 

(10) APPROVAL (NSD 209.11.7) 

Preparer- . C 3e- .---. Date: /-1E
Qualified Reviewer Date: /IF.?? 
The Qualified Reviewer is responsible for assuring a copy of the completed evaluation is sent to Site Regulatory Compliance and the 
Nuclear General Oftice NSRB Staff (NSRB Staff mail code - ECO5N). Date Sent />



50.59 USQ Evaluation 
UFSAR 10.4.7 change 

Attachment I 
I 1/18/93 

Safety Evaluation for FSAR 10.4.7 Change 

Description of chanae 

UFSAR 10.4.7 is being revised to clarify the EFW design basis. This evaluation process includes collecting 
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 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): 

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

"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." 

This statement is being 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 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 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 pump is automatically secured by the Main Steam Line Break MSLB circuitry in 
the event of a MSLB. This needed UrSAR change was not made as a part 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 
manually 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 to single 
failure. (Ref. 34) 

Section 10.4.7.3 is being revised to add clarification of the single failure design of the EFW system. A 
discussion of the High Energy 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 valves 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 letter.  
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50.59 USQ Evaluation 
UFSAR 10.4.7 change 

Attachnient I 

SAFETY REVIEW 11/18/98 

INTRODUCTION 

The original Oconee feedwater system was designed with diversity so that in the event of a 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 system to assure higher reliability. The major physical enhancement was the addition of the motor driven emergency 
feedwater pumps. As the result of the TMI 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 particular were added that have created some confusion as to 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 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." 

"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." 

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 to 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 horwell. 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 to the steam generators was maintained following a reactor 
shutdown (Ref. I).

The early versions of the Oconee Technical Specifications for the Steam and Power Conversion system 
applied to 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 A50F unless the following conditions are met: 

3.4.1 Capability to remove a decay heat load of 5 percent full reactor power from at least one of the 
following means: 
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b. The emergency feedwater pump.  
C. A hotwell 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.  

Original Safety Evaluation Report 

The original Unit I 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 principal intermed.Hate rrmov routes: () by way of the steam and power conversion system (steam generators and main condensers), and (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 to permit the loss of the low pressure injection route.  Redundancy within the steam 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, condensate booster pumps, and turbine driven emergency feedwater pumps) ensured adequate decay heat removal capability 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 emergency 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 a piping system 
break outside of containment. As part of this request there was discussion about a requirement to assume a single active failure of a component needed to function to mitigate the event. (Ref. 5) 

In a report dated April 25, 1973, supplemented on June 22, 1973, Duke submitted the analysis 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 4 160 volt engineered safeguards switchgear (ITC, 
ITD, and ITE). Duke stated that the plant could mitigate the loss of the 4160 volt engineered safeguards 
switchgear following a postulated feedwater line break in the turbine building since it would result in a 
condition that was similar to the accident analysis in FSAR Chapter 14.1.2.8.3, "Results of a 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 removal was available from the Auxiliary Service Water system through manual operator action. Duke 
alsd 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 ofan emergency feedwater bypass line and 
unit cross-connects which provided a means to deliver EFW to 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 proposed plant modifications and the criteria to be used in their 
designs." (Ref. 4, Section 7.1.11 and Appendix E).  

It 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 acceptability of the EFW 
system was based on the diversity of feedwater sources across the site.  

POST-TMI COMMITMENTS SPECIFIC TO SINGLE FAILURE 

Shortly after the TM! event IF bulletin 79-05A was issued specifying short term actions to enhance the 
reliability of the EFW system. The actions relevant to this discussion are: 

1. 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.  

3. Prepare procedures which assure that two independent steam generator EFW paths, each with 
100% flow capacity, are operable.  

(Ref. 8) 

As a result of the TMI accident and IE bulletin, Duke took several actions to meet the short term actions 
specified in the ]E Bulletin. Those include: 

* All manual 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.  

* 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.  
* Pursue the installation of MDEFW pumps.  

(Ref. 9, 27, 28) 

- May 7, 1979, the NRC issued an Order to Dukc Power specifying 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 to. review the impact of 
failures on systems. The design criteria listed for the MDEFW pumps were: 

1. 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. eiping and valves added will be Duke Class F (B3 1.1 -SSE seismic design) which is like quality to the 

existmng TDEFW feedwater pump system.  
6. The existing fetedwater 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 submitted a system concept to the NRC which described 
the "new" EFW system with the MDEFW pumps installed. The following summary of the submittal is 
provided: 

Design Bases 

"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. Tne 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 a small break.  

