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B 2.0  SAFETY LIMITS (SLs) 
 
B 2.1.1  Reactor Core SLs 
 
 
BASES 

 
BACKGROUND GDC 10 (Ref. 1) requires that specified acceptable fuel design limits are 

not exceeded during steady state operation, normal operational 
transients, and anticipated operational occurrences (AOOs).  This is 
accomplished by having a departure from nucleate boiling (DNB) design 
basis, which corresponds to a 95% probability at a 95% confidence level 
(the 95/95 DNB criterion) that DNB will not occur and by requiring that 
fuel centerline temperature stays below the melting temperature. 

 
The restrictions of this SL prevent overheating of the fuel and cladding, as 
well as possible cladding perforation, that would result in the release of 
fission products to the reactor coolant.  Overheating of the fuel is 
prevented by maintaining the transient peak linear heat rate (LHR) below 
the level at which fuel centerline melting occurs.  Overheating of the fuel 
cladding is prevented by restricting fuel operation to within the nucleate 
boiling regime, where the heat transfer coefficient is large and the 
cladding surface temperature is slightly above the coolant saturation 
temperature. 

 
Fuel centerline melting occurs when the local LHR, or power peaking, in a 
region of the fuel is high enough to cause the fuel centerline temperature 
to reach the melting point of the fuel.  Expansion of the pellet upon 
centerline melting may cause the pellet to stress the cladding to the point 
of failure, allowing an uncontrolled release of activity to the reactor 
coolant. 

 
Operation above the boundary of the nucleate boiling regime could result 
in excessive cladding temperature because of the onset of DNB and the 
resultant sharp reduction in heat transfer coefficient.  Inside the steam 
film, high cladding temperatures are reached, and a cladding water 
(zirconium water) reaction may take place.  This chemical reaction results 
in oxidation of the fuel cladding to a structurally weaker form.  This 
weaker form may lose its integrity, resulting in an uncontrolled release of 
activity to the reactor coolant. 

 
 The proper functioning of the Reactor Protection System (RPS) and 

steam generator safety valves prevents violation of the reactor core SLs. 
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APPLICABLE The fuel cladding must not sustain damage as a result of normal 
SAFETY ANALYSES operation and AOOs.  The reactor core SLs are established to preclude 

violation of the following fuel design criteria: 
 

a. There must be at least 95% probability at a 95% confidence level 
(the 95/95 DNB criterion) that the hot fuel rod in the core does not 
experience DNB; and 

 
b. The hot fuel pellet in the core must not experience centerline fuel 

melting. 
 

The Reactor Trip System setpoints (Ref. 2), in combination with all the 
LCOs, are designed to prevent any anticipated combination of transient 
conditions for Reactor Coolant System (RCS) temperature, RCS Flow 

Rate, ∆I, pressure, and THERMAL POWER level that would result in a 
departure from nucleate boiling ratio (DNBR) of less than the DNBR limit 
and preclude the existence of flow instabilities. 

 
Automatic enforcement of these reactor core SLs is provided by the 
appropriate operation of the RPS and the steam generator safety valves. 

 
 The SLs represent a design requirement for establishing the RPS trip 

setpoints identified previously.  LCO 3.4.1, "RCS Pressure, Temperature, 
and Flow Departure from Nucleate Boiling (DNB) Limits," or the assumed 
initial conditions of the safety analyses (as indicated in the UFSAR, 
Ref. 2) provide more restrictive limits to ensure that the SLs are not 
exceeded. 

 

 
SAFETY LIMITS The Figure provided in the COLR shows the loci of points of Fraction of 

Rated Thermal power, RCS Pressure, and average temperature for which 
the minimum DNBR is not less than the safety analyses limit, that fuel 
centerline temperature remains below melting, that the average enthalpy 
in the hot leg is less than or equal to the enthalpy of saturated liquid, and 
that the exit quality is within the limits defined by the DNBR correlation. 

 
The reactor core SLs are established to preclude violation of the following 
fuel design criteria: 
 

a. There must be at least 95% probability at a 95% confidence 
level (the 95 / 95 DNB criteria) that the hot fuel rod in the 
core does not experience DNB; and 

 
b. There must be at least a 95% probability at a 95% 

confidence level that the hot fuel pellet in the core does not 
experience centerline fuel melting. 

 
The reactor core SLs are used to define the various RPS functions such 
that the above criteria are satisfied during steady state operation, normal  
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SAFETY LIMITS (Continued) 
 
operational transients, and anticipated operational occurrences (AOOs).  
To ensure that he RPS precludes the violation of the above criteria, 
additional criteria are applied to the Over Temperature and Overpower ∆T 
reactor trip functions.  That is, it must be demonstrated that the average 
enthalpy in the hot leg is less than or equal to the saturation enthalpy and 
that the core exit quality is within the limits defined by the DNBR 
correlation.  Appropriate functioning of the RPS ensures that for variations 
in the THERMAL POWER, RCS Pressure, RCS average temperature, 
RCS flow rate, and ∆I that the reactor core SLs will be satisfied during 
steady state operation, normal operational transients, and AOOs. 
 

 

 
APPLICABILITY SL 2.1.1 only applies in MODES 1 and 2 because these are the only 

MODES in which the reactor is critical.  Automatic protection functions are 
required to be OPERABLE during MODES 1 and 2 to ensure operation 
within the reactor core SLs.  The steam generator safety valves or 
automatic protection actions serve to prevent RCS heatup to the reactor 
core SL conditions or to initiate a reactor trip function, which forces the 
unit into MODE 3.  Setpoints for the reactor trip functions are specified in 
LCO 3.3.1, "Reactor Trip System (RTS) Instrumentation."  In MODES 3, 
4, 5, and 6, Applicability is not required since the reactor is not generating 
significant THERMAL POWER. 

 

 
SAFETY LIMIT If SL 2.1.1 is violated, the requirement to go to MODE 3 
VIOLATIONS places the unit in a MODE in which this SL is not applicable. 
 

The allowed Completion Time of 1 hour recognizes the importance of 
bringing the unit to a MODE of operation where this SL is not applicable, 
and reduces the probability of fuel damage. 

 

 
REFERENCES 1. 10 CFR 50, Appendix A, GDC 10. 
 

2. UFSAR, Section 7.2. 
 
 


