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14.3 REACTOR COOLANT SYSTEM PIPE RUPTURE (LOSS OF 
COOLANT ACCIDENT) 

14.3.2 Loss of Reactor Coolant from Small Ruptured Pipes or 
from Cracks in Large Pipes Which Actuates the Emergency 
Core Cooling System 

14.3.2.1 Identification of Causes and Accident Description 
A loss-of-coolant accident (LOCA) is defined as a rupture of the reactor coolant system (RCS) 
piping or of any line connected to the system up to the first closed valve. Ruptures of small cross 
section will cause loss of the coolant at a rate that can be accommodated by the charging pumps 
that would maintain an operational water level in the pressurizer permitting the operator to 
execute an orderly shutdown. 

Should a larger break occur, depressurization of the reactor coolant system causes fluid to flow 
to the reactor coolant system from the pressurizer resulting in a pressure and level decrease in the 
pressurizer. Reactor trip occurs when the pressurizer low-pressure trip setpoint is reached. The 
consequences of the accident are limited in two ways: 

1. Reactor trip and borated water injection complement void formation in causing 
rapid reduction of nuclear power to a residual level corresponding to the delayed 
fission and fission product decay. 

2. Injection of borated water ensures sufficient flooding of the core to prevent 
excessive cladding temperatures. 

Before the break occurs, the plant is in an equilibrium condition, i.e., the heat generated in the 
core is being removed via the secondary system.  During blowdown, heat from fission product 
decay, hot internals and the vessel continues to be transferred to the reactor coolant system.  The 
heat transfer between the reactor coolant system and the secondary system may be in either 
direction depending on the relative temperatures.  In the case of continued heat addition to the 
secondary, system pressure increases and steam dumping may occur.  The safety injection signal 
stops normal feedwater flow by closing the main feedwater line isolation valves.  Emergency 
feedwater flow via the Auxiliary Feedwater (AFW) pumps is initiated on the reactor trip signal.  
The secondary flow aids in the reduction of reactor coolant system pressure.  When the RCS 
depressurizes to the accumulator gas cover pressure, the accumulators begin to inject water into 
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the reactor coolant loops.  The reactor coolant pumps are assumed to be tripped at the initiation 
of the accident and effects of pump coastdown are included in the blowdown analyses. 

14.3.2.2 Analysis of Effects and Consequences 
14.3.2.2.1 Method of Analysis 
For small breaks (less than l.0 ft2), the NOTRUMP (References 7, 8, and 10) digital computer 
code is employed to calculate the transient depressurization of the reactor coolant system as well 
as to describe the mass and enthalpy of the flow through the break. 

14.3.2.2.2  Small Break LOCA Analysis Using NOTRUMP 
The NOTRUMP and small break specific version of LOCTA-IV (References 7, 8 and 10) 
computer codes are used in the analysis of loss-of-coolant accidents due to small breaks in the 
RCS.  The NOTRUMP computer code is a one-dimensional general network code incorporating 
a number of advanced features.  Among these are the calculations of thermal non-equilibrium in 
all fluid volumes, flow regime-dependent drift flux calculations with counter-current flooding 
limitations, mixture level tracking logic in multiple-stacked fluid nodes, and regime-dependent 
heat transfer correlations.  The NOTRUMP small break LOCA emergency core cooling system 
(ECCS) evaluation model (NOTRUMP-EM) was developed to determine the RCS response to 
design basis small break LOCAs, and to address NRC concerns expressed in NUREG-0611 
(Reference 4).  The NOTRUMP-EM was modified in Reference 10 to incorporate modeling of 
safety injection in the broken loop and the COSI condensation model. 