The EFW System is designed to stan 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 to enable 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% capacity motor 
driven pumps are powered by the Emergency AC Power System, each supplying feedwater to 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 total rated 
capacity of all three EFW pumps is 2080 GPM, only 720 GPM is required as a minimum to 
enable 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-e single 
failure coincident with a secondary pipe break and the loss of normal station auxiliary AC 
power. All automatic initiation logic and control functions are independent from the Integrated 
Control System (ICS)." 

(Ref. 10) 

System Descriotion (from this submittal) 

* the control valves are designed to fail open on loss of air or AC power which would eliminate the 
possibility of valve failure 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.  

* the motor driven EFW pumps are powered from the emergency AC power system during the loss of 
offsite power.  

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

(Ref. 10) 

System Function (from this submittal) 

* each EFW pump is supplied with its own independent starting circuit which is powered from the 125 
VDC station batteries 

* 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 
to select and isolate water sources and assure system function in the event of various failures.  

* During a shutdown following a blackout or loss of feedwater, no valve realignments or isolation are 
necessary since all the necessary valves are maintained in normal standby alignment to assure an open 
flow path for each EFW pump, and to assure piping separation and independence.  

(Ref. 10) 

Safety Evaluadon (from this submittal) 

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

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

b) The two EFW motor driven pumps are capable of supplying both the steam generators at full 
secondary pressure.  

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

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

e) The hotwell and condensate booster pump combination has a discharge shutoff head of 
approximately 700 psia. Three pairs of pumps are provided. If required, the turbine bypass 
system of the ADV's can be used to reduce the secondary system pressure to 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 to allow steam generator water inventory to 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 considerations to..  
enable it to function when conventional means of feedwater may be unavailable.  

Redundancy is provided with separate, 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 
system below the minimum required capacity. Pump controls, instrumentation, and motive power 
are separate in design. Separate piping subsystems include redundant horwell and upper surge 
tank condensate supply piping, aligned individually to the separate pump trains. Cross-connection 
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suction piping subsystem. The same design philosophy is included in the discharge piping 
subsystems." 

(Ref. 10) 

There are several key items that should be noted from this May 17, 1979 Duke letter. 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 a 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 ofiginal license, there is no specific mention of a main steam line break as EFW has no immediate role for some time after a MSLB since the break results 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 crossconnections 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 is a summary of the position stated in the HELB submittal of 1973, in which the EFW functiorrw as viewed as that provided by all the available site sources. This is supported by the Safety Evaluation section of this submittal which states that feedwater inventory is maintained in the steam generators by any of the six listed methods. Therefore, the basis for the statement relating to the secondary pipe break relies on the diversity of feedwater across the Oconee site f6r EFW system design acceptability.  

Summary of EFW Related Post-TMI reuirements 

NUREG-0667, "Transient Response of B&W Designed Reactors", included many recommendations that resulted 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 Engineered Safety Feature 
system, and as such be upgraded as necessary to meet safety-grade requirements. As an 
alternative, assuming comparable reliability, consideration would be given to the addition of a 
dedicated EFW system (i.e., a separate train).  

(Ref. 13) 

Duke responded to this recommendation stating that "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." 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 and current status for each plant.  
Included in those items were three that are relevant to EFW design requirements. The action items are: 

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

.---2.-- -Perform a deterministic review of the EFW systern using the acceptance 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. 4 1) 

* An NRC letter 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 letter 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 an 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 the 
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.  

Standard Review Plan 10.4.9 (Ref. 31) 

The requirements in the SRP 10.4.9 are based on the asstjmption 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: t 

"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. It must, therefore, be designed to operate when needed, using.  
principles of redundancy and diversity in order to assure that it can function under postulated 
accident conditions." 

This statement does not apply to each unit's EFW system at Oconee, since there are many other sources of 
feedwater available in the event that main feedwater is lost. The NRC's recommendation was to classify 
the EFW system as ESF or add a dedicated EFW system such as a separate train. Duke in their letter 
implied that the EFW system would not be upgraded to meet ESF requirements because the SSF (along 
W ith the other feedwater sources available) would provide the diversity required. (Ref. 13) 

Although not generally applicable to Oconee, the NRC staff appeared to review the EFW system to those 
requirements. This is evident from the questions that were asked in the NRC letter dated, November 14, 1980 (Ref. 14). That letter 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 failure.  
3. The system design possesses the capacity to automatically terminate auxiliary feedwater flow 

to a depressurized steam generator, and to automatically provide flow to the intact steam 
generator.  

