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ABSTRACT (Limit to 1400 spaces, i.e., approximately 15 single-spaced typewritten lines)
At 1430 hours EST on 4/13/2016 with H. B. Robinson Steam Electric Plant, Unit No. 2 in Mode 1 at 100 percent power, it was
determined that the source document for the mass and energy release parameters used to determine the containment pressure and
temperature response to a main steam line break inside containment does not adequately account for all possible single active failure
scenarios in the steam or feedwater line isolation provisions. The source document addresses the active failure of the main feedwater
regulating valves to close in the faulted steam generator feedline, but not the failure of a feedwater regulating bypass valve to close in
that feedline. An active failure of a feedwater regulating bypass valve whereby the valve fails to close will increase the secondary mass
available for release to the containment structure. This can result in higher peak containment pressure that could challenge the
containment design pressure. This condition is only a concern when the feedwater regulating bypass valves are in the open position in
Modes 1, 2, or 3, and they fail to close on an engineered safeguards actuation signal. Administrative controls and corrective actions
have been implemented to maintain design control of the feedwater regulating bypass in these modes of operation.
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BACKGROUND
Regulatory

Technical Specification (TS) Limiting Condition For Operation (LCO) 3.7.3 requires three Main Feedwater Isolation Valves (MFIVs)
[ISV], three Main Feedwater Regulating Valves (MFRVs)[FCV], and three bypass valves[V] to be operable, except when valves are
closed or isolated by a closed manual valve[V]. The capability for these valves to close following a steam line break is relied upon to
terminate core response to excess feedwater flow induced Reactor Coolant System (RCS)[RCS] cooling, and to terminate mass energy
release inside containment[VSL]. Continued feedwater flow to a faulted Steam Generator (SG)[SG] will provide additional
secondary mass available for release to Containment resulting in a calculated exceedance of the structure’s design pressure and its
operability. Per T.S. 3.6.1, Containment shall be operable in Modes 1, 2, 3, and 4. This scenario was not considered in the plant
safety analysis, and is therefore an unanalyzed condition.

The regulatory impact to the station as a consequence of this condition necessitates a 60-day licensee event report (LER) to the
Nuclear Regulatory Commission (NRC) under 10 CFR 50.73(a)(2)(ii)(B), “Degraded or Unanalyzed Condition,” and required an 8-
hour non-emergency notification per 10 CFR 50.72(b)(3)(ii)(B), “Degraded or Unanalyzed Condition.”

Technical

H. B. Robinson Steam Electric Plant, Unit No. 2, (HBRSEP2) is equipped with three steam generators (SGs). Feedwater (FW) is
independently supplied to each SG through a main feedwater isolation valve (MFIV) followed in series by a main feedwater regulating
valve (MFRV). Both valves are designed to close on a Feedwater Isolation signal for the purpose of isolating FW. Each main
feedwater line includes a bypass line with a smaller regulating valve known as the feedwater regulating bypass valve (FRBV). This
line bypasses both the MFIVs and MFRVs and is connected upstream of the MFIVs. The FRBVs are normally closed during full
power operation, will automatically close on Feedwater Isolation signal, and are used primarily during startup and shutdown when
reduced feedwater flow is required to maintain SG water inventory. These valves may also be used during full power operation when
automatic control of the MFRVs is not available. Because the bypass line is connected upstream of the MFIVs, there is no redundancy
to automatic flow isolation through this bypass line. With the FRBV open during a faulted SG event, there could be continued FW if
the FRBYV failed to close as designed.

EVENT DESCRIPTION

At 1430 hours EST on 4/13/2016, with the plant in Mode 1 at 100 percent power and no involvement of out-of-service structures,
systems or components, a condition was identified with the Main Feedwater system [SJ] whereby the current MSLB accident analysis
does not consider a single active failure of the FRBVs (FCV-479, FCV-489 and FCV-499) to close coincident with a MSLB inside
containment. This resulted in an unanalyzed condition that is contrary to the plant’s design basis.