The reactor coolant system model is nodalized into volumes interconnected by flow paths.  The 
NOTRUMP code includes an option to utilize the N-loop model, which explicitly models one 
broken loop and each of three intact loops.  A standard analysis would normally use the lumped 
loop model with one broken loop and one intact loop representing three intact loops.  The N-loop 
model is used here primarily to model asymmetric safety injection.  Transient behavior of the 
system is determined from the governing conservation equations of mass, energy, and 
momentum.  The multi-node capability of the program enables explicit, detailed spatial 
representation of various system components which, among other capabilities, enables a proper 
calculation of the behavior of the loop seal during a loss-of-coolant accident.  The reactor core is 
represented as heated control volumes with associated phase separation models to permit 
transient mixture height calculations.  Detailed descriptions of the NOTRUMP code and the 
evaluation model are provided in References 7, 8 and 10. 
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Fuel rod heat-up calculations are performed with the LOCTA-IV (Reference 2) code using the 
NOTRUMP calculated core pressure, core inlet enthalpy, fuel rod power history, core exit steam 
flow rate and mixture heights as boundary conditions. 

Description of Inputs and Initial Conditions 
Figure 14.3.2-5 depicts the hot rod axial power shape used to perform the small break analysis.  
This shape was chosen because it represents a distribution with power concentrated in the upper 
regions of the core.  Such a distribution is limiting for small break LOCAs because it minimizes 
coolant level swell, while maximizing vapor superheating and fuel rod heat generation at the 
uncovered elevations.  The small break LOCA analysis assumes the core continues to operate at 
full rated power until the control rods are completely inserted. 

Safety injection systems consist of gas pressurized accumulator tanks and pumped injection 
systems.  Minimum emergency core cooling system availability is assumed for the analysis from 
one Charging (CHG) pump, one High Head Safety Injection (HHSI) pump, and one residual heat 
removal (RHR) pump.  Assumed pumped safety injection characteristics as a function of RCS 
pressure used as boundary conditions in the analysis are shown in Figures 14.3.2-1 through -4 
and in Tables 14.3.2-4 through -7.  For the break sizes less than 8.75 inches the broken loop 
safety injection flow is assumed to spill to RCS pressure.  For the 8.75-inch break case, the 
broken loop safety injection flow from the RHR and HHSI pumps are assumed to spill to the 
containment backpressure of 0 psig and the broken loop safety injection flow from the CHG 
pump is assumed to spill to RCS pressure.  Safety injection is delayed 54 seconds after the 
occurrence of the injection signal to conservatively account for diesel generator startup and 
emergency power bus loading in case of a loss of offsite power coincident with an accident.  
During switchover from ECCS injection phase to ECCS recirculation phase the RHR flow is 
realigned to the sump, and as a result, an interruption in RHR flow for up to 5 minutes may 
occur.  The analysis accounts for the RHR delay for break cases in which the RCS depressurizes 
to the RHR cut-in pressure.  Note that modeling the HHSI cross-tie valve closed during the 
ECCS injection phase supports operation with the HHSI cross-tie valve open or closed during the 
ECCS injection phase. 

The analysis supports operation for a nominal full-power vessel average temperature range of 
553.7°F to 575.4°F (with +5.1°F/-4.1°F uncertainty) and nominal pressurizer pressure of 2100 
psia and 2250 psia (with ±67 psi uncertainty).  A list of input assumptions used in the analysis is 
provided in Table 14.3.2-1. 
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14.3.2.3 Results 
Generic analyses using NOTRUMP (References 7 and 8) were performed and are presented in 
WCAP-11145-P-A (Reference 9).  Those results demonstrate that in a comparison of cold leg, 
hot leg and pump suction leg break locations, the cold leg break location is limiting.  To ensure 
that the worst possible small break size has been identified, calculations were performed using 
the NOTRUMP-EM for a spectrum of small breaks (1.5-, 2-, 2.5-, 2.75-, 3-, 3.25-, 3.5-, 3.75-, 4- 
and 6-inch equivalent diameter cold leg breaks) and includes an 8.75-inch equivalent diameter 
accumulator line break.  The results of the small break LOCA analysis are summarized in Table 
14.3.2-3, while the key transient event times are listed in Table 14.3.2-2.  The limiting break was 
found to be a 3.25-inch diameter cold leg break.  The maximum fuel cladding temperature 
attained during the transient was 1725°F. 