(Ref. 3 1) 

The SRP requirement I above, which references BTP ASB 3-1 (Ref. 33), is directly related to the HELB 
andysis performed for Oconce-ir 973. 1n fact, the ZTP ASB 3-1 states that: - -.. .. .. ..  

-Designs of plants for which operating licenses are issued before July 1, 1975 are considered 
acceptable 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 to the December 1972 
letter from A. Giambusso, and the staff review and acceptance of these analyses 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 I above was not relevant to the post-TMI 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 lime frame were those, discussed in item 3 above, where the piping failures 
resulted in a depressurized steam generator (i.e. a break inside containment).  

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

In a letter to Duke, dated November 14, 1980, the NRC requested additional information c6ncerning 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 Back-Up Water Supplies. Emergency procedures 
- for transferring to alternate sources of AFW supply should be available to the plain 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." 

Item 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 failure, 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 to the intact steam generator will occur in sufficient time to 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 to 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 part 
of Question 3, the NRC requested the margin in sizing the pump flow to allow for pump 
recirculaton flow, seal leakage and pump wear.  

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

Item 2 - "The primary source 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 following the monthly testing. Pump startup is automatic 
upon demand signal".  

Item 14 (postulatd-main steam and main feedwater lirC 5;caks) --: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 manually close the EMO isolation valve or the flew 

- control valve FDW-315 on OTSG A. He is able to 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 level and pressure and would immediately be aware 
of such a situation.  
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Concurrently, the operator would monitor the intact steam generator to assure adequate inventory 
and secondary heat removal via either main feedwater or emergency feedwater systems.  

In the event ofa 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.  

With a postulated break associated with the 'A' OTSG and a failure of the 'B' motor driven 
emergency feedwater pump, the turbine driven emergency feedwater pump is available as is the 
normal feedwater system.  

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. Additionally, in the unlikely event that FDW-315, 316 failed to 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 Item 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 opertion would be required and that action outside of the control room may be necessary to re
establish flow. This being an overcooling event, adequate time exists for actions outside of the control 
room to be taken to direct 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 3, 1981 letter (Ref.  
16). The following response 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 capable of delivering sufficient feedwater to 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 each at 1065 psia) each 
aligned to 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 
actuation. 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 to 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 heat removal 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 to the instantaneous loss of both main feedwater pumps. A discussion of the demand on 
the EFW system for each transient follows.  

1) 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 capacit.  

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 setpoint 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 dditionl ahaT -he ansite emergency 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 feedwater pump to deliver sufficient feedwater to 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 included. The average hourly EFW flowrate to meet 
cooldown rates of I 00*F/hr and 50'F/hr down to the switchover temperature of 2501F are given 
below.  

Cooldown Rate 
Time 1 00 'F/hr. 50*F/hr.  

0-1 hr 547 gpm 480 gpm 
1-2 hr 464 390 

2-3.3 hr 430 
2-3 hr - 354 
3-4 hr 344 
4-5 hr . 331 
5-6 hr 325 
6-6.6 hr 320 

Cooldown of the RCS is a manual function controlled by the operator such that the EFW flow is 
throttled to obtain the cooldown rate desired and 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 

Page I I of 24



50.59 USQ Evaluation 
UFSAR 10.4.7 change 

Attachment I 
I1/18/98 

runback. With the main feedwater pumps in an untripped condition, there is no requirement for 
the EFW system.to function.  

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

7) Main Feedwater Line Break - 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 tie 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 loss 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 Transient Behavior and Small Reactor Coolant System 
breaks in the 17-FA Plant", May 7, 1979, required a minimum flow rate of300 gpm. One 
MDEFWP 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 to the postulation 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 available 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 single 
failure during the transients focused on the adequacy of the EFW system flow capacity to the steam 
genertors 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 plant response due to each of the events listed and the 
effect of failures resulting from plant interactions. They were simply requirements for sizing of EFW 
pumping capacity. It should 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 an 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 an.SER dated August 25, 1981 (Ref. 17). the NRC found the Oconee response to the various questions 
relafing to the AFW reliability study and SRP requirements as follows: 

Item 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 a suction valve in one of these parallel paths were to block suction flow due to a 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 traird of EFW cross
connects from the other units on the discharge side of the pumps, and by the Standby Shutdown 
Facility fare available]. Therefore, separate procedures for case I are not considered necessary.  
We find the Oconee design acceptable with respect with case I of this recommendation." [Case I 
was the case in which the primary water supply.was not initially available].  

