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MEMORANDUM TO: Richard Correia, Director 

Division of Risk Analysis 
Office of Nuclear Regulatory Research 

 
THRU: Kevin Coyne, Chief  /RA/ 

Probabilistic Risk Assessment Branch 
Division of Risk Analysis 
Office of Nuclear Regulatory Research 

 
FROM: Donald M. Helton  /RA/ 

Probabilistic Risk Assessment Branch 
Division of Risk Analysis 
Office of Nuclear Regulatory Research 

 
SUBJECT: SUMMARY OF THE THIRD CLOSED MEETING TO DISCUSS 

ONGOING OFFICE OF NUCLEAR REGULATORY RESEARCH 
CONFIRMATORY LEVEL 1 PROBABILISTIC RISK 
ASSESSMENT SUCCESS CRITERIA ANALYSES 

 
 
On October 25th, 2012, NRC staff held a noticed, closed teleconference with Exelon/Byron 
station to discuss ongoing Office of Nuclear Regulatory Research confirmatory Level 1 
probabilistic risk assessment (PRA) success criteria analyses.  During the teleconference, 
participants discussed boundary conditions and qualitative results for sequence timing and 
success criteria aspects of a selected spontaneous steam generator tube rupture scenarios, as 
well as boundary conditions for ongoing calculations related to two medium break loss-of-
coolant accident scenarios.  These discussions (and the associated analyses) do not relate to 
any ongoing or anticipated regulatory actions; rather, they are to confirm specific underlying 
modeling aspects in the agency’s standardized plant analysis risk models for 4-loop 
Westinghouse plants with large, dry containments (a continuation of an activity described further 
in NUREG-1953, “Confirmatory Thermal-Hydraulic Analysis to Support Specific Success Criteria 
in the Standardized Plant Analysis Risk Models – Surry and Peach Bottom”). 
 
This meeting was closed because (a) there has been no public interest expressed in past public 
activities related to this work, (b) the meeting is an information exchange not related to any 
specific regulatory decision, and (c) closure of the meeting facilitates the discussion of facility 
details (e.g., emergency operating procedures) that are not in the public domain.  Should a 
member of the public wish to participate in any future discussions between NRC and Exelon 
associated with this project, they should contact Donald Helton, Senior Reliability and Risk 
Engineer, at 301-251-7594 or at Donald.Helton@nrc.gov. 
 
 
CONTACT: Donald Helton, RES/DRA 
  301-251-7594 
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With regard to the spontaneous steam generator tube rupture scenario discussed, the modeled 
sequence includes multiple human failure events (failure to isolate the faulted steam generator; 
failure to execute the relevant cooldown and depressurization procedures).  This is one of the 
highest core damage frequency sequences in the Byron Standardized Plant Analysis Risk 
model.   MELCOR analyses were performed for full-power operation and investigated the 
following variations: 
 

• tube leakage area (0.5 to 2.0 double-ended tube rupture equivalents), 
• emergency core cooling system (ECCS) availability (minimal versus maximum), 
• cause of reactor trip (manual versus automatic), 
• availability of the condenser steam dump system (to accommodate an updated 

understanding of their availability), and 
• behavior of the atmospheric relief valve upon passing two-phase flow 

 
Additional boundary conditions and assumptions of interest are: 
 

• auxiliary feedwater is available 
• a 24 hour mission time is assumed 
• the analyses do not model induced steam line failure following steam line flooding 

 
Key preliminary takeaways from these analyses are: 
 

• The time of reactor trip ranges between 2 and 12 minutes depending on assumed 
conditions; in cases where automatic trip occurs before the operators are assumed to 
manually trip the reactor, automatic trip occurs due to the overtemperature delta-
temperature reactor protection system logic. 

• The delta-time between reactor trip and steam generator overfill (as measured by SG 
water level reaching the steamline nozzle) is as follows: 

o 60 to 80 minutes for 0.5-tube equivalent leaks 
o 20 to 40 minutes for 2-tube equivalent leaks 

• No core uncovery (and thus no core damage) occurs in the first 24 hours. 
 
There was discussion on secondary-side behavior following flooding of the steamline, 
specifically related to flooding of the steam header and potential back-feeding of the non-faulted 
steam generators.  Byron agreed to consider this issue, and may provide additional information 
about details related to orientation and water traps that the MELCOR model may not accurately 
reflect.  This issue only affects how the longer-term plant behavior is characterized; it does not 
affect the basic preliminary conclusions of the analysis. 
 
Once the thermal-hydraulic analyses have been reviewed and published, they will be evaluated 
for potential refinement of the human error probabilities in the standardized plant analysis risk 
model, and may be useful for condition and events assessments where actual leakage rates are 
known, and that include recovery actions.  That said, the specific modeling assumptions made 
for a given NRC application remain at the discretion of the cognizant NRC risk analyst. 
 

With regard to the boundary conditions for ongoing medium loss-of-coolant accident scenarios, 
two sets of calculations were discussed.  The purpose of the first set of calculations is to 
investigate the minimal emergency core cooling system injection requirements for early injection 
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considering different break sizes (ranging from 2- to 6-inch equivalent diameter) and different 
minimal system availabilities (1 safety injection plus 1 residual heat removal (RHR) train; 2 of 
4 cold-leg accumulators plus 1 RHR train). The purpose of the second set of calculations is to 
investigate the timing to initiate cooldown activities in order to obviate the need for high-
pressure recirculation, considering different break sizes (2- or 6-inch equivalent-diameter), 
cooldown initiation times (20 or 40 minutes), and containment system availabilities 
(2 containment spray trains plus 1 reactor containment fan cooler (RCFC) unit; 1 RCFC unit; 
4 RCFC units).  During the discussion, it was recommended by Byron that a sensitivity study be 
done to assess the effect of a MELCOR modeling assumption that presumes reactor coolant 
pump trip upon passing of high-void fraction flow (i.e., trip due to cavitation). 
 
It was determined after the call that the NRC inadvertently mis-represented one detail of the 
standardized plant analysis risk model.  It was stated that for sequence MLOCA-1, decay heat 
removal is not required, when in fact, either the RHR heat exchanger or 2 containment fan 
coolers are required. 
 
Staff will schedule a subsequent teleconference when the medium loss-of-coolant accident 
calculations are substantively completed, likely in December 2012. 
 
The following people participated in the teleconference: 
 
NRC      Exelon   Erin Engineering 
James Corson  Margaret Tobin Barry Quigley  Joe Edom 
Donald Helton  Joel Wiebe     Jeff Gabor 
Laura Kozak        Heather Lucek 
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