Westinghouse report, WCAP-15305, “Carolina Power & Light Company H.B. Robinson Steam Electric Plant Unit No. 2, Steam Line
Break Containment Integrity Analysis,” is the source document for the mass and energy release parameters to determine the
containment pressure and temperature response to a MSLB. Nuclear Regulatory Commission (NRC) guidance provides that for steam
and feedwater line break analyses the analysis should assume a single active failure in the steam or feedwater line isolation provisions
or feedwater pumps[P] to maximize the containment peak pressure and temperature. The active failures in the feedwater line isolation
provisions included in the WCAP only include failure of the main feedwater control valves (FCV-478, FCV-488 and FCV-498) to
close in the faulted SG feedline. The WCAP does not address failure of the FRBVs (FCV-479, FCV-489 and FCV-499) to close in the
faulted SG feedline. Operating Procedure (OP)-106, “NORMAL PLANT OPERATIONS,” contains provisions for operation of the
FRBVs in Mode 1. These valves are also open during plant startup. Upon a MSLB or a loss of coolant accident (LOCA) in
containment the engineered safety features actuation system (ESFAS)[JE] is designed to actuate Feedwater Isolation which isolates
feedwater (including tripping the main feed pumps[P]), by closing the MFRVs, the FWRVs, and the MSIVs.
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EVENT DESCRIPTION (Continued)

An active failure of a FRBV whereby the valve fails to close will increase the secondary mass available for release to the containment
as well as increase the heat transferred to the secondary fluid. During an ESFAS initiation or Feedwater Isolation signal, the
condensate pumps[P] and the heater drain pumps[P] (until low level trip) would continue to provide feedwater to the failed open
FRBV. Increased secondary mass available for release to the containment will result in a higher peak containment pressure that would
exceed the containment design pressure of 42 pounds per square inch gauge (PSIG), and can alter the offsite and control room total
effective dose equivalent (TEDE) doses.

The relevant analyses that appear to be unanalyzed for this scenario are Updated Final Safety Analysis Report (UFSAR) Chapter
6.2.1.4, “Containment Analysis for Postulated Secondary System Pipe Ruptures,” (WCAP-15305) related to containment design, and
UFSAR Chapter 15.1.5, “Main Steamline Break Event,” (ANP-2560) related to radiological consequences for both 102% power and
Hot Zero Power conditions.

WCAP-15305 and ANP-2560 do not address a single failure of a feedwater bypass valve, and based on the estimated flow rates
through the feedwater bypass valves following a feedwater pump trip. The resulting increase in secondary mass available for release
to the containment under this postulated single failure is considered an unanalyzed condition.

A Prompt Determination of Operability (PDO) was prepared that recommended the Containment be considered operable but in a non-
conforming condition while the plant was in Modes 1, 2, and 3, and that the FRBVs should remain closed and/or isolated while
operating in these Modes. Administrative controls and corrective actions have been established to ensure this configuration.

CAUSAL FACTORS

The cause analysis resulting from this event has determined that during the establishment of the plant’s current licensing basis for
MSLB inside containment, the postulated single failure of the feedwater regulating bypass valve to close was not considered. This is
a combination of original design issues and plant engineering decisions and activities that took place during the 1980s.

CORRECTIVE ACTIONS

Corrective actions in response to the condition and to restore compliance with regulations are listed below.
Immediate:

1. CR 2012658 generated to capture conditions in Corrective Action Program.

2. CR 2020495 generated to capture extent of condition in Corrective Action Program.

3. CR 2018710 generated to capture incorrect response to NRC IE Bulletin 80-04.

4. Standing Instruction 16-0003 implemented and Caution Tags placed on the FRBVs.

Planned:

1. Revise plant containment analysis input documents to complete a single failure analysis to address all the secondary side
assumptions and make provisions for implementing further corrective actions as necessary.

2. Complete engineering change to update single failures to containment analysis inputs and licensing basis for MSLB to incorporate
the feedwater isolation single failures as defined in related calculation into the current licensing basis.

SAFETY ANALYSIS

Failure of the feedwater bypass valves to automatically close following a main steamline break inside containment was found to be an
issue as a single failure may lead to containment overpressure. This scenario was assessed utilizing probabilistic risk assessment
methodology to determine the likelihood of this scenario occurring. Using conservative modeling techniques and conservative failure
frequencies for the postulated events, this scenario was assessed and determined to have a very low safety significance. Two different
failure modes were postulated for the valves: failure to close on demand and spuriously open during operation (and relevant common
cause failures). These failure modes were evaluated for time frames determined from plant operation data and limited operator action
was credited. The assessment determined that the scenario has a low safety significance for the periods with the valve(s) open. In
addition this analysis did not credit any other potentially mitigating system to avert core damage in order to bound the analysis.
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ADDITIONAL INFORMATION

A review of the industry Operating Experience (OE) was performed for a five (5) year span from 2011 to 2016. The search produced
433 reports. Several reports were reviewed for applicability based on subject titles, however no OE reviewed had the same

circumstances as the subject condition, where an inadequate single failure analysis of the system was utilized in containment structure
design pressure determination.

Energy Industry Identification System (EIIS) codes for systems and components relevant to this event are identified in the text of this
document within brackets [ ].
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