Based on the NRC evaluation of a loss of primary water source tank, Oconee's design is found acceptable, 
in part because of the diversity of sources available to 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.  

Item 14 (postulated main steam or main feedwater line break) - the NRC made the following statements: 

"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 sufficient flow 
to the intact steam generator. The operator has sufficient control room indication of steam 
generator level and pressure to take the actions necessary to provide sufficient flow to the intact 
steam generator in time to maintain adequate core cooling. We find the response to 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 operatoraction to mitigate a main 
steam or main feedwater line break. Again, this review was only associated with the HELB that 
depressurized 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 concerning the review of the 
EFW system flow requirements: 

"Duke's response evaluated various transient and accident conditions involving the use of the 
EFWS. The results of these valuations showed that any one EFW pump (two clectric motor. . ..  
driven and one steam turbine driven pumps are provided in each unit) could provide sufficient 
EFW flow to remove decay heat from the Reactor Coolant System. We have reviewed this 
information and have concluded that the flowrate design bases are acceptable 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 to the steam generators from any one EFW pump.  
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FSAR Update as Required by IOCFR 50.7 1e 

On July 19, 1982, the original FSAR was updated in accordance with the recently issued rule, 10 CFR 50.7le. 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. 1, 32,42). The UFSAR was brought up to date as of December 31, 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 changies 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 to 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 points.  

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

I) EFW conceptual system information in Duke letter dated May 17, 1979. (Ref. 10) 2) Duke's Item 14 response in a letter dated April 3, 1981. (Ref. 16) 
3) Duke's Item 17 response n ak ratedr Apr:! 3, 198. (Ref. 16) 

As a result of the combination of the information from the above three sources, the UFSAR information was arranged in a 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 staterients 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 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." 

As was indicated earlier, the above information was a summary of the HELB study results. The HELB analysis considered the EFW function to include multiple feedwater sources available to 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 also 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 a 
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).  

The other statement in question is contained in the next to last paragraph in Section 10.4.7.1. This 
-- :atcmcnt :onsists of the folkwing sentencc...-. ..-..

"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 particular statement originated in the Item 14 response in Duke's letter dated April 3, 1981 and the 
NRC's SER dated August 25. 1981. Duke was responding to an NRC question regarding a line break that 
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resulted in a depressurized steam generator. The following two quotes show the information that was 
contained 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 of 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." 

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 sufficient flow 
to the intact steam generator. The operator has sufficient control room indication tfsteam 
generator level and pressure to take the actions necessary to provide sufficient flow to the intact 
steam generator in time to 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 feedwater 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 to 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 Letter 81-14. "Seismic Qualification of Auxiliary Feedwater Systems" 

As a result of the seismic design requirements of the SRP 10.4.9. the NRC issued Generic Letter 81-14, 
"Seismic Qualification of Auxiliary Feedwater Systens", in a letter dated February 10, 1981 (Ref. 15, 31).  
The generic letter requested licensees to define the extent to which the Auxiliary Feedwater systems are 
seismically qualified.  

In a letter dated January 28, 1982 (Ref. 18), Duke responded to Generic Letter 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 seismic requirements and no additional modifications to 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 concerning the EFW system availability following a safe shutdown earthquake and 
concurrent single failure. Based on Duke's letters and the NRC's backfit analysis, the NRC concluded that 
:h: Oconce EFW system seismioqualification has been adequately addrcssed..