14.3.2.3.1 Limiting Break Results 
Figures 14.3.2-6 through -14 show the following for the limiting 3.25-inch break transient, 
respectively: 

 Reactor Coolant System Pressure 

 Core Mixture Level 

 Clad Temperature at Peak Clad Temperature Elevation 

 Vapor Mass Flow Rate Out of Top of Core 

 Clad Surface Heat Transfer Coefficient at Peak Clad Temperature Elevation 

 Fluid Temperature at Peak Clad Temperature Elevation 

 Total Break Flow and Safety Injection Flow 

 Total Reactor Coolant System Mass 

 Top of Core Vapor Temperature 

 

During the initial period of the small break, normal upward flow is maintained through the core 
and core heat is adequately removed. At the low heat generation rates following reactor trip, the 
fuel rods continue to be well cooled as long as the core is covered by a two-phase mixture level. 
Core uncovery begins during the injection phase of the transient at 780 seconds (Figure 14.3.2-
7).  From the clad temperature transient for the 3.25-inch break calculation shown in Figure 
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14.3.2-8, it is seen that the peak clad temperatures occurs near the time at which the core is most 
deeply uncovered when the top of the core is steam cooled. This time is also accompanied by the 
highest vapor superheating above the mixture level.  From Figure 14.3.2-7 and Table 14.3.2-2 it 
can be seen that the core mixture level has completely recovered at 3840 seconds and continues 
to increase until the end of the calculated transient time.  A comparison of the total break flow 
and safety injection flow (Figure 14.3.2-12) shows that at the time the transient was terminated 
the safety injection flow being delivered to the RCS exceeded the mass flow rate out the break. 

14.3.2.3.2  Additional Break Cases 
Summaries of the transient responses for the non-limiting break cases (1.5-, 2-, 2.5-, 2.75-, 3-
,3.5-, 3.75-, 4-, 6- and 8.75 inches) are shown in Figures 14.3.2-15 through -52. The 1.5- and 
8.75-inch breaks showed no core uncovery; therefore, fuel rod heat-up calculations were not 
performed for these cases.  The plots for each of the additional non-limiting break cases include: 

 Reactor Coolant System Pressure 

 Core Mixture Level 

 Top of Core Vapor Temperature 

 Clad Temperature  at Peak Clad Temperature Elevation (Note no PCT plots 
provided for the 1.5- and 8.75- inch cases) 

The fuel rod heat-up results for each of the additional breaks considered, as seen in Table 14.3.2-
3, are less than the limiting 3.25-inch break case. 

14.3.2.4 Conclusions 
The small break LOCA analysis considered a spectrum of cold leg breaks of 1.5-, 2-, 2.5-, 2.75-, 
3-, 3.25-, 3.5-, 3.75-, 4-, 6- and 8.75-inch diameters. The analysis resulted in the limiting PCT of 
1725°F for the 3.25-inch break and a maximum local transient oxidation of 3.61% calculated at 
the limiting time-in-life of 11,500 MWD/MTU for the 3.25-inch break.  The analysis is 
applicable to core power levels up to and including 3304 MWt (plus 0.34% uncertainty) and 
modeling the HHSI cross-tie valve closed during the ECCS injection phase supports operation 
with the HHSI cross-tie valve open or closed during the ECCS injection phase. 

The analysis presented herein shows that the accumulator and SI subsystems of the ECCS, 
together with the heat removal capability of the steam generators, provide sufficient core heat 
removal capability to maintain the calculated PCT for small break LOCA below the required 
limit of 10 CFR 50.46 (Reference 1).  Furthermore, the analysis shows that the local cladding 
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oxidation and core wide average oxidation, including consideration of pre-existing and post- 
LOCA oxidation, are less than the 10 CFR 50.46 (Reference 1) limits.  Note that the core wide 
average oxidation results illustrate that the total hydrogen generation is less than 1%. 

Table 14.3.2-3 provides the summary of the results for the small break LOCA analysis including 
PCT, maximum local transient oxidation and total hydrogen generation. 

Section 14.3.2.4.1   Additional Evaluations 
Section 14.3.2.4.1.1 Optimized ZIRLO Cladding 
Beginning with Unit 1 Cycle 25, Optimized ZIRLO cladding is being used in feed fuel 
assemblies.  Optimized ZIRLO cladding has been evaluated and found to be acceptable with 
respect to the analysis described in Section 14.3.2. 
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