The NRC indicated that the SSF auxiliary service water system and HPI feed and bleed capability are 
important as alternate means of decay heat removal should the EFW system fail 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 identified EFW system seismic deficiencies are corrected, but also serve 
as additional defense-in-depth protection against core melt in the long term given the seismically-induced 
flooding vulnerability of the EFW system. Based on the alternate means of decay heat removal, the NRC 
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Staff concluded 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 LPI pumps for use in 
the feed and bleed mode of operation along with the SSF auxiliary service pump. Both of the above 
alternate means of decay heat removal provide suitable redundancy to the EFW system sinte the EFW 
system itself is unprotected from flooding and, therefore, assumed unavailable following a maximum 
hypothetical earthquake. Thus, the NRC Staff closed the concern 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 maximin 
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 concerning the 
concurrent single active failure.  

Licensine Basis Conclusion 

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 section. The original design of Oconee 
consisted of a diverse and redundant steain and power conversion system for supplying feedwater to the 
steam generators. Each unit's emergency feedwater 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 
vostulated 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 Oconee design was determined to 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 to the unit with the HELB.  
Therefore, diversity of EFW sources was credited to mitigate the HELB with a concurrent single failure.  

Shortly after the TMI accident in 1979, but before the long term NRC plans for EFW upgrades were 
formalized and published, Duke committed 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 to the NRC, was a 
cclcction of th: rcquircm.nts that-were applicable to thc systcm at the time: The accidents that were -- -......  
evaluated for EFW, at the time of the initial system concept, were loss of main feedwater and SBLOCA.  
The system concept addressed a 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 to perform 
its safety-related function in the event of a single failure coincident with a secondary pipe break and the 
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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 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 requiretnents in various NUREGS. The NRC requirements can be summarized into three basic areas, I)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-evaluated.  

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 to be available in the SSF.  

As a result -f the EFW system reviews, several key issues were discussed in corresporidence between Duke and the NRC. Components associated with the feedwater water sources (hotwell, condensate storage tank, and upper surge rank were not specifIC!y sdered1 as pan of the EFW system review, however, the NRC did postulated the impact of the primary suction source not being immediately available and the operators 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 acceptability 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 to the intact steam generator in sufficient time to provide adequate core cooling following a 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 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 EFWsystem 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 submittals 
related to the EFW system design modifications following the TMI-2 accident and the NUR.EG-0660 EFW 
reliability study. The text in the UFSAR was taken from Duke submittals, 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 submittal summarized the design bases of the EFW system as understood at 
that tim...

-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." 
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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 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 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 generator the operator must take manual action. The system is designed so that a 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 level and pressure to take actions necessary to provide sufficient flow to the intact steam generator in time to maintain adequate core cooling." 

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.  

Evaluauio nqofL SQ uestions 

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 malfunction of equipment important to safety previously 
evale:::d in the SAR? -

No. This change will clarify the UFSAR to describe the limits of the single failure evaluation specific to 
EFW as previously submitted 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 based on 
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 again credited the 
diversity of the Oconee design and concluded that the design was acceptable. This change simply collects 
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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 to 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 better reflect the EFW system design that has been reviewed by the NRC. 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. 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 consequences of a malfunction of equipment important to safety previously 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 to *

single failure. The statements in the current UFSAR addressed in the discussion above were taken from 
Duke/NRC correspondence and did not include enough background information to adequately describe the 
design of the EFW system. Thks hnge IF. ad kground information from the Duke/NRC 
correspondence to better describe 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.  

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 after 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 created 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 operability 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 required.  
Changes to UFSAR 10.4.7 are specified as included in Attachment 2.  

Summary 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 collecting 
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 b'eing evaluated 
are included in sections 10.4.7.1, 10.4.7.2, 10.4.73, 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 redundancy 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 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 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 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 
ihat only the MDEFW pumps will always continue to run when automatically started until secured by the 
operator. The TDEFW pump is automatically secured by the Main Steam Line Break MSLB circuitry in 
the event of a MSLB. This needed UFSAR change was not made as a part of NSMs-x2S73, 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 
manually 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 to single 
failure.  

Section 10.4.7.3 is being revised to add clarification of the single failure design of the EFW system. A 
di:scussion of :he High Energy Line Break (HELD) impact tn the EFW system was included to 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 a review of the EFW pumps 
and EFW flow control valves 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 April 3, 1981 letter.  
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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 section. The original design of Oconee 
consisted of a diverse and redundant steam and power conversion system for supplying feedwater to the 
steam generators. Each unit's emergency feedwater 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 
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 Oconee design was determined to 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 to the unit with the HELB.  
Therefore, diversity of EFW sources was credited to mitigate the HELB with a concurrent single failure.  

Shortly after the TMI accident in 1979, but before the long term NRC plans for EFW upgrades were 
formalized and published, Duke committed 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 to the NRC, was a 
collection of the requirements that were applicable to the system at the time. The accidents that were 
evaluated for EFW, at t time of the initia! systern concrept, were loss of main feedwater and SBLOCA.  
The system concept addressed a 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 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", 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 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 theif requirements in various 
NUREGS. The NRC requirements can be summarized into three basic areas, I)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-evaluated.  

Before the detailed reviews started, the NRC recommended that licensees upgrade their EFW systems to 
-ESF g-adc or providc an atcrnatc path of EFW. -The Duk rcsponsc, 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 to be available 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 tank, 
and upper surge tank) were not specifically considered as part of the EFW system review, however, the 
NRC did postulated the impact of the primary suction source not being immediately available and the 
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operators 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 acceptability of the Oconee EFW system design.  Addftionally, the NRC accepted 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 to provide adequate core cooling following a 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 to 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 systern. 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 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 submittals, 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 submittal summarized the design bases of the EFW syster* as understood at that time.  

"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." 

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 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 corresoondence. in resoonse to the NRC questions relating to limiting or terminating flow to the depressurized steam generator and directmg 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 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 ard isolate the ruptured steam 
gn:-ator the opcra:or must takc manual-action. Th'system-is designced so:hat a 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 level and pressure 
to take actions necessary to provide sufficient flow to the intact steam generator 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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10.4.6.6 Interactions with Reactor Coolant System 

The effects of inadvertent steam relief or steam bypass are covered by the analysis of the steam line break 
;iven in Section 15.13. "Steam 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 will trip automatically due to anticipatory trip logic. .The safety 
valves will relieve excess steam until the output is reduced to the point at which the steam bypass to the 
condenser can handle all the steam generated.  

In the event of failure of a main feedwater. pump. there will be an automatic runback of the power 
demand. The one main feedwater pump remaining in service will carry approximately 60 percent of full 
load feedwater flow. If both main feedwater pumps fail, tte turbine and reactor will be tripped, and the 
emergency feedwater pumps started.  

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

10.4.7 EMERGENCY FEEDWATER SYSTEM 

10.4.7.1 Design Bases 

Tne Emergency Feedwater (EFW) System assures sufficient feedwater supply to the steam generators of 
each unit, in the event of loss of the Condensate/Main 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 a small break. The EFW System is shown in Figure 10-8.  

2 The EFW System is designed to start automatically in the event of loss of both main feedwater pumps as 
6 indicated by Main Feedwater Pump low hydraulic oil -pressure. In addition, low water level in either 
2 steam generator, after a 30 second delay to prevent spurious actuations, will start the Motor Driven 
6 Emergency Feedwater Pumps. The EFW System will supply sufficient feedwater to enable the Reactor 

Coolant System to cool down to conditions at which the Decay Heat Removal System may be operated.  

Three EFW pumps are provided, powered from diverse power sources. Two full capacity motor-driven 
pumps are powered by the emergency A.C. Power System, each supplying feedwater to one steam 
generator. One turbine-driven pump, supplying feedwater to both steam generators, may be driven by 
any of three separate steam sources; A Main Steam, B Main Steam, or plant stan-up steam (also called 
the Auxiliary Steam System). Although the total rated capacity of all three EFW pumps is 1780 galimin, 
the flow capacity of any one of the pumps is sufficient to enable safe and orderly cooldown of the Reactor 
Coolant System. 4' . r a c.c = thd. J. p. EF-W Pping pc.  

2:114eh~on-4=66et cennqr'o1' -"n '10-i"h syx"= 1 prtfzzri its:ey -~e~'* Ametion in th 4.  

The three units are provided with separate EFW Systems. The discharge header of each EFW System is 
cross connected making each system capable of supplying either unit.  

Automatic initiation of the turbinc-driven EFW pump is independent of AC power. Based on the 
reCquired emer2ency feedwater flow, sufficient inventory of FFW is available for maintaining hot shutdown 

6 for at least 75 minutes from both upper surge tanks. The inventory in the upper surge tanks is assured by 
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Insert I 
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 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 A.C.  power. In the case of a secondary pipe break coincident with a single failure, the emergency 
feedwater 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 control functions are independent from the Integrated Control System 
(ICS).  

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 1hotw r makeup control valves on a low upper surge tank level signal. The upper surge -tinks and the associated pipinE from them to the EFW pump suctions ar seismical2y qua0i0id Thli condcnscr hotwecll is also scismicaljv qualificd with a nominal capaciity of 120.000 gallons. However.  thic condenser hot"-cfl is seismically qualified without any pipin connected to it, and not all of the pipinp from the hotwell to thc EFW pump suctions has been scismi ally qualified.  

t 7t-Z 
;4 

The plant transient which requires the highest Emergcncy Feedwater System flow, and as such constitutes 2 the Emere hicy Feedwatcr design basis transient, is thc loss of main feedwater transient. This transient combines the highest heat load. decay heat plus reactor coolant pump heat, with the ninimum heat sink due to the instantaneous loss of both main feedwater pumps. A discussion of the demand on the EFW 5 system for each transient follows. The following. with the exception of Steam Line Break (Section 5 10.4.7.1.S, -Steam Lie Break") and Small Break LOCA (Section 10.4.7.1.9, "Small Break LOCA-), 2 -should not be considered Design Basis Transients for the entire plant, but for Emergency Fecdwater only.  

10.4.7.1.1 Loss of Main Feedwater (LMFW) 

Those transients which result in sing feedwater delivery from the Main Feedwater/Condensate System 6 are classified as 2 !cs! of maiu feen :I-Sice he reactor coolant pumps remain on, the control valves 0 modulate to tontrol steam generator level at 30 inches. The transient requires feedwater to be delivered it a rate sufficient to remove decay heat and reactor coolant pump heat. One motor driven emergency 6 fedwtrpump dclivez-ing 400 gal/min. at a steam generator pressure of 106-4.7 psia and an EFWV temperature ofl 130F will provide adequate heat removal capacity.  

3 10.4.7.1.2 LMFW with Loss of Offsite AC Power (LOOP) 

3 The loss of offsitc AC power causes the reactor to tmp, the turbine to trip, and the condensate booster pumps and hotwell pumps to tip causing a loss of main feedwater. The emergency feedwater pumps are actuated on the main feedwater pump trip. Since h reactor coolant pumps have trippedr steam 3 generator level control increases the level sctpoint to 240 inches on the extended startup 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 motor driven EFW pump can deliver sufficient feedwater to meet the demand..  

3 10.4.7.1.3 LMFW with Loss of Onsite and Offsite AC Power (Station Blackout) 

6 This transient is the result of a station blackout condition. This transient is similar to the Section 6 10.4.7.1.2, LMFW with Loss of Offsite AC Power (LOOP)" analysis with the additional assumption that the onsite emergency AC power sources have been lost. This results in the loss of the motor driven 3 emergency feedwater pumps. This transient is not a design basis event. The turbine-driven emergency 3 feedwater pump should be available for this event because of its AC power independence; however, the 3 SSF ASW is required to remove the decay heat in this transient. The transient is described in Section 3 8.3.2.2.4. "Station Blackout Analysis." 

10.4.1.1.4 Plant Cooldown 

In addition to providing sufficient heat removal capacity immuediately 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 analyzed. All heat sources have been 
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2 Automatic starting of the MDEFWP's is determined b the position of the control room seector switch 2 for eaCh pump. The MDEFWP's arc provided with 'a four position selector switch which allows the 2 operator to select bctween Off. Auto 1. Auto 2 and Run. When the selector switch is in the Auto I 
3 position. LOW STEAM GENERATOR WATER LEVEL in either steam generator (OTSG) will start 
2 the pump after a 30 second time delay to prevent spurious actuations. When the selector switch is in the 2 Auto 2 position, LOW STEAM GENERATOR~ WATER LEVEL or LOSS OF BOTH MAIN 2 --FEEDWATER PUMPS will start the pump. Loss of both main fedater pumps is 3nsed by pressure 
6 switches which monitor feedwater pump turbine control oil pressure. Loss of both' Main Fedwatr 
6 Pumps actuation is by the control oil pressure switches sensing loss of feedwater pumps. w 

2 Turbine Driven EFW Pump (TDEFWP): 

2 Automatic starting of the TDEFWP is determined by the position of the control room selector switch for 2 the pump. The TDEFWP is provided with a three position-pull] to lock selector switch which requires 
that the control room operator manually take the switch to the OFF position through a deliberate action.  2 The operator can select between Off, Auto and Run. When the selector switch is in the Auto position, 2.: LOSS OF BOTH MAIN FEED R PUMPS will start the pump. Loss of both main feedwater 6 pumps is sensed by pressure s es hc onitor feedwater pump turbine control oil pressure. If-a 5 main steam line break si is present he selector switch is in AUTO, -the TDEFWP will 5 automatically stop and preven an auto start. Th operator can manually start the TDEFWP by placing 7 the selector switch to RU .y 

Once automatically st , the EFW pumps * continue to operate until manually secured by the operator. Each emergen~y feedwater disc ge c to each steam generator is provided with a control * 5 valve and check valve. Thlecontrp vavs are normal closed due to sieam renerator level > 30-. The valves are arranced to fail toTc automatic control mode upon loss of DC control power to the manual/auto select solenoid. If the selected train of automatic control fails. then the valve would fail open. Also, upon loss of station air. the valves will maintain their position with N2 backup. If N, backup fails then the valve would fail open. These modes of operation show that emergency feedwatef 2 isolation is not possible with valve control circuitry or motive force failure. Open/Closed valve position 2 indication is provided for each control valve in the main control room at the valve manual loader.  

5 In automatic, a solenoid valve on each control valve is de-energized, allowing the valve to receive a control air signal for valve modulation in response to steam generator level. independent from the ICS.  
The EFW pumps normally discharge into separate lines feeding a separate steam generator through the auxiliary feedwater header.  

A flow path is also provided to the upper suree tank dome (connected to the condenser) for minimum 0 recirculation 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 o driven pump to assure individual pump minimum flow when needed during operation. A flow path is 0 provided from the discharge of each motor driven pump to the upper surge tank for full flow testing.  Power for the motor driven pumps is normally provided by the normal station auxiliary A.C. Power 3 System. During loss of offsite power operation, these pumps are aligned to the Emergency A.C. Power System. Motive steam for the turbine driven pump is provided from either of the two steam generators by main steam lines upstream of the stop valves, and is ex.hausted to the atmosphere. Either steam supply will provide sufficient steam for turbine operation. Either steam supply may be isolated if necessary. A check valve i5 provided in each steam supply line to prevent uncontrolled blowdown of more than one steam generator.  
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A -suficient depth of backup measures is provided to allow steam generator water inventory to be A-suthe EFW yste ha bee desenedwithspeial onsieratons to nbl i to 
maintained by any of the diverse methods listed above. Although redundancy and diversity is provided in the listed measures. the EFWX\ 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. Failure of either 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.  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 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 subsystems.  

In order to provide sufficient EFW flow to the intact steam generator to ensure adequatei 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 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 Control Room indication of steam generator level and pressure and would immediately be aware of such a situation.  

Concurrently, the operator would monitor the intact steam generator to assure adequate inventory and secondary heat removal via cither Main Feedwater or Emergency Feedwater Systems.  

In the event of a postulated break in the Main Steam or Main Feed System, coupled with a sinele active failure of either one of the three emergency feed water pumps, sufficient flow will occur to provide adequate core cooling.  

5 With a postulated break associated with the 'A' OTSG and a failure of the '8' motor driven emergency feedwater pump, the normal feedwater system will be isolated to both steam generators and the TDEFWP 5 will be inhibited from automatically starting. The TDEFWP can be manually started by placing its 7 control switch to RUN.  

5 With a postulated break associated with the 'A' OTSG and an active failure occurs with the flow control 5 valve (FDW7316), the Main Steam Line Break Circuitry must be disabled by the operator to allow 5 emergency feedwater flow alignment through the main feedwater startup control valves to either the main 7 or auxiliary nozzles.  

5 In the unlikely event that FDW-315, 316 fail open (on a loss of compressed air and nitrogen). an operator 
5 could manually adjust either one of the valves as they are located in the Penet tion Rooms which are 
5 adjacent to the Control Room.  

The spectrum of transients wh* require EFW system performance for post trip heat removal have been 
evaluated assuming only one otor driven emergency feedwater pump is available to deliver the necessary 
feedwater. Any singic failure in the three pump-two flowpath EFW system design will not result in only 
one motor driven EFW pump available, so that this assumption is overly conservative. These analysts 
verify the acceptability of the Emergency Feedwater System design.  
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